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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes arry warranty, expressed or implied, or assumes any legal liability of re-
sponsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.
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NOTICE

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications will be available from one of the following sources:

1. The NRC Public Document Room,1717 H Street, N.W.
Washington, DC 20555

2. The NRC/GPO Sales Progr-m, U.S. Nuclear Regulatory Commission,
Washington, DC 20555

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
nent Room include N RC correspondence and internal NRC memoranda; NRC Office of Inspection

and Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; vendor reports and correspondence; Commission papers; a'nd applicant and
licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission issuances.

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,
such as books, journal and periodical articles, and transactions. Federal Register notices, federal and
state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non-NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draf t reports are available free, to the extent of supply, upon written request
to the Division of Technical information and Document Control, U.S. Nuclear Regulatory Com-
mission, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the N RC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased from the originating organization or, if they are American National Standards, from the
American National Standards institute,1430 Broadway, New York, NY 10018.,

$4.00GPO Pnnted copy once:
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ABSTRACT

| The MERGE code acts as the interface between the MARCH-2 code, which

is used to 6etermine overall accident progression, and the TRAP-MELT code, which
is used to evaluate reactor coolant system fission product transport and

i
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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j

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-0772 , 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
j 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 is eventually expected to

'

replace the MERGE code in usage.

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

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

I
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be expected tha.t 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 also be evaluated.

II. GENERAL CODE DESCRIPTION

MERGE is an interface code which utilizes data generated by MARCH 2(2)
to calculate thermal-hydraulic data for input to TRAP-MELTU) 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 (TAPE 20) 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 TAPE 20 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 TAPE 20 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 list these parameters.
Using the list 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 TAPE 20 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 perfomed to predict gas flow rates, gas temperatures,
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gas compositions, gas enthalpfes, and partial pressures within the reactor
coolant system. Second, a heat transfer analysis' based on results of the >

|. fluid dynamics analysis is perforined to obtain heat transfer coefficients
'

;"

; ,which are used to determine temperatures-of structures within contro1 volumes :

i 'of the RCS.. Third, an optional fission product heating analysis based on
.

[ results of a TRAP-MELT analysis using MERGE calculations * is performed to I

{ 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 -
,

| ma'ximum of five structures. In the analysis, the core is always the first
j' control volume, while the last volume is included to account for escape from

{ the primary system. Required geometric input data for each control volume '

i and its structures in the core exit gas flow path include heat. transfer and
) : flow areas, h' draulic diameters, lengths, wall thicknesses and mass-specificy

! heat products. Control volume height, gas temperature and volume, and its

| number of structures are also input along with initial wall temperatures of
i 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 -

I altered at any time by setting a flag to indicate a change in flow. If a 6

control volume flag is set to change (e.g., FLAG 2 = .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 sourt:e volume J to control volume I. A value of 1 or 0 is assigned to ;
: each matrix member to indicate flow /no flow from J to I. Each row and column,

in 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 n' 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.,

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

.
4
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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 is 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:

Hf+W-lat(hn-1 + 460 CO-C)- +Mtotn(460CO - C ) - Q + (P - P )Yn j; j O ny ,

n
(h + 460 CO - C)) ATn

,

_.
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where

W = flow out of volume n,
n

W,_j = flow out of volume n-1,
H0 = total enthalpy of gases in volume n at beginning of timestep,

h = specific enthalpy of gases in volume n,
n

hn-1 = specific enthalpy of gases in volume n-1,

M = total mass of gases in volume n,
totn

At = timestep,
t

P = pressure,
,

P * pressure of gases in volume n at beginning of timestep,
O

V = gas volume in control volume n,
n

Q = heat transferred between volume gas and wall,
,

i

j and it is assumed that

=CT+C)h ,gn

where

T = temperature in F, and

C,Cj = coefficients recalculated at each timestep based on theo
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 is considered minor.

It should be noted that this subroutine also 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
|

|
|
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4 each control volume to obtain the one having the least gas volurne; 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.J

Subsequent subinterval timesteps are detennined 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
i next control volume at the same MARCH timestep.

The Newton-RaphsonI4) method of iteration is then employed to solve

for control volume steam temperature, pressure, and enthalpy. The following
i three simultaneous equations are used:

HST = (HH - H2M*HH2)/STMM (a),

T = f(PSTM, HST) , and (b)(5)

v = f(PSTM, HST) (c)(6),

where

'

HST = specific enthalpy of steam in the control volume,
BTU /lbm,

T = temperature of steam in the control volume, F,

3v = specific volume of steam in the control volume, ft /lbm,

PSTM = partial pressure of steam in the control volumes, psia,

HH2 = specific enthalpy of hydrogen in the control volume,
BTU /lbm,

HH = total enthalpy of the steam-hydrogen mixture in the;

control volume, BTU,

,

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

STE = 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 gar,and each structure within the control volume is
performed. The heat is transferred 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 transfe'r coefficient between the gas and
structure, the Reynolds number is first calculated and depending on whether
the flow is in the laminar or turbulent regime the coefficient is calculated
as:

|
'

Laminar

k
Nu , BTU /hr/ft /F , and (d)(7)2

h =
c d

Turbulent

. BTU /hr/ft fp (,)(8)2

hc = 0.0144 C ,p 0.

where

2
k, = thermal conductivity of the gas mixture. BTU /hr/ft jp,

(d/L)RePr , Reference 7)(d
.

Nud = 3.66 +1+0.04[(d/L)RePr[|
d

d = hydraulic diameter, ft,

C, = specific heat of the gas mixture, BTU /lb/F, and
2! G=massvelocity,lb/hr/ft ,

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

9
for 1 < 10

=0.59fl.25
0

h , BTU /hr/ft /F ,and (f)>

e

9for 12.10

=0.10f733
0 2

, BTU /hr/ft fp (g) Wh ,c

where

2k, = thermal conductivity of the gas mixture, BTU /hr/ft fp,

L = length, ft, and

1=Rayleighnumber.t

The larger of the natural and forced convection coefficients is used in the4

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
i 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

I9)curve To determine the distribution of the decay. heat among the fission j.

products, the reactor core was assumed to be composed of equal amounts of '

fuel with burnups of 11,000, 22,000, and 33,000 mwd /MT. The ORIGEN(10) code
'

was then used to calculate the decay heat emitted by the fission products in
each of the eight WASH-1400IU) fission product groups. at various times after

reactor shutdown. The results are expressed as percentages of the total for j

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 groug
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
|

i

i 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 10-10 lb/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-
'

i tures remain unchanged.
i

Subroutine AVERAGE

!

| Subroutine AVERAGE uses a numerical averaging routine to compute

interval values of the input data from the MARCH code. It uses TAPE 20

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 TAPE 20 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 vlume 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 ANSO

Subroutine ANSQ calculates the American Nuclear Society standard
(ANSS.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

i

Subroutine TAPE writes the 20 intervals of MERGE control volume
,

output data on the output file labelled TAPE 2, The file is cataloged for
later use in the TRAP-MELT code.

!

- _. . - . . -
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,

Subroutine TAPE 1,

'

f. Subroutine TAPE 1 prints.the interval values of MERGE output data
: of each control volume at the end of each interval calculation.

!

Subroutine TAPE 9,

!.
| Subroutine TAPE 9 writes the interval values. of the gas-temperature
,

of each control volume on an output file labelled TAPE 9. The temperatures,

of- control volume structures are also written to the file. The file is saved,

and later plotted.
.

Subroutine ENTHAL

j Subroutine ENTHAL uses an empirical equation to express hydrogen '

I specific heat; and thus, the specific enthalpy of hydrogen as a function of
O2)temperature The relationship may be adequately approximated throughout.

I the range of temperatures from 80 F to 5840 F with a maximum error of 0.60%.

The subroutine additionally uses empirical equations to expres's specific
! enthalpy of saturated liquid or saturated vapor as a function of pressure.03)
| The relationships may be adequately approximated through the range of pressures
j' from 1.1 psia to the critical pressure of 3208.2 psia (PCRIT).
4

?

j Subroutine ENTH
!

:

{ Subroutine ENTH calculates the enthalpy of superheated steam. The

f subroutine uses the empirical relationship (5) of steam temperature as a func-
.

| tion of pressure and enthalpy.
|

Subroutine TEMP

!

Subroutine TEMP approximates the temperature of the steam as a;

j function of pressure and specific enthalpy. The empirical relationship (5)
j 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;_

I pressure.
1
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Subroutine SPVOL
j _

'

|
Subroutine SPVOL approximates the specific volume of steam as a ,

j function of pressure and specific enthalpy(6). The critical pressure value !~

,

f is 3208.2 psia and the specific enthalpy boundary.is enthalpy greater than
or equal to saturated vapor enthalpy at pressure.

i

| Subroutine PART

! i

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-

i tiates the empirical relationships previously established for temperature
and specific volume.

Subroutine SUBTIME'

'

Subroutine SUBTIME stores time subinterval MERGE control volumej

source parameters for later use as inputs to the receiver volumes at corre-
| sponding time intervals.

! Subroutine HRSTM
|
i

Subroutine HRSTM calculates steam emissivity by using the product

i 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. 1

1
;

Subroutine INTERP

Subroutine INTERP is a routine also written and supplied by Sandia.

i It is used in conjunction with subroutines PROP and FISPQ and performs re-

| quired properties' interpolation.
!
!

:

>

!
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III. INPUT GUIDE TO MERGE
: ,

t
'

;- : The MERGE code reads the results of the MARCH 2 code calculations

.

from storage device TAPE 20. The job control cards must identify this device
for it contains the pertinent data for the heat transfer analysis. Fourc

; . input cards- (1,1A, 2, and 3) are required if a list of the MARCH code cal- -|

| culations (TAPE 20) 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,

j aregiveninAppendixA.) The MERGE data cards follow.

|
I Card 1: MERGE 1, MERGE 2 -

i

I ' MERGE 1 = .TRUE., list MERGE input parameters from the MARCH 2

i code calculations.
!

MERGE 1 = . FALSE., do not list MERGE input parameters.
I

} MERGE 2 = .TRUE., perform gas-to-structures heat transfer analysis.
i
i MERGE 2 = . FALSE., do not perform gas-to-structures heat transfer

i analysis.
i
:

i, Card 1A: NSTEP

NSTEP(a)=anincrementationparameterusedtocontrollistingof
MERGE input data, e.g., NSTEP = 2 would allow listing

1

} of every other record (beginning with the first) from
I the MARCH 2 output data sets.
1 -

t

-(a) Only required if MERGE 1 = .TRUE., i.e., if a listing of the data sets !,

| fromMARCHisdesired$
;

.

'
.

;

; If_ listing only, Card 1 should read as follows: .TRUE., . FALSE.*
.

If calculations are to be perfonned. Card 1 should read: . FALSE., .TRUE.:
4

4

,

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

NPRT = MARCH timestep index to start detailed printout (Default:

10000).

NPSTP = MARCH timestep index to stop detailed printout (Defauli.:

10000).

NLAST = last averaging interval completed, used to restart analysis

(Default: 0).

Card 3: IVOL, ISG, ITRAN, ACUR

IVOL(b) = number of control volumes,

ISG(c) = steam generator control volume number.

ITRAN(c) = 0, large pipe break.

= 1, transients and small pipe breaks.
= 2, transients (ECCS recirculation inoperable).

ACUR = 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 is control volume 1.

(c) 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

9 exitgasstream(I=1identifiesthecore).
1;-

- - _ _ - _ _ -
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Card 4(d): TT(I),GG(I),VOL(I),LL(I),HGT(I),ISTR(I),CMl(I),DELX(I),
AHl(I), DD1(I), AR1(I); I=2, IV0L+1

.

TT(I) = initial control volume wall surface temperature, F.

GG(I) = initial control volume gas temperature, F.
3VOL(I) = gas volume for the control volume, ft ,

LL(I)=lengthofcontrolvolume,ft.

HGT(I) = vertical height of control volume, ft.

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

CM1(I)(*) = product of mass and specific heat of a control volume, BTU /F.

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

2AHl(I) = heat transfer area of a control volume, ft .

DD1(I) = flow hydraulic diameter, ft.

2ARl(I) = flow area of a control volume, ft ,

(d) Use one card for each control volume.
1

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

Card SII): TTS(I,M) CM(I,M), AH(I,M) DD(I,M), AR(I M), LLl(I.M), DELX1(I,M);
I=2, IV0L+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, ft ,2

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

LLl(I.M) = length for a structure in a control volume, ft.

DELX1(I,M) = wall thickness of structure, ft.

_.
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(f) Only required if ISTR(I) is greater than 1. Must input on'e card for each

structure in the control volume.

Card 6(9): [TOTM1(I), H2M(I), W(I); I=2, IV0L+1]; PSTART (Default: IV0L*0.,0.)

TOTM1(I) = gas mass in volume I, lbm.

H2M(I) = hydrogen mass in volume I, 1bm.

W(I) = mass flow rate from volume I, lbm.

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, IV0L+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(h): FLAG 2, FLAG 3, FLAG 4, FLAGS, etc.

FLAG 2 = .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 volume, e.g. for five control
volumes, input FLAG 2 - FLAG 6. Similar definitions as above would be
used for FLAG 3 through FLAG 6. 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.

4

-____ _ . . _ _ _ _
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Card 10aIII: FTIME(I); I=2, IV0L+1

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 FLAG 2 = .TRUE., then FTIME(2) would
be input to the code).

CjLrd 10bII): FF2(I); I=2, IV0L+1

FF2(I) = the new value of the percentage of total source flow rate
entering control volume I at time FTIME(I). [Onlyinput
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+1

INT (N) = endpoints to be used for the intervals of the numerical
averaging technique; a maximum of 19 is permitted. These
limits must be expressed in terms of MARCH TAPE 20 timestep
indexes.

Card 13a: NBDPT (Default: 0)

NBDPT = number of non-converging MARCH TAPE 20 data points.

If NBDPT / 0, input the following:

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

NBPT(I) = timestep index of each non-converging MARCH TAPE 20 data
point.

.

.

.

. _ _ _ . - _
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Card 13c: STMBD(I); I=1, NBDPT

STMBD(I) = steam flow rate for each non-converging MARCH TAPE 20

data point, 1bm/ min.

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

H2BD(I) = hydrogen flow rate for each non-converging MARCH TAPE 20

data point, 1bm/ min.

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

PRESBD(I) = orimary system pressure for each non-converging MARCH

TAPE 20 data point, psia.

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

TGASBD(I) = core exit gas temperature for each non-converging MARCH
TAPE 20 data point, F.

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

HSUMT = total release of hydrogen gas, lbm.

QZERO = reactor power, BTU /hr.

TAP = time at power, min.

If QZER0_/ 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.

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

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

Card 14d: [QFCT(J,I); J=1, NGP3, I=1, NTIM

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

1

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

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

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

at user-specified intervals. The results of MERGE calculations, along with
several MARCH TAPE 20 parameters, for each MARCH timestep are printed in tabular
fonn. Printed output also includes the control volume flow matrix, control
volume geometry, and initial conditions. Storage devices (TAPE 2, TAPES, and
TAPE 9) are used to save numerically-averaged data records for input to 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 volune. The code stores the aver-
aged thermal-hydraulic data of each control volume in the accident sequence
on output data file TAPE 2. The data in order of storage is as follows:

. _ . . . . .
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NINT = number of data intervals.

TPARM(K) = time of data output (sec); K=1, NINT.

FLOP (K,1,5) = total mass flow rate exiting control volume I (lb/sec);
K=1, NINT.

NINT = as previously defined.

TPARM(K) = as previously defined.

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

NINT = as previously defined.

TPARM(K) = as previously defined.

FLOP (K,I,6) = control volume gas temperature (F); K=1, NINT.

NINT = as previously defined.

TPARM(K)=aspreviouslydefined.

FLOP (K,I,L) = structure temperature in control volume I (F); K=1, NINT,

L=6+M (where M = the structure number).

The above data is stored on TAPE 2 for each control volume in the. primary system

and is used as input to the TRAP-MELT computer code.
Additionally, the code stores on output file TAPE 5 numerically-

averaged MARCH TAPE 20 data. A description of each parameter stored on TAPE 5

is given below. It should be noted that the described parameters are in order
of their storage on the file.

N = timestep index number.

TIME = accident time from start of core melt, min.

TRMAX = maximum core temperature, F.

TCORE = average core temperature, F.

TSAT = primary system saturation temperature, F.

TGEX = core exit gas temperature, F.

PRES = primary system pressure, psia.

_ - _ _ _ _ _ _ _ _ _
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STMEXC = core exit steam flow rate, lbm/ min.

H2EXC = core exit hydrogen flow rate, lbm/ min.

DTMN = time differential, min.

FCM = fraction of core melted.

HSAT = primary system saturation enthalpy, BTU /lbm.

TMAXSG = maximum temperature in steam generator secondary, F.

HFGSG = heat of vaporization in steam generator secondary, BTU /lbm.

WTRSG = weight of water in steam generator secondary, lbm.

RADT = heat radiated to grid plate above core, BiU/hr.

Several of these parameters from the MARCH TAPE 20 output data file can be
listed at user-specified intervals if the MERGEl option is selected.

Finally, the code stores on output storage device TAPE 9 time-
temperature profiles of control volume gas and of structures in each volume.
The file is saved and is later plotted. Data storage on TAPE 9 is as follows:

K = data set number.

TMAR(K) = time (sec) at which data is output.

FLOP (X,1,6) = temperature of gas in control volume I for data set K.

FLOP (K,1,L) = structure temperature in control volume I (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 TAPE 20 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.
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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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A-1

APPENDIX A

TABLE A-1. SAMPLE INPUT DATA FOR MERGE

BCL CONTROL CARDS

KELLY,AC=A1234,5678,T300

ATTACH, TAPE 20 TAPE 20,ID=S2HF. (a)
,

REQUEST. TAPE 2,PF.(b)

REQUEST, TAPES,PF.(b)

REQUEST, TAPE 9,PF.(b)

ATTACH,X,MRLGO,ID= KELLY.(c)

X(PL=10000)
CATALOG, TAPE 2, TAPE 2,ID=S2HF.(b)

CATALOGTAPES, TAPES,ID=S2HF.(b)

CATALOG, TAPE 9, TAPE 9,ID=S2HF.(b)

* EOR

SAMPLE INPUT DATA DECKS

OPTION 1: LIST TAPE 20 DATA

.TRUE... FALSE.,

1

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

OPTION 2: PERFORM ANALYSIS I

. 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. E4,0. 5,750. 0,2. 5. 5. 0

2*525. ,850. 2*80.0.1,5.E5,5.E-3,2.E5,7.5E-2,10.0
2*580. 3*1.0,1,5*1.0

.



A-2

TABLE A-1. (Continued)

SAMPLE INPUT DATA DECKS (Continued)

580. ,1000. ,7500. 5.E-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*1.

. FALSE... FALSE... FALSE... FALSE.

18

508,526,544,562,580,598,616,634,652,670,688

706,724,742,7S9,776,793,810,827

0

3*0.

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

(b) Not required for MERGE Option 1; must be included if MERGE output
files are to be retrieved.

(c) Binary file created from MERGE source code.

1

_ . _
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TABLE B-1. SAMPLE OUTPUT PRINT 0UT FRM THE MERGE CODE
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. _ . _ . ... ._ e . .a. e 4 .
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SituCfute; LEseGTM (FT) a .190E*St
STRUCTU#E THICuesESS (FT) e ,ggggegg

J aWCf4eAE 14ssegaafung (F). _544Ee&1__=

seASS W SPECIFIC MEnf (4 f ee/F) s .fSOE*ea
seEAT TmageSFER ARE A (FT2) a .PSOE*e3 - . . - _ _ _ - . . _ ~ _ . . _ . . . . _ _ . . . . .Emutv4LElef DIAseETER- (FT) e .IPSE*02 CORE eMcCOWE47 OCCURS Af MARCM CTCLE seveOSER SetFL0se AREA (Ff2) s 759E*02 CORE seELT DESteeS af I:12CM CTCLE seUseste SeeafeteCTU#E LEsssfM (FT) m .A89E*G9

_StaWC3UeE fairmansaa ._(FT) . a.. .t set eat _ . ACUR e 024

__ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - - _ _ _ _ _ ~ .
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TABLE B-2. SAMPLE OUTPUT OF THE RESULTS OF THE MERGE CALCULATIONS
USING MARCH TAPE 20 PARAMETERS

Tset DATA SET homeER s 3 THE seERGE CTCLE MusesER a 1 THE TIME a It?ft.926SEC

THE Ma#CM CTCLE NUuSEs a 500 Test NASCM Tleset .s 396.t S2se tse

Test NuesSER OF MERGE TIIst INTERVALS e 48

TME 44*.'teedse CO#E TEMPER ATUet a 4930.08 (F) THE AVEasGE CO#E TEsePER ATURE e 1996.04 (F)

-- - Test FRACTION OF C0ef seELTED e - 994E=83 TME Petmaar SYSTEM PeESSung.s 591.32 (P8tal .

Test NTDROSEN Mast FL0ef se4TE a .500E+01 (LS/SEC) flee TOTAL MASS FLOW #4TE a 723E*st (LetsEC)

INLET OUTLET WOLussE STRUCTURE FLOM HTOROSEN TOTAL mfd #0 GEN TOTAL

i VOLesset ses TEteP ses TE'eP PRESSung TEMP FACTOR MASS FLOW MASS FL0se esaSS MASS

l . _ _ . _ . . . . . . .
. . . _ . . . . _ ___ . . . _ . _ . _ _

2 2814E+04 .7684E+03 5927E*e3 6899E*83 .le88E+01 3372E+00 2088t*02 .3209E+02 .74eSt+03
2 9819E*03
2 5089E+03

. . . _ . . . . . 5482E+ e 3.. . .. . - - . . . - . . . . . _ .

_ 2.
- - . . . . . . _.fe30E+03 5927E+03 5804E+03 .teett+0! 274tE+00 2222E+02 .tetSE*et .St27E*023 7644E +03

a 703eE+03 5267E*e3 5936E+e3 525tt+03 .leseE*et 402tE=et 2402E+S2 .3004E+08 97stE*t3
5 5267E+03 9 598tE+03 5800E*05 .te00E*01 482tE=el 2402E*02 8 8

W
Test tvERAStees INTERVAL a 3 THIC TIME a .lt?709E+05

. . . . . _ _ . . k_ TAPE 5 v6e36eLES.aet ..
. _ _201E+04. . . .59tt+03. . . . . . . .374E+03 _. .600E+02250E+00_ ..... ..998E=83 .120E+04 )483E*04 .19tt+04 405Ees3

556t+03 632E+03 300E*36 .264E+06

___ ._. }. Test.6staAS3ms 14TERNAL.ES stusesEE 3 ..

TeeE AVERAGE TIIst IS .llf709E*05 SEC0408

FLOP ( t. le 5) m 721E+01
'PRESedT( l) m .59tt+93
FLOP,( l, 1, 6) s 201E+04

eaggesaen as n. e. vs =
I

FLOP ( t, 2, 53 a 299E*02
pee 50gT( 13 m .59tt+e3
FLOP ( t, 2e 6) a 760E+03
FLOPt I, 2e 7) s 600E*S3

;usr g3sLSEf e- 2- ** = e
FLOPt le 2, el s 58tt*03
FLOP ( t, 2,te) s 500E+s3

FLOP ( t, 3, 5) a 222E+02
PeESOUT( 3) s .59tF+03
* LOPS.3. 3 63 m ... 7e3E+es. . _ . . _ _ . . . . . . . . . . . . _ . _ . , _ _ _ . . _ _ _ . _ _ _ _ . _ _ , . _

FLOP ( t, 3, 7) e .Se0E+03

FLOP ( t, se 5) m 24AE+02
PRESOUT( t) m 59tE+e3
FLOP ( t , 4, 6) e 52TE*01

,

FLOP (_1,.4,.7).s . 525E+03
|

|
FLOP ( t, Se 53 m 248E+02

' 'WE SOUT ( t) s 59tt+03

|
FLOP ( t, 5. 6) s 6
FLOP ( 1, 5, 7) e 5eaE*03

|
_ .

.
. .

.

..

. _ _ _ _ _ .

..

. ..



.____ _______________ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ -

TABLE B-2. (Continued)

THE DATA SET NUMBER a 3 THE MERGE CTCLE NumeER s 3 TME TIME e itsee.926KC

TME ma#CM CTCLE MuesER s Ste TME MARCM Time a 196.643e184 . . . . . .

TME Nunste er MERSE Tint InfteVALS a 43

TME wantmWM CO#E TEsePE#ATURE a 4830.09 (F) TME AVERASE COSE TEMPERATutt s 1974.22 (F)
-... ..TME FRACTION OF C04E NELTEp a . 19afret fuE Pegnat? STSTEel regStunt a .546.47 (PSIA) - ..

TME Mf0ecette NASS FL0e NATE e .it9EeSt (LS/SEC) TME TOTAL NASS PLOW AATE a 69tt+03 (LS/SEC)

INLET DUTLET VOLUset STRUCTURE FLOW MTOROSEN TOTAL MTO#0GEle TOTAL
VOLUME SAS TEMP g43 IgMP PegSSUet TEneP FACTOR MASS FLOW NASS FLOW MASS seASS

. .__ . . .. . . . .. .. . . . . . _ . . . . . . .

2 2062E*04 .90tPE+03 58??t+03 .7203E+83 .1990E*01 6764E+99 .itS3E*82 .Pe96E+02 .5965E+03

,2
9985E+03
546 E. 3

1 - .9. n,E. 3- - --- 5 79E..i :'u '::' ~ .i .... . g.E... fi92.c,.i69n+., .. 99s;.r ;54;g.. -. .. 4it. 3

55.74E. 3 .m..n. 3..wn. 3 . . . . . . .n e n . ..4 .. 4 .3
. .

.n + .2 .. un. 3.

5E. 3 5 .E. 3 . ...E... .ne n... .i69=. 25 .mn. 3 . . .

.
_ _ . . . . _ . . . . ... . . . . . . . _ . . . . h

|
THE DATA SET leUseste o S TME MERGE CTCLE MUsetER a 8 TME TIME a t1STS.926SEC

.. TeeE mARCN CTCLE.NUmgER s 585 feet IsaaCN TINE.s_ 197.932setu ._ . . . .

TME fouse0ER OF esERGE fleet INTERVALS a 12

feet mastesUse CO#E tee'IPERATU#E a 4830.00 (F) THE AVEmast CDet TEmpfeAftset a 2:44.0e (F)

_ . . . . . .. Test. FRACTION OF C08E IIELTED a . 944E=48 . . . . - .. Test PatnAST.Sf STEst PREStesaE. a. . 574.SS-.1 PSI A)

Ylet MT0e#8EssenesS Flee Raff a .333Eest (LS/sEC) 78ef TOTAL MAS 3 floes eATE a .505E+98 (LB/SEC) l

tesLET OUTLET WOLuset STRUCTURE FL0ef mfd 8eOSEN TOTAL MTOROSEN TOTAL
VOLlfget SAS TEteP SAS TEMP PRESSUWE TEteP FACTOS MASS FLOW 98488 FLOW es4 SS seASS

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

2 21 sit +94 .le69E*04 5ff6E*03 .9918t+03 .3889E+0! .325tt+08 .704fE+el 4643E+02 26stt+03
2 625.E*03
2 6940E+93

.3 . . .. .. ... _ . . . .-. 5442Ee03 .. . .

. . . . _125tE*el 7273Eeet .St3tt.et 3033E+02
. ..

3 306eE+04 9819Ee03 5789Ee93 5893E*03 .1990E*05
. . _ . . .

4 9tt9E+03 5336E+03 579tE+93 5296E+03 .1990E*St 8059E*00 .1995E*02 426eE*02 5265E*S3
5 5336t+03 9 5749E*03 5809E+03 .1990E+01 8459E*S0 .1995E*02 8 8

-

1
(
1

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



_ . - _ .

TABLE B-2. (Continued)-

Tut Saf a SET seUse0ER s 13 TME tee #GE CTCLE NUNGEa a 33 THE ftset e Il950.926SEC

feet Ma#CH CTCLE lovesete a 528 . 78eE sea 8CM Tiest a 399 te2mtse

feet 88usette OF stERGE f tpE INTERwaLe s a

feet asatteeUn CORE TEsoptenfuet a 4130.00 (F) feet aWERASE Coat TEseptestuet a 2320.91 (F)

- .- feet FeaCTIOel 0F COSE setLTED e et?? tete feet PRIssaAT.SYSTEss Pessaust .a.. 563.ll.(PS34).-...--

Test NT0400EM # ASS FLOW eaTE a .115F+08 (Le#8EC) THE T0fal MASS FLOW #4ff a 5 ele *et (Ls/SEC)

18sLET GUTLET WOLuset STRUCTuet FLOW MV000 GEN 7074L DIT090 GEN TOTAL

VOLuset 448 TEseP 848 TEseP PRESSuet Tgser FAC OR MASS FL0ct MASS FLOst alast metsT

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

2 .2315E+34 .1195E+04 .M5tt+03 .t 64E+e4 .leteE+et 3384E*01 5524E+et .settt+02 1920E+e3
2 670lE+03
2 63t?E+03

. . . .. - .5466Fe03 .._. . . . _ . - . . . . . .-.._.2..._ .

._ _ .19 pM + 04 565Mes3 5984E*e3 .leteE*et 339M*et 5557t+el 5449t+41 2tT6E+et3 .it95E*04
4 . teem +04 .5509E+03 5618E+e3 5259E+03 5000E*01 1272E*01 6978t+0! 5984E*e2 3243E +03 g
5 .5509E*03 4 5632E+03 5400E*03 .lD88E+01 .12 ?M + 91 69fSt+01 8 9 e

->

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

Test Saf a SET 90UseSER a SS THE peERGE CTCLE 800eeOER s 18 THE TIIst s 12025.9268EC

fHE Isa9CH CTCLE lause8E8 a 525 .fut macCN TIset a 200.432 MIN .

Test leUuSER 3F 18ERGE Tlest tufERVALS e . 3

feet martesues CO#E TElePEtaTU#E a 4130.00 (F) Test AVEmaGE CO#E TElePEtatuet a 2545.95 (F)

feet .FRACT10el 0F COGE seELTED 8 2%E * 00 .TME. PAletaRY SYSTEst Pet.sSuet. s 551.33 (PStal _... ..

THE stT990 GEN MASS FLOW #4TE a .33st+08 (LS/SEC) THE. TOTAL 1e4S8 FLOW RATE a 446E*01 (L5/SEC)

IIILET GUTLET WOLucet STRUCTUet FLOW MTD#0SEN 70 fat mfd #06EN 70faL
WOLucet sa8 TEsop SAS TEseP P#Estunt TEseP FACTOR 804S9 FL0et NASS FL0tt NASS 94488

I
2 2465E*04 .330tt+04 5523E +03 3279E+04 .3099E+St 54t N.tl 5083E+01 4%4E+02 .1645E+03
7 7255E+03
2 6 36E. 3

:::'0:n.3-| t -- i9v.E..im5 n5E+.2t;ir . .c,r+., -S E;. --

. 3.iE+.4 . .ME+.4 55 E+.i - .i445E+...i...E....

.
5.,.E..,

.S u.3E+ .

...E... 6.2.E... - .. 4 . 2%9E+.3
.i5 4E+..55ME. 3 6.4 . 9.E+.4

55iiE. 3 5. F... ...E... .iS44F..i 2 i5 5.,.E. 3 . ..



_ . . . . - -. - - .- . . . - . . . . .. . _ _ . _ . _ _ _ - - _
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TABLE B-2. (Continu:d)
,

Test 04T4 SET neweste a 19 THE MEeGE CTCLE seusseER e 19 THE fleet a 12040.9268tc

. TMt useCM CTCLE seusette a 526 Test osa#CM Tiest a 200.6stestN

Test segueFR OF estest fleet to TERWaLS e 7

TME matteouse coat IEsePEmafuet a 4t30.00 (F) Test aWERaSt CDet freePEtatuet a 2536.91 (F)

.. .. Test FnaCTIDss OF C0eE sofLTED e . .26eE+et Test palse447 SYSTEss PeESSuet. s . 544.96 (PSIA)

Yest MTet0Gfee NASS FLOW Raff e .439t+01 (Le#SEC) TME TOTAL MASS FLCee paTE a .sS2E+ct (L5/SEC)

feeltf OteTLE T WOLunet STRUCTLe#E FL0se M70Rostes 7074L MTeaOSEN TOTAL
WOLUsef SAS IEeur Sa3 TEter PRESSeest TEMP FACTLR MASS FL0es NASS FL0se- MASS MASS

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

2 249eE+04 .35t?E+04 5495 tee 3 1299E+04 .teteE+48 .te19t+01 564tE*01 4528t*02 .3696t+03
2 7376E*e3
2 6Te9E+03

. . _. 5955E+e3 _. . . . - . . .. .-. .. 2 . _. . . ,.

. 5494E+03 6ttet+es .teceE+et 1424E+et .Se64E+et 52etteet. . . _ . . _ _
_ . ,

3 .33t?E+04 3005t+04 .te49E+e2
4 .300.5E+04 5503E+03 5583E+e3 .S265E+e3 .teteE+0 14 4E+01 5490E+01- 6624E+et 2572E+e3
9 .550SE*03 e. .5490E+03 .540eE*e3 .teteE+01 .tel4E+et .549eE+et e. 8

Test AWitaStepS 14TERWaL e 2 THE AVEmaGE fleet a .119059E+0S cry
.. .

e. TAPE S Wa43 ASLES. .ASE. -. _ _ . . . ..

.SteE+e3. . .2ME+03._._765E+02 25eE+ee .taeE*se_ . . . _ _.tfeE+ee m
433E+04 224t+04 .estE+03 .224E+04
556E+03 632E+03 308t+S6 4tlE*e6

iedE AWESASISS-EMIESWAL.12 NueISEA .. 2 . - ._

Test AVtmaSt flesE IS .Il9eS9E+0S SECOseOS

FLOP ( 2, le SI e 555E*01'

PRESOUT( 2) s .S?tf+03
FLOP ( 2, t, 6) a 224E+04
si,Ge' 8- * 1P ? = S22E+84 _ . . _ .

FLOP ( 2, 2, 5) m .??steet
PetSOUT( 23 a 579t+e3
FLOPC 2, 2, 6) e .IteE+04
FLOP ( 2, 2, il u .te3E+04
mLOP L 8 - 8- 83.ute8E+03. . . . . _ _ _ . .

i FLOP ( 2, 2, 9) m 6 tee +03i

FLOP ( 2, 2,10) a .Sc6E+03

FLOP ( 2, 3, 9) a 794t+08
PetSOUT( 23 s .5?st+03

-_2LnP(.2,.3e 6) s 94IE+e3 . . .. . . . . . .. ... . .. _. ._.

FLOP ( 2, 3, 73 e 594E*03

Fe**( 2. Se 51 e '.te9E+02
Ped MUT( 2) a 57eE+03
FLOP ( 2, 4, el a 542E+e3 j

.... _ FLOP ( 2,.4, 7) s 526E+e3

FLOP ( 2, 5, 5) s .ls9E+02
PRES 00ft 23 s 57et*03
FLOP ( 2, 5, 6) s 8
FLOP ( 2, 5, 7) a .SeeE*e3

t



-
.

.. . . .
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JABLE B-2. (Continued)

TME DATA M T NHuste a 5 THE MEeSE CTCLE Wom8EW e 23 TME Tint a 12500.926SEC

. TM,t u4eCM CTCLE monete.m 530 .TME mAeCM Tint a._208.688m!N - . .

Tut numeER OF MEeSE ft#E INTEevaLS a 8

Tut natthWN Coat TEMPteafuet a 4130.04 (F) YME AVEstSE Coat TEmpteafust a M87.78 (F)

_ TME FRACTION OF Coat MELTED e 32 t E+es .. .
THE PalmART SYSTgs 79ESSust..m . 554.48- (PSI A) . - ....

_ . . .

TME M?teOSEN NASS FLes eATE a 343E,01 (LB#SEC) TME TOTAL MASS FLOW eATE a 4S?t*01 (Le#SEC)

INLET SufLET WOLout Steuttunt FLOW MToeOSEN TOTAL MTeeOSEN TOTAL i

WOLUME SAS TEMP 849 TEMP PRESSUet iguP FACTOs ' MASS FL6W MASS FLOW NASS Mass

. .__ ... _ ... ... .
- . - - - - - . . . _ . . _ - . - . . ..

2 .263?E*04 . 3 38M+04 5388E*05 1367Ee94 .it00E+98 .3434E*03 4743E+01 4359t+02 3454E*g3

2 7092E*03
2 7823E+03

_ 6449E*01 - ._- . .. . .-. . ._ ..

-.4- . .

_ . . . ..tt20E*04. . . . - .5388t*05 622tE*83 .1999E*01 .se34t*03 4006E*el 50SM*01 .364M *02
3 .334M *04
e .st2eE*g4 5499E*g3 539M * 05 5M9E * 03 .1990E*01 144M*01 599?E*tt 668tE*02 236M *t3
5 5499E+03 8 5344E*05 5800E*43 .3000E*01 144M*01 5097E*tt e. S. ,

b
| . _ _ _ _ _ _ . . .

Ynt DATA 3ET NUMBER a 15 TME MEeSE CTCLE NUNGER e 33 TME ftME e 122SS.926SEC

_.
Tut maeCM CYCLE muette a See int MARCM flut a 204.382Ntu _

7 E mumete OF MEeSE TIME INffav&LS e 23
|

| ,M .4.I N. C.M n o en, . . 4 3. . .. (, , ,M A WA M e0M n , EeA, . 3 94.2, (,,

! .. . ,,,E ,W M n . . ,-C. M . n . . . 4 , ... . . TM Am. m . = S et.. ,1,. 3 3 i,. ia , . _ .

I

TME NfpeOSEN MASS PLOW RATE o .382E*01 (LS/SEC) TME TOTAL MASS FLes safg a .199 gest (LS#SEC)

INLET GUTLET WOLUME SteUCTURE FLOW MT980SEN TOTAL MTDeOSEN TOTAL

WOLUME SAS Temp SAS TEnP PoESSuet TEMP FACT 0s MASS FLOW NASS PLOW NASS MASS
- . . . . . . . . . . . _ _ - - . _ _

2 30SSE*04 3626E*04 .St33E*e3 359M *04 .it00E+03 .teSSE*et 2379E*01 4444E*02 5735E+02

2 9300E*e3
2 7847E*03

.. . 6 t & t E * 8 3 ... .. . . . . - - - . . . . . _ . .. . . . . .

2 . . . .

362M *e4 33effese .SISSE+03 45t6E+s3 .leteE*05 .le69E+01 2424E+et 5204t*01 68 Set *et
3
4 .t307E*04 .54ttE*05 5345E+01 528M*t3 .3000E*01 .tf93E+et .3439E*01 7454E+02 .1430E*03
5 54ttE*05 8 .St23E+03 5400E+03 1000E*01 . t ? 9 3E + 01 3439E*01 0, 8

|

__ -_ ______ .
..

. .

. . .

. .
.

.. ..
. .. .



__- _____ _ - _ _
.. .. ._ ._ .. .. .. .. .. . .

TABLE B-2. (Continu:d)

THE 9474 SET Numete e 19 TME utest CTCLE Nuneta e 37 TME Tipt a 325te.926SEC

THE Na#CM CTCLE NumeER e 544 Tut paRCN TIME a 2eS.tsaute

TME NUMsER OF ME80E TIME INTE#VALS e 23

TME paEINUM CO#E TEmpgenfuet a 483e.00 (F) TME aVERatt CO#E TEMPEsafget a 32ST.te (F)

- - . - - TNE FNaCTISE OF C00E NELTED e 508Foce fuE.PAINAET STsTEN 9stsaust.a . Set.33 (Pala) _ .

TME N?n40sEN MASS PLOW # ATE e .le7F+et (L e #SEC) THE TeTal Mast FLOW # ATE e .599E ee t (Lp/SEC)

INLET SUTLET VOLuut STRUCTURF FLOW NYD40sEN TeTal M?ntesEN total
veLuut see TEMP ses Temp Petssuet TEMP FaCToo mass FLOm mas 3 FLOW wass mass

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

2 3203E*e4 .tet4E+04 .Sel3E+el .t?64E+04 .teteE+et 1942E*08 2003E +e t 4te9E+02 44e8E*e2
2 9steE+e3
2 .ete4E*03

3 .teletee4
. . ._.6287Ete3 .. . . . . ..._.2 . .

..14SM + 04. 5084E+e3 64SeF+e3 .leetE*05 .195tE*et 2099E+et 4886Ee01 .S&SSteet
4 345&E+44 54SIE*03 5024E*e3 5289E+03 30eeteet 1946E*01 29372+et 7724E*e2 .teeSE+03
9 54Sff*05 8 .SellE+03 .Se00E+03 .teceE+el .1946E+03 2532E*el S. 8

THE eVEtastus TNTERyaL a 3 TME everest flNE a .82t?S9t*0S
. _

W
JArt S.vasta0LEamaag . . . _ . . .28SE+04.-.52 m e3. . . .. ..te9E+03 959E+e2. . . ..2SeE+es_380E+0e .320E+04 k4t W 94 2e9E*04 473E*e3

.SS6E*03 63Mee3 .300E*e6 9est+06
|

.TNE.Avstas3NE tufgayas aa asamass .. 3 __

TME AVEtast TINE IS .12t?S9E*01 SECONGS

FLOP ( 3, le S) s .34tE*01
PeESouT( 3) e 323 Fee 3
FLOP ( 3, 3, 61 m 2eSt*04
stast % .1r ?? = 3amte

| FLOP ( 3, 2, 9) s 3??teet
PetengT( 3) e 52SE+03
FLOPt 3, 2, 6) e .lSSE+04
FLOP ( 3, 2, 7) e .teeE+e4
FLOPL 3._2,_n? m -e6eE+03.. . _ _ _ ...

FLOP ( 3, 2e 9) m . 746E*03
FLOP ( 3, 2,14) e 6e9E+03

FLOP ( 3, 3, 5) a 14tE*et
P#ESOUT( 3) e .S2SE*e3
ELOP( 3 3,.43 s. . 3 22E +04 . . . . . _ . . . _ _ . .. . . . . - _ . . _ . . .. . . _ . . . . _ . . . . . . . ,

FLOP ( 3, 3, ?) s 637E*e3

FLOP ( 3, 4, SI e 44tE*et
1

PRE SOUT ( 3) a 52SE+e3 I

FLOP ( 3, 4, 6) a .SS6E*01
- - _ . . . . FLOP (.3..e, 7) a. . 52st+03

FLOP ( 3, 5, 1) e 44tteet
*WE00gT( 3) e 52SFees
FLnP( 3, 5, 63 e e.
FLeP( 3, S. 7) m .Sett+03

_ _ _ _ _ _ _ -
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The MERGE code acts as the interface e een the MARCH-2 code, which is used
to determine overall accident progr sion and the TRAP-MELT code, which is
used to evaluate reactor coolant system fi ion product transport and
deposition. MERGE uses MARCH-cal blated co exit flows and temperatures to
perform a detailed gas-to-struct res heat tra sfer analysis for the control
volumes in the flow path throug the reactor c lant system and converts these
results into a form required a input to TRAP-M T. MERGE can treat up to
ninecontrolvolumes,contain[nguptofivestru ures each. Required inputs
include descriptions of the ontrol volumes and th ir flow connections, as well
as initial conditions.
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