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Abstract

MELCOR is a fully integrated, engineering-level computer code that models the
progression of severe accidents in light water reactor nuclear power plants. MELCOR is
being developed at Sandia National Laboratories for the U.S. Nuclear Regulatory
Commission as a second-generation plant risk assessment tool and the successor to
the Source Term Code Package. A broad spectrum of severe accident phenomena in
both boiling and pressurized water reactors is treated in MELCOR in a unified
framework. These include thermal-hydraulic response in the reactor coolant system,
reactor cavity, containment, and confinement buildings; core heatup, degradation, and
relocation; core-concrete attack; hydrogen production, transport, and combustion;
fission product release and transport behavior. Current uses of MELCOR include
estimation of severe accident source terms and their sensitivities and uncertainties in a
variety of applications.

This publication of the MELCOR computer code manuals corresponds to MELCOR 2.1.
Volume 1 contains a primer that describes MELCOR’s phenomenological scope,
organization (by package), and documentation. The remainder of Volume 1 contains
the MELCOR User’'s Guides, which provide the input instructions and guidelines for
each package. Volume 2 contains the MELCOR Reference Manuals, which describe
the phenomenological models that have been implemented in each package. Volume 3
of this publication presents a portfolio of test and sample problems consisting of both
analyses of experiments and of full plant problems.
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Executive Summary

MELCOR is a fully integrated, engineering-level computer code whose primary purpose
is to model the progression of accidents in light water reactor nuclear power plants. A
broad spectrum of severe accident phenomena in both boiling and pressurized water
reactors is treated in MELCOR in a unified framework. Current uses of MELCOR
include estimation of fission product source terms and their sensitivities and
uncertainties in a variety of applications.

The MELCOR code is composed of an executive driver and a number of major
modules, or packages, that together model the major systems of a reactor plant and
their generally coupled interactions. Reactor plant systems and their response to off-
normal or accident conditions include:

e thermal-hydraulic response of the primary reactor coolant system, the reactor
cavity, the containment, and the confinement buildings,

e core uncovering (loss of coolant), fuel heatup, cladding oxidation, fuel
degradation (loss of rod geometry), and core material melting and relocation,

e heatup of reactor vessel lower head from relocated fuel materials and the
thermal and mechanical loading and failure of the vessel lower head, and
transfer of core materials to the reactor vessel cavity,

e core-concrete attack and ensuing aerosol generation,
e in-vessel and ex-vessel hydrogen production, transport, and combustion,
e fission product release (aerosol and vapor), transport, and deposition,

e behavior of radioactive aerosols in the reactor containment building, including
scrubbing in water pools, and aerosol mechanics in the containment
atmosphere such as particle agglomeration and gravitational settling, and,

e impact of engineered safety features on thermal-hydraulic and radionuclide
behavior.

The various code packages have been written using a carefully designed modular
structure with well-defined interfaces between them. This allows the exchange of
complete and consistent information among them so that all phenomena are explicitly
coupled at every step. The structure also facilitates maintenance and upgrading of the
code.

Initially, the MELCOR code was envisioned as being predominantly parametric with
respect to modeling complicated physical processes (in the interest of quick code
execution time and a general lack of understanding of reactor accident physics).
However, over the years as phenomenological uncertainties have been reduced and
user expectations and demands from MELCOR have increased, the models
implemented into MELCOR have become increasingly best estimate in nature. The
increased speed (and decreased cost) of modern computers (including PCs) has eased
many of the perceived constraints on MELCOR code development. Today, most
MELCOR models are mechanistic, with capabilities approaching those of the most
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detailed codes of a few years ago. The use of models that are strictly parametric is
limited, in general, to areas of high phenomenological uncertainty where there is no
consensus concerning an acceptable mechanistic approach.

Current uses of MELCOR often include uncertainty analyses and sensitivity studies. To
facilitate these uses, many of the mechanistic models have been coded with optional
adjustable parameters. This does not affect the mechanistic nature of the modeling, but
it does allow the analyst to easily address questions of how particular modeling
parameters affect the course of a calculated transient. Parameters of this type, as well
as other numerical parameters such as convergence criteria and iteration limits, are
coded in MELCOR as sensitivity coefficients, which may be modified through optional
code input.

MELCOR modeling is general and flexible, making use of a "control volume" approach
in describing the plant system. No specific nodalization of a system is forced on the
user, which allows a choice of the degree of detail appropriate to the task at hand.
Reactor-specific geometry is imposed only in modeling the reactor core. Even here, one
basic model suffices for representing either a boiling water reactor (BWR) or a
pressurized water reactor (PWR) core, and a wide range of levels of modeling detail is
possible. For example, MELCOR has been successfully used to model East European
reactor designs such as the Russian VVER and RMBK-reactor classes.

The MELCOR 2.1 code manuals are contained in three volumes. Volume 1 contains a
primer that describes MELCOR’s phenomenological scope, organization (by package),
and documentation. The remainder of Volume 1 contains the MELCOR User’s Guides,
which provide the input instructions and guidelines for each package. Volume 2
contains the MELCOR Reference Manuals, which describe the phenomenological
models that have been implemented in each package. Volume 3 contains a portfolio of
sample demonstration problems. These problems are a combination of experiment
analyses, which illustrate code model performance against data, and full plant analyses
showing MELCOR'’s performance on larger realistic problems.
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MELCOR Primer

The MELCOR code models a wide range of physical phenomena including thermal-
hydraulics; heat transfer; aerosol physics; the heatup, degradation, and relocation of
reactor cores; ex-vessel debris behavior; and fission product release and transport. It was
developed to model the progression of accidents in light water nuclear power plants, but
many other applications are also possible.

This primer provides a starting point in understanding MELCOR and learning how to apply
it. It includes an overview of the file structure, user input conventions, and the mechanics of
running the code, as well as general descriptions of the phenomena modeled and of the
supporting properties and utility modules that are included in MELCOR.

The information contained here is, by itself, far from sufficient to allow a new user to
successfully run MELCOR. However, it provides an essential overview and introduction to
the balance of the code documentation.
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1 Introduction

MELCOR is a fully integrated, relatively fast-running code that models the progression of
accidents in light water reactor nuclear power plants. An entire spectrum of accident
phenomena is modeled in MELCOR. Characteristics of accident progression that can be
treated with MELCOR include the thermal-hydraulic response in the reactor coolant system,
reactor cavity, containment, and confinement buildings; core heatup and degradation;
radionuclide release and transport; hydrogen production, transport, and combustion; melt
ejection phenomena; core-concrete attack; heat structure response; and the impact of
engineered safety features on thermal-hydraulic and radionuclide behavior.

MELCOR has been designed to facilitate sensitivity and uncertainty analyses through the
use of sensitivity coefficients. Many parameters in correlations, which are hardwired
constants in most codes, are implemented as sensitivity coefficients in MELCOR.
Sensitivity coefficients can be changed by the user through input as discussed in the
MELCOR/MELGEN Users’ Guide and in the Users’ Guides for each package. For example,
the coefficients in a heat transfer correlation are usually assumed to be constant. However,
in MELCOR the constants are coded as sensitivity coefficients that can be changed by the
user to determine the sensitivity of the results to the heat transfer correlation.

The documentation of MELCOR is divided into three areas:
(1) Users’ guides and
(2) Reference manuals, generally written for each package in MELCOR.
(3) Sample calculations.

The various packages are listed later in this document. Input instructions and guidelines for
each package are given in the appropriate Users’ Guide. The phenomenological models
that have been implemented are documented in each package’s reference manual. Sample
problems have been provided to give the user some guidance in developing models. The
purpose of this primer is to guide the uninitiated user through the extensive MELCOR
documents.

2 General Program and File Relations

MELCOR is executed in two parts. The first part is called MELGEN, in which the majority of
input is specified, processed, and checked. When the input checks are satisfied, a Restart
File is written for the initial conditions of the calculation. The second part of MELCOR is the
MELCOR program itself, which advances the problem through time based on the input to
MELGEN and any MELCOR input. Graphics post processing is provided by PTFREAD, an
EXCEL® add-in utility.

The files used by MELGEN and MELCOR are:
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User Input

Output

Plot

Restart

Message

Diagnostic
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The MELGEN User Input File contains the majority of the user
input defining the problem for MELCOR. MELGEN processes
and checks this input and creates a Restart File for MELCOR.
MELCOR relies on the Restart File for the bulk of its input.
Some timestep, problem duration, and edit information is
supplied via the MELCOR User Input File. The input data for
MELGEN and MELCOR can be combined into a single
computer file.

Both MELGEN and MELCOR generate printed output, all of
which is written to their respective normal Output Files. Selected
information is written also to the Diagnostic, Message, and
Terminal Files, as discussed below, for the convenience of the
user. The Output Files echo the User Input Files with a complete
listing of all user input. The MELGEN Output File gives a full
listing of all processed data, including time-independent data.
The MELCOR Output File contains successive edits of time-
dependent data written to it at time intervals determined by the
user.

The values of all MELCOR plot variables are written to the
binary Plot File at time intervals determined by the user. The
Plot File can be read by PTFREAD or other graphics post-
processing programs.

The MELCOR database, containing all the necessary data to
restart MELCOR, is written to the Restart File at time intervals
determined by the user. MELGEN generates the initial Restart
File containing the initial conditions of the problem set up by
user input. MELCOR extends this file as required.

Special messages are written to the Message File. This file is
written only by MELCOR and contains the occurrence time of
significant events such as vessel bottom head failure, melt
ejection, hydrogen burns, etc. As a user convenience, the
Message File is copied to the end of the Output File at execution
termination.

The Diagnostic File contains certain diagnostic messages
generated by MELGEN and MELCOR, including error
messages and warnings that are useful to the user. As a user
convenience, the Diagnostic File is copied to the end of the
Output File when there is an abnormal calculation abort.
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Extended Diagnostic The Extended Diagnostic File contains more complete
diagnostic information than the Diagnostic File but retains only
the latest messages. This file is most useful to the developers to
trace code problems that the user cannot control.

Terminal The Terminal File (or Batch Job “Log” File) contains direct
terminal output from MELCOR giving a brief summary of the
course of the calculation. In addition to special messages, the
problem time, timestep, and CPU time are written to this file as
requested by the user.

Stop The user may create this file at any time during a batch
MELCOR execution. If this file is present, the MELCOR
calculation is terminated and data are written to the Output, Plot,
and Restart Files for the last cycle.

Mail The user may create this file at any time during a batch
MELCOR execution. If this file is present, MELCOR will create a
short summary of the state of the calculation and mail it to the
user. The purpose of this feature is to give the user informed
control over batch jobs.

The controls for these files are found in the Executive (EXEC) Package Users’ Guide. The
relationship between MELGEN, MELCOR, and PTFREAD as well as the above files is
shown in Figure 2.1. MACCS [1], also shown in Figure 2.1, is a program to determine off-
site consequences of fission product releases to the environment.

The Diagnostic and Message Files should be closely examined following every run. The
Diagnostic File contains error messages or other information that may indicate a problem
with the initial conditions specified in MELGEN or with the MELCOR calculation. The user
should examine the Diagnostic File carefully after every run for indications of problems in
the results. The Message File contains information concerning the timing of important
events such as combustion of gases, failure of the lower head, and others. This file
provides a summary of the events in the calculation without having to look through the
entire output file. All the messages in these two files (Message and Diagnostic) are also
included in the Output file. The Message File also contains information about the Restart
File.
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User Input (MELIN)
Stop (MELSTP)

Status (MELSTAT)
User Input (MELGEN) User Defined (EDFIN) <«—»| PTFREAD
l l /Plot File
(MELPTF)
MELGEN MELCOR
Release File

. l (EDFOUT)

Restart File

l (MELRST)

Terminal Terminal —» MACCS

Output (MEGOUT) Output (MELOUT)

Diagnostic (MEGDIA) Message (MELMES)
Dagnostic (MELDIA)

Extended Diagnostic (extDIAG)
Mail (MELMAIL)
User Defined (EDFOUT)

Figure 2.1 MELCOR Code and File Relations

The extended Diagnostic File contains more complete information useful to the developer
when a calculation aborts. All diagnostic messages are saved in this file. Periodically, the
earlier half of these messages is discarded to limit the file size.

3 Licensing

In MELCOR 2.1, licensing has been incorporated to protect the MELCOR and MELGEN
executables from unauthorized changes. Each time the executables are run an attempt is
made to open the Product.key file. If the executable does not find this file an error will be
displayed and MELCOR will not run.

Follow these instructions to license MELCOR for a specific machine:

(1) Download the license.zip file from http://melcor.sandia.gov.

Note: Each time a license is downloaded, the MELCOR database is annotated with
information that helps the NRC to track MELCOR usage statistics. The license is also
encoded with information that can be used to identify its recipient. Do not transfer
license files to anyone else.

(2) Extract the license.zip file into any directory on your hard disk.
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3)

(4)

MELCOR Primer

Browse to that directory and double-click on the registration script:
run_register.bat (Windows) or run_register.bash (UNIX/Linux). The script calls the
register.exe executable and pauses when it completes. The script allows you to
view the registration results—if you’re working at the command-line you can
choose to launch the registration executable directly.

The message “Product key has been successfully bound to this computer” will be
displayed if the registration was successful. If any other message is displayed, the
action is unsuccessful and MELCOR will not run. In this case, contact a member
of the MELCOR team for help.

Note: License keys are time-dependent. If not registered on a computer within a short
timeframe (usually a day or two), the registration process outlined here will not work.
If your license key file expires before you register it, you'll need to retrieve a new
license archive file and start over.

(5)

(6)

Copy calu_dll.dIl and Product.key to each directory containing the MELCOR and
MELGEN executables. The MELCOR and MELGEN executables will not run in
any folder that does not contain these files.

For safety purposes, delete files run_register.bat (or run_register.bash),
register.exe and license.zip. These files are not needed after the key file is
registered. Running them multiple times against the same key will prevent
MELCOR from running.

To license MELCOR for multiple computers, one license file is all that is needed. Simply
obtain one license archive, copy it to each computer and go through steps 2 through 6 for
each computer.

4 MELCOR Packages

MELCOR is composed of a number of different packages, each of which models a different
portion of the accident phenomenology or program control. For example, the Control
Volume Hydrodynamics (CVH) package calculates the thermal-hydraulics of control
volumes, and the Core (COR) package evaluates the core behavior. Each of the packages
in MELCOR s listed below with a brief description:

BUR

CAV

Burn (Combustion) of Gases. Compares conditions within
control volumes against criteria for deflagrations and
detonations. Initiates and propagates deflagrations involving
hydrogen and carbon monoxide. Calculates burn completeness
and flame speed.

Core-concrete Interactions. Models the attack on the basemat
concrete by hot core materials. CORCON-MOD3 with enhanced
sensitivity analysis and multi-cavity capabilities.
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CF

CND

COR

CVH

CVT

DCH

EDF

EOS

ESF

EXEC

FCL
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Control Functions. Evaluates user-specified control functions
and applies them to define or control various aspects of the
computation such as opening and closing of valves; controlling
plot, edit, and restart frequencies; defining new plot variables;
etc.

Condenser. Models the effects of the Isolation Condenser
System and the Passive Containment Cooling System; both use
heat exchangers submerged in large water pools.

Core Behavior. Evaluates the behavior of the fuel and other core
and lower plenum structures including heatup, candling, flow
blockages, debris formation and relocation, bottom head failure,
and release of core material to containment.

Control Volume Hydrodynamics. In conjunction with the FL
package, evaluates mass and energy flows between control
volumes.

Control Volume Thermodynamics. Evaluates the

thermodynamic state within each control volume for the CVH
package. No users guide is written for this package since no
user input is required. However, a reference manual is written.

Decay Heat. Used by other packages to evaluate decay heat
power associated with radionuclide decay.

External Data Files. Controls the reading and writing of large
external data files, in close interface with CF and Transfer
Process (TP) packages.

Equation of State. The CVT, H20, and NCG packages are
stored as one block of code under this name.

Engineered Safety Features. Models the thermal-hydraulics of
engineered safety features that cannot be effectively modeled
by building appropriate components or systems using the CVH,
FL, HS, and CF packages. Currently, the ACC, CND, FCL, and
PAR packages are stored under ESF; the containment sprays
are modeled in the SPR package.

Executive Package. Controls execution of MELGEN and
MELCOR.

Fan Cooler. Calculates the heat and mass transfer associated
with operation of the fan coolers.
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FDI

FL

H20

HS

MP

NCG

PAR

PROG

RN

SPR

TF

MELCOR Primer

Fuel Dispersal Interactions. Models ex-vessel debris relocation,
heat transfer, and oxidation due to fuel-coolant interactions and
high pressure melt ejection.

Flow Paths. Models, in conjunction with the CVH package, the
flow rates of gases and liquid water through the flow paths that
connect control volumes.

Water Properties. Evaluates the water properties based on the
Keenan and Keyes equation of state extended to high
temperatures using the JANAF data. This set of routines is in
the “EOS” code package. No user input is required.

Heat Structures. Models the thermal response of heat structures
and mass and heat transfer between heat structures and control
volume pools and atmospheres. Treats conduction,

condensation, convection, and radiation, as well as degassing of
unlined concrete, and simulation of ice melt in ice condensers.

Material Properties. Evaluates the physical properties of
materials for other packages except for common steam and
noncondensible gas properties (see H20 and NCG).

NonCondensible Gas Equation of State. Evaluates the
properties of noncondensible gas mixtures using an equation of
state based on the JANAF data. This set of routines is in the
“EOS” code package.

Passive Autocatalytic Hydrogen Recombiner. Includes general
models for modeling hydrogen recombiners in the containment
rooms.

Part of MELGEN/MELCOR EXEC package separated for
computer library and link purposes.

Radionuclide Behavior. Models radionuclide releases, aerosol
and fission product vapor behavior, transport through flow paths,
and removal due to ESFs. Allows for simplified chemistry.

Sprays. Models the mass and heat transfer rates between spray
droplets and control volumes.

Tabular Functions. Evaluates user-selected tabular functions to
define or control various aspects of the computation such as

mass and energy sources; integral decay heat; plot, edit, and
restart frequencies; etc.
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TP Transfer Process. Controls the transfer of core debris between
various packages and the associated transfer of radionuclides
within the RN package. In order to transfer core material
between packages, some TP inputis required, and these input
are described in the COR, FDI, and CAV package Users’
Guides.

UTIL Utility Package. Contains various utilities employed by the rest
of the code.

Users’ guides for all packages with user input are included in Volume 1 of the MELCOR
Computer Code Manuals. General input information, including the general format of input
records and instructions for modification of sensitivity coefficients, appears in the EXEC
Package Users’ Guide. Reference manuals for the BUR, CAV, COR, CVH/FL, DCH, CVT,
FCL, FDI, HS, MP, NCG/H20, PAR, RN, and SPR packages are included in Volume 2.
(Additional reference materials for several of the codes and models that have been
imported into MELCOR are available separately.)

Most of these packages may be either active or inactive during a calculation. EXEC, CVH,
CVT, and some of the UTIL packages are always active in any calculation. The default for
most of the other packages is that they are inactive. For example, the default for the BUR
package is inactive. Therefore, combustion will not be calculated to occur in MELCOR
unless the package is activated. Usually, all packages are activated in the analysis of a full
plant accident. The status of each package is given in the MELGEN output. Details for
activating or deactivating packages are discussed in the appropriate users’ guide for that
package.

5 Getting Started

Experience has shown that starting with very simple thermal/hydraulic problems involving
just the EXEC, CVH, and FL packages is a very good way to learn the general features of
MELCOR without being overwhelmed. After the CVH and FL packages are well
understood, a simple problem can be gradually increased in complexity by adding input for
additional packages. A suggested order might be to next learn the CF and TF packages in
conjunction with simple valve operation, followed by HS and MP packages to model simple
structures such as pipe or room walls. The NCG and BUR packages could then be
introduced to add more thermodynamic complexity. Actual reactor core behavior is
simulated by the COR package, which could then be added along with the DCH package
using the ANS decay curve option.

Addition of the ESF and SPR packages can be attempted at any time once the basic
thermal-hydraulics are understood. Inclusion of the RN package should probably await a
thorough understanding by the user of all the aforementioned thermal-hydraulics-oriented
packages. Finally, the FDI and CAV packages can be added, along with the TP package to
control the interfaces between them and with the COR package.
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A set of small test problems is available to aid in user training and code testing. New users
might profit from study of these input sets [2]. A growing set of assessment reports is
available for more complex situations [3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19]. A limited distribution of sample input decks can be retrieved from the download site
(direct your browser to http://melcor.sandia.gov and click on the Downloads link). MELCOR
Workshop content archives are also available at this site. These contain input decks
illustrating content shared during workshop sessions. Additionally, Volume 3 of this
document presents a portfolio of demonstration problems, including input decks and plotted
code results that illustrate the use of MELCOR on a variety of real problems. The
demonstration problems are a combination of relevant experiments and full plant analyses.

Once the user is comfortably familiar with the basics of MELCOR input, the demonstration
problem supplied with MELCOR distribution is useful to study to see how the packages
interact with each other. However, be aware that this sample problem is simply designed to
exercise all MELCOR packages through a complete transient in a short calculation and that
it is not intended to represent any real system nor recommended approaches to modeling
real systems.

MELCOR was originally designed to be run with relatively large timesteps and coarse
nodalizations for most large integral plant calculations. For a simple full reactor plant model,
a base case nodalization, including reactor coolant system, containment, and auxiliary
buildings, will involve typically 15 to 25 control volumes, 100 to 200 heat structures, 3 or 4
core rings, and 10 to 15 core/lower plenum levels. Sensitivity studies on a particular aspect
of the sequence may dictate use of finer nodalization for some systems. Complex plant
models that treat in-vessel and RCS natural circulation could make use of significantly more
detailed CVH nodalization in these regions.

User-imposed maximum timesteps should range from 5 to 10 seconds during the portion of
an accident sequence dominated by in-vessel thermal-hydraulics and core melt
progression and from 20 to 30 seconds during the portion dominated by containment
thermal-hydraulics and molten core-concrete interactions. Although many MELCOR models
will reduce the timestep to lower values when needed, very rapid phenomena, certain
phenomenological events, or numerical problems encountered by the code may
necessitate use of a smaller maximum timestep supplied by the user for portions of the
transient. As a result, the current code is somewhat dependent on the skill of the user to
select proper timesteps until additional automatic timestep controls are developed.
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Accumulator (ACC) Package
Users’ Guide

A simple accumulator model was added to MELCOR to simplify the input for this
engineered safety feature, add flexibility in modeling, and to improve performance and
numerics. Note that the accumulator can be alternately modeled using a set of control
functions and control volumes, but this model was designed to simplify the modeling for
the user. Furthermore, the extreme expansion of the accumulator gas can lead to
temperatures below 273.15 K, which can lead to a fatal error in MELCOR causing an
error in the water properties tables because ice formation is not modeled, leading to the
practice of modeling the accumulator as a source of mass and enthalpy in the control
volume. Note however, that this error test can be over-ruled for dry atmospheres (no
water present) by use of the CVH_ALLOWCOLDATM record (see CVH UG).

The separate object "accumulator” with all necessary data for accumulator modeling
has been developed and placed in ESF package. This object can be used as a source
of liquid in the control volume. Input parameters for the accumulator are set on four
input records. The simplified model to calculate liquid injection is implemented in the
code.

More detailed information on modeling accumulators using this package can be found in
the ACC Package Reference Manual.
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1 Introduction

A simple accumulator model was added to MELCOR to simplify the input for the
engineered safety feature, add flexibility in modeling, and to improve performance and
numerics. Note that the accumulator can be modeled using a set of control functions
and control volumes, but this model was designed to simplify the modeling for the user.
Furthermore, the extreme expansion of the accumulator gas can lead to the
temperature drop below 273.15 K, which can lead to a fatal error in MELCOR model
since it causes an error in the water properties tables because of ice formation is not
modeled, leading to the practice of modeling the accumulator as a source of mass and
enthalpy in the control volume. Note however, that this error test can be over-ruled for
dry atmospheres (no water present) by use of the CVH_ALLOWCOLDATM record (see
CVH UG).

The separate object "accumulator” with all necessary data for accumulator modeling
has been developed and placed in ESF package. This object can be used as a source
of liquid in the control volume. Input parameters for the accumulator are set on four
input records. The simplified model to calculate liquid injection is implemented in the
code.

2 Input Requirements

2.1 MELGEN Input

This section provides input requirements for the ACC package and includes a short
description of the input quantities, their units, and default values, if any. Further description
of the input variables and their meaning in the models can be found in the ACC Package
Reference Manual.

Input for the ACC model must be inside the data block for the ESF package, which begins
with the character string ESF_INPUT.

ACC_ID — Accumulator and Connected Control Volume Names
Required for Activation of the ACC Model
This record specifies a user-supplied name for the accumulator and connected control

volume. This record is required. The following characters fields (limited to 16
characters) must be present.

(1) ACCNAM — accumulator name.
(type = character*16, default = none)

(2) CVHNAM
Name of control volume associated with accumulator.
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(type = character*16, default = none)

Initialization Characteristics of the ACC Model

This input record acts as a flag to activate the ACC model. If entered, then all remaining
ACC model input cards are processed. If the input record card is absent, no memory is
allocated for the ACC model variables and the plot variables unique to the ACC model
are not defined.

Example

ACC_ID Accumulator Cv120

ACC_SLP — Surge Line Parameters

Required
This record specifies the parameters for the surge line connecting accumulator with the
control volume (cold leg). This record is required. The first two real fields must be

present, the third through sixth fields are optional (they defines the fraction of the surge
line open area and the way of friction and loss coefficients definition).

(1) DIAM
The surge line diameter (value must be positive).
(type = real, default = none, units=m)

(2) LEN
The surge line length (value must be positive).
(type = real, default = none, units=m)

(3) IKEY

The user may choose one of the following options defining fraction of
surge line open area:

(@) -1 or CF, control function
(b) 1orTF, tabular function
(c) 0 or CONST, constant value

(type = integer/character*5, default = CONST)

Optionally followed by:
ifIKEY =1,-1, CForTF

(4a) NameCFTF — tabular or control function name
(type =character*16, default = none, units = none)
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or if IKEY = 0 or IKEY = CONST

(4b) FRACT - the fraction value
(type =real, default = 1., units = none)

(5) IFRIC — option for friction coefficient value:

1 or MODEL, friction factor is calculated from the Colebrook-
White equation;

0 or CONST, constant value defined by user is used.
(type = integer / character*5, default = CONST)

(6) FRIC — constant friction coefficient value.

This field is required if and only if IFRIC = 0 or CONST. The value
must be non-negative.

(type = real, default = none, units = none)

(7) IFLRES - option for form loss coefficient value.
The user may choose one of the following options:

-1 or CF, control function
0 or CONST, constant value
(type = integer / character*5, default = CONST)

Optionally followed by:
if IKEY =-1 or CF

(8a) NameCF —control function name
(type =character, default = none, units = none)

or if IKEY = 0 or IKEY = CONST

(8b) FLRES - the form loss coefficient value. The value must be positive.
(type =real, default = 5.65, units = none)

ACC_PAR — Accumulator Parameters
Required

This record specifies the necessary parameters for the accumulator. This record is
required. The first 4 fields must be present because they are required fields, the fifth
and sixth fields (defining the expansion coefficients option) are optional

(1) VN2 —the initial volume of N2 in the accumulator. The value must be positive.
(type = real, default = none, units = m3)
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(2) VH20 - the initial water volume in the accumulator.
The value must be positive.

(type = real, default = none, units = m3)

(3) PAC —the initial pressure in the accumulator.
The value must be positive.

(type = real, default = none, units = Pa)

(4) TH20O - the temperature of the water in the accumulator.
The value must be greater than 0°C.

(type = real, default = none, units = K)

(5) EXCOEF - the expansion coefficient option.
User must choose one of the following options:

1 or ADIAB, adiabatic
2 or THERM, isothermal
3 or USER, user-defined

(type = integer or character, default = 1, units = none)
The following field is required if and only if EXCOEF = 3 or USER.

(6) GAMMA - the index of power for the expansion coefficient option.
(type = real, default = none, units = none)

ACC_LAG - Lag Accumulator Parameters
Required

This record specifies the necessary parameters if user wants to use lag control
component for the liquid velocity in the accumulator. If this record is not set, the lag
transform is not used. Both fields must be present if the record is input. The user should
define the A1 and A2 constant in the following transform equation used for liquid
velocity:

At At
YNA-—)+A (VM +V M =
i ( 2A2) Al )2A2
1+£
2A2 Eq. 1

where Al is a scaling factor and A2 is a lag time, V is a liquid velocity calculated
according to accumulator simplified model and Y is a transform liquid velocity. Note that
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transferred mass and enthalpy will be defined through the transformed velocity value

(Y).

(1) A1 - the scaling factor.
(type = real, default = none, units = none)

(2) A2 —the lag time (nonzero value)
(type = real, default = none, units = none)

3 Plot Variables

The plot variables currently included in the accumulator model are listed below, along with
a brief description. Note that control function arguments (identical in definition to these plot
variables but different in format) are described in the following section.

ESF-ACC-RAT.n Ligquid mass flow rate for accumulator index n.
(units = kg/s)

ESF-ACC-MAS.n Total liquid mass injected from accumulator
index n.

(units = kg)

ESF-ACC-PRS.n Accumulator index n pressure
(units = Pa)

ESF-ACC-REM.n Total liqguid mass remaining in the accumulator
index n.

(units = kg)

ESF-ACC-ENG.n Integral of energy flow out for the accumulator
index n.

(units = J)

4 Control Function Arguments

The control function arguments currently included in the accumulator model are listed
below, along with a brief description. Note that plot variables (identical in definition to these
control function arguments but different in format) are described in the previous section.

ESF-ACC-RAT(ACCNAM) Liquid mass flow rate for accumulator name
ACCNAM.

(units = kg/s)
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ESF-ACC-MAS(ACCNAM)

ESF-ACC-PRS(ACCNAM)

ESF-ACC-REM(ACCNAM)

ESF-ACC-ENG(ACCNAM)

5 Example Input

ACC Package Users’ Guide

Total liquid mass injected from accumulator
name ACCNAM.

(units = kg)

Accumulator name ACCNAM pressure.
(units = Pa)

Total liqguid mass remaining in the accumulator
name ACCNAM.

(units = kg)
Integral of energy flow out for the accumulator

name ACCNAM.
(units = J)

The following are sample MELGEN input records for the ACC Package. An example of

MELCOR input deck follows.

5.1 Example MELGEN Input

I* Block: ESF data

ESF_INPUT
1

ACC_ID "ACC1" *CV240-CLA ACCUM*™

ACC_SLP 0.26662 32.0 CF "TEST1" CONST 0.05 CF "TEST2"
ACC_PAR 14.8664 26.193 4.2403E6 322.04 ADIAB

ACC_ID "ACC2" "CV340-CLB ACCUM"

ACC_SLP 0.26662 32.0 CONST 1.0 CONST 0.05 CONST 5.65
ACC_PAR 14.8664 26.193 4.2403E6 322.04 ADIAB

ACC_ID "ACC3" "Cv440-CLC ACCuM®

ACC_SLP 0.26662 32.0 CONST 1.0 CONST 0.05 CONST 5.65
ACC_PAR 14.8664 26.193 4.2403E6 322.04 ADIAB

6 ACC Model Output

MELGEN output

F*x ACCUMULATORS SETUP EDIT 7

TOTAL NUMBER OF ACCUMULATORS =

ACCUMULATOR NAME

CONNECTED CONTROL VOLUME NAME
SURGE LINE DIAMETER

SURGE LINE LENGTH

INITIAL N2 VOLUME
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ACC1

CV240-CLA ACCUM
0.26662E+00
0.32000E+02
0.14866E+02
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INITIAL WATER VOLUME
ACCUMULATOR INITIAL PRESSURE
WATER TEMPERATURE

0.26193E+02
0.42403E+07
0.32204E+03

THE EXPANSION COEFFICIENT OPTION = ADIAB
THE INDEX OF POWER = 0.10000E+01
SURGE LINE OPEN AREA OPTION = CONST
SURGE LINE OPEN AREA FRACTION = 0.10000E+01
FRICTION COEFFICIENT OPTION = CONST
FRICTION COEFFICIENT VALUE = 0.50000E-01
FORM LOSS COEFFICIENT OPTION = CONST

FORM LOSS COEFFICIENT VALUE 0.56500E+01

MELCOR output file

FhkkKk

* ACCUMULATOR EDIT *
ACCUMULATORS
ACCUMULATOR CONTROL VOLUME INJECTED MASS INJECTED ENTHALPY
KG J
ACC1 CV240-CLA ACCUM 0.68055E+03 0.14170E+09
ACC2 CV340-CLB ACCUM 0.41869E+03 0.87198E+08
ACC3 CV440-CLC ACCUM 0.41835E+03 0.87126E+08

7 Diagnostic and Error Messages

Diagnostic messages are printed to indicate the time at which each accumulator starts to
inject and when the accumulator is exhausted. Other diagnostics are provided to indicate
improper input or when values exceed ranges.

<Diagnostic Message> Time= 7.9038E+00 Dt= 5.0000E-03 Cycle= 8401 (CVH)
Event message for accumulator ACC1

* ACCUMULATOR INJECTION BEGINS AT TIME = 7.90382E+00 *

<Diagnostic Message> Time= 5.9594E+01 Dt= 1.0000E-02 Cycle= 14278 (CVH)
Event message for accumulator ACC1

* ACCUMULATOR EXHAUSTED AT TIME = 5.95936E+01 *
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Burn (BUR) Package
Users’ Guide

The MELCOR Burn (BUR) package models the combustion of gases in control volumes.
The models consider the effects of burning on a global basis without modeling the actual
reaction kinetics or tracking the actual flame front propagation. The BUR package models
are based on the deflagration models and diffusion flame model in the HECTR 1.5 code.

This Users’ Guide describes the input to the BUR package, including a brief description of
the models employed, the input format, sample input, discussion of the output, sensitivity
coefficients, plot variables, and control function arguments. Details on the models can be
found in the BUR Package Reference Manual.
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1 Introduction

The Burn (BUR) package models the combustion of gases in control volumes. The bulk
burn models consider the effects of burning premixed gases without modeling the actual
reaction kinetics or tracking the actual flame front propagation. A simple diffusion flame
model (introduced in MELCOR 1.8.5) allows for the burning of hydrogen-rich mixtures upon
entry to volumes containing oxygen. The models in the BUR package are based on the
models in the HECTR 1.5 code. The only significant modifications made were to provide
more direct user control of the models through the implementation of sensitivity coefficients
and to include optional model parameters that are used to override the nominal parameters
in control volumes in which direct containment heating (DCH) is occurring. Note that the
diffusion flame model can be used to model the burning during DCH while leaving the bulk
burn parameters at their nominal values.

Deflagrations are ignited if the mole fraction composition in a control volume satisfies a
form of LeChatelier's formula. Tests for sufficient H, and O, are performed, as well as an
inerting test for the presence of excessive diluents (H,O and CO,). Deflagrations are
propagated into adjoining control volumes if additional tests for the H, and CO mole
fractions in those volumes are satisfied and if the flow path is open to gas flow (i.e., the
area is nonzero and the flow path is not covered by water). There is, however, no test for
check valves.

The combustion rate is determined by the flame speed, the volume characteristic
dimension, and the combustion completeness. The flame speed and combustion
completeness can each be input as constant values, or they may be calculated from user-
defined control functions or the default HECTR correlations. The latter are derived from
experimental data and depend on combustible and diluent gas concentrations.

For user convenience, the BUR package also prints messages to warn the user when the
detonability criteria are satisfied in a control volume. However, only deflagrations are
modeled; detonations are merely flagged.

Note: The gases H,, CO, CO,, and O, must be defined in the NonCondensible Gas
(NCG) package whenever the BUR package is active. Steam (H»0) is automatically
present for all MELCOR calculations; therefore, no special action needs to be taken to
include it in a calculation.

2 User Input

The input for the BUR package consists of combustion parameters in the MELGEN and
MELCOR input and timestep values for the start of each burn in the MELCOR input. If a
BUR record is included in the user’s input, all entries for that record must be included,
except for cases noted in the following descriptions.
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2.1 MELGEN Input

BUR_INPUT — Activation Record
Required

This record activates the BUR package.

(1) IACTV
Activation Parameter

Optional

(&) 0 or ACTIVE
BUR package is active.

(b) 1 or NOTACTIVE
BUR package is not active,

(type = integer, default = 0, units = none)

Example

BUR_INPUT NOTACTIVE

BUR_IGN - Ignition Parameters
Optional
The ignition parameters for deflagrations are input to this record. Input for all six entries

must be specified if this record is included. See Section 2.2 of the Burn (BUR) Package
Reference Manual.

(1) XH2IGN
H, mole fraction limit for ignition without igniters.

(type = real, default = 0.10, units = none)

(2) XCOIGN
CO mole fraction limit for ignition without igniters.

(type = real, default = 0.167, units = none)

(3) XH2IGY
H, mole fraction limit for ignition with igniters.

(type = real, default = 0.07, units = none)

(4) XCoIGY
CO mole fraction limit for ignition with igniters.
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(type = real, default = 0.129, units = none)

(5) X0O21G
Minimum O, mole fraction for ignition.

(type = real, default = 0.05, units = none)

(6) XMSCIG
Maximum H,O plus CO, mole fraction for ignition.

(type = real, default = 0.55. units = none)

Example

BUR_IGN 0.098 0.16 0.068 0.12 0.48 0.098

BUR_IGNOL1 - Ignition Parameters
Optional (can appear if and only if BUR_IGN record is input)
The ignition parameters for deflagrations are input to this record. Input for all four

entries must be specified if this record is included. See Section 2.2 of the Burn (BUR)
Package Reference Manual.

(1) XH2DCH
H, mole fraction limit for ignition during DCH.

(type = real, default = XH2IGY, units = none)

(2) XCODCH
CO mole fraction limit for ignition during DCH.

(type = real, default = XCOIGY, units = none)

(3) XO2DCH
O, mole fraction limit for ignition during DCH.

(type = real, default = XO2IG, units = none)

(4) XINDCH
H>0O plus CO, mole fraction limit for ignition during DCH.

(type = real, default = XMSCIG, units = none)

Example

BUR_IGNO1 0.098 0.16 0.068 0.124

BUR_DET — Detonation Parameters
Optional
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The parameters to indicate a detonation are input to this record. Input for all three
entries must be specified if this record is included. See Section 2.7 of the BUR Package
Reference Manual.

(1) XH2DET
Minimum H, mole fraction for detonation.

(type = real, default = 0.14, units = none)

(2) XO2DET
Minimum O, mole fraction for detonation.

(type = real, default = 0.09, units = none)

(3) XH20DT
Maximum H,O mole fraction for detonation.

(type = real, default = 0.30, units = none)

Example

BUR_DET 0.14 0.09 0.3

BUR_COM - Combustion Completeness and Propagation Parameters
Optional
The parameters controlling the extent of combustion and propagation to connected

volumes are input to this record. Input for all eight entries must be specified if this
record is included. See Sections 2.3 and 2.6 of the BUR Package Reference Manual.

(1) XH2CC
H, mole fraction value for calculating combustion completeness.

(type = real, default = 0.08, units = none)

(2) Xcocc
CO mole fraction value for calculating combustion completeness.

(type = real, default = 0.148, units = none)

(3) XH2PUP
H, mole fraction limit for upward propagation.

(type = real, default = 0.041, units = none)

(4) XCOPUP
CO mole fraction limit for upward propagation.

(type = real, default = 0.125, units = none)
(5) XH2PHO
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H, mole fraction limit for horizontal propagation.
(type = real, default = 0.06, units = none)

(6) XCOPHO
CO mole fraction limit for horizontal propagation.

(type = real, default = 0.138, units = none)

(7) XH2PDN
H, mole fraction limit for downward propagation.

(type = real, default = 0.09, units = none)

(8) XCOPDN
CO mole fraction limit for downward propagation.

(type = real, default = 0.150, units = none)
Example

BUR_COM 0.078 0.14 0.039 0.12 0.057 0.13 0.089 0.14

BUR_COMO1 — Combustion Completeness and Propagation Parameters
Optional (can appear if and only if record BUR_COM is input)

The parameters controlling the extent of combustion and propagation to connected
volumes are input to this record. Input for all two entries must be specified if this record
is included. See Sections 2.3 and 2.6 of the BUR Package Reference Manual.

(1) XH2CCD
Value of XH2CC during DCH.

(type = real, default = XH2CC, units = none)

(2) XCOCCD
Value of XCOCC during DCH.

(type = real, default = XCOCC, units = none)

Example

BUR_COMO1 0.078 0.147

BUR_PLT - Plot Edit Control
Optional

The plot edits requested by the BUR package are controlled by this input.
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(1) IFLAGS
Plot controlling flag.

(@) 1orCF
Plot edit will be requested at start and end of each burn
if control function CFLNAM is true; no BUR plot edits
will be requested if it is false.

(b) -1 or BYREQ,

Plot edits will be requested at the start and end of each
burn.

(c) -2 or NOPLOT
No plot edits will be requested by the BUR package.

(type = integer/character*6, default = -1, units = none)
Next field is required if and only if IFLAGS =1 or IFLAGS = CF:

(1a) CFLNAM
Name of logical control function that plot edit depends on.
(type = character*16, default = none)

Example

BUR_PLT CF CF92

BUR_DIF — Diffusion Flame Activation and Burn Parameters
Optional

This record activates the diffusion flame model and specifies the burn parameters for
the flame. The default values are set to essentially burn most of the incoming H, and
CO in a flow path during DCH and are quite different than the typical settings for the
bulk burn model. If only the first field is present, the model is activated with default
values; otherwise, all seven fields must be present.

(1) IACTF

Diffusion flame model activation flag. Default is O (off), setto 1 (on) to
activate model.

(a) 0 or OFF
Off

(b) 1 or ON
On

(type = integer / character*3, default = 0, units = none)

(BUR.IACTF)
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The following six fields are required if and only if IACTF =1 or IACTF = ON:

(2) XH2FLM

Minimum H, mole fraction of the flow path to burn. This should be set
lower than the usual bulk burn default for realistic simulation (default is
0.0 and up to about 0.03 is reasonable).

(type = real, default = 0.07, units = none)

(3) XCOFLM

Minimum CO mole fraction of the flow path to burn. Default is typical
of bulk burn during DCH.

(type = real, default = 0.129, units = none)

(4) XO2FLM
Minimum O, mole fraction in downstream control volume to burn.
(type = real, default = 0.01, units = none)

(5) XSCFLM

Maximum inerting gas concentration in downstream control volume
(steam + CO,) before burn stops.

(type = real, default = 0.9, units = none)

(6) XH2CCF

H, mole fraction to use in the LeChatelier formula for the combustion
completeness of the diffusion flame. This is set to the DCH bulk burn
value by default.

(type = real, default = 0.08, units = none)

(7) XCOCCF

CO mole fraction to use in the LeChatelier formula for the combustion
completeness of the diffusion flame. This is set to the DCH bulk burn
value by default.

(type = real, default = 0.148, units = none)
Example

BUR_DIF ON 0.05 0.12 0.03 0.8 0.085 0.15

BUR_CF - Diffusion Flame Combustion Completeness Parameters.

Optional
This record specifies the diffusion flame combustion completeness parameters for
different flow paths. A constant combustion completeness (CC) factor may be specified.

Alternatively, the HECTR correlation is available, although the validity of the HECTR
correlation for a diffusion flame is unknown.
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(1) NUMCF

Number of user-input data strings determining the diffusion flame
combustion completeness parameters for a flow path, dimension of
the table below.

(type = integer, default = 0, units = none)
The following data are input as a table with length NUMCEF:

(1N

Data string index.

(type = integer, default = none, units = none)
(2) IFLNUM

Flow path name. Putting —1 as the flow path name will cause the
following values to be used for all flow paths except those redefined
on subsequent BUR_CF tabular record lines.

(type = character*16 / integer, default = none, units = none)
(3) ICCFLG

Option to use for combustion completeness. For all options, the
completeness must satisfy 0.0 < CC <1.0.

(@) -1 or CONST
Use constant CC.

(b) 0 or HECTR
Use HECTR correlation.

(type = integer / character*5, default = 0, units = none)
(4) CC

Combustion completeness, 0.0 < CC < 1.0. Required if and only if
ICCFLG = -1 or CONST.

(type = real, default = 0.0, units = none)
Example

BUR CF 1 ' N FL NAME OPTION COMB.COMPLETENESS
1 FL171 CONST 0.8

BUR_BRT — Burn Rate and Propagation Speed Parameters
Optional

The parameters determining the burn rate and the speed of propagation are on this
record series. If only the first two fields are present on the table line, then default values
will be used for the remaining entries. See Sections 2.4, 2.5, and 2.6 of the BUR

Package Reference Manual.
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(1) NUMBRT

Number of user-input data strings determining the burn rate and the
speed of propagation, dimension of the table below.

(type = integer, default = 0, units = none)
The following data are input as a table with length NUMBRT:

(N

Data string index.

(type = integer, default = none, units = none)
(2) ICVNUM

User control volume name.

(type = character*16, default = none, units = none)
(3) IGNTR

Igniter variable.

(@) -1 or CF,

IGNTR variable given by REAL control function name
given in additional field (3a).

(b) 0 or NOTACT
Igniter not active in control volume.

(c) 1 or ACT
Igniter is active in control volume.

(d) 86 or PROH
Burning prohibited in control volume.

(type = integer / character*6, default = 0, units = none)

(3a) CFNAME

REAL control function name. Required if and only if IGNTR = -1 or
CF.. The CF value indicates when the igniter is activated in the CV
where 0 = not active, 1 = active, 86 - burn prohibited in CV.

(type = character*16, default = none, units = none)

(4) CDIM
Characteristic dimension of control volume.
If -1 or DEF is input, then CDIM is the radius of a sphere {3V /(47)}'"?
with volume equivalent to the total volume of the control volume.
(type = reallinteger/character*3, default = -1, units = m)

(5) TFRAC

Time fraction of burn before propagation is allowed. It must satisfy
0.0 < TFRAC <1.
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(type = real, default = 0.0, units = none)
(6) CDDH
Value of CDIM during DCH.
(type = real, default = CDIM, units = m)
(7) TFDH
Value of TFRAC during DCH.
(type = real, default = TFRAC, units = none)

Example

BURBRT 1 ' N CV NAME KEY CF NAME CDIM TFRAC CDDH TFDH
1 Cvio CF CF89 3.46 0.0 3.46 0.0

BUR_CC — Combustion Completeness Option
Optional

The parameters determining the option used to calculate the combustion completeness
for each volume are on this record.

(1) NuMCC
Number of user-input data strings used to calculate the combustion
completeness for each volume, dimension of the table below.

(type = integer, default = 0, units = none)

The following data are input as a table with length NUMCC. The first three entries are
required on each table line if this record is present.

(1)N

Data string index.

(type = integer, default = none, units = none)
(2) ICVNUM

User control volume name.

If -1 is entered, then this combustion completeness specification will
be used in all the volumes except those redefined on subsequent

table rows.
(type = character*16/integer, default = none, units = none)
(3) ICCFLG
Option to use for combustion completeness.
(@) -1 or CF
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Calculate combustion completeness from control
function (3a) CFNAME.

(b) 0O or SC
Use correlation (sensitivity coefficient C2202).

(c) 1 or CONST
Use constant value for completeness. Input the constant
as entry (3b) on this row.

(type = integer / character*5, default = 0, units = none)
optionally followed by

(3a) CFNAME

Control function name from which combustion completeness is
calculated. Required if and only if ICCFLG = -1 or CF.

(type = character*16, default = none, units = none)

or
(3b) CC
Constant value of combustion completeness to use (must satisfy
0.0 < CC £1.0). Required if and only if ICCFLG = 1 or CONST.
(type = real, default = none, units = none)
Otherwise,
(4) ICCDCH
Value of ICCFLG, during DCH.
Optional field.
(@) -1 or CF
Calculate combustion completeness from control
function (4a) CFNAME during DCH.
(b) 0 or SC
Use correlation (sensitivity coefficient C2202) during
DCH.

(c) 1 or CONST
Use constant value for combustion completeness during
DCH. Input the constant as entry (4b) on this row.

(type = integer / character*5, default = ICCFLG, units = none)
optionally followed by

(4a) CFDCH

SAND2015-6691 R BUR-UG-14



BUR Package Users’ Guide

Control function name from which combustion completeness during
DCH is calculated. Required if and only if ICCDCH = -1 or CF.

(type = character*16, default = none, units = none)

or
(4b) CCDH
Value of CC during DCH (must satisfy 0.0 < CC < 1.0). Required if
ICCDCH =1 or CONST only.
(type = real, default = CC, units = none)
Example
BUR.CC 2 IN CV NAME KEY CFNAME/CC KEY(DCH) CFDCH/CCDH
1 CvVI0 CF  CF88 CF CF88
2 CV20  CONST 0.9  CONST 0.95

BUR_FS - Flame Speed Option
Optional

The parameters determining the option used to calculate the flame speed for each
volume are on this record.

(1) NUMFS

Number of user-input data strings used to calculate the flame speed
for each volume, dimension of the table below.

(type = integer, default = 0, units = none)
The following data are input as a table with length NUMFS. The first three entries are
required if this record is present.
(1N
Data string index.
(type = integer, default = none, units = none)

(2) ICVNUM

User control volume name. If -1 is entered, then this flame speed
specification will be used in all the volumes except those redefined on
subsequent table rows.

(type = character*16/integer, default = none, units = none)

(3) IFSFLG
Option specifying how the flame speed is determined.

(@) -1or‘CF
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Calculate flame speed from control function name (3a)
CFNAME.

(b) 0 or ‘'SC’
Use correlation (sensitivity coefficient C2200).

(c) 1 or 'CONST
Use constant value for flame speed, one additional field
(3b) is required.

(type = integer, default = 0, units = none)
optionally followed by

(3a) CFNAME

Control function name from which flame speed is calculated. Required
if and only if IFSFLG = -1 or CF.

(type = character*16, default = none)

or
(3b) FS
Constant value of flame speed to use. Required if and only if IFSFLG
=1 or CONST.
(type = real, default = none, units = m/s)
Otherwise,
(4) IFSDCH
Value of IFSFLG during DCH. Optional field.
(@) -1lor‘CF
Calculate flame speed from control function (4a)
CFDCH during DCH.
(b) 0 or ‘'SC’
Use correlation (sensitivity coefficient C2200) during
DCH.

(c) 1 or ‘CONST’
Use constant value for flame speed during DCH, one
additional field (4b) is required.

(type = integer, default = IFSFLG, units = none)
optionally followed by

(4a) CFDCH

Control function name from which flame speed during DCH is
calculated. Required if and only if IFSDCH = -1 or CF.
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or

(4b) FSDH

Value of flame speed during DCH. Required if and only if IFSDCH =1
or CONST.

Example

BUR_FS 1 IN CV NAME KEY CFNAME/FS KEY(DCH) CFDCH/FSDCH
1 Cv10 CF CF83 CF CF83

2.2 MELCOR Input

Records BUR_IGN, BUR_IGNO1, BUR_COM, BUR_COMO01, BUR_PLT, BUR_BRT,
BUR_CC, and BUR_FS may also be included in MELCOR input for any restart. In addition,
the initial timestep size at burn initiation can be controlled through the following record.

BUR_TIM — Burn Timestep Information
Optional
The information controlling the system timestep at the initiation of a burn is given on this

record. (BUR or other packages may further reduce the size of this initial timestep if
necessary and may control the size of subsequent timesteps.)

(1) BURNDT
Burn timestep variable.

(@) <0.0
The first system timestep during a burn will be
ABS(BURNDT) x Total time of burn

(b)=0.0
First system timestep is 0.2 s

(c)>0.0

The first system timestep is BURNDT

3 Sensitivity Coefficients

The sensitivity coefficient feature in MELCOR is a powerful feature that gives the user the
ability to change selected parameters in the physics models that would otherwise require
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modification of the FORTRAN source code. The use of sensitivity coefficients is described
in Section 7 of the MELCOR Executive (EXEC) Users’ Guide.

3.1 BUR Sensitivity Coefficients

C2200 - Flame Speed Parameters

The flame speed in meters per second is evaluated from the equation

V =Vbase * Cdil
where Vbase and Cdil are calculated by the following expressions depending on the

value of Ymax, which is the value of y (described below), at the start of the burn and
XD, which is the diluent concentration at the start of the burn.

If 0.0<Ymax <Y1,
Vbase =C1*Y max+C?2

IfY1l<Ymax <Y2,
Vbase = [C1+(C2-C3)/Y1]*Y max+C3
fY2<Ymax<Y3,
Vbase = [C1+(C2-C3)/Y1]*Y max+C3
fY3<Ymax<Y4,
Vbase =[C1+(C2-C3)/Y1+(C3-C4)/Y2+(C4—-C5)/Y3]*Y max+C5
IfY4<Ymax<Y5,

Vbase = [C1+(C2-C3)/Y1+(C3-C4)/Y2+(C4-C5)/Y3
+(C5-CB)/Y 4]*Y max+C6

IfYSE<Ymax <1,

Vbase =[C1+(C2-C3)/Y1+(C3-C4)/Y2+(C4—-C5)/Y3
+(C5-CB)/Y 4+(C6-C7)/Y5]*Y max+C7

If 0.0<Ymax<Y2,
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Cdil =max [C11,C8+C9* XD +C10 * XD?]

Cdil =max [C11,C8+C9* XD +C10 * XD2]*(Y3-Y max)/(Y3-Y2)
+max [0.0,C12 +C13 * XD]* (Y max-Y 2)/(Y3-Y2)

IfY3<Ymax<1,
Cdil =max [0.0,C12+C13 * XD]

where:

Y max = XH2 + (XH2CC / XCOCC) * XCO
XD = XH20 + XCO2

Ci =C2200(i)

Yi =C2200(13 + i)

The values of C2200(i) are sensitivity coefficients as described below:
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(12) Constant for flame speed diluent effect.
(13) Constant for flame speed diluent effect.
(14) Range limit for flame speed correlation.
(15) Range limit for flame speed correlation.
(16) Range limit for flame speed correlation.
a7 Range limit for flame speed correlation.
(18) Range limit for flame speed correlation.

C2201 - Maximum Overshoot of Ignition Limit

A time advancement is vetoed and repeated with a smaller timestep if either the
combustible fraction overshoots the ignition limit excessively while flammable or if the
diluent or oxygen concentration overshoots the deinerting limit excessively while the
combustible concentration is above the ignition limit.

Q) Overshoot allowed on combustible gas concentration.

(2) Overshoot allowed on deinerting limit (O, or CO, + H,0).

C2202 - Combustion Completeness Parameters
The default combustion completeness (CC) is evaluated as follows:
CC =1-Ymin/Y max (CC constrainedsuchthat0<CC <1)
where for Ymax < C2202(2)
Y min/Y max = C2202(1)
and for Ymax > C2202(2)

Y min/Y max = C2202(1) - C2202(3) (Y max—C2202(2))

SAND2015-6691 R BUR-UG-20



BUR Package Users’ Guide

Ymax is LeChatelier's parameter (described above) at the start of the burn, Ymin is
LeChatelier's parameter at the end of the burn, and the values of C2202(i) are
sensitivity coefficients as described below.

(2) Slope of combustion completeness correlation for low
combustible gas concentrations.

(2) Combustible gas concentration where slope of combustion
completeness correlation changes.

3) Multiplier for combustion completeness correlation at high
combustible gas concentration.

C2203 - Minimum Debris Temperature to Invoke DCH Parameters

If the temperature of the airborne debris in a control volume falls below this value, then
ignition limits, flame speed, and combustion completeness correlations will revert to
their non-DCH values.

Q) Minimum airborne debris temperature for DCH parameters.

BUR_SC — BUR Sensitivity Coefficients Input Record
Optional

This record allows change of the default BUR sensitivity coefficient values to user-
defined input.

(1) NUMSTR
Number of data strings.

(type = integer, default = none, units = none)
The following data are input as a table with length NUMSTR:

(1) NSTR
Data string index.

(type = integer, default = none, units = none)

(2) NNNN
Unique four-digit identifier of the BUR sensitivity coefficient array.

(type = integer, default = none, units = none)
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New value of the sensitivity coefficient. Values must be real-valued
only—no integer values are allowed.

(4) NA

Sensitivity coefficient index.

Example

BUR SC 4 1

PrOWONELZ

SC

2200
2200
2201
2202

4 Plot Variables

VALUE
0.05
0.25
0.02
25.0

INDEX
11
15

The BUR package variables that may be used for plot variables are described below. Note
that control function arguments (some that are identical in definition to these plot variables
but different in format) are described in the following section. A comparison of MELCOR 2.1
naming conventions with MELCOR 1.8.6 is provided in Appendix 1.

BUR-CPUC

BUR-CPUE

BUR-CPUR

BUR-CPUT

BUR-N-SE.n

SAND2015-6691 R

CPU time used by the calculation routines in the
BUR package.

(units = s)

CPU time used by the edit routines in the BUR
package.

(units = s)

CPU time used by the restart routines in the BUR
package.

(units = s)

Total CPU time used by the calculational, edit,
and restart routines of the BUR package.

(units = s)

Number of times a burn has started or ended in
control volume index n. It is odd if a burn is
occurring in the volume, as well as if no burn is
occurring.

(units = none)
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BUR-O2-RAT.n

BUR-O2-TOT.n

BUR-H2-RAT.n

BUR-H2-TOT.n

BUR-CO-RAT.Nn

BUR-CO-TOT.n

BUR-H20-RAT.Nn

BUR-H20-TOT.n

BUR-CO2-RAT.Nn

BUR-CO2-TOT.n

BUR-D2-RAT.n

The rate of oxygen consumption from burning in
Control Volume Hydrodynamics (CVH) volume
index n.

(units = kg)

The total amount of oxygen consumed by
burning in CVH volume index n.

(units = kg)

The rate of hydrogen consumed from burning in
CVH volume index n.

(units = kg)

The total amount of hydrogen consumed by
burning in CVH volume index n.

(units = kg)

The rate of carbon monoxide consumption from
burning in CVH volume index n.

(units = kg/s)

The total amount of carbon monoxide consumed
by burning in CVH volume index n.

(units = kg)

The rate of steam production from burning in
CVH volume index n.

(units = kg/s)

The total amount of steam produced by burning
in CVH volume index n.

(units = kg)

The rate of carbon dioxide production from
burning in CVH volume index n.

(units = kg/s)

The total amount of carbon dioxide produced by
burning in CVH volume index n.

(units = kg)

The rate of deuterium consumed from burning in
CVH volume index n.

(units = kg/s)
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BUR-POWER.n

BUR-ENERGY.n

BUR O2 FTOT.m

BUR H2 FTOT.m

BUR D2 FTOT.m

BUR CO FTOT.m

BUR H20 FTOT.m

BUR CO2 FTOT.m

BUR FENERGY.m

BUR Package Users’ Guide

The total amount of deuterium consumed by
burning in CVH volume index n.

(units = kg)

The power generated by burning in CVH volume
index n.

(units = W)

The energy produced by burning in CVH volume
index n.

(units = J)

Total oxygen burned in flow path index m.
(units = kg)

Total hydrogen burned in flow path index m.
(units = kg)

Total deuterium burned in flow path index m.
(units = kg)

Total carbon monoxide burned in flow path index
m

(units = kg)

Total steam produced in flow path index m.
(units = kg)

Total carbon dioxide produced in flow path index
m.

(units = kg)

Total energy produced in flow path index m.

5 Control Function Arguments

The BUR package variables that may be used for control function arguments are described
below. Note that plot variables (some that are identical in definition to these control function
arguments but different in format) are described in the previous section.

BUR-CPUC
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CPU time used by the calculation routines in the
BUR package.

(units = s)
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BUR-CPUE

BUR-CPUR

BUR-CPUT

BUR-N-SE(NameCV)

BUR-LOG

BUR-RAT(NameCV,MAT)

BUR-TOT(NameCV,MAT)

BUR-POWER(NameCV)

CPU time used by the edit routines in the BUR
package.

(units = s)

CPU time used by the restart routines in the BUR
package.

(units = s)

Total CPU time used by the calculational, edit,
and restart routines of the BUR package.

(units = s)

Number of times a burn has started or ended in
control volume NameCV. It is odd if a burn is
occurring in the volume, and even if no burn is
occurring.

(units = none)

Logical control function argument that is TRUE if
any control volume is burning and FALSE
otherwise.

(type = logical, units = none)

The rate of material MAT production (for
production the choices allowed for MAT are H20
— steam, CO2 — carbon dioxide) or consumption
(for consumption the choices allowed for MAT
are 02 — oxygen, H2 — hydrogen, D2 -
deuterium, CO — carbon monoxide) from burning
in CVH volume NameCV.

(units = kg/s)

The total amount of material MAT produced (for
production the choices allowed for MAT are H20
— steam, CO2 — carbon dioxide) or consumed
(for consumption the choices allowed for MAT
are 02 — oxygen, H2 — hydrogen, D2 -
deuterium, CO — carbon monoxide) by burning in
CVH volume NameCV.

(units = kg)

The power generated by burning in CVH volume
NameCV.

(units = W)
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BUR-ENERGY(NameCV) The energy produced by burning in CVH volume
NameCV.
(units = J)

BUR-FTOT(NameFP,MAT) Total material MAT produced in flow path

NameFP. The choices allowed for MAT are: O2,
H2, D2, CO, H20, CO2.

(units = kg)

BUR-FENERGY(NameFP) Total energy produced in flow path NameFP.

6 lllustrative Input

The illustrative input for the BUR package is a four-volume problem. The inputs for
MELGEN and MELCOR are given below. Only the parameters for burn rate, propagation
speed, and timestep control are changed from the defaults for this problem.

6.1 MELGEN Input

1***Block: Environmental data***
MEG_DIAGFILE ...
MEG_RESTARTFILE ...

Program MELGEN

1 ***Block: EXEC data***
EXEC_INPUT

EXEC TITLE ...
EXEC_JOBID ...

1 ***Block: NCG data***

!

! NONCONDENSIBLE GAS INPUT
1

NCG_INPUT

NCG_ID H2

NCG_ID 02

NCG_ID CO2

NCG_ID CO

1

1 CONTROL VOLUME SETUP ...
1

CVH_INPUT

I FLOW PATH INPUT ...
1

FL_INPUT

1 ***Block: BUR data***
1 BURN PACKAGE INPUT
1

éUR_INPUT ACTIVE 1 ACTIVATE BURN PACKAGE
1

i INPUT BURN RATE AND PROPAGATION SPEED PARAMETERS
1

éUR_BRT 4 1 N CV NAME KEY CF NAME CDIM TFRAC CDDH TFDH
1 Cv4  NOTACT 10. .7
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2 Cvr ACT 20. -5
3 Ccvs ACT 25. .6
4 CV9  NOTACT 8. 1

6.2 MELCOR Input
Program MELCOR
1

1 ***Block: MEX (Exec) data***
EXEC_INPUT

EXEC_TITLE ...

EXEC_JOBID ...

1 OTHER INPUT

1 ***Block: BUR melcor data ***
1

1 BURN Timestep INPUT
1

BUR_INPUT
BUR TIM  -.15

7 Discussion of Output

In the regular edits in MELGEN and MELCOR, most of the output is self-explanatory and
directly reflects user input. For each MELCOR edit, the volumes that are burning or are
inert are summarized. In addition, burning volumes are indicated at every timestep
regardless of whether an edit is appropriate. An area that requires further explanation,
however, is the node connectivity table for burn propagation. In that table, the orientation is
givenas -1, 0, or 1. These values represent downward, horizontal, and upward propagation
directions and are determined from the user input values of the flow path elevations.

Messages are written to the output file and the special message file for a detonation, the
start and end of a deflagration, and for propagation. The ID’s are

e BURO0O0O01 - Detonation

e BURO0O002 - Deflagration has started

e BURO0O0O03 - Propagation

e BURO0O004 - Deflagration has ended
The message lists the time as well as the applicable volumes. These messages are written
to the files regardless of whether an edit was desired or not. In addition, when the

appropriate input is specified on record BUR_PLT, a plot dump is requested at the same
time the message is written out.

BUR-UG-27 SAND2015-6691 R



BUR Package Users’ Guide

8 Error Messages
The error messages in 