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MELCOR Data and Control
Presentation Overview

MELCOR provides data utility packages for
performing commonly required functions
Handling of data (e.g., tabular input or output)
Evaluation of functions for variables and/or control logic
Materials properties :

This presentation covers MELCOR data and
control packages

Tabular Functions (TF) Package General mterface to tabular
data ; Pk

External Data Files (EDF) Package General n‘gt\erface to data
files as input or output

Control Functions (CF) Package: General mterface to control
logic and user-defined functions

Includes recent improvement




Tabular Functions (TF)

Package




MELCOR Tabular Functions (TF) Package
Overview

Tabular Function (TF) utility provides unified
treatment

° Define 1-dimensional tables of data pairs for arbitrary
independent and dependent variables

> Specify extrapolation conditions at the boundary 1400

° Value between the specified data pairs generated by lineat;,oo
interpolation

1000

Multiple MELCOR packages use tabular data 800

° Mass and/or energy soutces for hydrodynamics (CVH), s
heat structures (HS), or aerosol/vapor fields (RN1), 200
examples as:

200

> Gas source/sink for fire and explosion in CVH

. 0
° Aerosol sources for fire and explosion in RN

> Imposed time-dependent flow velocities in hydrodynamics
(FL)

> Definition of time-specified volume conditions (CVH)

°> Materials properties (MP)

> Definition of control functions (CF)

14




MELCOR Tabular Functions (TF)

User Input

* REQUIRED for each tabular function

— User-defined tabular function name
—Number of data pairs (x,y) to define y=f(x)
— Multiplicative scale factor

+ Optional for each tabular function
— Additive constant (default = 0)

—Boundary condition for evaluation of x outside
the rangé

* Default is to extend the table with constant
boundary value

* Can also linearly extrapolate or treat as an
error

* Upper and lower limits independently
specified

¢ Calling package specifies tabular
function type (e.q., velocity vs. time)
and tabular function name

* Value returned:
—TF, = Scale x Table,(x) + Additive Const.

—&— Tabular Function

Scale=0.5; Add Const =50.0
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MELCOR Tabular Functions (TF)

TF Input: Data Pairs

¢ Function defined by (x,y) data
pairs
—Can be as few as one pair for constant
value
+ Discontinuous (step) functions
allowed, with the same x value
In two (or more) pairs

¢ Generally, data pairs are
entered in order of non-
decreasing X

—If there are no discontinuities, pairs
can be inputin any order and will be
internally sorted
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MELCOR Tabular Functions (TF)
Example TF Input

¢ Input block for energy source in CVH volume

CV_ID CVv456

CV_SOU table for source data
! | Energy to pool or atmosphere or mass of material
! | | Rate or integral
I | | | Source of data (function of time)
I | | | | TF name
! v VV  VVVV VV VVVV
CV_Sou 1 ! N SourceInfo

1 MASS RATE TF ‘H2MASS’

TF_INPUT
| TF_ID - tabular function definition
I | Name Multiplier

ol | Additive const. (optional)
IVVVV VVVVVVVVVVV  VVVVV  VVV
TF_ID ‘H2MASS’ 0.01 0.0 ! Multiplier 1is desired MASS RATE
TF_TAB 1 ! NTFPAR X Y
1 0.0 1.0 ! cConstant value of 1.0
I (value Returned = 0.01 x 1.0 + 0.0 = 0.01)




Steps for Adding TF in SNAP

1) Create New Tabular Function 2) Provide Name, Number, Factors,
Constant, Bounds
¥ ALLUIIIUIGWID (W V) AV
® Burn (BUR) {Disabled} o
B Condensers (CND) (3 TF 10 (H2mass) %8
X Containment Sprayers (SPR) [0] * General | | Show Disabled
¢ X[Y Control Systems (CF, TF, EDF) [0] —
X[Y Control Functions [0] Name ‘H2Mass | L=k 4
o- X[Y Database Variables [0]
7 Number [ 1U| ™ ?
i External Datd New Description <none> |E_—‘| ™ ?
{) Ranges [0] Cut E==
% Control Volumes C Scale Factor ‘ 0.01|() || P
o f} Core (COR) opy ) T |
) Decay Heat (DCH Paste Additive Constant| [ | pleBT
[ Exvessel Debris paste special Define Bounds | () True @ False =k 7
D:;‘:w — Table Data valid Values @ Calkd
0 Edit Tabular Function Table Data X
3) Add Data Pair(s) |O @ &
Independent Dependent
) Dependent Mode value (-
0.0 ® Value [ Reference 1.0

TF_INPUT
I TF_ID - tabular function definition
I | Name Multiplier

[ | Additive const. (optional)
IVVVV VVVVVVVVVVV  VVVVV  VVV
TF_ID ‘H2MASS’ 0.01 0.0 ! Multiplier is desired MASS RATE
TF_TAB 1 ! NTFPAR X Y
1 0.0 1.0 ! constant value of 1.0
! (value Returned = 0.01 x 1.0 + 0.0 = 0.01)




MELCOR Tabular Functions (TF)
Example TF Input (2)

Input block for forced jet pump velocity

Time-dependent velocity for
FLLVTM 1 INFLT FLNAME NTFLAG NFUN flowpath ‘FlowPath151’
1 FlowPath151 TF ‘yJat-V’ | described by a Tabular Function
TF_INPUT (TF) named ‘Jet-V’
I TF_ID - tabular function definition
I | Name

[ Multiplier for table data

IVVVV VVVVVVV  VVVV

TF_ID ‘Jet-V’ 10.0 ! Multiplier is rated flow velocity
I Three points in table

Y%
TF_TAB 3 ! NTFPAR X Y
1 0.0 1.0
2 100.0 1.0
3 150.0 0.0

Default extrapolation option is to extend the table with constant value
at lower and upper boundaries

A

10

0 100 150



Variable Input and Named
Comment Blocks

ASCII

Define Variables in Global Input

CommentBlock t9expfl

(((t9expfl
I't9 test
VariableValue {{{pres=100927.0}}} {{{temp=302.15}}} {{{o2m=0.208}}} {{{co2m=0.0005}}}

))

(((tL1expfl
I't11 test
VariableValue {{{pres=101250.0}}} {{{temp=292.15}}} {{{o2m=0.2081}} {{{co2m=0.0004}}}

)

Use Variables in CVH input

CVv_ID 'i-lower' 100

CV_THR NONEQUIL FOG

CV_PAS SEPARATE

! ptdit pvol

CV_PTD PVOL {{{pres=1}}}

! atmid tatm

CV_AAD TATM {{{temp=}}}

! nmmat

CV_NCG 3 RHUM 0.5

! n namgas mass
1 'N2' 0.7915
2 ‘02 {{{o2m=}}}
3 'CO2' {{{co2m=}}}

ACTIVE
ONLYATM SUPERHEATED

SNAP

Define Variables in Numerics Input

M “*unsaved - (LLNL Enclosure Experiment_Test 9(9-wvol))**

= Sodium Chemistry Package {Disabled}
o= Il Transfer Process (TP) [0]
o [ Cases [1]
i Sub-Systems [0]
o 83 Job Streams [1)]
o «F Connections [88]
¢ 4k Mumerics [5]
& Integers [0]
¢ R Reals [5]
@R $CO2M (Mo Unit)
I‘{‘\IR SEMVT (Temperature)
@R $02M (Mo Unit)
@R $PRES (Pressure)
EBR STEMP (Temperature)

Use Variables in CVH input

EH cv 120 (olower) G E
BLINVEITITCIVE |[UJ ACIVE |v | I
Vel. of Atmos. | ™ 7 !
Velocity of Pool O ™ 7
Flow Area Default @ ™ 7
Thermaodynamic Input |[3] Pool and Atmosphere |'|ﬁ ? i
Pool Flag |[2]Dnlymmosphere |'|ﬁ ? |
Vapor State |['1] Superheated |'|ﬁ ?
Legacy IC Format ) True ® False WP
Pool Pressure $PRES(1.0092?E5}-| (Pa) E R 7
Atmospheric Temp. STEMP(302.15) (k) | 4b |7 ©
o | Partial Pressure Flag |[RHUM] Relative Humidity |v|‘?ﬁ ?|
I [y | IS




1 External Data Files (EDF) ) &

3 Package




MELCOR External Data Files
(EDF) Overview

A general means of communication (read or write) with
external data files containing time history data

> Facilitate input of data (e.g., source definition and/or boundary
condition) too large for TF

> Output data histories for use with another code or special purpose
plot program

External Data File (EDF) utility provides unitfied
treatment

°Defines file types, data format, and time control of data read and
write

> Handles connection, opening, positioning, input or output, and
closing of named file

° Any package can request interpolation to any time within current
time step in any READ file




MELCOR External Data Files (EDF)
File Types and Structures

Three types of external data files
°READ: data read in for use by MELCOR packages
°WRITE: user-selected data written to specified file

°PUSH: collection of data written at request of
another MELCOR package

Each file contains values of time and one or
more dependent variables, referred to as “data
channels”

Each record in the file contains a value of time
and the value(s) of the dependent variable(s) at
that time




| MELCOR External Data File (EDF)
Input

Required input for each external data file
> User-defined name or ID (EDF_ID)
°Direction and mode of data transfer (READ, WRITE, PUSH)

°Name of file on computer system

Required input for WRITE and PUSH data files

°Control information for time interval between records (start time
and time increment)

Required input for WRITE data files only

°List of dependent variables to be written, chosen from available
control function arguments




MELCOR External Data File (EDF)
Input (2)

Optional input for each external data file

°External data file format (default 1s
unformatted)

°Format specification uses FORTRAN syntax

°Time offset between data and MELCOR
calculation

°Intended to handle data with different time reference

°>Usetul for experimental data or in interfacing with another
simulation code

°tFile = tMELCOR + tOffset




MELCOR External Data Files
Example Input using EDF - WRITE

Input fragment to write to an external data file containing uset-
selected variables of interest for post-processing

EDF_INPUT
| User identification
! | Name
! | | Direction and mode of transfer
IVVVVV  VVVV VVVV
EDF_ID SPECIAL-DATA WRITE ‘specdat.dat’ ! Name of file on system
EDF_CHN 3 I Number of data channels (3) to be written
1 CVH-P(TANK) | pressure
2 CVH-TLIQ(SP) | Pool temperature

3 CF-VALU(FEEDWTR_FLOW) ! control function, feedwtr_flow
| EDF_DTW for write increment control
! | Starting at time TWEDF
! | | Write a record every DTWEDF seconds

Ivvvvvv VVVVV  VVVVVV
EDF_DTW 2 INT TWEDF DTWEDF
1 500.0 1.0
2 1000.0 10.0

I Note dependent variables (data channels) must be ‘control function’
I arguments




MELCOR External Data Files
Example Input using EDF - WRITE

ASCII

EDF_INPUT

| User identification
! | Name

! I |

transfer

IVVVVV  VVVV VVVV

EDF_ID SPECIAL-DATA WRITE ‘specdat.dat’ !
Name of file on system

Direction and mode of

EDF_CHN 3 I Number of data channels
(3) to be written
1 CVH-P(TANK) | pressure
2 CVH-TLIQ(SP) I Pool
temperature

3 CF-VALU(FEEDWTR_FLOW) !

control function, feedwtr_flow
| EDF_DTW for write increment control
! | Starting at time TWEDF
! | | wWrite a record
every DTWEDF seconds
Ivvvvvv VVVVV  VVVVVV
EDF_DTW 2 INT TWEDF DTWEDF

1 500.0 1.0

2 1000.0 10.0
I Note dependent variables (data channels)
must be ‘control function’
I arguments

SNAP

0 Editing Increment Control

f EDF 2 (SPECIAL-DATA) &P
¥ General || Show Disabled
File Number | 2|
EDF Name |SPECIAL-DATA [lhak g
Description =none> E] hal g
File Mode [wre =k
0S Filename ‘ | B
Data Format O B
Time Offset (m 5 j B
Increment Control | Rows: 0[] __yEB?
Input Connections | [3]Chaps |EY| E ?

Time
s

o Export Channels For: EDF 2 (SPECIAL-RA

Input Connections

Input
source

Channel

ICVH-P(TANK)

ICVH-TLIQ(SP)

ICF 10104 (FEEDWTR_FLW)

0 Select Input Source

Available Components

Category

Number C

Path Variables

FC-MFLOW(SRV,FOG -

Path Variables

FL-MFLOW(SRV','H20-VAP’)

Path Variables

FL-MFLOW(SRV','H2)

Tabular Functions

TF 1 (SRV Load)

Tabular Functions

TF 2 (SRV Unload)

Tabular Functions

Tabular Functions

1
2

3|TF 3 (THC CONCRETE)
4|TF 4 (CPS CONCRETE)
5

Tabular Functions

TF 5 (RHO CONCRETE)

Volume Variables

CVH-LIQLEV(Room2)

Volume Variables

CVH-LIQLEV(TANK)

Volume Variables
Volume Variables

CVH-P(Room2)
CVH-P(SP)

Volume Variables CVH-TVAP('SP")
Volume Variables CVH-P(ENVIRONMENT) £
Volume Variables CVH-TLIQ(SP)
Volume Variables CVH-P(TANK') -




MELCOR External Data Files
Example Input using EDF - READ

Input fragment for steam source read from an
unformatted file

CV_ID Cv123
I Integral steam mass and enthalpy from EDF 7 (British units)
CV_SOU 2 IN, SourceInfo
1 MASS INTEGRAL EDF EDF7 1 H20-VAP 0.4535924 ! pound to kg
2 AE INTEGRAL EDF EDF7 2 1055.06 I BTU to J
EDF_INPUT
I User identification
I | Name
! | | Direction and mode of transfer
IVVVVV  VVVV  VVVV
EDF_ID EDF7 READ ‘../data/steam.dat’ ! Name of file on system

EDF_CHN 2 I Number of data channels
EDF_TIM 7200.0 ! t=0 in MELCOR 1is 7200s on file

 Each record in file ‘../data/steam.dat’ contains
values of ( ¢ J‘t Mdt’, J‘t Hdt® ) in British
units.







MELCOR Control Functions (CF)
Overview

“Control Functions™ are simply user-defined functions of
MELCOR-calculated variables

> May be LOGICAL- or REAL-valued

o All functions are evaluated at the start of every time step

> All control-function-based models are numerically explicit

° Recent improvement

Many uses, not just control
° Define door behavior, failure conditions, chemical reactions.

> Define internally-calculated sources and boundary conditions

Many variables in MELCOR database are available as arguments
for control functions

> Any CF variable can be written to an external data file

> Any CF variable can be added to the plot file




MELCOR Control Functions
Control Function Arguments

Many variables in MELCOR time-dependent database are
available as function arguments

°Not all variables, due to coding required to access them

° Most are REAL-valued, but a few are LOGICAL

°Listed, by package, in the various User’s Guides

Most packages use names of form xyz-name

°“xyz” identitfies the package and “name” the variable

ce.g.) CVH-TOT-M(O2) is total O2 mass in CVH package

Simple names for those defined by Executive Package
°EXEC-TIME is problem time

*EXEC-DT 1s (system) time step

° EXEC-CPU 1s (total) computer time




‘ Where To Find CF Arguments

Listed & Described in
package UG (i.e., CVH)

5 Confrol Function Arguments

The variables in the CWH package that may be used for control function arguments are
listed and described below. Mote that plot variables (some that are identical in definition
o these conirol function arguments but different in format) are described in the previous

section.

The choices permitted for MameMat always incude POOL", ‘FOG', 'H20-VAF", or those
ofher matenals identfied by input to the MonCondensible Gas (NCG) package. In certain
cases (see below) the keywords TOTAL® (or "ALL"), WATER' are also interpreted to
mean. respectively, the total contrbution from all matenials, or the total confrbution from
all water phases (POOL’, 'FOG, 'H20-VAF).

CWH-ATM-FR{CV)

CWH-CLIQLEW(CV)

CWH-CPUC

CWH-CPUR

CWH-E{CV NameMat)

Atmosphere  (non-pool) wolume  fraction in
control wolume GV (esther CWMAME or
ICVHUM).

{units = dimensioniess)

Collapsed liquid elevation in control wolume CV
{either CWNAME or ICYNUM).

{units. = m)

Total CPU usage

sdwnezmenijperien s JG list refers to

{units. = s}

U . CVH-CPUC

{units. = s}

CPU usage for calculations in the RUM portion
of the C\WVH package.

{units = s}

CPUusage to process the restart file in the RUN
portion of the CVH packape.

(units = g)

Specific intemal energy of material MarmeMat in
control  wolume CV  (either CWMAME or
ICVNUM) or specific intemal energy in control
wolume Mame if NameMat = TOTAL.

{units. = Mkg)

Total intemnal enengy of material MameMat in
control  wolume CV  (either CWMAME or

Drop-down list of SNAP supported
CF arguments in Database Variables

¢ ¥ Database Variables [4]

Q Accumulator Variables [0]
® Burn Variables [0]

[ cavity variables [0]

B Condensor Variables [0]
£ Core Variables [0]

B Decay Variables [0]

8 Fan Cooler Variables [0]
¢ Fuel Dispersal Variables [0]
#r Path Variables [0]

[ General Variables [1]

20 HeatVariables [0]

B Nuclide variables [0]
3

Recombiner Variables [0]
&5 Sodium Variables [0]
/& Sprayer Variables [0]
EH Volume Variables [31

-

Select Variable Type

B cvH-massr#Cy New
o B CVH-MASS(#C

B CVH-ATM-FR(Ur
4] Il

Create View
Add To View

Add To Sub-System k

Category | Cut
v General Copy

Mo Properties Avd

Notice SNAP refers
to ‘CVH variables’
as ‘Volume
Variables’

ALPHAA — CV void fracion in a control volume.
/ATM-FR -— Atmosphere (non-paol) volume fraction in contol volume.
BETATA - Atmosphere compressibility in a cont

BETATP - Pool compressibility in a control volur Not-ice SNAP l-lst
refers to CPUC rather
CPP - Pgol Eatin a control volume. than CVH-CPUC

CCPUE — CPU usage for edit in the RUN portion ¢
CLIQLEV - Collapsed liquid elevation in cor
CPA —— Atmosphere specifi Tontrol vol

“8PU usage for in the RUN p

CPUR - CPU usage to process the restart file in the RUN portion of the CVH Package.
(CPUT - Total CPU usage by the RUN (time-advancement) portion of the CVH package.

CVA — Atmosphere specific volume in a control volume.

CVP - Pool specific volume in a control volume.

E — Specific internal energy of a material in a control volume

ECV — Total internal energy of a material in a control volume.

H — Specific enthalpy of a material in a control volume.

LIQLEV — Swollen liquid elevation in a control volume.

MASS —— Mass of a material in a control volume.

P —— Pressure of a control volume.

PPART — Partial pressure of a material in a control volume.

PSAT — Saturation pressure of water at the

QUALITY — Quality (non-pool, non-fog mass fraction) in a control volume.
RHO — Mass density of materials in a control volume.

SA — Atmosphere sound speed in a control volume.

SP — Pool sound speed in a control volume.

'THCP — Pool conductivity in a control volume.

TLIQ —- Pool temperature in a control volume.

TOT.E —- Total internal inergy of a material in the CVH package.

TOT-M — Total mass of a material in the CVH package.

TSAT - Water saturation temperature in a control volume.

TVAP -.. Atmospheric temperature in a control volume.

VEL - Velocity of the atmosphere or pool in a control volume.

VIRVOL - Virtual volume in the atmosphere or the pool in a control volume.
VISCP - Pool viscesity in a control volume.

VOID - Void fraction in the pool or atmosphere in a control volume.
VOLFOG — Velume of fog in a control volume.

'VOLLIQ -— Swollen volume of the pool in a control volume.

'VOLVAP — Volume of gaseous atmosphere in a control volume.

X — Mole fraction of gaseous materail in the atmosphere of a control volume.




Database Variables (CF arguments available to model)
25

m “Exd.2_ModelAnswer.med - (EXERCISE (Day 4 Part 2))**
8= Model Options
B Condenser

o {7} Core
B Radionuclide

Control Function a \g?{uments must be S
urn

added to Database Variables before they
can be used for input.

o E[f Control Fi
o- XY Databas

Used as input to control functions

Control Function arguments are organized
by package
General Variables (EXEC)
Burn Variables (BUR)
Path Variables (FL)
Heat Variables (HS)
Core Variables (COR)
Nuclide Variable (RN)
Sprayer Variables (SPR)
Decay Variables (DCH)
Recombiner Variables (PAR)
Fan Cooler Variables (FCL)
Cavity Variables (CAV)
Fuel Dispersal Variables (FDI)

Adding a CF argument to the database
Nght Click Package category and select

New variable appears in list

Make selection to MELCOR CF
arguments

Example: Add swollen liquid level
for wetwell to database.



MELCOR Control Functions
Control Function Argument Arrays

Many control function arguments are
essentially elements of arrays

°Index 1s user-defined name of volume,
tflowpath, etc.

°Index is added to name in a parenthesis

°CVH-P(ROOM1) 1s pressure in ‘ROOMT’ volume
°CVH-TVAP(ROOM]1) is atmosphere temperature in ‘ROOMT’

volume

°Arrays may have more than one index

°FL-MFLOW!(vent,all) 1s total mass flow in flowpath ‘vent’
°EDF(out-10, 2) is data channel 2 in EDF ‘out-10

°RN1-ADEP(HS1, LHS, CE, TOT) 1s total deposited mass of
CE class on the left hand side (ILHS) of heat structure ‘HS1’




‘ MELCOR Control Functions
Direct Use of CF Arguments

Any CF argument can be written to an external data file
(EDF package)

EDF_INPUT
EDF_ID ‘Misc Data’ WRITE ‘Misc.dat’ ! File name on system
EDF_CHN 3 IN New Name Value

1 CVvH-P(CV150)

2 FL-MFLOW(FL199,ALL)

3 CVH-TVAP(CV150)

Pressure in volume Cv150
Mass flow in path FL199
Atmosphere temperature 1in
volume Cv150

| EDF_DTW for write increment control
! | Starting at time TWEDF
! | | Write a record every DTWEDF seconds

lVVVVVV VVVVV  VVVVVV
EDF_DTW 1 INT TWEDF DTWEDF
1 1000. 10. I Output frequency

EDF_FMT 4E12.5 ! Format: time + 3 variables




MELCOR Control Functions
Direct Use of CF Arguments (2)

Any CF argument can be added to the plot file (EXEC_PLOT)
> Add any number in MELGEN input: written for entire run

> Add any number on MELCOR restart: included in the plot file for the duration

of current execution

ASCII

EXEC_PLOT 7
1 CF-VALU('Failure’)
2 CF-VALU('Hole")
3 CF-VALU(E+R Flag’)
4 CF-VALU('Overpress’)
5 CF-VALU('Filter Path’)
6 FL-1-EFLOW('BP-IN',POOL)
7 CVH-LIQLEV('Room2’)

SNAP

£= Model Options ©
¥ General []18how Disabled | “|
Title [ExERCISE (Day 4 Part2) lakd
Display Units |5 2=k
Description ~ |<none= P (=
Code Flavar |22 |v‘ Nl

Default Scheme

Qe ]

\ah3

Proprietary 2 True @ False Rl
larkings (| Rl
Limit Qutput Length 1 True @ False Nl
Job Mame [ halkd
Initial Timestep | 1 DE-3| (SJK " P
Initial Time (| s)[4p] bk
Plat Length = (a4
Control Time Limit [ = Inactive = Rl
Plot Arguments XY [7CF 100 (Failure), CF 1... |57/ [ 9
Thermal Steady State i True @ False bl

@ Select from Control Systems (CF, TF, EDF)

Available Selected
ICF12 (CF12) CF 100 (Failure)
ICF 130 (LH FAILURE) CF 101 (Hole)

ICF 199 (SRV Open Fr)
ICF 310 {Sprays are ON)
ICF 320 [FCL-ACTUATE)

ICF 501 {Open Filter)

ICF 503 {Cont Fail_2)

ICF 10104 (FEEDWTR_FLW)
ICF 10105 (CB 105)

ICF 10106 (CB 106)

ICF 10107 (CB 107)

ICF 10204 (CB 204)

ICF 10205 (CB 205)

ICF 10206 (CB 206)

ICF 10207 (CB 207)
COR-CellTemp(6,2,FU)
[COR-ABRCH
COR-CellTemp(4,1,CB)

CF 401 (E+R Flag)

CF 500 (Overpress)

CF 502 (Filter Path)
FL--EFLOW('BP-IN',POOL)
CVH-LIQLEV('Room2’)

el b

Note that a CF argument must be added to Control
System Database before it can be assighed to a plot

variable




MELCOR Control Functions
Composite Functions

Values of control functions are available for use as
arguments of other control functions
°Can construct composite functions such as Sin(\/ZNh)

Functions are evaluated in the numerical order of
the CF number (not on order read)

°A function should ordinarily use only previously-defined
functions as arguments

°There are exceptions, where the value from the previous
time step 1s desired

° Evaluating out of order will use the previous time step value




30 . Control Function connections

Connecting output from
one CF to input of
another CF QI EIFrE s Open Filter

Graphically ‘L--H o

Drag both CF objects to the view
and use connection tool

Cannot make connection from
property window

€<% 4V @

Connecting control B o3 Mosomitaned_Errciso s 0my2pais) )

function arguments to the
input of a control function
Drag control function

object and all Database
variables to view

Make adjustments to
multipliers later from
properties window

Cannot make connection
from property window

Example: Activate Sprays when
containment pressure exceeds
1.2E5 Pa.



‘ MELCOR Control Functions
CF Input: Required Input

Required input for each control function

°User-defined name

°Function type (Add, EXP, SIN, L-AND, L.-OR, etc.)
°Type determines whether value is REAL or LOGICAL
°Number of arguments

o] ist of arguments

Required input for REAI-valued control
function
°Multiplicative scale factor




MELCOR Control Functions
CF Input: Optional Input

Optional Input for each control function

° Initial value (real, true or false)

> Only needed if value will be needed early

Optional Input for REAL control function

> Additive constant for function (default = 0.0) = = e o T T

° HEvaluated as CF_ = scale*f [X(t)] + add specifying units for a control
function. Currently, the SNAP

MELCOR plugin does not support
° Results bounded within limits this feature.

> Upper and lower bounds

° Units (used for plotting purposes only)

Optional Input for LOGICAL control function

> Message to be output when function switches state

° Report user-defined ‘events’ in the output files

° Logical function classification as ‘LATCH’ or ‘ONE-SHOT’

o If initially FALSE, ‘ONE-SHOT’ can be TRUE for one step only; if initially
TRUE, ‘LATCH’ can only be .FALSE. once



MELCOR Control Functions
Built-in Functional Forms

* Most FORTRAN and simple math functions
—Arithmetic, trigonometric, hyperbolic, and LOGICAL

¢ Tabular function (using table in TF package)
¢ |F-THEN-ELSE structures

* Numerical integrals and derivatives
—Includes a proportional-integral-differential (PID) controller

¢ Hysteresis function
—References TF package to defined loading/unloading curves
* A variety of “trips”
—Trips are REAL-valued; value returned is time since trips
—Simplifies logic involving delays
—Usable as timer or ramp-generator




MELCOR Control Functions
Built-in Functional Forms (2)

¢ Larson-Miller creep rupture Control Function
(LM-CREEP)

—Evaluates cumulative damage based on the Larson-Miller
creep rupture failure model and gives time to rupture in
seconds

¢ Pipe stress control function (PIPE-STR)

—Evaluates maximum stress in a thick-walled cylindrical
pipe under internal pressure

¢ User-Defined function (FORMULA)

—Allows definition of a complicated function on a single
record instead of series of records

¢ Lag function

—Evaluated as a scaled change in the function value by
scaling the change in the argument (Time Lag) as well
providing a multiplication scale for the argument.




Exercise 2.5a
Create an Integration TYPE CF

* Import 2.5a_start.inp into SNAP or work with the text file.
* Create a CF to integrate the rate of CO, generation (sourced into

the problem) to calculate the cumulative mass of CO, generated.

— Name the CF ‘co2mass-int’

— Number the CF #535

— Make it an INTEG type

— Use the CF ‘co2mass’ as the integrand
— Integrate over time.

— Plot results or check values in output file

_ SNAP Solution
ASCII Solution

M “*unsaved - (LLNL Enclosure Experiment_Test 9(9vol))**
o= ¥[f CF 521 (o2temp) -
o= ¥[f CF 530 (co2mass) =
o XY Connections j m
coZ2mass-int 535 INTEG XY CF 535 (cozmass.nt) &
CF SA' 1 O O O 0 O ¥ General ["] Show Disabled
—_ ) ) ' Mame [co2mass-int ik
cf arg 2'n Number | 53] [ 9
. . Descripion | =none= Vil
pr— B
1 Cf'VaI U( Cozm ass ) 1-0 O-O Type INTEG S e Contrel Arguments For: CF 535 (co2mass-int) *
. Mutt. Scale Factor 10]o[¢]l{ m Alalv
2 exec tlme 10 Additive Constant 0.0/ () :r.
. lanlid Argument Input Scale | Additive
Initial Value | 0.0/C) 4P Type source NAEX | Eovtor |Constant
Boundary Input Mode |[[]] Mo Boundary Input |V|"‘ .| Control CF 530 (co2mass) ool |
Arguments [2]Valid Values IE“" .| Control EXEC-TIME 00 =




Order of Operations in Evaluating
MELCOR Control Function

Demonstrate the order of operations MELCOR uses to
evaluate the following control function

CF_INPUT

| User identification

I Name

I | Type of function (add argument)

IVVVV  VVVVVV  VVVVVV

CF_ID 'CF1l2' ADD

! Multiplier for function

! | Added constant

CF_SAI 0.0 70.E6

! Bounds used

! | LowerBound

! VVVV VVV UpperBound

CF_UBL BOTH 2.0 7.0

CF_ARG 1 ! NARG CHARG ARSCAL ARADCN(OptiOh&])
1 EXEC-TIME 1.0 0.0
2 CF-CONST 1.0




Order of Operations in Evaluating
MELCOR Control Function

15T Step

¢ Evaluate the individual arguments
—Arg(n) = Package_Arg_Value(n) * ARSCAL + ARADCN

CF_INPUT

| User identification

I Name

I | Type of function (add argument)

IVVVV  VVVVVV  VVVVVV

CF_ID 'CF12' ADD

! Multiplier for function CFSCAL

! | Added constant CFADCN

CF_SAI 1.0 0.0 2.0 ! Initial value

! LowerBound

! VVV UpperBound

CF_UBL Both 2.0 7.0

CF_ARG 2 ! NARG CHARG ARSCAL ARADCN(optional)
1 EXEC-TIME 1.0 0.0
2 CF-CONST 1.0
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Order of Operations in Evaluating
MELCOR Control Function

2"d Step

¢ Perform function on the scaled argument(s)
—For this case: Func_Arg = Arg(1) + Arg(2)

CF_INPUT

| User identification

I Name

I | Type of function (add arguments)

IVVVV  VVVVVV  VVVVVV

CF_ID 'CF12' ADD I Func_Arg = Arg(1l) + Arg(2)

! Multiplier for function CFSCAL

! | Added constant CFADCN

CF_SAI 1.0 0.0 2.0 ! Initial value

! LowerBound

! VVV UpperBound

CF_UBL Both 2.0 7.0

CF_ARG 2 ! NARG CHARG ARSCAL ARADCN(optional)
1 EXEC-TIME 1.0 0.0 ! Arg(1) Problem_Time*1.0+0.0
2 CF-CONST 1.0 I Arg(2) 1.0
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Order of Operations in Evaluating
MELCOR Control Function

3'd Step

* Apply function scaling and additive values
— InterFunc = Func_Arg * CFSCAL + CFADCN

CF_INPUT

| User identification

I Name

(. | Type of function (add argument)

IVVVV  VVVVVV  VVVVVV

CF_ID 'CF12' ADD

! Multiplier for function CFSCAL

' | Added constant CFADCN InterFunc=Func_Arg*CFSCAL+CFADCN

CF_SAI 1.0 0.0 2.0 ! Initial value
! LowerBound

! VVV UpperBound

CF_UBL Both 2.0 7.0

CF_ARG 2 ! NARG CHARG ARSCAL ARADCN(optional)
1 EXEC-TIME 1.0 0.0
2 CF-CONST 1.0

Sandia
Session Data and Control | Page 39 lNaa[}g:g?[lmes




Order of Operations in Evaluating
MELCOR Control Function

4th Step

¢ Impose upper and lower boundaries
— Func = max(LowerBound,min(InterFunc,UpperBound))

CF_INPUT

| User identification

I Name

(. | Type of function (add argument)

IVVVV  VVVVVV  VVVVVV

CF_ID 'CF12' ADD

! Multiplier for function CFSCAL

! | Added constant CFADCN

CF_SAI 1.0 0.0 2.0 ! Initial value

! LowerBound

! VVV UpperBound

CF_UBL Both 2.0 7.0

CF_ARG 2 ! NARG CHARG ARSCAL ARADCN(optionaD
1 EXEC-TIME 1.0 0.0
2 CF-CONST 1.0
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MELCOR Control Functions
Simple Examples

Simple examples first to demonstrate CF format and

usage

°More examples and complete list of built in function types
given 1n CF package user’s guide

°There are often several ways to build a function




‘ MELCOR Control Functions
Example Input Using CF

¢ Input block for energy

source in core
—(same as TF example input
shown earlier, but uses CF)

Cv_ID Cv110
I Results equivalent to TF example earlier,
but use CF
Cv_Ssou 1 ! N sSourceInfo
1 PE RATE CF CF12

CF_INPUT
CF_ID 'CF12' 001 EQUALS
CF_SAI 0.0 70.E6
CF_ARG 1 ! NARG CHARG ARSCAL

1 EXEC-TIME 0.0
Must specify one argument
value of ‘CF12’ = 0.0 x [(EXEC-TIME x 0.0) +
0.0] + 70.E6 = 70.E6

CV Input

~ v - w v = L]

]
(1D ~unsaved _qunnamed)™* ) [ @ Define Control Arc *

) (10 " unsaved - unnamed)** Ey

¥ .
M *'Ex4.2_ModelAnswer.med - (EXERCISE (Day 4 ... d T | IR [=]
:%?5;5753;"?:‘5“‘9[551[5” ~Il E 'CF 130 (LH FAILURE) [+]
abular Functions 1
o ¥ External Data Files (2] E EE ;fi ‘:Rv Open FQN
| ¢ B5 Control valumes (CVH) [7] 12} (Sprays are ON)
= B ov 110 (0v110) E ICF 320 (FCL-ACTUATE}
i o EH cV 111 (CV111) E 4 =T |CF 100 (Failure) L
4 o 5 CcV 120 (CV120) E ™ Ge| |CF 101 (Hole)
o B5 CV 150 (Room2) EN | sourd |CF401 (E+RFiag)

H o B3 CV200 (TANK)

- \CF 500 (Overpress)
J o B cv 300 (Cv300) E || |Datal [CF 501 (Open Filter) i
o B €V 900 (CVa00) ~ || CF 502 (Filter Path)
LAY E I [!mPUS lcF 503 (Cont Fail_2)
H cv 110cvi10) S5 B [scae| [eFtzicriz
=
[~ [E= (CF 10104 (FEEDWTR_FLW) -
Relative Humidity | [] QB e E ‘ b =
2 .
— ol el |E Channel BH
2ol
{ome—— o goe] | 4
E | External Sources [0] Sources Defined E e
t | » [NAC_PFIRE] Sodium Pool Fire Model Gl

Teore. Upen Compre
Internal Error. TwoStep_Stream: View TwoStep_Siream: Some Elements Failed

CF Input

= s e
[l *unsaved - (unnamed) B

¥ [NAC_SPRAY] Sodium Spray Fire Model

T Al
[ **Ex4:2_ModelAnswer med - (EXERCISE (Day 4 ...
* §E CF 501 (Open Filter) =] Argument Input - Scale | Additive
o XY CF 502 (Filter Path) Type source "9 | Factor |Constan

o XY CF 503 (Cont Fail_2}
> XY CF 12 (CF12) =] | contot EXEC-TIME 0. 0.0
o XY OF 10104 (FEEDWTR_FLW)
o XY CF 10105 (CB 105)
o XY CF 10106 (CB 106}
o H[Y CF 10107 (CB 107}
o XY CF 10204 (CB 204)
o XY CF 10205 (CB 205}

> XY CF 10206 (CB 208) =
a~
XY CF 12 (CF12) &8
Type EQUALS SRR
Mult Scale Factor || 10/ P
Additive Constant | 7067/ |db| (B8 P
— Close
Initial Value | roer|o|ee]| ?
Boundary Input Mode [[j0] No Boundary ... |+ /%8 @ ||
YL i | ? || (@ mor ozang e DatalLocalTemplExd.2_WodelAnswermed5721301
Arguments [1)Valid Values # 9 | | [@ Note: Open Complete

Internal Error. TwoStep_Stream: View TwoStep_Stream: Some Elements Failed to Load.




MELCOR Control Functions
Example Input Using CF (2)

+ Alternate form 1 for constant control function

CF_ID ‘Pi’ 10 EQUALS

! Multiplier for function

! VVVVV

CF_SAI 3.1415 ! Add 0.0 (default)

CF_ARG 1 ! NARG CHARG ARSCAL ARADCN
1 EXEC-TIME 0.0 1.0

value returned is

3.1415 x [(EXEC-TIME x 0.0) + 1.0] + 0.0 = 3.1415

+ Alternate form 2 for constant control function

m

CF_ID ‘Pi’ 10 EQUALS

CF_SATI 1.0

CF_ARG 1 ! NARG CHARG

I Mmult 1; Add 0.0 (default)
ARSCAL ARADCN
1 EXEC-TIME 0.0 3.1415

value returned 1is
1.0 x [(EXEC-TIME x 0.0)+3.14156] + 0.0 = 3.14156

**unsaved - (unnamed)**
&~ Containment Sprayers (SPR) [0] o
¢ ¥[f Control Systems (CF, TF, EDF) [6] 1=
Y= ¢ ¥[f Control Functions [2]
o o ¥[f CF 1010 (CVMass2)
c o= X[ 'CF 1 (pi)
o ¢ ¥[f Database Variables [3]
. — AN Q Accumulator Variables [0]
"‘.—U' ® Burn Variables [0] -
+— E AV -
c 5 XY CF 1 (pi) G w
GJ Y ¥ General ["] Show Disabled
E ) MName pi P
O =
— ®© Number | 1| ™7
o —
E !q—) Description =none= E ﬁ ‘?
- = Type EQUALS BEK
D— © Mult. Scale Factor 1.0 (—): Nl
<ZE Additive Constant 0.0/ () : ™7
N Initial Valug | - : ™7
Boundary Input Mode ||[0] Mo Boundary Input |V| ﬁ ‘?
Arguments [1]valid Values ﬁ ‘?
@ Control Arguments For: CF 1 (pi) bt
0O W A v
Argument Input Index Scale | Additive
Type source Factor |Constan
.| Control EXEC-TIME 00| 31415

+ Best Practice (not implemented in SNAP)

CF_ID ‘Pi’ 10 EQUALS
CF_SAI 1.0 ! mult 1; Add 0.0 (default)
CF_ARG 1 ! NARG CHARG ARSCAL ARADCN

1 CF-CONST 3.1415

value returned is 1.0 x [3.14156] + 0.0 = 3.14156

Argument EXEC-TIME may
need to be added to model
database.




MELCOR Control Functions

¢+ Example CF Input: Confinement failure with message
' - - XY CF 100 (Failure) Al
| LOGICAL function, .true. if argl > [+ Genera ] Show Disabied |
a r‘gZ Name Failure \als
CF_ID '"Failure' 100 L-GT Number . 100/ [ 9
CF_LIV FALSE ! Initial value is .false. Descripton | <none> K
CF_CLS LATCH ! Once .true., stays .true. | Type L-GT B
. . Initial Value ) True ® False ™ P
Writes to all files at M o ha wiktan S = BEX;
completion of time step 835308 10 Be wrike
l Switching Flag |2 Write if Timestep Co... | v |3 ¢
\ Switching Message ||Confinement Failed Mk
CF_MSG FULL-OUTPUT ‘Confinement Failed’ Arguments [2Valid Values B
CF_ARG 2 | Argument Scale Add
1 CvH-P(‘Ccv300’) 1.0 0.0 © Contol Avguments For:CF 100 Gt y
|Pressure in volume CVv300 ’ |
2 CVH-P(‘Cv900’) 1.0 1.ES BirR|BalY
IPressure in volume Ccv900 + 1.E5S | Argument | Input [ scale| Adait
Type source e Factor|Const
LCantrol _ CVH-P(CV300%) 1.0_ 0.0
CF becomes true if cV300 pressure | Control CVH-P(CV900) 1.0[ 1.0E5
exceeds cv900 by 1 bar
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MELCOR Control Functions
Example Input Using CF (3)

+* Example CF Input: Confinement failure with message

| LOGICAL function,
arg2

.true. if argl >

CF_ID 'Failure' 100 L-GT
CF_LIV FALSE ! Initial value 1is .false.
CF_CLS LATCH ! Once .true., stays .true.

Writes to all files at
completion of time step

\ |

CF_MSG FULL-OUTPUT f‘Confinement Failed’

Message to be written

CF_ARG 2 ! Argument Scale Add
1 CvH-P(‘Cv300’) 1.0 0.0
IPressure in volume CVv300
2 CVH-P(‘Cv900’) 1.0 1.ES

IPressure in volume cv900 + 1.E5S

CF becomes true 1f CV300 pressure
exceeds cv900 by 1 bar

XY CF 100 (Failure)

&P

- ¥ General |_| Show Disabled |

Name IFailure ™

Number . 100|[® 9

Description <none= [EY] vl 2

Type L-GT EMlak;

Initial Value ) True @ False ™ P

Classification V] ‘Latch "‘ Va7

SwitchingFlag 2] Write IfTimestep Co... | v | &) 9

Switching Message ||Confinement Failed Mk

Arguments [2)valid Values eBe
o Control Arguments For: CF 100 (Failure) / X

0O L N

. Argument Input e Scale | Additi
Type source Factor|Const
.| Control CVH-P(CV3007) 1.0 0.0
_| control CVH-P(CV900) 1.0[ 1.0E5




MELCOR Control Functions
Example Input Using CF (4)

Example CF Input: Opening a valve (or door) in a flowpath

FL_vLV 1 ! NV VLVNAME FLNAME KEYTRIP NVFONF CF ‘Hole’ gives open fraction
1 ‘valvel’ ‘FL399’ NOTRIP ‘Hole’
CF_INPUT 0pt70n5. NoTrip, Trip, NOTI"7pCV
I REAL function, equivalent to IF-THEN-ELSE
VVVVVVVV
CF_ID 'Hole‘ 101 L-A-IFTE
CF_SAT 1.0
! Argument Scale Add
CF_ARG 3 ! NARG CHARG ARSCAL ARADCN
1 CF-VALU(‘Failure’) 0.0 0.0 ! LOGICAL, true after failure
2 EXEC-TIME 0.0 1.0 ! Hole = 1.0 if arg 1 true
3 EXEC-TIME 0.0 0.0 ! Hole = 0.0 if arg 1 false
In the SNAP implementation the XJ¥ CF 101 (Hole) & B
. . - © Control Arguments For: CF 101 (Hole) X
valve is a property (optional) for v General (| Show Disabled |
a flowpath and is not a separate Name [Hole me| BIR|E|AY
table input. Number . 101 [P Argument | Input lndex-Scale- Additj
- Type source Factor Const
| w [FL_VLV] Valve Input | — “none= 3l 1=k Control CF 100 (Failure) 10 00
Enable ® True ) False \ah | Type LAIFTE Bl|\<k | Control | EXEC-TIME 00 10
.\.-‘ah.re Name [Value1 Wik Mult ScaleFactor || 10 H@ BY | _| Control ' EXEC-TIME 00 00
| Additive Constant ’—00 ) | 4P| Lalh g
Valve Open Mode [NoTRP ‘v‘ P ——— O X |
IFwd_ Open Ctrl. EI_Y CF 101 (Hole) E @ ? ‘ Boundary Input Mode |[G] No Boundary Input |v| ™ P
Arguments [3]valid Values elae




ELCOR Control Functions
Example Input Using CF (5)

* Generate restart and plot
at time of failure

ASCII

EXEC_INPUT
EXEC_RESTARTCF ‘E+R Flag’
EXEC_PLOTCF ‘E+R Flag’

restart or
plot dump if
CF ‘E+R Flag’
is .true.

LOGICAL function ‘E+R Flag’, set equal to
argument (L-EQUALS) determines edit.
(start of step on which CF becomes true)

CF_INPUT
CF_ID ‘E+R Flag’ 105 L-EQUALS
CF_LIV FALSE I Initial value is
.false.
CF_CLS ONE-SHOT ! .true. only once
CF_ARG 1

1 CF-VALU(‘Failure’) 0. 0.

(MELCOR 1input)

(2) Edit EXEC input

(1) Edit MELCOR

under Model Options

(w Demo.med - (unnamed)

)

(@ *unsaved - (unnamed)** )|

g m

¢ 1A cases [1]
1§ MELCOR

o 88 Fan Coolers (FCL) [1]
o Flow Paths (FL) [11]
o~ %¢ Fuel Dispersal Interactions (FDI) [1]
o= 3] Heat Structures (HS) [12]
& LHC Structure (LHC) {Disabled}
o= Il Materials (MP)[11]
o I Noncondensable Gasses (NCG) [10]
o °X Passive Autocatalytic Recombiners (PAR) [1]
P RadioNuclide (RN)
o 49 Sensitivity Coefficients [5]
:}, Sodium Chemistry Package {Disabled}
o= W Transfer Process (TP)[9]

i@ Sub-Sys{ Properties

o £3 Job Stre
o~ <@ Connect

Show ASCII
o= 4p Numerid Select Left Side to Compare

o = Views [8]'Edit Case

**Ex4.2_ModelAnswer.med - (EXERCISE (Day 4 ...

AV

Cut

| Import Case
Export Case

(bl Editing MELCOR Case (MELCOR)

2= Model Options (EXEC)

@ Accumulators (ACC) [0]

® Burmn (BUR) |

'EF Condensers (CND) [
AV

i= Model Options ]

Desired Times (s)[0] Ri=Kdn
Extra Plot Ratio O halk g
Maximum Extra Plots O Nl d
Supress File Copy ) True @ False (99
Supress Buffer Flushing | O True ® False ¥ 9
Plot Control XIY cF 401 E+.. 8V B) P
Restart Control XY CF 401 E+.. 8" B9 7 |

New Restart File

U

dal g




MELCOR Control Functions
Example Input Using CF (6)

¢ Calculate maximum pressure in volume 200

I REAL function, 2 or more arguments

! VVV

CF_ID ‘Peak P.200° 110 MAX

CF_SAT 1.0 0.0 0.0 ! Initialize to zero

! Argument Scale Add
CF_ARG 2 ! NARG CHARG ARSCAL  ARADCN
1 CVH-P(‘Cv200’) 1.0 0.0 ! *CURRENT*
| pressure in volume Cv200
2 CF-VALU(‘Peak P.200’) 1.0 0.0 ! *PREVIOUS*

I value of maximum

This is an example of a CF that references itself. In
this case, it uses the value from the previous

timestep.
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MELCOR Control Functions
Example Input Using CF (6)

Calculate maximum pressure in volume 200

I REAL function, 2 or more arguments

! VVV

CF_ID ‘Peak P.200° 110 MAX

CF_SAT 1.0 0.0 0.0 ! Initialize to zero

! Argument Scale Add
CF_ARG 2 ! NARG CHARG ARSCAL ARADCN
1 CVH-P(‘Cv200’) 1.0 0.0 ! *CURRENT*
I pressure in volume Cv200
2 CF-VALU(‘Peak P.200’) 1.0 0.0 ! *PREVIOUS*

I value of maximum

This is an example of a CF that references itself. In
this case, it uses the value from the previous
timestep.



MELCOR Control Functions
Example Input Using CF (7)

Built in function ‘PIPE-STR’ expressed with ‘FORMULA’ in a
single control function

I Maximum stress in a thick-walled pipe under internal pressure
I given as, PIPE-STR(t)=[(R,*+R?)*P-2R 2P J/(R,*-R??)

CF_ID ‘Stress’ 120 FORMULA

CF_SAT 1.0 0.0

CF_FORMULA 5 ((RoOAtwo+RiAtwo) *Pi-two*RoAtwo*Po)/(RoAtwo-RiAtwo)

1 Pi CVH-P(CV500) ! Inner pressure

2 Po CVH-P(CV8) | Outer pressure

3 Ri 0.37 ! Inner radius (constant value)
4 Ro 0.45 ! outer radius (constant value)
5 two 2.0 ! (constant value)

Calculate unburned gasoline remaining using ‘FORMULA’

I Liquid fuel remained calculation

CF_ID ‘RemainFuel’ 1001 FORMULA

CF_SAI 1.0 0.0 3.2933

CF_FORMULA 3 fuel-brate*dt
1 fuel cf-valu(RemainFuel) ! 0l1d value of RemainFuel
2 brate CF-VALU(gasburnrate) ! CF for burn rate
3 dt exec-dt

Warning: There are two restrictions: (1) a logical FORMULA CF that is
equal to its single logical argument is not permitted, (2) the single-
character ‘E’ or ‘e’ is not permitted as a SHORTNAME




Alternate Ways for Calculating
Pipe Stress

m(R2 + R}) — 2R2 - P,
R5 — R}

Omax (t) =

¢ Using PIPE-STR type CF

CF_ID Stress PIPE-STR
CF_SAI 1.0 0.0
CF_MSC 0.37 0.45
CF_ARG 2 ! NARG CHARG ARSCAL ARADCN
1 CVH-P(CV500) 1. 0. ! Inner pressure (hot Teg)
2 CVH-P(Cv8) 1. O. I Outer pressure (containment)

+ Using FORMULA type CF

Previously Shown 2 Ways

CF_ID ‘Stress’ 120 FORMULA
CF_SAT 1.0 0.0
CF_FORMULA 5 ((RoAtwo+RiAtwo)*Pi-two*RoAtwo*Po)/(RoAtwo-RiAtwo)

1 Pi CVH-P(CV500) ! Inner pressure

2 Po CVH-P(CV8) I Outer pressure

3 Ri 0.37 I Inner radius (constant value)
4 Ro 0.45 I outer radius (constant value)
5 two 2.0 I (constant value)




‘ Alternate Ways for Calculating

Pipe Stress

m(R2 + R?) — 2R% - P,

Omax (t) =

Using MELCOR Classic Control Functions (MELCOR 1.8.5)

CF_ID STRESS DIVIDE 16

CF_SAT 1.0 0.0

CF_ARG 2 ! NARG CHARG ARSCAL ARADCN
1 CF-VALU(NUMERATOR) 1. O.
2 CF-VALU(DENOMINATOR) 1. O.

CF_ID Numerator ADD 15

CF_SAI 1.0 0.0

CF_ARG 2 | NARG CHARG ARSCAL ARADCN
1 CF-VALU(TERM1) 1.0 O.
2 CF-VALU(TERM2) -1. O.

CF_ID TERM1 ADD 14

CF_SAT 3.1415 0.0

CF_ARG 2 ! NARG CHARG ARSCAL ARADCN
1 CF-VALU(RO2) 1. O.
2 CF-VALU(RI2) 1. O.

CF_ID TERM2 MULTIPLY 13

CF_SAT 1.0 0.0

CF_ARG 2 ! NARG CHARG ARSCAL ARADCN
1 CF-VALU(RO2) 2. O.
2 CVH-P(cVv8) 1. 0.

R — R?

CF_ID DENOMINATOR ADD 12

CF_SAT 1.0 0.0

CF_ARG 2 ! NARG CHARG ARSCAL ARADCN
1 CF-VALU(RO2) 1. O.
2 CF-VALU(RI2) -1. O.

CF_ID RO2 POWER-I 11

CF_MSC 2.0

CF_SAT 1.0 0.0

CF_ARG 1 ! NARG CHARG ARSCAL ARADCN
1 CF-CONST 0.45
2 CF-VALU(RO1l) -1. O.

CF_ID RI2 POWER-I 10

CF_MsC 2.0

CF_SAI 1.0 0.0

CF_ARG 1 ! NARG CHARG_ARSCAL ARADCN
1 CF-CONST  0.37
2 CF-VALU(RO1) 1. O.

This method not recommended!
Harder to read and more prone to
mistakes!




Numbering of CF Determines
Order of Evaluation

¢ User assigns a number to a Control Function

Fo

Use_r X[Y CF 101 (Hole) Sl
aSSlgned * General [ | 8how Disabled
number Mame |Hn|e Mk
CF_ID 'Hole‘ 101 L-A-IFTE Number ARl =R 4

¢+ CFs are evaluated in order of increasing number (be aware of various
states of CFs)

o 3-E+05
Example T'O'R '; on-rev Sa
CF_ID ‘Hole’ T-0-F 8 2E+05 oo - “ s,
CF_SAI 0.5 0.0 0.0 & deadband 1
CF_MsC -1.0 2.E5 @ LEH05 ?
CF_ARG 1 ! Pressure calculated by CF 2 | >

1 CFVALU(‘pressure’) 1.0 0.0 0.E+00 +—
0 500 1000 1500

value of trip is different whether state time [sec]
variable CF (‘pressure’) 1is evaluated before __1000 ;
or after CFVALU(‘Hole’). § —State Variable CF evaluated before T-O-F

:"g'_' —State Varia blé CF evaluated after T-O-F
Difference is time-step dependent. 15 500 -

Q
Using CVH-P(CVv300) as we did in our previous %
example does not have this dependency E O :

-

Session Data and Control | Page 59 0 500 1000 1500
time [sec]



MELCOR Control Functions
Input Changes on Restart

¢+ Change any CF and TF parameters
from the restart
— Allow addition of new CFs and TFs
— Easy to run variations of a failure criterion

—Run multiple scenarios that branch late in a
sequence

* Define input to include several failure
paths

* Run alternate sequences by restarting
from a point before failure, changing
break sizes, leak paths, or bounds/limits
to allow a different path

* No need to re-run a long pre-failure
calculation
¢ Continue calculation from last restart
dump

—Need to set ‘MEL_RESTARTFILE’ record in
environmental data appropriately

* €.0g., MEL_RESTARTFILE ‘RUN1.RST' NCYCLE -
1
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MELCOR Control Functions
Input Changes During a MELCOR Run(2)

¢+ Change actual value of control function thru
READ (for REAL-valued) and L-READ (for
LOGICAL-valued) option during a MELCOR
run
—Requires a new file containing name of CF and new value

* New value type must match type of CF (REAL or
LOGICAL)

* New file name specified on “EXEC_CFEXFILE” record

—Can be used to simply turn-on or —off a valve without
stopping and restarting a calculation

—Both L-READ and READ control functions could be used
with SNAP on-the-fly simulations.
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Control Function Ranges

The range is an object that is Define a Range (ASCII):

defined once in the database and name type ndim Number
then can be referenced by other CF_RANGE CVRANGE CVOLUMES 2 30
control function arguments. The CONSTRUCT 2

range specifies an ordered list of 1 CVTYPE='PRIMARY’

objects such a control volumes, 72 DC

COR cells, materials, or REMOVE 1

components 1 LowerPlenum

/ Define a Range (SNAP): \
[0 “unsaved- unnamedy

BF Condensers (CND)

& Containment Sprayers (SPR) [0]
¢ X[ Control Systems (CF, TF, EDF} [4]

o Y Control Functions [1]

o XY Database Variables [2]

Q) Edit Construct Criteria >

NIE

] Tabular Functions [0]
1 External Data Files [0] Number Type Value
¢ ) Ranges [1] 1 CV Type PRIMARY
B3 Control Range 30 (CYRANGE)
o E5 contral Volumes (CVH) [7] 2 MName DC
o {3 Core (COR) —

-
= M Lt SO L T o __|

[
EH control Range 30 (CVRANGE) EH

¥ General [ ] Show Disabled
Jame [cvraNGE pald

Be ) Edit Remove Criteria d

e
ange Type |Contro|Vo|umes ?
7

Zonstruct Criteria | [2] Criteria Mumber Type Value /
X lemove Criteria |[1] Criteria 1 MName LowerPlenum
Session Data

Jumber |

Jescription =none=

[
s

Kl

2
A A




Control Function Ranges

volume.

¢ Arange can be referenced b
control functions and contro
function arguments. The
hashtag (#) that precedes
range specified for the
volume in the CF argument
indicates a range of control
volumes rather than a single

Reference a Range (ASCII):

CF ID

CF_SAI 1.0 0.00
CFVALR (INITIAL VALUE)
CF_ARG 1

1.0 0.0

Reference a Range (SNAP):

/“/jj\ Extemal rLfIa Flles U] |i||

IA'

e Control Arguments For: CF 1010 (CVMass2)

Boundary Input Mode |[D]Nn Boundary Input |v ‘ﬁ ?

Arguments [1]valid Values ] 7

[\ CF 1010 {CVMass2) EB|D R T A v
* Ceneral | [ ] Show Disabled -
T r— | = o o
Number \ 1010] (8 9| | [] control CVH-WMASS(#CVRANGE 'H20VAP)| Al 10| 00
Descri ption  [<none= ek
Type ADD sk
Vector Size | ] ?
Mult Scale Factor 10/ 0[P
Additive Constant 0.0 {-) fakd
Initial Valug m| Ly
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'‘CVMass2' 1010 ADD

1 CVH-MASS(#CVRANGE,'H20-VAP’)

A

e Variable Properties

AN
X

¥ General || Show Disabled | |
Variable Type  |MASS g™ L
Control Volume | Control Range 1 (CVRANGE) F % ‘? [
Material MCG 3 (H20-VAP) {Default Gas} E_‘ R ?
ariable L
e
a able 3 i
Vi I ( TRT
. sal Variable ' IL A“ ‘Hn'm""l‘ \"‘;“_ﬂ‘ wh s
th le
nel riable cl "} ': 'Ah*'
14 e
ci S\ [ o C
cOl r Variable o V U_A "“‘ "‘:,
i riable
bl
|[|?me\I§1["ﬂI)E I~ Ul It VI II\JIIW‘ LUUIL
argument to the
-F “ - .
.'ﬂw# Adlaladost




Viewing a Control Function
Network in SNAP

o ) (= | E— -
et ¥ N 8 (Do | ¥ b@@s v 5 RojasT .
‘unsaved - (unnamed)** j [-a 1 e peddore o] R p .
*unsaved - (unnamed)** E s
*Ex4.2_ModelAnswer.med - (EXERCISE (Day 4 ... g'; TELASTURTE SR ‘0:“ Fr .
= Model Options (EXEC) - E_ f:.; ) |
| Burn (BUR) E scale-D2

F Condensers (CND)
: Containment Sprayers (SPR)[1]
f Control System [89]

A Control

o XY cF 1 New
o XY CF 1| Add To Sub-System » E
o XY CF 1 E
o XY oF 4| Create View
o XY CF 3 Add To View b Exercise 4.2
=Y CF TwoStep_
o XY CF 4
o X[f cF g Copy CET
o XY CF 5 Paste View 2
o4l CF§ paste special View 3
o XY CF g EED
o X[ cF 3 Delete S 1o
o X[Y CF 10104 (FEEDWTR_FLW/| TwoStep_Stream ke il
o~ X[Y CF 10105 (CB 105) TwoStep_St o T
TATOC 0 s 3 Q=
= AL [* LoT
Category 24 TR
neral ["] Show Disabled o
Mo Properties Available =
Querpress Open Flller Conl Fal_2
o0

et
- - - - | I‘
» Create new view by right-clicking on e

Views in navigator pane (View 5) e s T s T ot oo
 Right click on Control Functions in -

navigator pane
» Add to view previously created (View 5)
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Exercise 2.5¢
Add a Formula TYPE CF

Methane Gas Reaction: CH, + 2 0, - CO, + 2H,0
1. Use CF_FORMULA to model CO2 mass generation rate
(kg/s)

Control function ‘02mdotc’ gives the rate at
which oxygen is consumed in the fire

— If we know the O, mass consumption rate [kg/sec], then the CO, mass
generate rate [kg/sec], ‘co2mdotc’ is related since 2 moles of O, yields
1 mole of CO,

— Thus, the formula would be ‘02mdotc’*0.5*mwco2/mwo?2

— Molecular weights of CO, and O, are provided in the input as CFs

— MW,__,=cf-valu(‘mw_co2’),

— MW,_,=cf-valu(‘mw_o02’)

2. Create a CF Network view from SNAP

1. Create a new view
2. Right-click on the CF navigator and add to this new view.




Exercise 2.6
Adding a Range and Vector CF

¢+ Add a CVOLUME range, ‘o-vol’ to 40
include all of the outer CVs (o- —cor6 |
upper, o-middle, o-lower) 35 —c02 b I
+ Create an ‘ADD’ t¥1pe CF that sums o
all CO, mass for that range of CVs. 30 - e IS S .
Subtract the initial mass of CO2 in —C02 Source |
the range of volumes to show — 75 I R~ A
Changes IN mass. &D Intelgrated CO2 in Flow Paths to
— May be easiest to run MELGEN to get the o p 1o I e — edronmedt oo 7
initial mass in the range o | ‘ |
¢+ Run MELGEN and plot the mass 15 4o e
over time and compare with the
integral CO, source 0
+ Create a Range ‘i+m vol’ to include
all i- and m- CVs and a Range 5 -
‘environment’ to include all
Environment CVs. 0 == | | i
— Subtract initial mass
0 1000 2000 3000 4000
+ Create ‘ADD’ type CFs that sums .
all CO, mass for those range. time [sec]
¢+ Perform a mass balance on CO,
mass

— Show CO, mass in Range ‘o-vol’, Range
‘i+m vol’, Range ‘Environment’ and the

mtegrated CO2 mass, 'co2mass-int’
CF#535.

— What’s missing
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