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Outline

• CF-TF from restart:
– Goal;
– Modifications of input;
– Changes in output;
– Testing.

• Activity calculations
– Model;
– Modifications of input;
– Output data on activity values;
– Testing.
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CF-TF from restart

• MELCOR code has the ability to stop a calculation at any
time, to modify some parameters in the input file and to
continue the calculation using the restart file.

• A very limited capability of modifying a control function using
a restart file has been accessible in MELCOR code (user
could only change min and max control function values).

• There was no capability to change TFs from restart.

• The following capabilities have been added to MELCOR 2.1:
– the user is allowed to change any CF and TF parameters from

the restart;

– new CFs and TFs can be set from the restart.
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General remarks

• Newly set TFs and CFs are added to the end of
the list (Attention when working with control
functions!).

• User may change the type of an existing control
function (with name identical to one in MELGEN)
but it means that all records for the control
function must be input.
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Changes in the CF input

• Record formats are identical in both cases: for MELGEN
input and for MELCOR input.

! ***********MELCOR input ****************

Program MELCOR

!********** Block: CF data*************************

CF_INPUT ! CF package start record

!*     1 - Number of Control Functions added from the restart

CF_ID 'MyTestCF'    TAB-FUN ! CFNAME  CFTYPE

CF_SAI        1.0     0.0     0.0

CF_MSC   'AppliedPower'

CF_ARG   1 ! NARG CHARG          ARSCAL         ARADC

1 EXEC-TIME        1.0               0.0

END Program MELCOR data
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Changes in the TF input

Program MELCOR

!* Block: TF data ***************

TF_INPUT ! TF package start record

!*     1 - Number of Tabular Functions********

!*     1 - Next TF data ***************

TF_ID 'AppliedPower'  2.0    3.0

TF_TAB 5 ! NTFPAR  X                   Y

1       0.0                 0.0

2     12.65306       10000.0 

3     941.3265       19259.26 

4     2732.143       19629.63  

5     182398.0       31111.11  

END Program MELCOR data
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Diagnostics

WWWWWWWWWWWWWWWWWWWWWWWWWW
Diagnostics during MELCOR input processing CF package:
ATTENTION: Control function name MyTestCF

is added from the restart
WARNING: Some parameters for control function name CF1

are changed  from the restart
NO Errors during MELCOR input processing CF package

WWWWWWWWWWWWWWWWWWWWWWWWWW
Diagnostics during MELCOR input processing TF package:
ATTENTION: Tabular function name AppliedPower

is added from the restart
NO Errors during MELCOR input processing TF package

WWWWWWWWWWWWWWWWWWWWWWWWWW
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Testing

• One PWR loop input deck.

• Break in the hot leg is 
modeled. 

• In original input break 
occurs at TIME = 90 s.

• Using new capability to 
change any CF and TF 
parameters from restart, 
time of break has been 
changed to TIME = 150 s. 
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Summary

• The capability to add or change CFs and TFs from restart
has been added to MELCOR code.

• For long-running calculation there is no need for the user to
start it from beginning if it is necessary to change only some
parameters that are defined through TF or CF. The user
can change them from any restart file time point without
repeating preceding computations.
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Activity calculations

• For radiological impact estimation it’s necessary
to have activity values.

• Current MELCOR version outputs masses of RN
classes.

• User should perform additional calculations to
obtain activities.

• Activity calculations inside MELCOR code would
significantly simplify users’ work.
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BONUS code

• In the perfectly designed integral code all its components
should be of near the same level of accuracy.

• BONUS code has been elaborated in IBRAE that can be
considered as a simplified version of ORIGEN.

• The full version of BONUS allows express-evaluation of
temporal evolution of the nuclide composition of the fuel,
decay heat and activity of FPs or their classes in thermal
reactors both during regular reactor campaign and after the
reactor shutdown.

• The BONUS component that provides calculations of FP
evolution after reactor shutdown has been implemented in
MELCOR 2.1.
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Model for activity calculations
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The activity AZA (Bq) of isotope (Z, A) in the volume under interest is
calculated as:
where NZA is the total number of isotopes (Z, A) in the volume and λZA is
the decay constant (s-1).

The variable aCL,ZA measures the relative contribution of isotope (Z, A)
to the total activity ACL of the class CL:

The total class activity ACL (Bq) is calculated as 

where mn is the mass of nucleon (kg), A is a mass number, hCL - the total 
specific decay heat of the class (J/kg/s), EZA - the decay energy of isotope 
(Z, A) (J) .
The activity of each isotope in the class:
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Initial data

• For activity calculations it’s necessary to have isotopic
composition by the moment of reactor shutdown.

• MELCOR does not explicitly treat isotopes. It works in
terms of “elements” that are summed into RN
classes.

• It seems to be reasonable to prepare beforehand a
special library for a number of typical reactor
campaigns and then use it in practical calculations in
combination with the total decay heats of elements.

• If the user utilizes the old MELCOR input file without
providing any information about initial inventory, some
default library variant is to be chosen.
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Properties of fission products

• The isotopes database (half-life times, decay energies,
etc.).

File 'FissProd.in' (properties of fission products)
Default values are prepared based on tables T.R.England,
B.F.Rider. Evaluation and Compilation of Fission Yields,
ENDF-349, LA-UR-94-3106.

http://ie.lbl.gov/toi.html, http://ie.lbl.gov/fission.html
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Isobaric chains

File 'FPChains.in' (structure of isobaric chains)
The β- and γ-decays of FPs are taken into account in BONUS,
which do not change the mass number so that the FP decay
sequence represents the isobaric chain. It is supposed that the
β-decay results in one or two daughter nuclides (in the ground
and isomeric states). The thermal neutron capture also is
taken into account, which also produces one or two daughter
nuclides with the increased by 1 mass number and therefore
results in coupling of the current chain with the next one(s).
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Initial inventories

File ' InitInventory.in' by default 
(file name can be changed by the user in input)

Contains masses of isotopes by the moment of reactor
shutdown. The data can be set for different reactor
campaigns, then each block should start with
REACTOR_XYZ line, where XYZ… is user-defined
characters defining the campaign name (for example,
REACTOR_PWR1Y, REACTOR_BWR_2Y). The block
name used in particular calculations is set on DCH_RCT
record.
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Two options for activity calculations

Option 1. This variant implies the use of the old
MELCOR inputs, in particular time-decay heat table.
The initial data for aCL,ZA are chosen to correspond to
some standard reactor campaign (these values are
calculated using isotope masses from the initial
inventory file for standard campaigns). Then, the
BONUS modules calculate isotope activity values.

Option 2. In this case the MELCOR input file chooses
the variant of irradiation regime from the above
mentioned library. Then the calculations are performed
by BONUS both for decay heats and activities.
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Modifications of input (1)

DCH_ACT – Activity calculation options
Optional
This record specifies the switches that allow user to enable or 

disable activity calculations and set the format of input. If 
RN package is not active, activity calculations can not be 
enabled.

Examples
!                                Key    Input forma t
DCH_ACT           ON       NEW 
DCH_ACT           ON       OLD 
DCH_ACT           OFF
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Modifications of input (2)

DCH_SUR – Output activity data
Optional. Allowed if IACTIV = ON on DCH_ACT record 

Specifies the control volumes or heat structures sides for 
which isotope activities data will be printed to the output. If 
control volume is set, the data on isotopes activities will be 
summarized for control volume and heat structures 
associated with the corresponding control volume. By 
default isotopes activities will be printed for flow paths set 
on FL_MACCS record and different control volume types.

DCH_SUR 1  ! N TYPE         NAME        IKEY
1  CVH           CV110-CORE    ALL 

Examples
DCH_SUR 4  ! N TYPE         NAME       IKEY

1  CVH  CORE-INLET ALL  
2  LHS  INLET-FLOOR  ISOTOPE  ‘Cs-137’ ‘I-131’
3  CVH  'CONTAINMENT'   ALL  
4  LHS  'CORWALL6‘ ISOTOPE  ‘Cs-137’ ‘I-131’
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Modifications of input (3)

DCH_RCT – Reactor type for initial mass inventories 
calculation
Optional 
This record enables the user to specify the type of reactor 
or filename and data block with initial inventories.  
If IACTIV = OFF or 0, the old format of DCH_RCT record 
must be used.

Examples
!        Reactor type File name         Block name
DCH_RCT   PWR “initInventory.in”  “REACTOR_PWR”

DCH_RCT “initInventory.in”   “REACTOR_BWR”
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Example of input

DCH_INPUT ! DCH package start record 
DCH_ACT ON NEW
DCH_RCT 'InitInventory.in' REACTOR_PWR
DCH_SUR 1  ! N TYPE         NAME        IKEY

1  CVH      CV110-CORE    ALL 
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Modifications of output (1)
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Modifications of output (2)
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Testing (1)
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Testing (2)
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Summary

• Activity calculation model for implementation in
MELCOR code has been developed.

• The model has been implemented in the code
including necessary changes in the input and
output.

• Testing demonstrates workability and good
results agreement of activity values obtained in
MELCOR in comparison with other codes
including high-precision one.
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