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Processing MCNP Elemental Edit Outputs

Jerawan Armstrong and Vedant Mehta

Introduction

The Monte Carlo N-Particle (MCNP)! transport code version 6 (also known as MCNP6) has the
capability for tracking particles on unstructured mesh (UM) geometry models embedded into con-
structive solid geometry (CSG) cells [1]. A UM geometry is a collection of elements representing
a solid geometry. The first step of MCNP UM modeling is using other software packages to cre-
ate a finite element mesh representation of a solid 3D geometry. Computer-aided design (CAD) or
computer-aided manufacturing (CAM) software is typically used to create a solid geometry model,
which is later imported into mesh generation software to create a UM model. The MCNP UM fea-
ture was originally designed for models generated by the Abaqus/CAE software. The MCNP code
version 6.0 and later can process UM models formatted as Abaqus input files. MCNP can process
a UM model consisting of several different element types including linear tetrahedral or hexahe-
dral elements and calculate quantities of interest such as flux and energy deposition at elements. An
MCNP UM simulation provides high-fidelity elemental edit (i.e., tally) outputs, which can be further
used in multiphysics calculations. The MCNP UM feature was used for multiphysics simulations
where quantities of interest calculated by MCNP are used as inputs for heat transfer calculations
in Abaqus [2]. MCNP6.3 can produce two types of elemental edit output (EEOUT) file formats:
ASCII and HDF5. An EEOUT file type must be requested on an EMBED card while output type
(flux or energy deposition) must be requested on an EMBEE card. We wrote Python3 scripts to
extract energy deposition values in an ASCIT or HDF5 EEOUT file and compute a heat flux profile
for an Abaqus heat transfer calculation.

Processing ASCII EEOUT File

A Python script eeeou_to_inp.py is for processing an ASCII EEOUT file. Since element numbers
from an Abaqus input are not written an ASCII EEOUT file, element numbers in each part in an
Abaqus input file must start from 1 and increase by 1 in order to use a heat flux profile for an
Abaqus heat transfer calculation. A previous version of this script was developed in 2020 [3]. The
command line python eeout_to_inp.py --help or python eeout_to_inp.py -h can be used to display the
command line options:

usage: eeout_to_inp [-h] [-o heatFlux.inp] [-e 6] eeout_filename power_level_in_watts

Process an MCNP ASCII EEOUT file and produces a body heat flux for an Abaqus
heat transfer calculation.

positional arguments:
eeout_filename MCNP EEOUT file name
power_level_in_watts A power level in Watts

optional arguments:
-h, --help show this help message and exit
-0 heatFlux.inp, --output heatFlux.inp
A heat flux file name
-e 6, ——embee 6 An EMBEE number for energy depostion [must end with 6]
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manager and operator of Los Alamos National Laboratory for the U.S. Department of Energy. Any third party
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Click to download this Python script.

Processing HDF5 EEOUT File

A Python script hbeeeou_to_inp.py is for processing an HDF5 EEOUT file. A previous version of
this script was developed in 2022 [4]. The command line python heeout_to_inp.py --help or python
hbeeout_to_inp.py -h can be used to display the command line options:

usage: hbeeout_to_inp [-h] [-o heatFlux.inp] [-e 6] hbeeout_filename power_level_in_watts

Process an MCNP HDF5 EEOUT file and produce a body heat flux file for an Abaqus
heat transfer calculation.

positional arguments:
hb5eeout_filename MCNP HDF5 EEOUT file name
power_level_in_watts Power level in Watts

optional arguments:
-h, —--help show this help message and exit
-0 heatFlux.inp, --output heatFlux.inp
Heat flux file name
-e 6, ——embee 6 EMBEE number for energy depostion [must end with 6]

Click to download this Python script.
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# Copyright Triad National Security, LLC/LANL/DOE - see LICENSE file

import os
import numpy as np

#------------------------------------------------------------------------------
def extract_eeout_data(eeout_file,edit_num):
    """
    Extract data from ASCII EEOUT file.

    Parameters
    ----------
    eeout_file : string
        An MCNP ASCII EEOUT file.
    edit_num : integer
        An EMBEE number for energy deposition [must end with 6].

    Returns
    -------
    ins_id : list
        A list of instance IDs.
    start_element : list
        A list of start element numbers (for each instance).
    end_element : list
        A list of end element numbers (for each instance).
    density : list
        A list of densities (for each eleemnt).
    volume : list
        A list of volumes (for each element).
    energy : list
        A list of energies (for each element).
    """

    if not os.path.isfile(eeout_file):
        print(f"MCNP EEOUT: {eeout_file}")
        raise IOError('MCNP EEOUT file not found :: check directory path')

    # number of items in identificaiton segment line in EEOUT file
    # MCNP writes this data line to describe the numbers of various data in the 
    # current data group. MCNP writes 6 items in this line
    num_id_segments = 6

     # read eeout file 
    fr   = open(eeout_file,"r")
    line = fr.readline()  # 1st line in EEOUT file is the title line 
    
    # initialize vectors 
    energy      = [] # MeV/g
    density     = [] # g/cm**3
    volume      = [] # cm**3
    
    ins_id         = [] # instance ID
    start_element  = [] # start element number for each element ID
    end_element    = [] # end element number for each element ID

    # extract enery from this tally type
    if not isinstance(edit_num, int):
        raise ValueError(f"invalid embee id: {edit_num}")
    e6_tally_id    = f'ENERGY_{edit_num}'

    # ========== Begin extract EEOUT data ====================
    found_e6 = False
    
    while True:
        line = fr.readline()
        if not line: break
        
        id_segments = line.split()
        if len(id_segments) != num_id_segments:
            print(">>>Check this invalid line:")
            print(line)
            raise ValueError('invalid identification segments in EEOUT file; check EEOUT file')

        # id_segments[3] = size in bytes of each data item
        id_segments          = np.int_(id_segments)
        num_char_in_title    = id_segments[0] # number of chracter in the title line
        num_records          = id_segments[1] # number of records in the data-set after the title record
        data_type            = id_segments[2] # data type:0=no data, 1=character, 2=integer, 3=real
        num_items_per_record = id_segments[4] # number of items in each record
        num_items_per_line   = id_segments[5] # length of each record
        
        if num_char_in_title > 0:
            title_line = fr.readline().strip()
        else:
            title_line = ''
                    
        # Set number of lines for the current data group
        if num_records == 0:
            num_of_lines = 0
            
        elif num_char_in_title == 0:
            num_of_lines = num_records
            
        else:
            if np.mod(num_items_per_record,num_items_per_line) == 0:
                num_lines_per_record = int(num_items_per_record/num_items_per_line)
            else:
                num_lines_per_record = int(num_items_per_record/num_items_per_line) + 1
            num_of_lines = num_records * num_lines_per_record
                
        if title_line.startswith('INSTANCE ELEMENT NAMES'):
            if data_type != 1: # must be character 
                raise ValueError('invalid data type for INSTANCE ELEMENT NAMES; check EEOT file')
            
            for i in range(0,num_of_lines):
                line = fr.readline().split()
                for l in line:
                    j = l.rfind("P")
                    ins_id.append(l[0:j]) 
                  
        elif  title_line.startswith('INSTANCE ELEMENT TYPE TOTALS'):
            if data_type != 2: # must be integer
                raise ValueError('invalid data type for INSTANCE ELEMENT TYPE TOTALS; check EEOT file')
            
            # element number start end end for each element types
            # there are 6 element types: tet, pent, hex tet2, pent2, hex2
            if num_items_per_line != 12:
                raise ValueError('invalid record length for INSTANCE ELEMENT TYPE TOTALS; check EEOUT file')

            for i in range(0,num_of_lines):
                spl  = np.int_(fr.readline().split())
                locs = []
                loce = []
                
                for i in [0,2,4,6,8,10]:
                    if spl[i]==0: continue
                    locs.append(spl[i])
                    
                for i in [1,3,5,7,9,11]:
                    if spl[i]==0: continue
                    loce.append(spl[i])

                start_element.append(locs)
                end_element.append(loce)

        elif title_line.startswith('DATA OUTPUT PARTICLE') and e6_tally_id in title_line:
            found_e6 = True

        elif title_line.startswith('DATA SETS RESULT') and found_e6:
            found_e6 = False
            
            if num_records != 1: # must be 1 record
                raise ValueError('invalid number of records for DATA SETS RESULT; check EEOT file')

            if data_type != 3: # must be real
                raise ValueError('invalid data type for DATA SETS RESULT; check EEOT file')
            
            for i in range(0,num_of_lines):
                line = fr.readline().split()
                for l in line: energy.append(l)
              
        elif title_line.startswith('DENSITY'):
            if num_records != 1: # must be 1 record
                raise ValueError('invalid number of records for DENSITY; check EEOT file')

            if data_type != 3: # must be real
                raise ValueError('invalid data type for DENSITY; check EEOT file')
            
            for i in range(0,num_of_lines):
                line = fr.readline().split()
                for l in line: density.append(l)
                
        elif title_line.startswith('VOLUMES'):
            if num_records != 1: # must be 1 record
                raise ValueError('invalid number of records for DENSITY; check EEOT file')

            if data_type != 3: # must be real
                raise ValueError('invalid data type for DENSITY; check EEOT file')
            
            for i in range(0,num_of_lines):
                line = fr.readline().split()
                for l in line: volume.append(l)
                
        else:
            if num_of_lines > 0:
                for i in range(0,num_of_lines): fr.readline()
                
    # ==============End Extract EEOUT data ==============
    fr.close()
    
    if len(ins_id)==0:
        raise ValueError('No instance ID')

    if len(ins_id) != len(start_element) or len(start_element) != len(end_element):
        raise ValueError('invalid INSTANCE ELEMENT NAMES and INSTANCE ELEMENT TYPE TOTALS; check EEOUT file')
    
    for locs, loce in zip(start_element,end_element):
        for s,e in zip(locs,loce):
            if s >= e:
                print(s)
                print(e)
                raise ValueError('invalid INSTANCE ELEMENT TYPE TOTALS; check EEOUT file')

    # MCNP write the 1st record of energy to 0.0
    if len(energy)-1 != len(density):
        print('len energy : ',len(energy))
        print('len density : ',len(density))
        print(" READING ERROR :: length of energy and density vectors not consistent \n \n")
        print(" INCORRECT INTERPOLATION :: DON'T TRUST DATA \n \n")
        raise ValueError('invalid energy and density data points')
    
    # MCNP Energy in MeV/g by default
    if len(density) > 0 and len(volume) > 0 and len(energy) > 0:
        density = np.float_(density)
        volume  = np.float_(volume)
        energy  = np.float_(energy)
    else:
        if len(density) == 0:
            raise ValueError('bad density value; check EEOUT file')
        if len(volume) == 0:
            raise ValueError('bad volume value; check EEOUT file')
        if len(energy) == 0:
            raise ValueError('bad energy value; check EEOUT file')

    return ins_id, start_element, end_element, density, volume, energy


#------------------------------------------------------------------------------    
def write_heat_flux(eeout_file, heatflux_file, watt, amp, flux, edit_num):
    """
    Write a heat flux file for an Abaqus heat transfer calculation.

    Parameters
    ----------
    eeout_file : string
        An HDF5 EEOUT file name.
    heatflux_file : string
        A heat flux file name.
    watt : real
        A power level in Watt.
    amp : string
        An amplitute line.
    flux : string
        A dflux line.
    edit_num : integer
        An EMBEE number.

    Returns
    -------
    None.

    """
    ins_id, start_element, end_element, density, volume, energy = extract_eeout_data(eeout_file, edit_num)
    
    el_energy = density*energy[1:]            # MeV/cc
    esum      = np.sum(volume*el_energy)      # MeV
    power     = el_energy/esum                # /cc
        
    # write dflux file
    fw = open(heatflux_file,"w")                                           
    fw.write(f'{amp}\n')
    fw.write(f'0, {watt}\n')
    fw.write(f'1, {watt}\n')
    fw.write(f'1e+33, {watt}\n')
    fw.write(f'{flux}\n')
   
    for cid, locs, loce in zip(ins_id,start_element,end_element):
        j = 0
        for s, e in zip(locs,loce):
            for m in np.arange(s-1,e):
                j = j+1
                fw.write(f'{cid}.{j}, bf, {power[m]}\n')
    fw.close()
    
    print(f'    Abaqus thermal input file generated :: {heatflux_file}\n')
    print(">>> Caution ::")
    print(f'    Element numbers for each instance in {heatflux_file} start from 1 and incrase by 1.')
    print(f'    Before using {heatflux_file}, must check that element numbers in an Abaqus input file match \
with element numbers in {heatflux_file}.\n')

    return None

#------------------------------------------------------------------------------
def eeout_to_inp(eeout_file,watt,heatflux_file='heatFlux.inp',edit_num=6):
    """
    Extract EEOUT data and write an Abqus heat flux input file.

    Parameters
    ----------
    eeout_file : string
        An ASCII EEOUT file.
    watt : integer
        A power level in Watt.
    heatflux_file : string, optional
        A heat flux file name. The default is 'heatFlux.inp'.
    edit_num : integer, optional
        An EMBEE number. The default is 6.

    Returns
    -------
    None.

    """
    import time
    
    help_info = f"""
    Process an MCNP ASCII EEOUT file and produce a body heat flux file for an Abaqus heat transfer calculations.

    Produce:
    {heatflux_file} (for Abaqus heat transfer calculation)

    To use the file, add {heatflux_file} in an Abaqus input file after a '*Heat Transfer' line as
    '''
    *INCLUDE, INPUT={heatflux_file}
    '''
    """
    
    amp     = '*amplitude, name=thermalAmplitude'
    flux    = '*dflux, amplitude=thermalAmplitude'
        
    print(help_info)
    print('>>> Caution :: Assuming DEFAULT EMBEE6 units from MCNP [MeV/g] \n')
    print(f'    Reading File :: {eeout_file}\n')
    print(f'    Power set to :: {watt}  watts\n')

    start_time = time.time()
    write_heat_flux(eeout_file, heatflux_file, watt, amp, flux, edit_num)
    time_s = round(time.time() - start_time, 5)
    time_m = round(time_s/60., 1)
    time_h = round(time_s/3600., 2)
        
    message = '>>> Code completed in {:f}  seconds [{:f} minutes \
|| {:f} hours]\n'.format(time_s, time_m, time_h)
    print(message)
    
    return None

# -----------------------------------------------------------------------------
if __name__ == '__main__':
    import argparse
    
    parser = argparse.ArgumentParser(prog='eeout_to_inp',
                                     description='Process an MCNP ASCII EEOUT file \
and produces a body heat flux for an Abaqus heat transfer calculation.')
    
    parser.add_argument('eeout_filename',
                        type=str,
                        help="MCNP EEOUT file name")
    
    parser.add_argument('power_level_in_watts',
                        type=float,
                        help="A power level in Watts")
    
    parser.add_argument("-o", "--output", metavar="heatFlux.inp",
                        default='heatFlux.inp', type=str,
                        help="A heat flux file name")
    
    parser.add_argument('-e', '--embee',  metavar='6',
                        default=6, type=int,
                        help='An EMBEE number for energy depostion [must end with 6]')
    
    args = parser.parse_args()
    
    eeout_file     = args.eeout_filename
    watt           = args.power_level_in_watts
    heatflux_file  = args.output
    edit_num       = args.embee

    eeout_to_inp(eeout_file,watt,heatflux_file,edit_num)
    


# Copyright Triad National Security, LLC/LANL/DOE - see LICENSE file

import h5py, logging, os
import numpy as np

#------------------------------------------------------------------------------
def get_h5eeout_data(eeout_filename, edit_num=6):
    """
    Get data from an HDF5 EEOUT file.

    Parameters
    ----------
    eeout_filename : string
        An HDF5 EEOUT file.
    edit_num : integer, optional
        An EMBEE number. The default is 6.

    Returns
    -------
    ret_code : integer
        A return code.
    cell_name : list of string
        A list of cell names.
    mesh_data : dictionary
        Keys are cell_name and values are mesh data lists.
    edit_data : dictionary
        Keys are cell_name and values are edit data lists.

    """
    ret_code = 0
    cell_name = []
    mesh_data = {}
    edit_data = {}
    
    if not os.path.isfile(eeout_filename):
        logging.error(f'{eeout_filename} file does not exist')
        ret_code = 1
        return ret_code, cell_name, mesh_data, edit_data
    
    h = h5py.File(eeout_filename,'r')
    
    # check path
    um = 'unstructured_mesh'
    cn = 'cell_name'
    path = f'/{um}/{cn}'
    if path not in h:
        logging.error(f'{path} is not a path in {eeout_filename}')
        ret_code = 2
        return ret_code, cell_name, mesh_data, edit_data
    
    # get cell name dataset
    cell_label = list(h[path])
    path_name = []
    for c in cell_label:
        name = c.decode('utf-8').strip()
        path_name.append(f'/{um}/{name}')
        cell_name.append(name)

    for pname, cname in zip(path_name, cell_name):
        # get density
        k = f'{pname}/material/mass_density'
        if k not in h:
            logging.error(f'{k} is not a path in {eeout_filename}')
            ret_code = 3
            return ret_code, cell_name, mesh_data, edit_data
        den = list(h[k])[0]

        # get volume
        k = f'{pname}/volume/element_volume'
        if k not in h:
            logging.error(f'{k} is not a path in {eeout_filename}')
            ret_code = 4
            return ret_code, cell_name, mesh_data, edit_data
        vol = np.array(h[k])

        # get element id
        k = f'{pname}/mesh/element_id'
        if k not in h: elid = None
        else: elid = np.array(h[k])

        mesh_data[cname] = [den, vol, elid]
       
    edit_data = {}
    found_edit_data = False
    for pname,cname in zip(path_name, cell_name):
        # check a path
        edit_group = f'{pname}/edit'
        if edit_group not in h:
            logging.error(f'{edit_group} is not a path in {eeout_filename}')
            ret_code = 5
            return ret_code, cell_name, mesh_data, edit_data
        
        edit_label = h[edit_group].keys()
        for label in edit_label:
            if not label.startswith(f'edit_{edit_num}'): continue
            
            # get edit value
            v = f'{edit_group}/{label}/value'
            if v not in h:
                logging.error(f'{v} is not a path in {eeout_filename}')
                ret_code = 6
                return ret_code, cell_name, mesh_data, edit_data
            edit_data[cname] = np.array(h[v])
            found_edit_data = True
            break

    if not found_edit_data:
        logging.error(f'no EMBEE number {edit_num} in {eeout_filename}')
        ret_code = 7
        return ret_code, cell_name, mesh_data, edit_data
    
    h.close()
    
    return  ret_code, cell_name, mesh_data, edit_data

#------------------------------------------------------------------------------
def calc_power(eeout_file, embee_num=6):
    """
    Calculate power.

    Parameters
    ----------
    eeout_file : string
        An HDF5 EEOUT file name.
    embee_num : integer, optional
        An EMBEE number. The default is 6.

    Returns
    -------
    ret_code : integer
        A return code.
    cell_name : list of string
        A list of cell names.
    power : dictionary
        Keys are cell_name and values are power.
    elid : dictionary
        Keys are cell_name and values are element ids or None.

    """
    ret_code, cell_name, mesh_data, edit_data = get_h5eeout_data(eeout_file, embee_num)
    power = {}
    elid  = {}
    if ret_code != 0: return ret_code, cell_name, power, elid

    # Compute energy for each cell
    esum = 0.
    cell_energy = []
    for cname in cell_name:
        mdata = mesh_data.get(cname)
        den = mdata[0]   # density  (g/cc)
        vol = mdata[1]   # volume  (cc)
        energy = edit_data.get(cname)        # energy deposition (MeV/g) 
        el_energy = den*energy               # unit in MeV/cc              
        esum = esum + np.sum(vol*el_energy)  # unit in MeV
        cell_energy.append(el_energy)
        elid[cname] = mdata[2]  # element ids or None

    # Compute power
    for cname, cenergy in zip(cell_name, cell_energy):
        power[cname] = cenergy/esum  # unit in /cc
        
    return ret_code, cell_name, power, elid
 
#------------------------------------------------------------------------------    
def write_heat_flux(eeout_file, heatflux_file, watt, amp, flux, edit_num):
    """
    Write a heat flux file for an Abaqus heat transfer calculation.

    Parameters
    ----------
    eeout_file : string
        An HDF5 EEOUT file name.
    heatflux_file : string
        A heat flux file name.
    watt : real
        A power level in Watt.
    amp : string
        An amplitute line.
    flux : string
        A dflux line.
    edit_num : integer
        An EMBEE number.

    Returns
    -------
    None.

    """
    str_edit_num = str(edit_num)
    if str_edit_num[-1] != '6':
        logging.error(f'edit number {edit_num} does not end with 6')
    else:
        ret_code, cell_name, power, elid = calc_power(eeout_file, edit_num)
        if ret_code == 0:
            text = [f'{amp}\n']
            text.append(f'0, {watt}\n')
            text.append(f'1, {watt}\n')
            text.append(f'1e+33, {watt}\n')
            text.append(f'{flux}\n')
        
            for cname in cell_name:
                i = cname.rfind('P')
                c = cname[:i]     # remove Px where x is a number from cname
                p = power[cname]  # get power in a current cell
                e = elid[cname]
                if e is None:
                    for i in range(0,len(p)): text.append(f'{c}.{i+1}, bf, {p[i]}\n')
                else:
                    for i in range(0,len(p)): text.append(f'{c}.{e[i]}, bf, {p[i]}\n')
            fw = open(heatflux_file,"w")
            fw.write(''.join(text))
            fw.close()
            print(f'    Abaqus thermal input file generated :: {heatflux_file}\n')
            
    return None 

#------------------------------------------------------------------------------
def h5eeout_to_inp(eeout_file,watt,heatflux_file='heatFlux_h5.inp',edit_num=6):
    """
    Extract EEOUT data and write an Abaqus heat flux input file.

    Parameters
    ----------
    eeout_file : string
        An HDF5 EEOUT file.
    watt : integer
        A power level in Watt.
    heatflux_file : string, optional
        A heat flux file name. The default is 'heatFlux_h5.inp'.
    edit_num : integer, optional
        An EMBEE number. The default is 6.

    Returns
    -------
    None.

    """
    import time
    
    help_info = f"""
    Process an MCNP HDF5 EEOUT file and produce a body heat flux file for an Abaqus heat transfer calculations.

    Produce:
    {heatflux_file} (for Abaqus heat transfer calculation)

    To use the file, add {heatflux_file} in an Abaqus input file after a '*Heat Transfer' line as
    '''
    *INCLUDE, INPUT={heatflux_file}
    '''
    """
    
    amp     = '*amplitude, name=thermalAmplitude'
    flux    = '*dflux, amplitude=thermalAmplitude'
        
    print(help_info)
    print('>>> Caution :: Assuming DEFAULT EMBEE6 units from MCNP [MeV/g] \n')
    print(f'    Reading File :: {eeout_file}\n')
    print(f'    Power set to :: {watt}  watts\n')

    start_time = time.time()
    write_heat_flux(eeout_file, heatflux_file, watt, amp, flux, edit_num)
    time_s = round(time.time() - start_time, 5)
    time_m = round(time_s/60., 1)
    time_h = round(time_s/3600., 2)
        
    message = '>>> Code completed in {:f}  seconds [{:f} minutes \
|| {:f} hours]\n'.format(time_s, time_m, time_h)
    print(message)

# -----------------------------------------------------------------------------
if __name__ == '__main__':
    import argparse
    
    parser = argparse.ArgumentParser(prog='h5eeout_to_inp',
                                     description='Process an MCNP HDF5 EEOUT file \
and produce a body heat flux file for an Abaqus heat transfer calculation.')
    
    parser.add_argument('h5eeout_filename',
                        type=str,
                        help="MCNP HDF5 EEOUT file name")
    
    parser.add_argument('power_level_in_watts',
                        type=float,
                        help="Power level in Watts")

    parser.add_argument("-o", "--output", metavar="heatFlux.inp",
                        default='heatFlux.inp', type=str,
                        help="Heat flux file name")
    
    parser.add_argument('-e', '--embee',  metavar='6',
                        default=6, type=int,
                        help='EMBEE number for energy depostion [must end with 6]')
    
    args = parser.parse_args()
    
    eeout_file      = args.h5eeout_filename
    watt            = args.power_level_in_watts
    heatflux_file   = args.output
    edit_num        = args.embee
    
    h5eeout_to_inp(eeout_file,watt,heatflux_file,edit_num)
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