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2.2.4.1 Computation of the inverse of a multivariate cumulative distribution function: 

2.2.4.2 Derivation of the probability distribution function from the cumulative 
distribution function 
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2.3.1.1 Transformation Method 
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2.3.1.2 Rejection Method 
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2.3.1.3 Multivariate and Parametric Distributions 
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2.3.5.1 The Limit Surface 



 



2.3.5.2 Surrogate Models 

2.3.5.3 The Searching Algorithm 

 





2.3.5.4 Computation of the Probability Associated 
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[GlobalParams] 
  # these initial values will be used for all the fluid models and will be overrode by local initial values if 
provided 
  # if not provided, these default values will be used 
  # scaling factors for flow equations; if not provided, default values will be used 
  scaling_factor_var = '1e-3 1e-4 1e-8' 
  temperature_sf = '1e-4' 
  gravity = '0 0 -9.8' 
  global_init_P = 7.e6 
  global_init_V = 3. 
  global_init_T = 517. #517.252 
  model_type = 32 
  global_init_alpha = 0.0 
  stabilization_type = 'LAPIDUS' 
[] 
[EoS] 
  [./two_phase_eos] 
    type = TwoPhaseStiffenedGasEOS 
  [../] 
  [./vapor_phase_eos] 
    type = StiffenedGasEquationOfStateVapor 
  [../] 
  [./liquid_phase_eos] 
    type = StiffenedGasEquationOfStateLiquid 
  [../] 
  [./eos_nc] 
    type = N2Properties 
  [../] 
[] 
 [Materials] 
  [./fuel-mat] 
    k = 3.7 
    Cp = 3.e2 
    type = SolidMaterialProperties 
    rho = 10.42e3 
  [../] 
  [./gap-mat] 
    k = 0.7 
    Cp = 5e3 
    type = SolidMaterialProperties 
    rho = 1.0 
  [../] 
  [./clad-mat] 
    k = 16 
    Cp = 356. 
    type = SolidMaterialProperties 
    rho = 6.551400e3 
  [../] 



[] 
[Components] 
  #----Main steam line 
  # steam venting line 
  # ------------------------------------------------- 
  # water loop to simulate water drawing back to core 
  # ------------------------------------------------- 
  # ------------------------------------------------- 
  # gas vent loop to simulate venting to dry well 
  # ------------------------------------------------- 
  # ------------------------------------------------- 
  # wet well 
  # ------------------------------------------------- 
  # separated water return line 
  # feed water line 
  [./reactor] 
    #decay_heat = decayheatcurve 
    #decay_heat = decayheatcurveSuperTricked 
    initial_power = 3293.0e6 
    type = Reactor 
  [../] 
  [./lowerplenum] 
    volume = 61.48 
    inputs = 'pipe11(out)' 
    center = '0.0  0.0  2.64' 
    scale_factors = '1.0E-3  1.0E-9  1.0E-0' # rho, rhoE, vel 
    Area = 11.64 
    outputs = 'ch1(in)' 
    K = '1.0 20' 
    initial_T = 517.0 
    eos = two_phase_eos 
    type = VolumeBranch 
  [../] 
  [./ch1] 
    #length = 3.6576 
    #Hw = 5.0e4 
    #aw = 2.354927e2 
    elem_number_of_hs = '5 1 2' #'5 1 2' 
    Ts_init = 517. 
    orientation = '0 0 1' 
    n_elems = 20 #in relap7 model: 50 200 
    power_fraction = '1.0 0.0 0.0' 
    Dh = 1.3597E-02 
    fuel_type = cylinder 
    name_of_hs = 'FUEL GAP CLAD' 
    Phf = 18.368e2 
    n_heatstruct = 3 
    stabilization_type = 'NONE' 
    A = 7.8 
    material_hs = 'fuel-mat gap-mat clad-mat' 
    position = '0 0.0  5.28' #'0 -4.0  5.28' 
    PoD = 1.547170E+00 
    f = 0.2 #0.05 
    type = CoreChannel 
    eos = two_phase_eos 
    length = 3.66 



    model_type = 32 
    HT_geometry_code = 110 # fuel bundle 
    width_of_hs = '6.057900e-3  1.524000e-4  9.398000e-4' 
    dim_hs = 1 
  [../] 
  [./upperplenum] 
    volume = 26.99 
    inputs = 'ch1(out)' 
    center = '0.0  0.0  9.88' 
    scale_factors = '1.0E-3  1.0E-8  1.0E-0' 
    Area = 14.36 
    outputs = 'pipe6(in)' 
    K = '3.0 1.0'  #'1.0 1.0' 
    initial_T = 517.0 
    eos = two_phase_eos 
    type = VolumeBranch 
  [../] 
  [./pipe6] 
    # rising pipe 
    A = 3.93  # PI/4 * (0.01)**2 
    orientation = '0 0 1' 
    Dh = 1.0 
    f = 0.1 
    Tw = 600 # wall temperature 
    Hw = 0. #1e5 
    eos = two_phase_eos 
    model_type = 32 
    length = 2.72 
    aw = 400 # 
    n_elems = 15 #in relap 7 model :40 
    position = '0.0 0.0 10.82' 
    type = Pipe 
    stabilization_type = 'NONE' 
  [../] 
  [./SeparatorDryer] 
    volume = 19.30 
    inputs = 'pipe6(out)' 
    center = '0.0 0.0 14.48' 
    scale_factors = '1.0E-3  1.0E-9  1.0E-0'  # rho, rhoE, vel 
    Area = 10.27 
    outputs = 'pipe7(in)  pipe8(in)' 
    K = '1.0  1.0  5.0' 
    initial_T = 517.0 
    initial_void_fraction = 0.9 
    eos = two_phase_eos 
    type = SeparatorDryer 
  [../] 
  [./pipe7] 
    # to steam dome 
    A = 3.93 
    orientation = '0  0  1' 
    Dh = 1.0 
    f = 0.1 
    Tw = 600 
    Hw = 0.0 
    eos = vapor_phase_eos 



    model_type = 3 
    length = 0.1 
    aw = 400.0 
    n_elems = 7 # in relap 7 model: 20 
    position = '0.0  0.0  15.42' 
    type = Pipe 
  [../] 
  [./Dome] 
    volume = 178.19 
    inputs = 'pipe7(out)' 
    center = '0.0  0.0  18.92' 
    scale_factors = '1.0E-3  1.0E-8  1.0E-0' 
    Area = 26.19 
    outputs = 'pipe9(in)' 
    K = '1.0 1.0' 
    eos = vapor_phase_eos 
    type = VolumeBranch 
  [../] 
  [./pipe9] 
    # main steam line coming out of dome 
    A = 1.32 
    orientation = '0 1 0' 
    Dh = 1.0 
    f = 0.1 
    Tw = 600 
    Hw = 0.0 
    eos = vapor_phase_eos 
    model_type = 3 
    length = 1.0 
    aw = 400.0 
    n_elems = 3 # in relap 7 model: 5 
    position = '0.0  3  18.92' 
    type = Pipe 
  [../] 
  [./SteamLineBranch] 
    volume = 2.64 #1.32 
    inputs = 'pipe9(out)' 
    center = '0.0  4  18.92' 
    scale_factors = '1.0E-4 1.0E-8 1.0' 
    Area = 1.32 
    outputs = 'pipe14(in) pipe_venting1(in)' 
    K = '0.0 0.0  0' 
    initial_T = 517.0 
    eos = vapor_phase_eos 
    type = VolumeBranch 
  [../] 
  [./pipe14] 
    # main steam line to MIV 
    A = 1.32 
    orientation = '0 1 0' 
    Dh = 1.0 
    f = 0.0 
    Tw = 600 
    Hw = 0.0 
    eos = vapor_phase_eos 
    model_type = 3 



    length = 1.0 
    aw = 400.0 
    n_elems = 3 # in relap 7 model: 5 
    position = '0.0  4  18.92' 
    type = Pipe 
  [../] 
  [./MainIsolationValve] 
    volume = 1.32 
    inputs = 'pipe14(out)' 
    center = '0.0  5.0  18.92' 
    scale_factors = '1.0E-4  1.0E-11'  # rho, rhoE 
    Area = 1.32 
    outputs = 'pipe_steam_turbine(in)' 
    K = '0.0 0.0' 
    initial_T = 517.0 
    initial_status = open 
    eos = vapor_phase_eos 
    trigger_time = 1 #1.0E5 
    type = Valve 
    response_time = 10 #1.1E5 
  [../] 
  [./pipe_steam_turbine] 
    # main steam line to TDV 
    A = 1.32 
    orientation = '0 1 0' 
    Dh = 1.0 
    f = 0.0 
    Tw = 600 
    Hw = 0.0 
    eos = vapor_phase_eos 
    model_type = 3 
    length = 1.0 
    aw = 400.0 
    n_elems = 3 # in relap 7 model: 5 
    position = '0.0  5  18.92' 
    type = Pipe 
  [../] 
  [./outlet1] 
    weak_bc = false 
    T_bc = 517 
    p_bc = 7.0e6 
    eos = vapor_phase_eos 
    input = 'pipe_steam_turbine(out)' 
    type = TimeDependentVolume 
  [../] 
  [./pipe_venting1] 
    #stabilization_type = 'NONE' 
    # geometry 
    A = 1.2566e-1 
    orientation = '0 0 -1' 
    Dh = 0.4 
    f = 0.1 
    initial_P = 7e6 
    initial_T = 517. 
    Hw = 0.0 # not setting Hw means that Hw is calculated by models, need set 0 for no heat transfer 
    initial_V = 0. 



    eos = vapor_phase_eos 
    n_elems = 4 # in relap 7 model: 10 
    length = 5 #0.1 
    model_type = 3 
    position = '0  4  18.92' 
    type = Pipe 
  [../] 
  [./branch_venting1] 
    volume = 2.5132e-1 
    inputs = 'pipe_venting1(out)' 
    center = '0.0  4  13.92' 
    scale_factors = '1.0E-4 1.0E-8 1.0' 
    Area = 1.2566e-1 
    outputs = 'pipe_venting2(in)' 
    K = '100 100' 
    initial_T = 517.0 
    eos = vapor_phase_eos 
    type = VolumeBranch 
  [../] 
  [./pipe_venting2] 
    #stabilization_type = 'NONE' 
    # geometry 
    A = 1.2566e-1 
    orientation = '0 1 0' 
    Dh = 0.4 
    f = 0.1 
    initial_P = 7e6 
    initial_T = 517. 
    Hw = 0.0 # not setting Hw means that Hw is calculated by models, need set 0 for no heat transfer 
    initial_V = 0. 
    eos = vapor_phase_eos 
    n_elems = 4 # in relap 7 model: 10 
    length = 4 #0.1 
    model_type = 3 
    position = '0  4  13.92' 
    type = Pipe 
  [../] 
  [./branch_venting2] 
    volume = 2.5132e-1 
    inputs = 'pipe_venting2(out)' 
    center = '0.0  8  13.92' 
    scale_factors = '1.0E-4 1.0E-8 1.0' 
    Area = 1.2566e-1 
    outputs = 'pipe_turbine_inlet(in)' 
    K = '100 100' 
    initial_T = 517.0 
    eos = vapor_phase_eos 
    type = VolumeBranch 
  [../] 
  [./pipe_turbine_inlet] 
    #stabilization_type = 'NONE' 
    # geometry 
    A = 1.2566e-1 
    orientation = '0 0 -1' 
    Dh = 0.4 
    f = 0.1 



    initial_P = 7e6 
    initial_T = 517. 
    Hw = 0.0 # not setting Hw means that Hw is calculated by models, need set 0 for no heat transfer 
    initial_V = 0. 
    eos = vapor_phase_eos 
    n_elems = 4 # in relap 7 model: 10 
    length = 16.92 
    model_type = 3 
    position = '0  8  13.92' 
    type = Pipe 
  [../] 
  [./turbine] 
    inputs = 'pipe_turbine_inlet(out)' 
    p0_design = 7e6 #6e6 
    scale_factors = '1e-1 1e-1 1e-5 1e-7' # for inlet pressure, outlet pressure, outlet density, and shaft work 
    Initial_p = 7e6 
    outputs = 'pipe_turbine_outlet(in)' 
    Initial_T = 517. 
    T0_design = 517 
    eos = vapor_phase_eos 
    Turbine_efficiency = 0.6 #0.9 
    is_shutdown = 'false' #'true' 
    relative_mass_flow_rate_design = 0.8 
    pressure_ratio_design = 3. #3.0 
    type = Turbine 
    max_mass_flow_rate = 2e-1  # steady state design point 
  [../] 
  [./pipe_turbine_outlet] 
    #stabilization_type = 'SUPG' 
    #eos = two_phase_eos 
    # geometry 
    #initial_void_fraction = 1.0 
    A = 1.2566e-1 #7.854e-1 
    orientation = '0 0 -1' 
    Dh = 0.4 #1 
    f = 0.1 #10 
    initial_P = 1.5e5 #1e5 
    initial_T = 400 #300. 
    Hw = 0.0 
    initial_V = 1e-2 #0. 
    eos = vapor_phase_eos 
    n_elems = 4 # in relap 7 model: 10 
    length = 6.5 #0.1 
    model_type = 3 
    position = '0  9   -3' #'0  4.1   18.82' 
    type = Pipe 
  [../] 
  [./pipe_RCIC_pump_inlet] 
    # geometry 
    A = 3.141593e-2 
    orientation = '0  0  1' 
    Dh = 0.2 
    f = 0.001 #0.2 
    initial_P = 1e5 
    initial_T = 300 
    Hw = 0.0 # not setting Hw means that Hw is calculated by models, need set 0 for no heat transfer 



    initial_V = 0 #1e-3 
    eos = liquid_phase_eos 
    n_elems = 7 # in relap 7 model: 20 
    length = 8 
    model_type = 3 
    position = '0  6  -11' 
    type = Pipe 
    stabilization_type = 'SUPG' 
  [../] 
  [./RCIC_pump] 
    # now no-used but still required parameters, give them some whatever values 
    #Area = 0.007853982 
    inputs = 'pipe_RCIC_pump_inlet(out)' 
    outputs = 'pipe_RCIC_pump_outlet(in)' 
    Initial_pressure = 1.0e5 
    eos = liquid_phase_eos 
    mass_flow_rate = 2e-1   # this number should be equal or smaller than the  max_mass_flow_rate for 
turbine 
    type = IdealPump   # IdealPump is good to simulate closed valve for incompressible fluid 
  [../] 
  [./pipe_RCIC_pump_outlet] 
    # geometry 
    A = 3.141593e-2 
    orientation = '0 -1 0' 
    Dh = 0.2 
    f = 1e-3 
    initial_P = 7e6 
    initial_T = 517 
    Hw = 0.0 # not setting Hw means that Hw is calculated by models, need set 0 for no heat transfer 
    initial_V = 0 #1e-3 
    eos = liquid_phase_eos 
    n_elems = 3 # in relap 7 model: 5 
    length = 1 
    model_type = 3 
    position = '0  5  -3' 
    type = Pipe 
    stabilization_type = 'SUPG' 
  [../] 
  [./branch_RCIC_water_line] 
    volume = 0.007853982 
    inputs = 'pipe_RCIC_pump_outlet(out)' 
    center = '0  4  -2' 
    scale_factors = '1.0E-4 1.0E-8 1.0' 
    Area = 3.141593e-2 
    outputs = 'pipe_RCIC_to_feedwater_line(in)' 
    K = '0 0' 
    initial_T = 517.0 
    eos = liquid_phase_eos 
    type = VolumeBranch 
  [../] 
  [./pipe_RCIC_to_feedwater_line] 
    # geometry 
    A = 3.141593e-2 
    orientation = '0 0 1' 
    Dh = 0.2 
    f = 1e-4 #0.01 



    initial_P = 7e6 
    initial_T = 517 
    Hw = 0.0 # not setting Hw means that Hw is calculated by models, need set 0 for no heat transfer 
    initial_V = 0 #1e-3 
    eos = liquid_phase_eos 
    n_elems = 9 # in relap 7 model: 30 
    length = 15.52 
    model_type = 3 
    position = '0  4  -3' 
    type = Pipe 
    stabilization_type = 'SUPG' 
  [../] 
  [./pipe_to_dry_well] 
    # geometry 
    A = 0.031415927 
    orientation = '0 1 0' 
    Dh = 0.2 
    f = 0.01 #0.2 
    initial_P = 1e5 
    initial_T = 300 
    Hw = 0.0 # not setting Hw means that Hw is calculated by models, need set 0 for no heat transfer 
    initial_V = 0 
    eos = eos_nc 
    n_elems = 15 # in relap 7 model: 50 
    length = 0.2 
    model_type = 3 
    position = '0  11  -4' 
    type = Pipe 
    stabilization_type = 'NONE' 
  [../] 
  [./VacuumBreaker] 
    volume = 3.142e-3 
    inputs = 'pipe_to_dry_well(out)' 
    center = '0  11.2  -4' 
    scale_factors = '1.0E-4  1.0E-11'  # rho, rhoE 
    Area = 0.031415927 
    outputs = 'pipe_to_dry_well2(in)' 
    K = '0.0 0.0' 
    initial_T = 300 
    initial_status = close 
    eos = eos_nc 
    Initial_pressure = 1.e5 
    trigger_time = 1.0E100 
    type = Valve 
    response_time = 1.1E100 
  [../] 
  [./pipe_to_dry_well2] 
    # geometry 
    A = 0.031415927 
    orientation = '0 1 0' 
    Dh = 0.2 
    f = 0.01 #0.2 
    initial_P = 1e5 
    initial_T = 300 
    Hw = 0.0 # not setting Hw means that Hw is calculated by models, need set 0 for no heat transfer 
    initial_V = 0 



    eos = eos_nc 
    n_elems = 15 # in relap 7 model:  50 
    length = 0.2 
    model_type = 3 
    position = '0  11.3  -4' 
    type = Pipe 
    stabilization_type = 'NONE' 
  [../] 
  [./Dry_well] 
    eos = eos_nc 
    input = 'pipe_to_dry_well2(out)' 
    p_bc = 1.e5 
    type = TimeDependentVolume 
    T_bc = 300 
  [../] 
  [./wet_well] 
    eos_water = liquid_phase_eos 
    K_or = 1.0 
    K_ir = 1e6 #0.5 
    K_i = 100 #1.0 
    Lt = 8 
    K_o = 0.1 #0.5 
    cooling_rate = 0.0 
    scale_factors = '1e-5 1e-10 1e-7 1e-13 1e-6' # for mg, me_g, mw, me_w, Lw 
    Lw_initial = 4 #5 
    type = WetWell 
    inputs = 'pipe_turbine_outlet(out)' 
    z_in = 2.5 
    eos_vapor = vapor_phase_eos 
    outputs = 'pipe_RCIC_pump_inlet(in) pipe_to_dry_well(in)' 
    K_vr = 1.0 
    alpha_s = 1e3 
    K_v = 0.5 
    Ac = 892.5 FIXME 
    p_gas_initial = 1.e5 
    z_out = 1 
    T_initial = 300.0 
    eos_nc_gas = eos_nc 
  [../] 
  [./pipe8] 
    # discharge water line from SeparatorDryer 
    A = 3.93 
    orientation = '0  1  0' 
    Dh = 1.0 
    f = 0.1 
    Tw = 600 
    Hw = 0.0 
    eos = liquid_phase_eos 
    model_type = 3 
    length = 0.5 #2.0 
    aw = 400.0 
    n_elems = 3 # in relap 7 model: 5 
    position = '0.0  2.0  14.48' 
    type = Pipe 
  [../] 
  [./DownComer] 



    volume = 201.3 #171.3 
    inputs = 'pipe8(out) pipe_feedwater3(out)' 
    center = '0.0  2.75  9.81' #'0.0  4.0  9.81' 
    scale_factors = '1.0E-4  1.0E-10  1.0E-2'  # mass, energy, and level 
    dome_eos = vapor_phase_eos 
    outputs = 'pipe10(in)' 
    K = '1.0 10.0 1.0' 
    Area = 15 
    initial_T = 517.0 
    initial_level = 13.42 #11.42 
    eos = liquid_phase_eos 
    display_pps = 'true' 
    dome_component = 'Dome' 
    type = DownComer 
  [../] 
  [./pipe10] 
    # downcomer pipe 
    #position = '0.0  5.0  10.51' 
    #length = 6.42 
    A = 8.55 
    orientation = '0  0  -1' 
    Dh = 1.0 
    f = 0.1 
    Tw = 600 
    Hw = 0.0 
    eos = liquid_phase_eos 
    model_type = 3 
    length = 0.5 
    aw = 400.0 
    n_elems = 3 # in relap 7 model: 5 
    position = '0.0  2.75  2.10' #'0.0  5.0  4.10' 
    type = Pipe 
    stabilization_type = 'SUPG' 
  [../] 
  [./Pump] 
    #type = IdealPump 
    #mass_flow_rate = 12915.0 
    inputs = 'pipe10(out)' 
    Head = 40 #33.0 
    Area = 3.0 
    outputs = 'pipe11(in)' 
    eos = liquid_phase_eos 
    Initial_pressure = 7.3e6 
    K_reverse = '10. 10.' 
    type = Pump 
  [../] 
  [./pipe11] 
    # pipe to lower plenum 
    A = 8.55 
    orientation = '0  0  -1' 
    Dh = 1.0 
    f = 0.1 
    Tw = 600.0 
    Hw = 0.0 
    eos = liquid_phase_eos 
    model_type = 3 



    length = 0.5 
    aw = 400.0 
    n_elems = 3 # in relap 7 model: 5 
    position = '0.0  2.75  1.60' #'0.0  5.0  3.60' 
    type = Pipe 
    stabilization_type = 'SUPG' 
  [../] 
  [./inlet] 
    #    type = TDM 
    #    massflowrate_bc = 1909.2 
    T_bc = 508. 
    p_bc = 7.1e6 
    eos = liquid_phase_eos 
    void_fraction_bc = -0.01 
    input = 'pipe_feedwater1(in)' 
    type = TimeDependentVolume 
  [../] 
  [./pipe_feedwater1] 
    #feedwater line from TDV 
    #    f = 0.01 
    #stabilization_type = 'LAPIDUS' 
    A = 1.32 
    orientation = '0  -1  0' 
    Dh = 1.0 
    f = 0.01 #1 
    Tw = 600.0 
    Hw = 0. 
    eos = liquid_phase_eos 
    model_type = 3 
    length = 1.0 
    aw = 400.0 
    n_elems = 3 # in relap 7 model: 5 
    position = '0.0  6.0  12.52' #'0.0  7.0  12.52' 
    type = Pipe 
    stabilization_type = 'SUPG' 
  [../] 
  [./FeedWaterValve] 
    volume = 1.32 
    inputs = 'pipe_feedwater1(out)' 
    center = '0.0  5.0  12.52' 
    scale_factors = '1.0E-4  1.0E-11'  # rho, rhoE 
    Area = 1.32 
    outputs = 'pipe_feedwater2(in)' 
    K = '0.0 0.0' 
    initial_T = 517.0 
    initial_status = open 
    eos = liquid_phase_eos 
    trigger_time = 1 #1.0E5 
    type = Valve 
    response_time = 1 #1.1E5 
  [../] 
  [./pipe_feedwater2] 
    #feedwater line from feed water valve 
    #    f = 0.01 
    #stabilization_type = 'LAPIDUS' 
    A = 1.32 



    orientation = '0  -1  0' 
    Dh = 1.0 
    f = 0.01 #1 
    Tw = 600.0 
    Hw = 0. 
    eos = liquid_phase_eos 
    model_type = 3 
    length = 1.0 
    aw = 400.0 
    n_elems = 3 # in relap 7 model: 5 
    position = '0.0  5.0  12.52' #'0.0  7.0  12.52' 
    type = Pipe 
    stabilization_type = 'SUPG' 
  [../] 
  [./branch_feedwater_line] 
    volume = 1.32 
    inputs = 'pipe_feedwater2(out)' 
    center = '0.0  4.0  12.52' 
    scale_factors = '1.0E-4 1.0E-8 1.0' 
    Area = 1.32 
    outputs = 'pipe_feedwater3(in)  pipe_RCIC_to_feedwater_line(out)' 
    K = '0  0  0' 
    initial_T = 517.0 
    eos = liquid_phase_eos 
    type = VolumeBranch 
  [../] 
  [./pipe_feedwater3] 
    #feedwater line to downcomer 
    #f = 0 
    #stabilization_type = 'LAPIDUS' 
    A = 1.32 
    orientation = '0  -1  0' 
    Dh = 1.0 
    f = 0.01 
    Tw = 600.0 
    Hw = 0. 
    eos = liquid_phase_eos 
    model_type = 3 
    length = 1.0 
    aw = 400.0 
    n_elems = 3 # in relap 7 model: 5 
    position = '0.0  4.0  12.52' #'0.0  6.0  12.52' 
    type = Pipe 
    stabilization_type = 'SUPG' 
  [../] 
[] 
[Postprocessors] 
  [./core_void] 
    variable = void_fraction_HEM 
    type = ElementAverageValue 
    block = 'ch1:pipe' 
  [../] 
[] 
[Preconditioning] 
  # active = 'FDP_PJFNK' 
  #active = 'FDP_Newton' 



  active = 'SMP_PJFNK' 
  [./SMP_PJFNK] 
    petsc_options_iname = '-mat_fd_type -mat_mffd_type' 
    petsc_options_value = 'ds ds' 
    full = true 
    type = SMP 
    solve_type = 'PJFNK' 
  [../] 
  [./FDP_PJFNK] 
    petsc_options_iname = '-mat_fd_type  -mat_mffd_type' 
    petsc_options_value = 'ds             ds' 
    full = true 
    type = FDP 
    solve_type = 'PJFNK' 
  [../] 
  [./FDP_Newton] 
    petsc_options_iname = '-mat_fd_coloring_err' 
    petsc_options_value = '1.e-10' 
    full = true 
    type = FDP 
    solve_type = 'NEWTON' 
  [../] 
[] 
[Executioner] 
  #type = Transient 
  #predictor_scale = 0.5 
  # 
  #  [./TimeStepper] 
  #    type = SolutionTimeAdaptiveDT 
  #    dt = 0.5 
  #    percent_change = 0.15 
  #  [../] 
  #  num_steps = 5000000000 The number of timesteps in a transient run 
  #restart_file_base = SBO_raven_8_11_out_restart_12680 
  #restart_file_base = SBO_8_11_small_steady_out_cp/0572 
  nl_abs_tol = 1e-4 #5e-5 
  petsc_options_value = '30 lu' 
  nl_max_its = 20 #11 #15 
  restart_file_base = 0750 
  type = RavenExecutioner 
  start_time = 0 #1834.0600 
  nl_rel_tol = 1e-8 #1e-9 
  dump_raven_init = false 
  l_tol = 1e-4 #1e-6   Relative linear tolerance for each Krylov solve 
  dtmin = 1.e-9 
  dt = 1e-2 
  scheme = 'implicit-euler' # this is not default option anymore 
  petsc_options_iname = '-ksp_gmres_restart -pc_type' 
  l_max_its = 30 #60 Number of linear iterations for each Krylov solve 
  end_time = 450 
  [./TimeStepper] 
    # steady state time step control 
    #time_t  = '0       0.01      0.1    0.5     20      50    100  1e5' 
    #time_dt = '1e-3    2.e-3     2.e-3  1.e-2   1.1e-2  1.5e-2  2e-2 2e-1' 
    #time_dt = '5e-3    5.e-3     5.e-3  2.e-2   4.e-2  1e-1  2e-1   5e-1' 
    #  transient time step control 



    time_t = '0       0.01      0.1    0.5     20      50     100  200  298 1820  1e5'  
    time_dt = '1e-2    2.e-2     2.e-2  1.e-1   1e-1    2e-1   1e-1 2e-1 6e-2 3e-1  1e-1' 
    type = FunctionDT 
  [../] 
  [./Quadrature] 
    # Specify the order as FIRST, otherwise you will get warnings in DEBUG mode... 
    type = TRAP 
    order = FIRST 
  [../] 
[] 
[Outputs] 
  # Turn on performance logging 
  #interval = 20 
  #  num_checkpoint_files = 1 
  exodus = false 
  output_intermediate = false 
  output_displaced = false 
  output_initial = false 
  perf_log = true 
  csv = true 
  [./console] 
    perf_log = false 
    type = Console 
  [../] 
[] 
[Debug] 
  #  show_var_residual_norms = true 
[] 
[Controlled] 
  control_logic_input = SBO_control_logic_final 
  [./turbine_max_mass_flow_rate] 
    print_csv = true 
    data_type = double 
    property_name = max_mass_flow_rate 
    component_name = turbine 
  [../] 
  [./RCIC_pump_flow_rate] 
    print_csv = true 
    data_type = double 
    property_name = mass_flow_rate 
    component_name = RCIC_pump 
  [../] 
  [./HeadPump] 
    print_csv = true 
    property_name = Head 
    data_type = double 
    component_name = Pump 
  [../] 
  [./ReactorPowerFract] 
    print_csv = true 
    property_name = FUEL:power_fraction 
    data_type = double 
    component_name = ch1 
  [../] 
  [./ReactorPower] 
    print_csv = false 



    property_name = initial_power 
    data_type = double 
    component_name = reactor 
  [../] 
[] 
[RavenAuxiliary] 
  [./initialPowerFractionLevel] 
    print_csv = true 
    data_type = double 
    initial_value = 0.0 
  [../] 
  [./RealPower] 
    print_csv = true 
    data_type = double 
    initial_value = 0.0 
  [../] 
  [./initialHeadPump] 
    print_csv = true 
    data_type = double 
    initial_value = 40.0 
  [../] 
  [./DGsFailTime] 
    print_csv = true 
    data_type = double 
    initial_value = 0.0 
  [../] 
  [./DGsRecoveryTime] 
    print_csv = true 
    data_type = double 
    initial_value = 0.0 
  [../] 
  [./CollapsedTimeParameter] 
    print_csv = true 
    data_type = double 
    initial_value = 0.0 
  [../] 
  [./CanDGsFailAgain] 
    print_csv = false 
    data_type = bool 
    initial_value = false 
  [../] 
  [./AuxSystemAvailable] 
    print_csv = true 
    data_type = bool 
    initial_value = false 
  [../] 
  [./OffSitePowerRecoveryTime] 
    print_csv = true 
    data_type = double 
    initial_value = 0.0 
  [../] 
  [./BurnUp] 
    print_csv = true 
    data_type = double 
    initial_value = 0.0 
  [../] 



  [./PbThreshold2Ddist] 
    print_csv = true 
    data_type = double 
    initial_value = 0.0 
  [../] 
  [./CladTempFailure] 
    print_csv = true 
    data_type = double 
    initial_value = 0.0 
  [../] 
  [./CladFailed] 
    print_csv = true 
    data_type = bool 
    initial_value = false 
  [../] 
  [./MonitorProbabilityLevel] 
    print_csv = true 
    data_type = double 
    initial_value = 0.0 
  [../] 
  [./sboStartTime] 
    print_csv = true 
    data_type = double 
    initial_value = 1.0 
  [../] 
  [./keepGoing] 
    print_csv = true 
    data_type = bool 
    initial_value = true 
  [../] 
  [./Pdf2Ddistribution] 
    print_csv = true 
    data_type = double 
    initial_value = 0.0 
  [../] 
  [./PdfDGs] 
    print_csv = true 
    data_type = double 
    initial_value = 0.0 
  [../] 
  [./PdfOffSite] 
    print_csv = true 
    data_type = double 
    initial_value = 0.0 
  [../] 
  [./PdfBU] 
    print_csv = true 
    data_type = double 
    initial_value = 0.0 
  [../] 
  [./PointProbability] 
    print_csv = true 
    data_type = double 
    initial_value = 0.0 
  [../] 
[] 



[RavenTools] 
  [./PumpCoastDown] 
    coefficient = 3 #2 
    initial_flow_rate = 40 
    type = pumpCoastdownExponential 
  [../] 
  [./DecayHeat] 
    fitting_type = linear 
    type = TableFunction 
    y_coordinates = '1 0.8 0.636236373 0.636204562 0.636172753 0.636140945 0.636109139 
0.636077334 0.636045531 0.636013729 0.63598193 0.635950131 0.635918335 0.635886539 
0.635854746 0.635822954 0.635791164 0.635759375 0.635727588 0.635695802 0.635664018 
0.635505122 0.635346265 0.635187449 0.635028672 0.634711237 0.63439396 0.634076843 
0.633759884 0.633126441 0.632493631 0.631861453 0.631229907 0.630598993 0.629968709 
0.626826727 0.623700416 0.620589697 0.617494493 0.28590802' 
    x_coordinates = '0 1 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 125 150 175 200 250 
300 350 400 500 600 700 800 900 1000 1500 2000 2500 3000 80000' 
 
  [../] 
  [./PumpRampUp] 
    fitting_type = linear 
    y_coordinates = '0  1.0' 
    type = TableFunction 
    x_coordinates = '0  5.0' 
  [../] 
[] 
[Distributions] 
  # CladFailure2DTriangularNormal is the distribution that drives the plant failure 
   [./CladFailure2DTriangularNormal] 
       alpha = '0 0' 
       beta  = '0 0' 
       function_type = CDF 
       type = MultiDimensionalCartesianSpline 
       data_filename = TriangularExponential2D.txt 
    [../] 
  # BurnUpDistribution is the distribution that define the sampling on the II dimension of 
CladFailure2DTriangularNormal 
  # This distribution is needed to create the 2D grid sampling (it define the Probability Thresholds) 
[./DGsRecoveryTime] 
    k = 0.745 
    V_window_Up = 237.17909 
    V_window_Low = 236.7169 
    xMax = 600.0 
    xMin = 1.0 
    type = WeibullDistribution 
    lambda = 120.0 
  [../] 
  [./OffSitePowerRecoveryTime] 
    type = LogNormalDistribution 
    V_window_Up = 99.66034 
    mu = 2.66 
    V_window_Low = 99.21281 
    xMax = 600.0 
    xMin = 20.0 
    sigma = 2.0 
  [../] 



  [./DummyPbForThresholdSet] 
    xMin = 0.0 
    type = UniformDistribution 
    V_window_Low = 0.3194424 
    V_window_Up = 0.320214 
    xMax = 1.0 
  [../] 
  [./BurnUpDistribution] 
    V_window_Up = 21.94146 
    V_window_Low = 21.89517 
    xMax = 60.0 
    xMin = 0.0 
    type = ExponentialDistribution 
    lambda = 0.01 
  [../] 
[] 
[Monitored] 
  [./ch1cladtemperature] 
    operator = NodalMaxValue #ElementAverageValue 
    path = CLAD:TEMPERATURE 
    data_type = double 
    component_name = ch1 
  [../] 

[]

import sys 
import math 
coordinate = None 
triangularBu = None 
 
def restart_function(monitored, controlled, auxiliary): 
     
    indebugmode = False 
    global coordinate 
    global triangularBu 
    if coordinate is None: 
      coordinate = distribution1D.vectord_cxx(2) 
      coordinate[0]=0.0 
      coordinate[1]=0.0 
    # initial pump head 
    auxiliary.initialHeadPump = 40.0 
    # get sampled vars (these calls are the same for all the sampling strategy types (except DET)) 
    if not indebugmode: 
      auxiliary.DGsRecoveryTime          = distributions.DGsRecoveryTime.getDistributionRandom() 
      auxiliary.OffSitePowerRecoveryTime = 
distributions.OffSitePowerRecoveryTime.getDistributionRandom() 
      auxiliary.BurnUp                   = distributions.BurnUpDistribution.getDistributionRandom() 
      auxiliary.PbThreshold2Ddist        = distributions.DummyPbForThresholdSet.getDistributionRandom() 
    else: 
      auxiliary.DGsRecoveryTime          = distributions.DGsRecoveryTime.getDistributionRandom() 
      auxiliary.OffSitePowerRecoveryTime = 
distributions.OffSitePowerRecoveryTime.getDistributionRandom() 
      auxiliary.BurnUp                   = distributions.BurnUpDistribution.getDistributionRandom() 
      auxiliary.PbThreshold2Ddist        = distributions.DummyPbForThresholdSet.getDistributionRandom() 



    # compute the key times 
    auxiliary.CollapsedTimeParameter   = 
min(auxiliary.DGsRecoveryTime,auxiliary.OffSitePowerRecoveryTime) 
    auxiliary.initialPowerFractionLevel= controlled.ReactorPowerFract 
    auxiliary.RealPower = controlled.ReactorPower 
    print('DGsRecoveryTime: ',         str(auxiliary.DGsRecoveryTime)) 
    print('OffSitePowerRecoveryTime: ',str(auxiliary.OffSitePowerRecoveryTime)) 
    print('BurnUp: ',                  str(auxiliary.BurnUp)) 
    print('PbThreshold2Ddist: ',       str(auxiliary.PbThreshold2Ddist)) 
    triangularBu = distribution1D.BasicTriangularDistribution(1477.59-
math.exp(0.092354*auxiliary.BurnUp),1255.3722-math.exp(0.092354*auxiliary.BurnUp),1699.8167-
math.exp(0.092354*auxiliary.BurnUp)) 
    print("CREATED DISTRIBUTION ON THE FLY...LOW:") 
    print(str(1255.3722-math.exp(-0.092354*auxiliary.BurnUp))) 
    print("PEAK:") 
    print(str(1477.59-math.exp(-0.092354*auxiliary.BurnUp))) 
    print("UP:") 
    print(str(1699.8167-math.exp(-0.092354*auxiliary.BurnUp))) 
def control_function(monitored, controlled,auxiliary): 
    global coordinate 
    global triangularBu 
    if auxiliary.CladFailed and monitored.time_step > 3: 
      auxiliary.keepGoing = False 
      print('CLAD FAILED') 
      return 
    coordinate[0] = monitored.ch1cladtemperature 
    coordinate[1] = auxiliary.BurnUp 
    print("LoweBound  2D Dist: " + str(1255.3722-math.exp(0.092354*auxiliary.BurnUp))) 
    print("Peak       2D Dist: " + str(1477.59-math.exp(0.092354*auxiliary.BurnUp))) 
    print("UpperBound 2D Dist: " + str(1699.8167-math.exp(0.092354*auxiliary.BurnUp))) 
    print("CDF of 2D ",str( triangularBu.Cdf(monitored.ch1cladtemperature))) 
    print("PDF of 2D ",str( triangularBu.Pdf(monitored.ch1cladtemperature))) 
    #auxiliary.MonitorProbabilityLevel = distributions.CladFailure2DTriangularNormal.Cdf(coordinate) 
    auxiliary.MonitorProbabilityLevel = triangularBu.Cdf(monitored.ch1cladtemperature) 
    auxiliary.Pdf2Ddistribution       = triangularBu.Pdf(monitored.ch1cladtemperature)  
    auxiliary.PdfDGs                  = distributions.DGsRecoveryTime.Pdf(auxiliary.DGsRecoveryTime) 
    auxiliary.PdfOffSite              = 
distributions.OffSitePowerRecoveryTime.Pdf(auxiliary.OffSitePowerRecoveryTime) 
    auxiliary.PdfBU                   = distributions.BurnUpDistribution.Pdf(auxiliary.BurnUp) 
    auxiliary.PointProbability        = auxiliary.PdfDGs*auxiliary.Pdf2Ddistribution*auxiliary.PdfOffSite 
    # pump head control 
    if (monitored.time <  auxiliary.sboStartTime)                                       : controlled.HeadPump = 
auxiliary.initialHeadPump 
    if (monitored.time >= (auxiliary.sboStartTime)) and (not auxiliary.AuxSystemAvailable): 
      controlled.HeadPump = tools.PumpCoastDown.compute(monitored.time-auxiliary.sboStartTime) 
      controlled.turbine_max_mass_flow_rate = min(0.2 + (auxiliary.initialHeadPump - 0.2) * 
(monitored.time) / 10, auxiliary.initialHeadPump) 
      controlled.RCIC_pump_flow_rate = min((0.2 + (auxiliary.initialHeadPump - 0.2) * (monitored.time) / 
10),auxiliary.initialHeadPump) 
    if controlled.HeadPump < auxiliary.initialHeadPump*1.0e-5                           : controlled.HeadPump = 
auxiliary.initialHeadPump*1.0e-5 
    # 
    if (monitored.time >= auxiliary.sboStartTime): 
      print('SBO CONDITION') 
      # scram => decay heat curve 
      controlled.ReactorPowerFract = 



auxiliary.initialPowerFractionLevel*tools.DecayHeat.compute(monitored.time-auxiliary.sboStartTime) 
      auxiliary.RealPower = controlled.ReactorPower*controlled.ReactorPowerFract 
      # check if aux cooling system is operative again 
      if monitored.time > (auxiliary.sboStartTime + auxiliary.CollapsedTimeParameter): 
auxiliary.AuxSystemAvailable = True 
      else                                                                           : auxiliary.AuxSystemAvailable = False 
      if auxiliary.AuxSystemAvailable: 
        print('COOLING SYSTEM UP') 
        # the cooling is guaranteed 
        if controlled.HeadPump <= auxiliary.initialHeadPump*0.5: 
        if (monitored.time - (auxiliary.sboStartTime + auxiliary.CollapsedTimeParameter)) < 5.0: 
            actualPumpHead = controlled.HeadPump 
            controlled.HeadPump = tools.PumpRampUp.compute(monitored.time - (auxiliary.sboStartTime + 
auxiliary.CollapsedTimeParameter))*auxiliary.initialHeadPump 
            if controlled.HeadPump < actualPumpHead:controlled.HeadPump = actualPumpHead 
          else: 
            controlled.HeadPump = auxiliary.initialHeadPump*0.5 #auxiliary.initialHeadPump*0.50 
            controlled.turbine_max_mass_flow_rate = auxiliary.initialHeadPump 
            controlled.RCIC_pump_flow_rate = auxiliary.initialHeadPump 
        controlled.ReactorPowerFract = auxiliary.initialPowerFractionLevel*0.01    
    if triangularBu.Cdf(monitored.ch1cladtemperature) >= auxiliary.PbThreshold2Ddist: 
      auxiliary.CladFailed = True 
    if auxiliary.CladFailed: auxiliary.CladTempFailure = monitored.ch1cladtemperature 
    return 
 
def keep_going_function(monitored, controlled, auxiliary): 
    return auxiliary.keepGoing


