
1/18 KAERI

Whole Core Transport CalculationWhole Core Transport CalculationWhole Core Transport CalculationWhole Core Transport Calculation

for the VHTR Hexagonal Corefor the VHTR Hexagonal Corefor the VHTR Hexagonal Corefor the VHTR Hexagonal Core

2007. 6. 52007. 6. 5

JinJin--Young Cho, KangYoung Cho, Kang--SeogSeog Kim, ChungKim, Chung--Chan LeeChan Lee

Korea Atomic Energy Research InstituteKorea Atomic Energy Research Institute

HanHan--GyuGyu JooJoo

Seoul National UniversitySeoul National University

ICAPP 2007, June 3-8, 2007, Istanbul Turkey



2/18 KAERI

IntroductionIntroductionIntroductionIntroduction

�� The The DeCARTDeCART CodeCode
� Direct Multigroup 3-D Whole-Core Transport Calculation Code at Power Generating 

Conditions in PWRs
� Generates Core Reactivity, 3-D Pinwise Power and Temperature  Distributions 

Directly using a multi Group Cross Section Library
� No Homogenization nor Group Condensation Needed

�� Primary MethodsPrimary Methods
� Planar Method Of Characteristics within the 3-D CMFD Framework

- 2-D MOC calculation with an approximated axial leakage source to generate dynamically 
homogenized cell Xsec and radial coupling coeff.

- Pin cell-based 3D CMFD (Coarse Mesh Finite Difference) calculation with axial SP3-NEM 
kernel and Sub-Plane Scheme

� Temperature Dep. Subgroup Method for Resonance Treatment

�� Primary CapabilityPrimary Capability
� Sub-pin Level Fuel Temperature Calculation for Each Pin
� MPI based Parallel Computation on LINUX Clusters 
� P1 Anisotropic Scattering Treatment
� Transient Calculation for a Given XS
� Sub-Pin Level Depletion Calculation
� Rectangular and Hexagonal Core Calculation



3/18 KAERI

IntroductionIntroductionIntroductionIntroduction

�� Implementation of the Whole Core Transport Kernel for Implementation of the Whole Core Transport Kernel for 
Hexagonal CoreHexagonal Core
� Modular Ray Tracing Module based on Hexagonal Assembly

- Modular Rays Using Similar Scheme to the Rectangular Geom.

� Multi-Group CMFD Module for an Efficient Transport Calculation

��Benchmark CalculationBenchmark Calculation
� C5G7MOX Hexagonal Variation Problem

� Three Types of NGNP BLOCKs

� 2-D Realistic NGNP Core

� Comparison with HELIOS and Monte Carlo Solutions
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Modular Rays for Hexagonal AssemblyModular Rays for Hexagonal AssemblyModular Rays for Hexagonal AssemblyModular Rays for Hexagonal Assembly
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�� Modular Ray Angle and Ray SpacingModular Ray Angle and Ray Spacing

�� Relation between n1, n2 and n3Relation between n1, n2 and n3

213 nnn +=

�� Requirements for Modular RayRequirements for Modular Ray
� Path Linking Capability: to Construct a Core Ray 

by Linking the Modular Rays and can be Met by 
Adjusting the Azimuthal Angles and Ray Spacings

� Complete Reflection Capability: Can be Met by 
Using Reflective Angles to Core Boundary Angles
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Symmetric Angles for Hexagonal AssemblySymmetric Angles for Hexagonal AssemblySymmetric Angles for Hexagonal AssemblySymmetric Angles for Hexagonal Assembly
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�� If a ray angle If a ray angle αααααααα which meets the first requirement is given for which meets the first requirement is given for 
0 < 0 < αααααααα < 30,  the following angles are generated to meet the 2< 30,  the following angles are generated to meet the 2ndnd

requirement of complete reflection capabilityrequirement of complete reflection capability
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Hexagonal Geometry ModelHexagonal Geometry ModelHexagonal Geometry ModelHexagonal Geometry Model

�� In hexagonal core, two types of hexagons existIn hexagonal core, two types of hexagons exist

�� Assembly geometry is fixedAssembly geometry is fixed

�� Pin and core geometry is flexible depending on the Pin and core geometry is flexible depending on the 
problem typeproblem type

1 Cell per Assembly

Multi-Cell per Assembly

Assy Boundary

Single Assembly Problem

Multi-Assembly Problem

Core Model 
= Assy Model

Real Assy

Dummy Assy

Core Boundary

Core Boundary
Assy Boundary

Cell Model 
= Assy Model

Hexagon Types
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Other FeaturesOther FeaturesOther FeaturesOther Features

�� Ray Analysis based on Structure UnitRay Analysis based on Structure Unit
� Gather All Beginning Points for Each Structure Unit

� Easy to Reduce Memory Requirement by Cell Ray Approximation

� Gap between Approximated Ray and Original Ray Less than 0.025 mm

�� Modified Cycle Ray SchemeModified Cycle Ray Scheme
� Reduce Memory Requirement for Angular Flux at the Core Boundary

� All the Rays Start and Finish at a Given Surface
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Structure Unit Modified Cycle Ray

Approximated Cell Ray

Cell Ray Approximation
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CMFD ModuleCMFD ModuleCMFD ModuleCMFD Module

1

1
1 h

DJ s φφ −−=

�� CMFD Module is Designed based on Structure UnitCMFD Module is Designed based on Structure Unit

�� Structure Unit 1 is Regular but the Others are IrregularStructure Unit 1 is Regular but the Others are Irregular

�� FDM Module to Treat the Unstructured GeometryFDM Module to Treat the Unstructured Geometry

�� Net Current Approximation for FDMNet Current Approximation for FDM
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�� 22--Group CMFD calculation for the acceleration of the MultiGroup CMFD calculation for the acceleration of the Multi--Group Group 
CMFD calculationCMFD calculation
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�� Current Definition in the CMFD FormulationCurrent Definition in the CMFD Formulation
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Radial Configuration

Axial Configuration

UA
MA

MA
UA

UA

RA

RA

RA

Reflective

Reflective

Vacuum

14.28 cm

14.28 cm

14.28 cm

21.42 cmRA

FA

FA

FA

Reflective

Vacuum

Type A Type B 

Rod Insertion Types

C5G7 Hexagonal Variation ProblemsC5G7 Hexagonal Variation ProblemsC5G7 Hexagonal Variation ProblemsC5G7 Hexagonal Variation Problems

��Core ConfigurationCore Configuration

Type O 
11.9 cm

Assembly Configuration

G/T Cell
Fuel Cell
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C5G7 Hexagonal Variation ProblemsC5G7 Hexagonal Variation ProblemsC5G7 Hexagonal Variation ProblemsC5G7 Hexagonal Variation Problems

��DeCARTDeCART CalculationCalculation
� Pin Model

Fuel, FC and GT Pins Reflector Pin

� 3 Sub-Planes per MOC Plane

� NEM-SP3 for Axial Calculation

� 0.05/4/2 Ray Options

Gap Cells

MOC Plane

Sub-Plane
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RoddedRoddedRoddedRodded BBBBRoddedRoddedRoddedRodded AAAAUnroddedUnroddedUnroddedUnrodded2222----DDDDConfigurationsConfigurationsConfigurationsConfigurations

0.530.530.530.530.510.510.510.510.480.480.480.480.50 0.50 0.50 0.50 RMS

0.390.390.390.390.370.370.370.370.310.310.310.310.38 0.38 0.38 0.38 Mean

1.621.621.621.621.641.641.641.641.591.591.591.591.831.831.831.83MaximumMaximumMaximumMaximumAxiallyAxiallyAxiallyAxially
Integrated PinIntegrated PinIntegrated PinIntegrated Pin

Power Error (%)Power Error (%)Power Error (%)Power Error (%)

0.590.590.590.590.530.530.530.530.450.450.450.45RMS

0.530.530.530.530.480.480.480.480.380.380.380.38Mean

1.171.171.171.170.780.780.780.780.900.900.900.90MaximumMaximumMaximumMaximumSlice 3Slice 3Slice 3Slice 3
Pin PowerPin PowerPin PowerPin Power
Error (%)Error (%)Error (%)Error (%)

0.590.590.590.590.590.590.590.590.540.540.540.54RMS

0.430.430.430.430.420.420.420.420.350.350.350.35Mean

1.921.921.921.921.881.881.881.881.771.771.771.77MaximumMaximumMaximumMaximumSlice 2Slice 2Slice 2Slice 2
Pin PowerPin PowerPin PowerPin Power
Error (%)Error (%)Error (%)Error (%)

0.600.600.600.600.580.580.580.580.540.540.540.54RMS

0.430.430.430.430.420.420.420.420.350.350.350.35Mean

1.921.921.921.921.841.841.841.841.871.871.871.87MaximumMaximumMaximumMaximumSlice 1Slice 1Slice 1Slice 1
Pin PowerPin PowerPin PowerPin Power2222

Error (%)Error (%)Error (%)Error (%)

----61.761.761.761.7----52.752.752.752.7----52.4 52.4 52.4 52.4 ----9.8 9.8 9.8 9.8 EigenvalueEigenvalueEigenvalueEigenvalue Error, Error, Error, Error, pcmpcmpcmpcm

1.102621.102621.102621.10262
(0.00001)(0.00001)(0.00001)(0.00001)

1.118901.118901.118901.11890
(0.00001)(0.00001)(0.00001)(0.00001)

1.122731.122731.122731.12273
(0.00001)(0.00001)(0.00001)(0.00001)

1.162441.162441.162441.16244
(0.00009)(0.00009)(0.00009)(0.00009)

EigenvalueEigenvalueEigenvalueEigenvalue1111

((((σσσσ))))

C5G7 Hexagonal Variation ProblemsC5G7 Hexagonal Variation ProblemsC5G7 Hexagonal Variation ProblemsC5G7 Hexagonal Variation Problems

1 Reference from McCARD (Monte Carlo Code Developed by Seoul National University) 
2 σ < 0.2%
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VHTR ProblemVHTR ProblemVHTR ProblemVHTR Problem

�� DeCARTDeCART Cell ModelCell Model

Fuel Cell He Hole Large He Hole Matrix

�� DeCARTDeCART CalculationCalculation

� 190g library for Block and 47g for Whole-Core Problems

� 4 Azimuthal Angles per Sextant and 2 Polar Angles

� 0.05 cm of ray spacing

Gap Cells



13/18 KAERI

VHTR ProblemVHTR ProblemVHTR ProblemVHTR Problem

�� BLOCKBLOCK--1 Assembly Problem1 Assembly Problem

HELIOS Model

MCNPMCNP

MCNPMCNP

--4242--88--9898ΔρΔρΔρΔρΔρΔρΔρΔρ, , pcmpcm

11111112412400ΔρΔρΔρΔρΔρΔρΔρΔρ, , pcmpcm

1.449221.449221.482721.482721.531121.53112KK--infinf

1.451561.451561.485461.485461.531131.53113KK--infinf
HELIOSHELIOS

1.448331.448331.482541.482541.528821.52882KK--infinf
DeCARTDeCART

0.000480.000480.000510.000510.000510.00051((σσσσσσσσ))
MCNPMCNP

900 K900 K600 K600 K300 K300 KParamParamCodesCodes

�� DeCARTDeCART shows Less Than 100 shows Less Than 100 pcmpcm
EigenvalueEigenvalue ErrorsErrors
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VHTR ProblemVHTR ProblemVHTR ProblemVHTR Problem

600 K 900 K300 K

1.010
1.006
-0.37

1.000
0.997
-0.28

0.993
0.990
-0.32

0.993
0.990
-0.38

0.990
0.989
-0.11

0.990
0.988
-0.12

1.021
1.026
0.24

0.995
0.996
0.08

0.993
0.993
-0.02

0.992
0.992
-0.04

0.990
0.990
-0.02

0.988
0.989
0.11

1.017
1.019
0.21

1.013
1.014
0.07

1.013
1.013
-0.02

1.005
1.008
0.33

1.005
1.005
0.00

1.003
1.003
-0.01

0.999
1.003
0.36

0.996
0.998
0.19

0.997
0.996
-0.03

1.007
1.005
-0.17

0.997
0.998
0.08

0.991
0.992
0.10

0.990
0.991
0.11

0.991
0.990
-0.10

0.988
0.990
0.24

1.021
1.020
-0.11

0.995
0.996
0.08

0.996
0.994
-0.15

0.996
0.993
-0.37

0.995
0.991
-0.32

0.990
0.991
0.06

1.017
1.016
-0.11

1.015
1.012
-0.32

1.008
1.011
0.27

1.007
1.006
-0.04

1.003
1.005
0.19

1.002
1.003
0.08

1.001
1.002
0.12

0.997
0.998
0.10

0.993
0.997
0.40

1.006
1.007
0.16

0.998
0.997
-0.14

0.989
0.989
-0.04

0.985
0.988
0.28

0.988
0.987
-0.12

0.988
0.986
-0.19

1.030
1.028
-0.23

0.994
0.995
0.09

0.991
0.992
0.14

0.990
0.990
0.01

0.993
0.988
-0.45

0.986
0.987
0.08

1.024
1.023
-0.11

1.015
1.017
0.21

1.016
1.015
-0.06

1.009
1.010
0.09

1.005
1.006
0.13

0.997
1.004
0.69

1.006
1.003
-0.25

0.998
0.997
-0.10

0.998
0.996
-0.26

MCNP(s<0.7%)
DeCART
%Err

�� DeCARTDeCART shows Less Than 0.7 % of Pin Power Errorsshows Less Than 0.7 % of Pin Power Errors
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VHTR ProblemVHTR ProblemVHTR ProblemVHTR Problem

MCNPMCNP

MCNPMCNP

26262222--4040ΔρΔρΔρΔρΔρΔρΔρΔρ, , pcmpcm

1491491281283737ΔρΔρΔρΔρΔρΔρΔρΔρ, , pcmpcm

1.467701.467701.500961.500961.547171.54717KK--infinf

1.470921.470921.503851.503851.548061.54806KK--infinf
HELIOSHELIOS

1.468261.468261.501471.501471.546221.54622KK--infinf
DeCARTDeCART

0.000450.000450.000510.000510.000510.00051((σσσσσσσσ))
MCNPMCNP

900 K900 K600 K600 K300 K300 KParamParamCodesCodes

HELIOS Model

�� BLOCKBLOCK--2 Assembly Problem2 Assembly Problem

�� DeCARTDeCART shows Less Than 100 shows Less Than 100 pcmpcm
EigenvalueEigenvalue ErrorsErrors
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VHTR ProblemVHTR ProblemVHTR ProblemVHTR Problem

%Err

-.44

-.28 -.13 -.24 .02

-.21 -.02 -.07

-.10 -.08 -.07 -.51

-.34 .01 .06 -.35

.22 -.03 .26 .07

.74 .38 .02 .01

.38 -.12 .33 .14

.21 -.19 .21 -.25

.01 .35 .47 -.09

-.12 .19 -.42

.07 -.28 -.17

.00 .17 .43

-.35 -.17 .10-.23

-.35 .18 -.03

-.03 -.01

.06 .03

-.02 .09

.11 .14

.33 .27

-.44 -.08 .37

-.39 -.53 -.24 .35

.28

.21

-.18

.05
-.03

-.37

-.18

.04
.16

.03

.26

-.19

-.03

.32

.16

.04

-.02

-.27

-.04

.13

.27

-.10

.23
-.23

-.07

.15

-.07

.74

.10 .09 -.10 -.25

.05 .43 -.30

.20 .47 .34 .16

.32 .35 .35 .26

-.07 -.03 .41 .02

.11 -.02 .15 .12

.30 .05 .25 .01

-.25 .12 -.29 -.23

-.18 -.25 .09 -.12

-.19 .02 -.28

-.09 .34 -.20

.31 -.23 -.56

-.21 -.20 -.10-.48

-.25 -.29 .23

-.22 .18

-.07 .02

-.03 .09

-.05 -.08

.20 -.31

.06 -.48 .01

-.21 -.42 -.05 -.11

-.03

.41

.05
.14

-.23

-.15

-.18
-.11

.05

.44

.45
.15

.36

.36
.21

.07

-.39

-.34

-.34

-.06

-.01

-.25

.02

-.06

.19

-.05

-.22

%Err

.02

-.07 -.15 -.13 .28

.13 .24 .06

.38 .27 .42 .17

.14 .31 -.04 -.20

.48 .28 .21 -.09

.22 -.05 .25 .08

.56 .58 -.04 .21

.35 .00 .28 -.01

.22 -.06 .21 .08

.11 .22 .09

-.24 .09 .25

-.25 -.07 -.10

-.41 -.29 -.27-.22

-.48 -.22 -.28

-.07 .02

.06 -.28

-.46 -.22

-.30 .01

.07 -.19

-.31 .08 -.08

-.36 -.30 .11 -.10

-.07

.02

-.18
.26

-.08

.13

-.13

.01
-.15

-.26

-.04

-.36
-.25

.22
-.09

.07

.02

.22

.00

.00

-.08

.04

.12

-.31

.25

.20

-.26

%Err

600 K 900 K300 K
�� DeCARTDeCART shows Less Than 0.7 % of Pin Power Errorsshows Less Than 0.7 % of Pin Power Errors
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VHTR ProblemVHTR ProblemVHTR ProblemVHTR Problem

�� BLOCKBLOCK--3 Assembly Problem3 Assembly Problem

HELIOS Model

MCNPMCNP

MCNPMCNP

--66--242422ΔρΔρΔρΔρΔρΔρΔρΔρ, , pcmpcm

12712791918787ΔρΔρΔρΔρΔρΔρΔρΔρ, , pcmpcm

1.454171.454171.488531.488531.533821.53382KK--infinf

1.456861.456861.490541.490541.535861.53586KK--infinf
HELIOSHELIOS

1.454051.454051.487991.487991.533881.53388KK--infinf
DeCARTDeCART

0.000570.000570.000510.000510.000480.00048((σσσσσσσσ))
MCNPMCNP

900 K900 K600 K600 K300 K300 KParamParamCodesCodes

�� DeCARTDeCART shows Less Than 100 shows Less Than 100 pcmpcm
EigenvalueEigenvalue ErrorsErrors



18/18 KAERI

VHTR ProblemVHTR ProblemVHTR ProblemVHTR Problem

0.998
0.999
0.06

0.997
0.994
-0.28

0.992
0.993
0.10

0.990
0.991
0.08

1.021
1.020
-0.03

0.994
0.995
0.10

0.992
0.993
0.05

0.994
0.992
-0.24

0.994
0.991
-0.26

0.989
0.991
0.23

1.015
1.016
0.10

1.013
1.012
-0.13

1.013
1.011
-0.19

1.005
1.006
0.09

1.001
1.003
0.18

1.000
1.002
0.12

1.003
1.001
-0.21

0.996
0.996
0.01

0.995
0.995
0.08

1.000
0.999
-0.12

0.995
0.995
0.00

0.995
0.994
-0.01

0.992
0.992
-0.02

1.020
1.017
-0.26

0.998
0.996
-0.24

0.993
0.994
0.09

0.991
0.993
0.23

0.990
0.992
0.20

0.992
0.992
0.03

1.013
1.014
0.06

1.008
1.010
0.17

1.011
1.009
-0.14

1.004
1.005
0.07

1.002
1.003
0.03

1.002
1.001
-0.10

1.002
1.001
-0.15

0.998
0.997
-0.07

0.997
0.996
-0.11

0.993
0.998
0.48

0.996
0.993
-0.25

0.988
0.992
0.43

0.988
0.989
0.14

1.022
1.024
0.26

0.992
0.994
0.15

0.994
0.991
-0.24

0.992
0.990
-0.14

0.986
0.989
0.32

0.990
0.989
-0.04

1.024
1.019
-0.46

1.015
1.014
0.06

1.013
1.013
0.03

1.004
1.007
0.26

1.006
1.004
-0.16

1.003
1.002
- 0.15

1.003
1.001
-0.20

0.997
0.996
-0.15

0.996
0.995
-0.12

MCNP(s<0.7%)
DeCART
%Err

600 K 900 K300 K
�� DeCARTDeCART shows Less Than 0.7 % of Pin Power Errorsshows Less Than 0.7 % of Pin Power Errors
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VHTR 2VHTR 2VHTR 2VHTR 2----D Core ProblemD Core ProblemD Core ProblemD Core Problem

DeCART Model

MCNPMCNP 605605545545328328
ΔρΔρΔρΔρΔρΔρΔρΔρ,,

pcmpcm

1.387291.387291.410041.410041.436571.43657KK--infinf

1.399021.399021.420961.420961.443371.44337KK--infinf
DeCARTDeCART

0.000230.000230.000250.000250.000250.00025((σσσσσσσσ))
MCNPMCNP

900 K900 K600 K600 K300 K300 KParamParamCodesCodes

1 BLOCK-1

3 BLOCK-3

4 Reflector

5 Refl. With He Hole

1 BLOCK-1

3 BLOCK-3

4 Reflector

5 Refl. With He Hole

3
1

1

1
1

3

3
1

1
1

1
3

3

1

1

1

3
1

4 4
4

4

4

4

4

4

4
4

4
4

4

4

4

4

4

4

4

4

4

4

4

4

4

5

4

5

4

4

4

4

5

5

5

4

4

4

4

4

4

4

5
5

4

4

4

4

3
1

1

1
1

3

3
1

1
1

1
3

3

1

1

1

3
1

4 4
4

4

4

4

4

4

4
4

4
4

4

4

4

4

4

4

4

4

4

4

4

4

4

5

4

5

4

4

4

4

5

5

5

4

4

4

4

4

4

4

5
5

4

4

4

4

�� DeCARTDeCART shows about 300 shows about 300 
pcmpcm Error at 300 K and about Error at 300 K and about 
600 600 pcmpcm at 600 Kat 600 K

�� A Little Bit Large Error due to A Little Bit Large Error due to 
Different Core Boundary Different Core Boundary 
Models and 47Models and 47--G Library G Library 
Rather than 190Rather than 190--G LibraryG Library

MCNP Model
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VHTR 2VHTR 2VHTR 2VHTR 2----D Core ProblemD Core ProblemD Core ProblemD Core Problem

�� Block Power ComparisonBlock Power Comparison

MCNP(s<0.04%)
DeCART
Error,%

1.059
1.057
-0.24

1.114
1.112
-0.12 0.916

0.918
0.23 0.986

0.988
0.12

1.011
1.014
0.26

0.897
0.898
0.05 0.956

0.952
-0.420.935

0.934
-0.14

0.853
0.855
0.22

1.196
1.196
0.01

1.062
1.060
-0.21

1.110
1.113
0.22 0.927

0.930
0.24 0.982

0.982
-0.03

1.008
1.008
0.02

0.907
0.907
0.04 0.939

0.936
-0.330.939

0.935
-0.37

0.865
0.867
0.20

1.193
1.193
0.01

1.053
1.052
-0.14

1.112
1.110
-0.10 0.899

0.901
0.23 0.994

0.996
0.16

1.021
1.023
0.27

0.884
0.883
-0.05 0.975

0.975
-0.010.933

0.931
-0.18

0.837
0.838
0.17

1.204
1.200
-0.33

600 K 900 K300 K

�� DeCARTDeCART shows Less Than 0.5 % of Block Power Errorsshows Less Than 0.5 % of Block Power Errors
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ConclusionConclusionConclusionConclusion

�� Implementation of Hexagonal Module to Implementation of Hexagonal Module to DeCARTDeCART Code Code 
for Whole Core Transport Calculationfor Whole Core Transport Calculation
� Modular Ray Tracing Module and Multi-Group CMFD Module

��C5G7MOX Hexagonal Variation ProblemC5G7MOX Hexagonal Variation Problem
� Shows Less Than 2 % of Local Pin Power Error, and Less Than 70 

pcm of Eigenvalue Error

� Proves the Soundness of the Hexagonal Module

��VHTR Benchmark CalculationVHTR Benchmark Calculation
� < 100 pcm of Eigenvalue and 0.7 % Pin Power Errors for the Block 

Problems When Using 190g Library

� < 600 pcm of Eigenvalue and 0.5 % Block Power Errors for 2-D 
Core Problem When Using 47g Library

� Proves the Applicability of the Developed Hexagonal Module to 
the Realistic Problem
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20.3320.33
1.111.11
2.522.52
0.780.78

CMFDCMFD
BlockBlock--11 3.133.130.100.101.361.360.890.89CMFDCMFD
BlockBlock--22 14.614.60.270.277.277.274.544.54CMFDCMFD

267.03267.032.052.05157.30157.3087.3587.35CMFDCMFDCoreCore--2D2D
BlockBlock--33 3.053.050.080.080.990.990.870.87CMFDCMFD

TotalTotalEtc.Etc.MOCMOCResonanceResonanceProblemsProblems

��Computing Time Breakup for VHTR ProblemsComputing Time Breakup for VHTR Problems

� Requires about 3 and 15 Minutes for 1/6 and Full Block Problems,
and about 5 hours for 2-D Core Problem.

��The hexagonal module implemented on the The hexagonal module implemented on the DeCARTDeCART code code 
works very well showing good results within affordable works very well showing good results within affordable 
computing timecomputing time

PENTIUMPENTIUM--IV 3.0 GHz PC, 1IV 3.0 GHz PC, 1--CPU, MinutesCPU, Minutes


