CHAPTER 6   CODE VALIDATION








6.1	Introduction


	The computer code of an analytical solution of a groundwater contaminant transport model must be validated before being deployed. Without proper code validation, the analytical solution of the groundwater contaminant transport model could give erroneous and inconsistent results. Code validation is a procedure to determine whether or not the computer program (in these cases, Java applets) produces correct results when compared to accepted solutions. In developing the ANTS model library, a code validation was conducted to validate the analytical solution Java applet in the ANTS system.


	The method used in the code validation is to compare the computed results from an ANTS model with the accepted results obtained for the same problem from other sources (such as the original reference journal for the particular model, numerical solutions, or other groundwater contaminant transport related literature).


6.2	Validation Process


	Two sets of test cases were used to validate the ANTS models:


The basic cases are the example cases of from an ANTS model’s reference. Every ANTS model has its own example cases. These cases are usually different from model to model.


The supplementary cases are a set of groundwater contaminant transport problems that were collected from groundwater contaminant transport related literatures. The problem set was used in the code validation process for some ANTS models.


	The main goal of the code validation was to test that the ANTS models are correctly implemented in the system.


6.3	Reliability Index


	The reliability of an analytical solution of an ANTS model is represented by a reliability index. The meanings of the reliability indexes are described in Table 6-1. The result of a test case is acceptable, if the following condition is met:


	� EMBED Equation.2  ���,								(6-1)


where Rt is the test result of the ANTS model and Ro is the accepted test result from the other source.


	The possible reasons that a model has a low reliability index are as follows:


The incorrect implementation of the model is the main reason that the model has an undesirable reliability index. This type of error can be corrected over time as unreliable models are studies and corrected.


Undocumented limitations and constraints of the model are the other likely reason that the model created inconsistent results during the validation test.





Table 6-1  The reliability index


Reliability index�
Description�
�
AA�
The model was tested by using the basic cases and the supplementary cases. The test results were acceptable. The model is very stable.�
�
A0�
The model was tested by using the basic cases. The test results were acceptable. The model is stable.�
�
0A�
The model was tested by using the supplementary cases. The test results were acceptable. The model is stable.�
�
FA�
The model was tested by using the basic cases and the supplementary cases. The results of the basic test cases were not acceptable. The results of the supplementary cases were acceptable. The model could produce inconsistent results under certain conditions. Use the model with caution.�
�
AF�
The model was tested by using the supplementary cases and the supplementary cases. The results of the basic test cases were acceptable. The results of the supplementary cases were not acceptable. The model could produce inconsistent results under certain conditions. Use the model with caution.�
�
F0�
The model was tested by using the basic cases. The results of some test cases were not acceptable. The model produces inconsistent results. Use the model with caution.�
�
0F�
The model was tested by using the supplementary cases. The results of some test cases were not acceptable. Use the model with caution.�
�
FF�
The model was tested by using the basic cases and the supplementary cases. The test results were not acceptable. Do not use this model.�
�
00�
The model has not yet been tested. Do not use this model.�
�
NN�
The model has not yet been implemented.�
�



6.4	Model Reliability


	A model reliability matrix that describes the reliabilities of the ANTS models is shown in Table 6-2. This matrix identifies areas for future work: where the reliability of existing models can be improved and where new models can be added.





Table 6-2  The model reliability matrix


Model name�
Reliability index�
Model name�
Reliability index�
�
J1DBS03A�
A0�
J1DVG01B�
AA�
�
J1DBS03B�
A0�
J1DVG01C�
AA�
�
J1DBS04A�
A0�
J1DVG02B�
AA�
�
J1DBSO4B�
A0�
J1DVG02C�
AA�
�
J1DSR010�
A0�
J1DVG03B�
AA�
�
J1DSR020�
A0�
J1DVG03C�
AA�
�
J2DWX020�
FA�
J1DVG04B�
AA�
�
J2DWX010�
FA�
J1DVG04C�
AA�
�
J2DWX030�
FA�
J1DWX010�
AA�
�
J2DWX040�
FA�
J1DWX020�
AA�
�
J2DDRO1P�
AA�
J1DWX030�
AA�
�
J2DDM02D�
AA�
J1DWX040�
AA�
�
J2DYU010�
AA�
J1DDR01P�
AA�
�
J3DWX020�
0A�
J1DDM02D�
AA�
�
J3DYU010�
AA�
J2DCU010�
AA�
�
J3DEW020�
0A�
J2DCU020�
AA�
�
J1DVG01A�
AA�
J3DEW010�
0A�
�
J1DVG05B�
AA�
J3DEW030�
0A�
�
J1DVG05C�
AA�
J1DEL010�
0A�
�
J1DVG09A�
AA�
J1DEL020�
0A�
�
J1DVG07B�
AA�
J1DFR010�
0A�
�
J1DVG07C�
AA�
J1DFR020�
0A�
�
J1DVG14B�
0A�
J2DBR010�
00�
�
J1DVG14C�
0A�
J2DBR020�
00�
�
J1DVG03A�
AA�
J2DBR030�
00�
�
J1DVG11A�
AA�
J3DLE010�
00�
�
J1DVG15B�
AA�
J3DLE030�
00�
�
J1DVG13B�
AA�
J1DLP010�
F0�
�
J1DVG13C�
AA�
J1DLP020�
F0�
�
J1DVG02A�
AA�
J1DEL030�
F0�
�
J1DVG06B�
AA�
J1DZA010�
F0�
�
J1DVG06C�
AA�
J1DZA020�
F0�
�
J1DVG10A�
AA�
J2DZA010�
F0�
�
J1DVG04A�
0A�
J1DVGSP1�
F0�
�
J1DVG08B�
0A�
J1DVGSP2�
F0�
�
J1DVG08C�
0A�
J1DVGSP3�
F0�
�
J1DVG12A�
0A�
J1DVGSP4�
F0�
�



Table 6-2  The model reliability matrix (continued)


Model name�
Reliability index�
Model name�
Reliability index�
�
J1DVG15C�
AA�
Leij (1993)�
NN�
�
J1DVG16B�
0A�
Mironenko (1984)�
NN�
�
J1DVG16C�
0A�
Chen (1985)�
NN�
�
J1DVG05A�
0A�
Gureghian (1985)�
NN�
�
J1DVG06A�
0A�
Booker (1987)�
NN�
�
J1DVG07A�
0A�
Chen (1987)�
NN�
�
J1DVG08A�
0A�
Galya (1987)�
NN�
�
J1DVG09B�
AA�
Chen (1989)�
NN�
�
J1DVG09C�
AA�
Dillon (1989)�
NN�
�
J1DVG10B�
AA�
Brown (1990)�
NN�
�
J1DVG10C�
AA�
Yates (1990)�
NN�
�
J1DVG11B�
AA�
Bosma (1992)�
NN�
�
J1DVG11C�
AA�
Neville (1992)�
NN�
�
J1DVG12B�
AA�
Yates (1992)�
NN�
�
J1DVG12C�
AA�
Angelakis (1993)�
NN�
�
J1DBS01A�
A0�
Wallach (1993)�
NN�
�
J1DBS01B�
A0�
Illangasekare (1993)�
NN�
�
J1DBS02A�
A0�
Kool (1994)�
NN�
�
J1DBS02B�
A0�
Zaidel (1994)�
NN�
�
J3DWX010�
0A�
Domenico and Palciauskas (1982)�
NN�
�
J3DWX030�
0A�
Domenico and Palciauskas (1982)�
NN�
�
J3DDR01P�
AA�
Domenico and Palciauskas (1982)�
NN�
�
J3DDM02D�
AA�
Domenico and Palciauskas (1982)�
NN�
�
J3DEW040�
0A�
J1DHO010�
NN�
�
�



