CHAPTER 1   PROBLEM EXPOSITION








1.1	Difficulties in Contaminant Transport Modeling


	The purpose of groundwater contaminant transport modeling is twofold. First the models are intended to help gain a better understanding of changes occurring in the movement of groundwater pollutants. Second, models can provide planners and managers with estimates of the relative changes in groundwater quality resulting from alternative management policies. However, groundwater contaminant transport modeling requires a considerable amount of human expertise and other resources. In a research institute where human expertise and time are usually not critical factors, modeling a groundwater contaminant transport case may not pose a problem. However, in the decision making environment, such as government regulatory agencies or industrial settings, these resources, especially human expertise and time, can be scarce. There are three main problems that users often face in contaminant transport modeling.


1.1.1	Where to Look for Models? 


	Over the past few decades, numerous contaminant transport models have been developed and implemented, available as mathematical equations or coded computer programs. However, most users do not have extensive knowledge about the currently available models and do not know where to look for models. A practice to reduce this problem is to build an analytical solution library that contains many models. There are two publications that fit into this category. One is a technical report by van Genuchten and Alves (1982) that has 44 analytical solutions of one-dimensional single chemical constituent in a unidirectional groundwater flow field models. The other is a U. S. Geological Survey open file report by Wexler (1989) that has 11 analytical solutions of single chemical constituent in a unidirectional groundwater flow field models. One drawback of these two reports is that they only contain models of single chemical constituent in a unidirectional groundwater flow field. The other drawback is that users usually can not obtain these models in a short period of time. If the users can not obtain the models in time, the models are useless to the users.


1.1.2	How to Choose a Model?


	Another problem is how to choose the most appropriate model from the set of the already existing models for the case of interest? A solution library can not overcome this problem alone because a user may not have sufficient knowledge to choose a model in the library. One solution is to incorporate a guidance module into the model library. The guidance module can guide users to select the most appropriate model. The guidance module can be a decision-support system or a knowledge-based system. An example of such a system is FRAME by Calori et al. (1994). FRAME is a knowledge-based tool for choosing the appropriate air pollution model for a particular scenario. So far, there is no guidance system for choosing a groundwater contaminant transport model.


1.1.3	How to Set up the Chosen Model?


	Once a model is chosen, the user of the model needs to assign parameters’ values to the model. The user, however, may not have sufficient knowledge to set up a model. Several parameter assistant modules have been developed to address this problem. A parameter assistant module can help users choose reasonable parameter values for contaminant transport problems. An example is EXPAR by McClymont and Schwartz (1991).


	A model library that contains an extensive collection of analytical models does not currently exist; a computerized guidance module that can guide users to select appropriate analytical groundwater contaminant transport models is also not available; and there is no computer system that integrates the functions of a model library and a guidance module. These problems suggest the need for a modeling guidance system that would help planners or managers to make a decision to choose appropriate models from a contaminant transport model library.


1.2	Background


	This research was funded by the Gulf Coast Hazardous Substance Research Center, GCHSRC. The purpose of the project was to develop a software library of analytical fate and transport models with a selection algorithm to guide the user to the most appropriate model for a particular case. The system can operate stand alone or in concert with general purpose spreadsheet programs. The first part of the project was spent in developing a spreadsheet based prototype, ExcelDSS, and a Visual Basic based prototype, VBAnts.


	Since 1996, the focus of the project has been changed in part due to the growing popularity of the Internet. The purpose of the project was to develop a software library of analytical contaminant transport models with selection guidance modules that can be accessed by any user from any where in the world at any time. Such a system could be a very useful tool for the environmental engineering community.


1.3	Objectives and Scope of the Research


	The focus of this research is on introducing a new approach to model groundwater contaminant transport problems, with potential applicability to other areas of natural resources modeling. The approach in this research differs from other approaches in that a model is a result of a decision process rather than an object for manipulating. In this process, a user makes a series of decisions through a provided guidance module to find an appropriate model. The system could be used as a screening tool to enhance the decision making capabilities in managing subsurface pollution problems.


	The objectives and scope of this research are as follows:


to study characteristics of analytical solutions of groundwater contaminant transport models and characterize the models,


to understand the computer skill and domain knowledge of the potential users by conducting a user survey.


to build an analytical groundwater contaminant transport model library and to design and implement a modeling guidance system, ANalytical contaminant Transport modeling guidance System (or ANTS), for predicting contaminant transport in groundwater from the knowledge gathered from the study of analytical groundwater contaminant transport models and the potential users. The system will serve the following purposes:


The system will serve as a model library that contains an extensive collection of analytical solutions of contaminant transport models.


The system should functions as a user-friendly guidance tool for selecting an appropriate analytical contaminant transport model from a model library to predict the outcome of a contaminant transport problem.


The system will be accessible by any user via the Internet.


The system will be an easily maintained system.


to validate the system by conducting a preliminary evaluation to know how successful the developed system is in meeting the set objectives. 


	The system will not support the following functions:


The system will not be an expert. The system should be more a decision-support system than an expert system, because its decision process is controlled by the user not by the system. In other words, the ANTS system will not be a computerized expert; it will be a computerized assistant for the user.


The system is not meant to replace three-dimensional multicomponent FEM/FDM numerical models (such as MOFAT). The system should be considered as a screening tool.


The system will not address the problem of difficulties in setting up model parameters, because many efforts have been done in dealing with this problem (such as McClymont and Schwartz, 1991).


1.4	Organization of the Dissertation


	Chapter 2 reviews some of the popular and most widely used analytical solution models for predicting the extent of subsurface contamination, general concepts of expert systems and decision-support systems and environmental related expert systems and decision-support systems, and concepts of the Internet and Internet programming and available Internet-based resource related to contaminant transport modeling on the Internet. The conceptual framework of the proposed approach is introduced in Chapter 3. Chapter 4 describes two earlier groundwater modeling decision-support system prototypes. Development of the Internet-based modeling guidance system is presented in Chapter 5. Validation of the model codes is presented in he Chapter 6. In the Chapter 7, the results of testing and evaluating in regard to its functionality and the ability to predict changes in contaminant transport are presented. The summary, research conclusion, and possible future works are presented in Chapter 8.


	Appendix A, the glossary, presents definitions for key terms used throughout the text. Appendix B describes the results of the user classification survey. Groundwater contaminant transport models, their authors, and properties of the models are listed in Appendix C.
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