CHAPTER 3   CONCEPTUAL FRAMEWORK





3.1	Introduction

	This dissertation presents 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 conventional approaches in that a model is a result of a decision making process rather than an object for manipulating. In this approach, a user makes a series of decisions through a guidance module to find an appropriate model.

	The fundamental assumption in this study is that any given groundwater contaminant transport model can be represented as a set of property keywords. By matching a contaminant transport problem to model keywords, an appropriate model for the given problem can be found.

	The assumption begs two questions: How to characterize a model as a keyword set? How to match a given problem to model keywords? To answer these two questions, a three-step approach was used.

Potential user classification: The degree of knowledgeability of domain experience can affect the design of the system, where the word “domain” represents the field of groundwater contaminant transport modeling in this study. An expert of the domain field approaches a contaminant transport problem differently than a domain novice does. The way the expert user matches a problem to a model is usually superior to the way the novice does. It is difficult to design a single model search module to meet the needs of all potential users. It is necessary to identify and classify the potential users of the system.

Model characterization: The link between a scenario and a model is a set of model keywords. Model keywords for each model can be generated by classification.

Match strategy development: Once the potential users of the system are classified into different user groups, appropriate match strategies can be applied to meet the needs of different user groups.

	Figure 3-1 depicts users of different groups having different viewpoints on a problem. They would likely use different approaches to find appropriate model keywords that can represent the problem. Once appropriate keywords are chosen, the system will try to select an appropriate model for the problem.
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Figure 3-1  System concepts



	The potential user classification is described in the second section of the chapter. The concept of model characterization is described in the third part of this chapter. Match strategy development is presented in the last section of this chapter.

3.2	Potential Users Classification

3.2.1	Contaminant Transport Modeling Survey

Survey Overview

	A survey was conducted on December 1, 1997. The purpose of this survey was to understand the computer skills and groundwater contaminant transport modeling knowledge of the potential users. A questionnaire was designed and intended for the general public and expert users who have been interacting with groundwater contaminant transport problems (industrial pollution cases, laboratory experiments, class work, etc.). The questionnaire was completed by a group of environmental engineering professors and graduate students at the University of Houston. 

Results of the Survey

	The questionnaire consisted of four categories with total of 45 questions. The four categories are general demographics, technology demographics, domain knowledge, and a question specified for the ANTS project. There were 17 respondents to this survey. Some respondents did not answer all questions. A copy of the questionnaire and the statistics of the survey are attached in Appendix B. The results of the survey are presented in the following: 

General Information: A majority of the respondents were environmental engineering full time graduate students in the University of Houston. Most respondents obtained their knowledge of groundwater contaminant transport from classrooms rather than from their work experience. All respondents had less than three years study or work experience in the domain field.

Computer Related: The largest percentage (41.2%) of the respondents used the computer 10 to 20 hours per week with 29.4% using it more frequently and 29.4% less frequently. A majority of respondents used PCs and the Microsoft Windows operating system with some using Macintosh computers and Mac OS. Most users had ability to use Microsoft Excel as a computation tool and had experience in writing computer programs. Most respondents frequently connected to the Internet. Netscape Navigator was the most used browser (76.5%) in this group with Microsoft Internet Explorer used by 17.6% of the respondents. Many (41.2%) users did not know if their browser was Java-enabled or not. A majority (76.5%) of the respondents used Internet search engines. Most respondents believed that they were above average in using computers, the Internet, and spreadsheet programs. Most users were not comfortable in coding computer programs, using database, and writing SQL programs.

Contaminant Transport Modeling: About one-half of (46.7%) the respondents believed that they had no problem in describing a model’s governing equation, initial conditions, boundary conditions and source conditions. Most respondents had solved a groundwater contaminant transport problem by using analytical solutions or approximate solutions. About two-thirds of the respondents had not solved a groundwater contaminant transport problem by using numerical solutions (such as FDM/FEM). More than one-half of the respondents had solved a groundwater contaminant transport problem without knowing what method had been applied. Most respondents believed that they had no problem identifying a model flow, dispersion, and source conditions. Only one person was able to identify the difference between the Dirichlet (the first type) and Cauchy (the third type) inflow boundary conditions. Most respondents were not familiar with several popular groundwater and contaminant transport modeling programs. One-half of the respondents had difficulties solving a two-dimensional dispersion, unidirectional flow groundwater contaminant transport model that has a decaying source. One-third of the respondents did not know if a contaminant transport model could produce a reasonable result or not. More than one-half of the respondents believed that their domain knowledge was above average.

ANTS Related: More than one-half of the respondents (52.9%) thought an Internet-based contaminant transport modeling system would be useful. The rest of the respondents did not know if the system would be useful or not.

Summary and Result Analysis

	The summary of the survey is shown in the following list:

A majority of the users had good computer skills and Internet browsing experience, but not good in writing their own computer programs.

A majority of the users in the survey population learned their domain knowledge from school.

A majority of the users had experience in using analytical contaminant transport models, but not numerical models. They had difficulty in solving complicated problems.

Most users thought the ANTS system was useful in solving groundwater contaminant transport problems.

	Item 1 suggests that even the frequent computer users did not like to create their own programs. Items 2 and 3 suggest that a majority of the respondents were relatively inexperienced in the field of groundwater contaminant transport modeling. Item 4 suggests that an Internet-based modeling guidance system should be useful in the field of groundwater contaminant transport modeling. From the results of the survey, the author was confident that the concept of the ANTS system would be useful in the field of groundwater contaminant transport modeling.

3.2.2	Classification

	The potential users of the system are mainly civil engineers, environmental engineers, hydrogeologists, government environmental agents, local environmental regulators, researchers, and students. The potential users range from being domain novices and computer novices all the way to domain experts and computer experts.

	The potential users can be classified into three domain knowledge groups as follows: domain experts, domain intermediate users, and domain novices, as shown in Figure 3-2. 
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Figure 3-2  Domain knowledge classification



	To simplify the design of the system, only two domain user groups were considered in this research:

The expert users have academic background and much field experience in groundwater contaminant hydrology.

The novice users have limited academic background and limited or no field experience in groundwater contaminant hydrology.

	The potential users can be divided into two computer skill groups as follows: 

The casual users have basic knowledge of computer operating systems (such as Microsoft Windows) and web browsers.

The power users have experience in computer programming (such as HTML, Java, FORTRAN, or BASIC) or macro programming (such as the Excel macro).

	To explore the needs of the potential users, the users were categorized to four categories
 as shown in Figure 3-3:
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Figure 3-3  The user classification



Category EP: The EP users are both experienced engineers and power computer users. They are likely to know how to apply an appropriate model to a groundwater contaminant transport problem. They can solve a problem using any computer tool (such as Microsoft Excel). They can even use a scientific calculator to predict the result of a groundwater contaminant problem. A popular Hewlett Packard 48 series calculator is probably good enough for them to solve the problem.

Category EC: The EC users are both experienced engineers and casual computer users. They are likely to know how to apply an appropriate model to solve a groundwater contaminant transport problem. They may have problems using an unfamiliar computer program.

Category NP: The NP users are both novice engineers and power computer users. They usually do not know how to apply an appropriate model to a groundwater contaminant transport problem. They have no problem in using an unfamiliar computer program.

Category NC: The NC users are both novice engineers and casual computer users. They usually do not know how to apply an appropriate model to a groundwater contaminant transport problem. They have problems to use an unfamiliar computer tool.

	From the results of the user survey, a majority of the potential users belong to the NC users that are both novice engineers and casual computer users.



3.3	Model Characterization

3.3.1	Introduction

	A contaminant transport model can be described by its properties, such as medium type, flow type, dispersion type, initial conditions, boundary conditions, source type, and other properties. The combination of medium type, flow type, initial conditions, boundary conditions, and other properties can be considered as a model’s signature, or a model property keyword set. As an example, the 1DWX030 model (Wexler, 1989) that has a semi-infinite aquifer with the Dirichlet type inflow boundary condition can be described as a property set shown in Table 3-1. Similarly, the 1DVG05B model (van Genuchten and Alves, 1982) can be described as a property set in Table 3-1.



Table 3-1 A comparison of the properties between two models

Property�1DWX030�1DVG05B��Flow�one-dimensional principal directional �one-dimensional principal directional��Medium�homogeneous�homogeneous��Zone�saturated�saturated��Dispersion�one-dimensional constant�one-dimensional constant��Inflow boundary�Dirichlet�the first type��Outflow boundary�semi-infinite�semi-infinite��Initial condition�constant distribution�constant distribution��Source type�pulse�continuous constant��

	By comparing two model property sets shown in Table 3-1, one may conclude that these two models are different because of the differences in their inflow boundary conditions and source types. However, the Dirichlet inflow boundary is the same as the first type inflow boundary. The Pulse source in the 1DVG05B model can be used as a continuous constant source. In other words, the layout of the 1DWX030 model is the same as the 1DVG05B model layout. Both models were designed to solve a similar problem. They can be considered functionally the same model. Some other confusing property keywords are as follows: the terms outflow boundary and lower boundary have the same meaning; the terms decay and production are different only in their signs. The confusion of similar keywords could be a problem in identifying a set of property keywords to a model. To overcome this problem, a model has to pass through a classification process before being added to the model library.

3.3.2	Model Classification

	The task of finding a keyword set for a particular model can be considered as a classification problem. Classification is a problem common to many domains, such as botany and zoology. The result of a classification usually is a hierarchical organization (a hierarchical tree), in which subclasses possess the discriminating features of their superclasses, and classes which are ‘siblings’ in the hierarchy are mutually exclusive with respect to the presence or absence of some set of features (Jackson, 1990).

	A sample of a model hierarchical tree is shown in Figure 3-4. There are five property classes in the sample hierarchical tree: Models, Dimension, Inflow B. C., Outflow B. C., and Source Type. Each property class usually has more than one element. For examples, the Dimension class has two elements: one-dimensional and two-dimensional dispersions. In this sample tree, the Models class is the superclass of the Dimension class. The Dimension class is the subclass of the Models class.
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Figure 3-4  A sample hierarchical tree



	Every model has its own property keyword set that contains 16 elements. Each element belongs to a particular property class. Descriptions of the classification property classes are shown in Table 3-2.



Table 3-2  The classification property classes

Property Class�Description��Model Name�name of a model in the model library��Reference�reference of the model��Authors�authors of a model��Abstract�abstract from the model reference��Governing equations�governing equations of a model��Special�special characteristics of a model��Models�type of model��Zone�type of flow zone��Flow�type of groundwater flow field��Dispersion�dispersion dimension��Media�homogeneous or heterogeneous medium��Component�single component or multicomponents��Initial condition�initial concentration distribution��Inflow boundary condition�boundary conditions in the inflow (upper) end��Outflow boundary condition�boundary conditions in the outflow (lower) end��Source type�contaminant source type��



	The data structure of the property classes is shown in Figure 3-5. The Model Name class is the root class that has four subclasses: Model type, Reference, Governing Equations, and Special. The Reference class has a Authors subclass that has a Abstract subclass. The Governing equations and Special classes do not have any subclass. The Model class type has nine layers of subclasses. The maximum depth of the data structure is 11.
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Figure 3-5  The data structure of the property classes



	All models in the system were classified using the property classes given in Figure 3-5. To avoid the confusion problem, similar keywords were identified at this step. There are more than 100 model property sets stored in the ANTS model database. Figure 3-6 is the property keyword set of the 1DVG05B model.
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Figure 3-6  The property keyword set of the 1DVG05B model 



3.4	Match Strategies

3.4.1	Overview

	Hypertext, database, and scenario match strategies were developed in the system to satisfy the needs of the potential users. The concepts of the match strategies are shown in this section. The detailed designs of the match modules are described in Chapter 5.

	The hypertext strategy uses the link feature of the hypertext. A hypertext is basically the same as a regular text that can be stored, read, searched, or edited with an important exception: a hypertext contains links within the text to other documents. The link feature of the hypertext can be used as a two-way pointer to connect a models and its properties. The hypertext strategy was applied on the hierarchy module.

	The database strategy uses SQL as an indirect tool to manipulate a model database to get results. This strategy was applied on the ranking module and the querying module.

	In the scenario strategy, a user can generate a scenario of the problem from a number of scenario parts. Once a scenario is created, the system will find a model to match the scenario. The strategy was applied to the scenario module.

3.4.2	Hypertext Strategy

	A hierarchy module is a combination of a hierarchical tree and its elements. The basic idea is that a model is located in the deepest level of the tree. In a hierarchy module, a user travels from the top of the tree to the bottom of the tree. The user has to make a decision to advance to the next layer. The final result of the decision
-
making process is a model. Figure 3-7 is a fraction of a hierarchy module. In order to find a model, a user has to make three decisions in this example. By choosing 
Fir
st type I. B. C., Semi-infinite, and Continuous, the user should find a model that meets these three conditions.
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Figure 3-7  A fraction of a hierarchy module



	The hierarchy modules are more useful to experienced hydrogeologists than to inexperienced engineers. The experienced hydrogeologists usually have clear ideas in analyzing a case, so they are more likely to make the right decisions to find an appropriate model.

	If users are not well versed in the domain, they may have trouble seeing the big picture of what the system contains and addresses. To solve this problem, a parallel hierarchy scheme aids in building a hierarchy module. As shown in Figure 3-8, a web page has many sections. Each section includes information regarding a particular node (model) and a synchronized hierarchical tree. Only one section is shown on the screen at a time. The relative location of this section (node or model) to the hierarchy scheme can be found in the synchronized hierarchical tree.
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Figure 3-8  An illustration of a parallel hierarchy web page



	There is one drawback in a hierarchy module. The problem is the travel length problem. As shown in Figure 3-9(a), the path of the binary tree from the H node to the O node is

	[ H ( D ( B ( A ( C ( G ( O ]. 				(3-1)

The length from the H node to the O node is 
6
. Let’s say a user is at the H node and want to go to the O node. Under a hierarchy module, the user has to travel six lengths to reach the O node. In a binary hierarchical tree that contains N nodes in the deepest level, the travel length between two nodes could be as long as

	[ 2 ( LOG2(N) ]. 							(3-2)

A user may be lost in the system even with the present of a synchronized hierarchical tree. This problem can be solved by constructing the hierarchy module as a wrapped hierarchical tree. In a wrapped hierarchical tree, all nodes in the deepest level are linked. In this case, there will be a direct link between the H node and the O node. So the length from node H to node O will be reduced to 1. Figure 3-9(b) is an illustration of an incomplete wrapped binary tree.
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Figure 3-9  An illustration of two binary trees



3.4.3	Database Strategy

Ranking module

	The ranking module ranks all models based on a user’s requests. The system has a multikeyword search capability. In the ranking module, a built-in SQL program is overlaid by the web page. To use the module, a user enters requests through the web page and clicks the OK button. The system will pass the user’s requests to a built-in SQL program. The SQL program will query the relational database and provide a result back to the user. The decision process of the ranking module can be described as a Pascal procedure shown in Figure 3-10. Figure 3-11 is a flowchart of the process.



�/* Keyword : user’s requests */

do j = 1 to number_of_keywords

begin

	do i = 1 to number_of_models;

	begin

		if (Model_Characteristics[i] = Keyword[j])

		then final_rank = final_rank + Weight[j];

	end

end;��

Figure 3-10  The decision process of the ranking module
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Figure 3-11  A flowchart of the ranking module



Querying module

	The querying module is designed for the users that know how to write SQL programs. In this scheme, a user has to write an SQL program to manipulate the model database. The database will return a list of possible models that match the user’s requests. Figure 3-12 is an illustration of the process.
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Figure 3-12  A flowchart of the querying module



3.4.4	Scenario Strategy

	The basic idea of the scenario module is that a scenario can be assembled from a number of characteristics. Rather than choose between two models with different characteristics, a user can create a scenario that is a conceptual model of the problem he (she) is facing. The system will find an appropriate model for the scenario. The scenario module includes a model database that contains the properties of the ANTS models. The scenario module uses CGI to manipulate the model databases. A series of questions were predesigned. A user answers these questions. The system will analyze the user’s answers and suggest a model to use. The decision process of the scenario module can be described as a Pascal procedure shown in Figure 3-13. Figure 3-14 is a flowchart of the process.



�/* n : number of user’s input */

do j = 1 to number_of_models

begin

	if ((Model_class[j][1] = User_input[1]) and

		Model_class[j][2] = User_input[2]) and

		 . . . . . . . . . .

		Model_class[j][n] = User_input[n]))

	then Appropriate_model = Model[j];

end;��

Figure 3-13  The decision process of the scenario module
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Figure 3-14  A flowchart of the scenario module



3.5	Summary

	The developments of the potential user classification, the model characterization, and the match strategies were described in this chapter. The system was built on the three-step approach.
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