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MANAGEMENT PERSPECTIVE 

Water quality models are very useful tool_s for carrying out evaluations of existing and 
proposed modifications of ecosystems due to changes in loads of contaminants or changes 
to the physical or chemical nature of the system. However, most of the existing models 
are never fully utilized due to poor documentation, limited user input-output features, and 
inadequate knowledge of the model parameter values. The operation of these models 
within the RAISON expert system allows abroad range of users to operate these models 
for a wide range of contaminants and aquatic systems in order to better reach the goal of 
sustainable development of our natural resources.-

_



ABSTRACT < - 

The RAISON (Regional Analysis by Intelligent Systems ON a microcomputer) system is a 

multimedia environmental data analysis tool-kit that contains a fully integrated database 
management system, spreadsheet, G.I.S.-, graphics, statistics, modelling, and expert system modules 
as well as a programming language that allows the user to create specialized applications. This 
paper presents case studies of modelling applications which illustrate the utility of the system in 
assisting the users of water quality models to make the models more user friendly through the use 
of added visualization of inputs and auxiliary information as well as on-line knowledge added. 
This system also enables the user to represent model results in numerous graphical forms as well 
as animated results presented on maps, as well as the ability to interface models with expert 
systems to aid in the selection and use of models and -in the interpretation of results.
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INTRODUCTION 

There are a wide range of numerical models available (Booty and Lam 1990) for examining 
water quality problems and which exhibit varying degrees of user support and sophistication of 
representing outputs. By operating these models interactively within the RAISON system their 
utility is enhanced significantly. In many situations there are a range of models which must be 
used depending on the nature of the pollutant and the environmental system being studied. 

The RAISON system is an integrative environmental analysis package that has been 
developed at the National Water Research Institute (Lam et al. 1988, Swayne et al. 1989, Lam 
et al. 1989). It contains a fully integrated database management system, spreadsheet, statistics, 
graphics, G.I.S., modelling, and expert system modules. All of the modules have been designed 
to interact seamlessly with each other and a RAISON Programming Language (RPL) allows the 
user to create specialized applications and to perform batch operations. The modules have been 
written using C code and have been designed to "include those functions that are useful for 
environmental applications. The system has also been designed to interact with external 

commercial software such as DBase "“, Lotus“, Han/ard “~Graphics‘"‘, ArcInfo"“, WordPerfect"“, etc. 
so that numerical, textual, graphical and map data can be transferred back and forth from 
RAISON. The micro version operates on PC/AT 38.6/486 computers with 3 Megabytes of 
extended memory.

A 

CASE STUDY l 

In this study the Porcupine River system near Timmins, Ontario is being examined to 
detemtine the effect of adding a new mining operation along the river. A one-dimensional, time- 
dependent water quality model is initially used (Wong et all. 1990). The river system is divided 
into thirty two segments as shown in Figure 1. The concentration in each segment is calculated 
using the equation:
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where'Q is flow and S is concentration, e represents effluent, i is the river segment under 
consideration and i+_.1. is the upstream segment, m. and n are the total number of upstream 
segments and effluent sites, respectively. The model simulates the time change of mine effluent 
concentration in each of the river segments for given Q’s and S’s. In this particular model the 
pollutant is assumed to be conservative. ~ 

_ 
The modelling" subsystem is activated by a control function (i.e. a spreadsheet command). 

It utilizes information stored in the database system such as river flow and water chemistry data 
to run the model. An example of a_ typical database file is shown -in Figure 2. In addition to 
numerical data the database system can also store descriptive textual information about the site. 
The expert system utilizes the knowledge stored in this system for reasoning and providing 
recommendations to the user. 

In the system the location of the new mine discharge site can be placed on the map directly 
using the crosshair cursor to mark the desired segment position. The system makes use of the 
RAISON map module to store the new location. When the model is run, the concentration of the 
pollutant is represented by colour shading of each river segment. The colours are chosen so that 
spatial gradients in the concentration can be easily identified. This provides an immediate 
visualization of the model results and the process can be continued repeatedly without leaving the 
modelling module. An example is shown in Figure _3 where the predicted values are compared 
with measured data for iron (Fe). When a new discharge site is being considered it is also 

convenient to compare both the results of the current condition and the proposed condition 

simultaneously. To achieve this the river is split into two halves at its centre line as shown in 
Figure 4. The left side of the river looking upstream is used to display the current conditions 

while the right side is for the proposed. With this feature the differences between these two 
conditions can be easily identified and can be examined with respect to water quality guidelines,
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as shown in Figure 4. The segments in which the concentration violates the water quality 
guidelines are shown as red. This type of modelling capability is particularly useful for regulatory 
personnel and managers for scenario testing. " 

CASE STUDY 2 
The Athabasca River in the province of Alberta is the site of the next modelling example. 

In this case a more sophisticated model based on the WASP4 model (Ambrose et a1. 1988) was 
developed to study the fate of toxic chemicals downstream of the Tar Sands plants near Ft. 
McMurray. A user friendly input program was developed which incorporates GIS maps based on 
satellite and digitized topographic and navigational charts as well as an input file editor. The 
model user is able to scan down from the satellite map to watershed scale maps, and finally down 
to the digitized river map, as shown in Figures 5-7 respectively. The full model operates 

interactively within the RAISON system in order to use the full capability of the map, database 
management, spreadsheet and graphics modules. 

In this application phenol simulated and it_is assumed that the distribution of the 

dissolved and adsorbed phases are controlled by the interactions of water and suspended sediment 
through the processes of advection, diffusion, net settling, adsorption and desorption. By also 
assuming that the dissolved-solid system is near equilibrium, the exact ratio of" dissolved to 

adsorbed form at equilibrium is dependent on the properties of phenols and the characteristics of 
the suspended sediments. The equations used to describe this system are: 

‘II 

C, ' 

-=—-—-—— 3 c, lmcsc, <> 

where: C, is the total concentration (ng/L) 

Cp is the particulate concentration (ng/L) 

Cd is the dissolved concentration (ng/L) 

C,, is the suspended sediment concentration (mg/L)
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1t is the partition coefficient (L/mg) 

In this model C, is allowed to vary in both time and space, The differential equations used to 
describe the system are:

' 

8VC 6_UC 
.3’: + - -wcs (4) 

where: V is the volume of the segment 
U is the velocity obtained from the hydrodynaniical portion of the model 
W is the net settling velocity 

_ A 

The boundary conditions for equations 4 and 5 are such that C“ and C‘ are specified at the inflow 
with no total flux at solid boundaries and no diffusive flux at open boundaries. 

In order tobetter visualize the results of the modelling for the various chemical parameters, 

the river is represented in Figure 8 as four separate images. For this stretch of the Athabasca 
River, the channel is divided into twenty six river segments between Ft, McMurray and Embarras 
Portage. The river channel is also split in half longitudinally so that different scenarios can be 
compared visually as well. The model operates on a daily tirnestep and in the actual system the 
results would be seen on the computer screen as changing colour of the segments with time as 
the concentrations changed. Loading scenarios are available for either single or continuous 
discharge conditions. Figure 8 is a snapshot of the concentrations expected on Feb. 10. In this case 
the discharge plume has reached the Ft. Mackay sampling point and a bar graph appears showing 
the observed, calibrated. and scenario 7 (l0x background) total phenol concentrations. Figure 9 

is a snapshot showing the concentrations in the river 9 days later on Feb. 19. Different loading 
scenarios can be run sequentially without leaving the system, resulting in the user being able to

I

I 

I

I 
at/c,t auc, _ W 1tC_,_,. 

C‘ (5)
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quickly and efficiently evaluate the response of the river. The same process can be easily carried 
out for different rivers with minor changes to the input files and the RAISON programming 
language code used to display the results. 

. 

' CASE STUDY 3 
Most environmental assessment studies share similar characteristics of uncertain or 

incomplete data which varies in both time and space as well as a variety of models which could 
potentially be used to simulate the behaviour of an ecological system. Resource managers and 
policy makers can only benefit from a more complete and robust information system for decision 
support. In this application the role of the expert system is more fully illustrated. In this case a 

hierarchy of models is included within the system and the system aids the user in selecting the 
most appropriate model or models based upon the values of input parameters, model assumptions 
and the availability of’ input data, The model selection process solicits information from both the 
system user and the information system (databases) and based on these values, a final model or 
models selection is made. Typically the model selection yields a single model choice, however, 
based on required results, the process may require a complex result where the simulation requires 
sequential or combined modelling phases. - 

The RAISON expert system shell is used for the deduction and development phase of the 
ru_les. After the rules have been developed they are entered into a spreadsheet format. Each rule 
is formed by placing the factor into its specific row. This forms the lF_TI-{EN structure with the 
THEN clause residing in the last column. Once all of the rules have been loaded into the 

spreadsheet the rule set is compiled based-on a modified version of the ID-3 algorithm (Quinlan 
1979). This algorithm transforms the collection of rules into an optimized decision tree. This 
algorithm also performs a number of special tasks.~It allows external programs such as models 
to be called directly from the expert system shell and also performs the task of retuming outputs 
from the other programs back to the RAISON expert shell or to other expert system shells which 
are capable of being used interactively within the RAISON system. Interfacing with other 

programs and models is carried out simply by adding a special character in front of the THEN
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clause in the spreadsheet. This is illustrated in Figure 10. The answer here is not just a rule being 
fired and a simple answer being determined but rather a model is selected and the program is 
executed. The "@" symbol indicates to the -system that this is an executable C, Fortran, etc. 

program. The system then enters the appropriate input data and runs the model. The results are 
then sent back to the RAISON expert system shell or to another shell, or possibly to another 
model. A "$" symbol is used to indicate that the answer is an RPL program that should be run. 
An "!" symbol indicates that another expert system shell is to be called. 

As an example of the use of the system, let us assume that the user wishes to carry out an 
environmental assessment of the impact of a mine effluent on a receiving water body. The first 
step would be to select the area of concem. In this case we are considering mines in Ontario, 
Canada. The user would select the Ontario map and select the mining district of interest, as shown 
in Figure 11. One moves down through the hierarchy of maps by selecting" the icon representing 
the area of interest with the mouse crosshair. In Figure 12 the Levack mining area is shown and 
at this level the position of specific mining operations are shown along with water quality 
sampling stations. The sampling stations are represented by the solid yellow dot icons. By moving 
the cursor to'a particular icon and clicking the right mouse button, available infonnation for that 
site is listed as shown in Figure 13. Selecting the "Site Information" option results in textual 
infomtation about the site being displayed, as shown in Figure 14. Additional information on 
aspects of the operation such a_s detailed site plans and plant treatment processes can also be 

examined. 

The expert system is then selected in order to detemiine the best model to be used. In this 
case it is assumed that the regulatory agency is interested in determining whether the mine will 

exceed the PWQO (Provincial Water Quality Objective) limit for copper. An example of the 
consultation session is as follows below:
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After the query the system responds with the screen shown in Figure 15. In this case the 
model chosen is the ambient mixing zone model with decay. In addition the optimized rule tree 
is also shown to the user-. At this point the user would be able to examine on-line information 
about the model such as the general theory-, functions. and assumptions, an example of which is 
shown in Figure 16. Next the user would execute the model by pressing "F10". This would bring 
up on the screen the input option windows. In Figure 17 the user is able to enter data directly 
from the keyboard or select steady-state or time series data which are stored in the system's 
database for that site. If one selects the time series option then the screen shown .in Figure 18 is 
used to select the available input data. In this case copper (Cu) is selected for a“ 50 year low 
retum flow scenario and the high option for model coefficients. Selecting the high option results 
in the system using the model coefficients which will result in the worst case scenario. The model 
is then executed by selecting "OK" using the mouse to indicate that you are satisfied with your 
input options selection. The model results are then displayed in a spreadsheet format as shown 
in Figure 19. At this point the user is able to immediately plot the results as a line graph or bar 
graph-. One may also change any of the input data values in the spreadsheet and rerun the model. 
The graphs may be shown separately or they may be superimposed upon maps as shown in Figure 
20, Following the execution of the model and the display of the results, the results are sent to the 
expert system shell where they are analyzed and conclusions and recommendations are generated 
with respect to meeting or exceeding the guidelines and how to adjust the effluent concentrations
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and/or flows to meet the guidelines, as shown in Figure 21. This example shows the seamless 
features of the system as it is able to move back and forth between the expert system shells, the 
models, spreadsheets, databases, and the GIS system. A description of the hierarchy of models 
available within the system, has been presented elsewhere Booty et al. 1991). - 

- CONCLUSIONS ' 

The water quality modelling systems. presented in this paper are presented as examples of 
how the RAISON expert system can be used to enhance the utility of water quality models in 
carrying out environmental assessments. The system has been designed so that it can be user 

customized to fit almost any type of application. Another key advantage of such a system is that 

its design gives the user and developer the flexibility to use a combination of both conventional 

systems. Coupling of models to a knowledge-based system greatly enhances the utility of the basic 
models from selecting the best model, assisting in the selection of the information required to run 

the model, and finally in the interpretation of the model results. The RAISON programming 
language in combination with the other system modules enables the user to easily create both 

static and animated visualizations of model outputs. 

and expert system tools to help solve environmental problems without the limitations of disjoint 

ll 
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I
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Figure 20: Map overlays of graphs of model outputs ' 

Figure 21: Expert system generated conclusions and recommendations
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