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NOTES ON THE USE OF THE SOFTWARE AND

                                  USER'S GUIDE

	Responsibility for decisions made using WATTREAT software and user’s guidelines rests with the user.


	
CURRENT STATUS AND FURTHER CHANGES

	Please note that the current version of WATTREAT has components whose scope of application could potentially be greatly expanded in future versions. For example, the water source protection advisor addresses in-house treatment of water only in general terms, and mostly only relating to in-house disinfection with chlorine. The latter could be expanded to include chlorination of turbid water, what to do about foul tasting water, etc.  Another component that could be expanded is the microbial sampling and water supply disinfection advisor to address further aspects of disinfection in different places in the water treatment and water supply network. When a cost-free version of the water stabilization programme, STASOFT, becomes available, if required it could be incorporated to complement the water corrosion and hardness advisor. The functional part of WATTREAT (excluding the displays) could be incorporated into other software (e.g. database applications) built with Delphi, C++ or Visual Basic, should the need arise for this.
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FIGURES AND DEFINITIONS

	FIGURES

Figure 1: Where expert systems development fits in to the knowledge hierarchy
4
DEFINITIONS

Small Community: A community of less than 5000 people, with special reference to one dependent on a local water supply.  
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	1
Background and Motivation


Being a semi-arid country with an expanding population, South Africa is facing challenges regarding the deterioration of its water resources and the need to treat the water to acceptable standards for potable use. South Africa faces the following challenges regarding the provision of potable water supplies:

(i)
Good quality water is a scarce resource.  As the market demand for water increases, this requires that water sources of lower quality be utilized for domestic purposes. Specialised treatment, monitoring and control is likely to be required for these sources, involving sometimes significant and perhaps unnecessary cost.

(ii)
Due to the increased production of waste and the lack of will or ability to dispose of it effectively, the resulting pollution has become an ever-increasing threat to the quality of our potable water supplies. This again requires the need for specialized treatment and regular monitoring and control in order to produce safe potable water.

Due to lack of resources and the poor quality/ reliability of source water,  the provision of conventional water treatment systems alone is unlikely to ensure sustainable water supplies of sufficient quality for many small communities. There is a need to have access to readily available knowledge on suitable water treatment processes and systems that will enable the provision of appropriate and cost-effective potable water for small communities.

The need for decision-support guidelines for water treatment is becoming more acute, and due to the dubious quality/reliability of water resources these guidelines are necessarily complex.  There is therefore a need for such guidelines to be presented in a way that hides the complexity of the process (for example, only those issues relating to the current context of the problem need to be presented) and yet allows access to the details of relevant background information when required. Software which supplies tools to help in guideline interpretation and implementation, if this is integrated with some form of routine "intelligence", should be of value to potential users, as such users are not likely to have all the expertise needed in order to interpret and implement the guidelines.  The development of expert systems-based decision-support tools is believed to be a way of obtaining the required decision support, even though the knowledge contained in the software is of a fairly routine nature. 

Objectives of the study
The overall objective of the research project is to develop expert systems incorporating guidelines and advice together with relevant decision-making processes, in order to provide decision-makers with appropriate, readily accessible information and expertise on personal computers.

Aims:

-
to collate existing expertise and information on cost-effective water treatment and supply for small communities. 

-
to collate existing expertise and information on practical measures to protect local water supplies from pollution, applicable to small communities. 

-
to establish decision-support guidelines and methodologies in the form of personal-computer based, expert-systems applications as well as a guidelines handbook.

Before being in a position to develop software, it is necessary to have relevant information and, where possible, guidelines.  Guidelines have been produced by The Department of Water Affairs and the Water Research Commission have published guidelines on water quality and treatment (Department of Water Affairs and Forestry, 1996; Water Research Commission, 1999) that have been used as a basis for some of the expert systems development. Other useful guidelines and data have been found in other literature, notably US Environmental Protection Agency (1990), Martin and Martin (1991), Loewenthal et al (1986) and others. 

WATTREAT is the name given to the suite of expert systems based decision-support software developed for this project.  WATTREAT has been designed to address water treatment for small communities, and may be readily modified so that new information can be implemented in the software.  Although WATTREAT has been designed to produce meaningful results, some components such as the water source protection advisor have significant scope for expansion. WATTREAT attempts to provide decision support for small-scale water supplies in terms of :

· Advice on sampling water supplies for pathogens,

· advice on chlorination, 

· toxicity advice and treatment option identification,

· water treatment component suitability assessment,

· comments on water hardness, potential aggressiveness and corrosivity (the latter two due principally to the presence of chlorides and sulphates in the water),

· water sample analysis data comparisons with quality limits, and

· water source protection for springs, boreholes and wells.
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	2
Development of Expert Systems


2.1
Expert systems based decision support

Expert systems development tools provide a framework for modelling both qualitative and quantitative data as well as expertise (Richey, 1985; Hayes-Roth, 1985).  Expert systems are computer programs which are designed to provide certain types of expertise as well as other forms of decision support, where the latter are driven by, or else incorporate routine intelligence. They may be used to provide decision-support tools for decision makers who address complex tasks involving multiple disciplines. The aims of using expert systems in this project are (Starfield and Bleloch, 1983): 

· to model the required expertise, and 

· to make expertise of a routine nature readily available on computers, and

· to make the expertise comprehensive yet concise.  

Expert systems are potentially useful as decision modelling aids and as decision support tools. Whereas most decision support tools provide information and knowledge in a descriptive form (graphs, maps, etc.), expert systems present knowledge in a combination of both logical and descriptive forms, where they can perform tasks involving interpretation of data, “recognition” of data patterns, problem diagnosis, risk assessment and more (see Figure 1).  One test to identify the activity of an expert system is where questions asked are dependent on answers given to previous questions (Starfield and Bleloch, 1983).

2.2
Expert systems development stages

The development of expert systems in this project involved two stages, namely, the knowledge engineering stage and the software development stage

(i)
The knowledge engineering stage

Given the problem area to be addressed, the knowledge engineering stage involves knowledge acquisition and knowledge representation:

· Knowledge acquisition:

This involves identifying relevant sources of knowledge and expertise , identifying objectives, goals and issues of tasks to be performed and eliciting the required knowledge / expertise from experts and other information sources.
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Figure1: Where expert systems development fits in to the knowledge hierarchy 

· Knowledge representation:

Knowledge can be presented in different ways, depending on input and end-use requirements. If practical guidelines are required for problem-specific, decision-support purposes, then normally the cause-effect type of logic and procedural knowledge needs to be separated from the descriptive knowledge. The logic and procedures can then be addressed separately. The following steps have been found useful for modeling the decision pathways suitable for encoding decision-support tools used for diagnostic and interpretation purposes:

· Identify all the objects which are relevant to the problem area (e.g. for water supply disinfection and monitoring, objects are: raw water, treated water, chlorination strength, treatment options, etc. ). Amongst these, identify which ones represent issues and which ones represent goals.

· Identify object values  (e.g. 1,2,3,4,5; “High, Medium, Low”; etc.).

· Identify cause => consequence relationships between objects. 

· Assign value ranges to objects and draw up IF – THEN rules (or node-link relationships). 

· Group rules into contexts (i.e. conditions in which specific sets of rules are valid).

· Develop procedures (or methods) to address specific tasks when these are needed, such as to generate a report, or to carry out a weighting and rating method and then rank the results. 

(ii) The software development stage

This involves defining the objects in a computer language, assigning ranges of values to them, then using “IF – THEN” rules to link objects with specific values on the left-hand (IF) side of a rule to one or more objects with specific values on the right hand (THEN) side. An example of a rule follows:

IF the water source is a spring AND a pit latrine is within 30 metres THEN  contamination of the water is possible.

Computer procedures are developed and incorporated where required.

2.3
Development of WATTREAT

In the development of WATTREAT, guidelines, “rules-of-thumb” and some methodologies were derived from literature and then incorporated into rule-based logic and set up as expert system prototypes (these are skeletons of the eventual system, and work on limited data, giving simple results). The prototypes were incrementally tested, built up and modified. Development and testing involved testing and modification of preliminary rule sets, methods (e.g. ranking and ordering methods), question displays, form displays and report generators. Validation was done by comparing results from the software with literature and with experts (The exception to some extent being the water treatment option ranking tool, the results of which need further validation). User acceptance tests were done by holding demonstrations and by getting potential users to test the software on a trial basis. Once the expert systems were giving the required results, they were assembled under the control of a component called the main menu, the latter being a single user interface from which all the components could be run. 

Major challenges concerned firstly, a “bug” in the development software and secondly, the size of WATTREAT. The first challenge caused a set-back of about six months to the project and was caused by the inability of the development shell to handle default input values under the Windows ’95 and ’98 operating systems. The instability was corrected by re-developing some of the software and ensuring that default values were not activated. The second challenge was that the software has to be user friendly, and consequently also “computer friendly”. Computer friendly means that it does not impede the operation of other software, it does not take up excessive memory, it does not install “hidden files” in the system registry (which cannot afterwards be uninstalled) and it can be uninstalled by deleting a single subdirectory and any files previously moved onto the computer screen (the latter shown as icons).  The first working version of WATTREAT was very large, too large to send as email attachments, its size making it too slow to download over the Internet  (more than one hour on a telephone modem) and causing it to take up a large amount disc space on older computers equipped with small-capacity disk drives. In order to reduce the size of the software the picture files were re-compiled with fewer colours, some large picture files were removed, and large unnecessary program files were removed (the latter were files such as database access utilities which are not required for WATTREAT to function). At just under two megabytes in size, the installation software ended up being about a third of the size of the original and is now small enough to be accepted on most commercial servers as an email attachment. The software is now also much quicker to download using a web browser (taking approximately 20 minutes via a telephone-line modem). 

	3
Components of WATTREAT


The expert-systems decision support programs developed for this project include:

· Water supply microbial sampling/ monitoring and chlorine disinfection advisors
· Laboratory determinand test selection aid
· Laboratory determinand test interpreter and water treatment advisor.

· Water treatment option suitability ranking tool
· Water hardness and corrosion potential advisor.
· Drinking water contaminant limits exceedance tool
· Water source protection advisor
These are discussed in more detail underneath.

· Water supply microbial sampling/ monitoring and chlorine disinfection advisor
This is a simple system designed to give advice on microbiological sampling and chlorination of a community's water supply, where a water storage and/or water reticulation system exists. It is split into two components.

· One component addresses when and where chlorine disinfection is done and the minimum residual chlorine concentrations in a community's water supply

· The other component addresses how often microbial sampling should be done, what microbes should be tested for, and the need for re-sampling when any tests are positive.

· Chlorination and microbial monitoring expertise was firstly obtained from a water disinfection expert and then later modified and expanded to include disinfection guidelines from the World Health Organisation (World Health Organisation, 2000c) and information on free residual chlorine in water supplies by Tebbut (1992).

· The water sample test selection aid and the test interpreter and treatment advisor

This is designed to identify preliminary water quality test determinands based on site evidence, then to present toxicity and water treatment advice.

(i) Given visual symptoms, taste and smell characteristics for on-site water samples and potential pollution sources in the vicinity of the water source, this module then identifies criteria for laboratory analysis.

(ii) Given specific contaminant concentrations in a water supply, this component is designed to:

· give comments on potential problems, toxic effects or impacts relating to the contaminant in terms of its concentration; 

· give recommendations and warnings regarding the treatment process;

· identify relevant treatment options for the contaminant in question.

· Information for the water sample test selection aid was obtained mainly from the following information sources:

· A Water Quality Association publication: Water Processing for Home, Farm and Business (McGowan, 1988)

· South African Water Quality Guidelines document (Department of Water Affairs and Forestry, 1996),

· Water Research Commission, 1998.  Quality of domestic water supplies. Volume1: Assessment Guide, Pretoria.  WRC Report No: TT 101/98

The information sought was:

· The association of on-site water characteristics such as sight, smell, taste with a preliminary indication of constituents that need to be tested in a laboratory.

Information for the water treatment identification and toxicity advisor was obtained mainly from the following information sources:

· South African Water Quality Guidelines document (Department of Water Affairs and Forestry, 1996),

· Quality of Domestic Water Supplies assessment guide (Water Research Commission, 1998), 

· documents from the World Health Organisation Web page (World Health Organisation, 2001a),

· a Water Quality Association publication: Water Processing for Home, Farm and Business (McGowan, 1988)

· a US EPA publication: Environmental Pollution Control Alternatives: Drinking Water Treatment for Small Communities (U.S. Environmental Protection Agency, 1990),

· a US EPA publication: Technologies for Ugrading Existing or Designing New Drinking Water Treatment Facilities, (U.S. Environmental Protection Agency, 1991),

· a publication: Water Treatment Processes: Simple Options (Vigneswaran and Visvanathan, 1995).

·  A publication entitled: “Technologies for Small Water and Wastewater Systems” (Martin and martin, 1991)

The information sought was:

· the association of constituent concentrations with toxicity effects, 

· suitable treatment options for the constituent of concern and

· the threshold level at which treatment for the constituent of concern would become important.

An example with zinc as the constituent of concern follows:

The toxic effects of zinc: 

High concentrations of dissolved zinc in water can cause nausea and vomiting, and at very high concentrations kidney damage can occur (Department of Water Affairs and Forestry, 1996).  However, these concentrations are far higher than those at which water becomes objectionable for drinking.

Treatment options for zinc: 

(1) Coagulate with lime, then settle and filter;

(2) aerate and pass slowly through calcite chips then settle and filter;

(3) increase pH to above 8,5 then flocculate with alum or iron salts, then settle and filter.

(Department of Water Affairs and Forestry, 1996; US Environmental Protection Unit, 1991; World Health Organisation, 2000 a). 

For zinc concentrations greater than 3 mg per litre, aesthetic effects become noticeable, so treatment options are then considered to be relevant (Department of Water Affairs and Forestry, 1996).

· Water treatment option ranking aid


This module is designed to aid in selection of water treatment options.

It aims to assist in the identification of potentially important water treatment options, given the following criteria:

a. The need for restrictions on costs, 

b. the relative importance of operational simplicity and process reliability, and

c. the need for effective reduction of pathogens, potentially toxic contaminants and constituents which present aesthetic problems.

Results presented are:

· The relative suitability of treatment options for each major treatment category of concern (in numeric and graphic format) and

· the pros and cons of various treatment options.

This information may be used to help assess the importance of specific treatment process options in terms of the need for treatment of potential contaminants, and so is best used together with the water treatment option ranking aid and the treatment identification and toxicity advisor.

Information for the treatment option ranking aid was obtained mainly from the following information sources:

· A US EPA publication: Environmental Pollution Control Alternatives: Drinking Water Treatment for Small Communities (U.S. Environmental Protection Agency, 1990),

· a publication: Water Treatment Processes: Simple Options (Vigneswaran and Visvanathan, 1995).

· documents from the World Health Organisation Web page (World Health Organisation, 2000 a),

· a publication entitled: “Technologies for Small Water and Wastewater Systems” (Martin and Martin, 1991),

· a publication by the American Water Works Association (1991).

The information sought was:

· The relative suitability of treatment options for each major treatment category of concern and

· the pros and cons of each treatment option.

· The drinking water limits assessment tool

This decision aid estimates the extent to which constituents exceed or satisfy upper-end health related guideline limits. It should be used in conjunction with the water treatment identification and toxicity advisor.

The ability to cost-effectively treat raw water to make it suitable for potable purposes depends on:

(1) the extent to which constituents exceed aesthetic and health-related guideline limits

(2) how easy or cost-effective it is to treat the water for each constituent to bring it to within acceptable limits

(3) to what extent a suitable treatment process for one constituent is compatible with that selected for another constituent.

Information for the drinking water limits assessment tool was obtained mainly from the following information sources:

· South African Water Quality Guidelines document (Department of Water Affairs and Forestry, 1996),

·  the Quality of Domestic Water Supplies assessment guide (Water Research Commission, 1998), 

The information sought was:

· The association of constituent concentrations with seriousness of negative health effects for concentrations at the maximum recommended limit (MRL) and

· the threshold level at which treatment for the constituent of concern would become important.

· Water supply network corrosion and aggressiveness assessment aid

This module is designed to give advice on water hardness, corrosivity and aggressiveness, the latter two principally in terms of chlorides and sulphates. In other words, it is designed to advise on:

(1) the potential aggressiveness of water on cement-based materials and potential corrosivity of water on metals, due mainly to high chloride and sulphate concentrations;

(2) corrosivity of water on cement and metals given calcium, pH and alkalinity values in terms of threshold values;

(3) the hardness of the water and the potential affect of this on human health and on washing.

Information for the Water corrosivity/ scaling and aggressiveness tendency advisor was obtained mainly from the following information sources:

· A Water Research Commission publication entitled: “Softening and Stabilization of Municipal Waters” (Loewenthal et al, 1986),

· South African Water Quality Guidelines document (Department of Water Affairs and Forestry, 1996),

·  a publication: Water Treatment Processes: Simple Options (Vigneswaran and Visvanathan, 1995),

· a US EPA publication: Technologies for Ugrading Existing or Designing New Drinking Water Treatment Facilities, (U.S. Environmental Protection Agency, 1991),

· special consideration of the potential corrosivity of humic waters in a report to the Water Research Commission by Swartz and de Villiers (1998).

The information sought was:

· A simple methodology which could be used to help assess water hardness and

· an interpretation of hardness in terms of its effect on human health and on washing with ordinary soap. 

· Guidelines on the effect of high concentrations of sulphates and chlorides in water on metal and cement materials, including any applicable equations which are needed to help derive results, and

· appropriate mitigation measures.

· The water source protection assistant

This module is designed to give advice on protection of water sources for rural communities, where the community collects its water directly from the source, with the principal aim being to protect the health of those who use the water for domestic purposes.

Given the type of water source, existing facilities used to protect the source, the type of sanitation in the vicinity, the proximity of sanitation facilities to the source, the existence of other potential sources of pollution up-slope of the source, the depth of the groundwater table and the type of ground in the area, it then does the following:

(1) It determines the degree of risk of contamination of the water source,

(2) It identifies the need to get expert advice;

(3) It identifies appropriate mitigation measures.

Information sought for the water source protection advisor was as follows:

· Guidelines on the physical protection of water sources where a community collects water for domestic use (e.g. pave pathways in close proximity to the water source); 

· guidelines on identifying potential sources of pollution and assessing their contamination potential, (e.g. if a feedlot is upslope of a spring then assume the risk of contamination is high), and 

· suitable courses of action to take in order to reduce the risk of contamination and to more accurately assess the contamination risk and (e.g. obtain the advice of a sanitation engineer and geo-hydrologist), and

· appropriate mitigation measures (e.g. effective chlorination of household water supplies).

Information for the water source protection advisor was obtained primarily from the following information sources:

· A document entitled “A Protocol to Manage the Potential of Groundwater Contamination from On Site Sanitation” (Department of Water Affairs and Forestry, 1997),

· A WEDC document entitled “Groundwater, Latrines and Health” (Cave and Kolsky, 1999), 

· a WHO publication entitled “Groundwater Pollution Risk Assessment – A Methodology Using Available Data” (Foster and Hirata, 1991),

· documents from the World Health Organisation Web page (World Health Organisation, 2000 b),

· an IRC publication: “Small Community Water Supplies” (Hofkes, 1983)

· a publication by Canter and Knox on septic tank system effects on groundwater quality (Canter and Knox, 1986)

· an article in published conference proceedings on aquifer vulnerability, pollution risk and protection strategy (Foster, 1987)

· an article on chlorination of household water supplies by Skinner and Shaw (1998). 

· information on free residual chlorine in water supplies by Tebbut (1992),

· Information in practical guideline form on protection of community drinking water sources from the World Health Organization internet site  (World Health Organization, 2000a; World Health Organization, 2000b),

· A report to the Water Research Commission addressing guidelines for the use of septic tank systems in the coastal zone (Wright, 1999).

The components of WATTREAT are described in some detail in the software guidelines manual.

	4
Conclusions and Recommendations


4.1
Aims of the Study: The extent to which they were fulfilled 
The aims are repeated here in italics, and the relevant comments follow:

· To collate existing expertise and information on cost-effective water treatment and supply for small communities. 

· To collate existing expertise and information on practical measures to protect local water supplies from pollution, applicable to small communities. 

· To establish decision-support guidelines and methodologies in the form of personal-computer based, expert systems applications as well as a guidelines handbook.

The first two aims were addressed by:

· Obtaining expert input from a disinfection and water treatment specialist and then supplementing that with further information obtained over the internet from the World Health Organisation. 

· Sourcing guidelines and technology design documents over the internet and then downloading the relevant documents. These were mainly from the American Water Works Association’s, the US Environmental Protection Agency’s and World Health Organisation’s document archives.

· Obtaining Guidelines documents from the Water Research Commission and the Department of Water Affairs and Forestry.

· Obtaining books on interlibrary loans, for example books on small community water supplies, on slow sand filtration, and on technologies for small water and wastewater systems.   

· Collating information from the above sources. This was done principally through two means, one by using knowledge engineering techniques and the second was by tabulating and comparing published data from several sources and assessing the comparative suitability of specific water treatment options for different types of contaminant in water.

The extent of achievement of the first aim:

In sourcing information it was found that significant information suitable for incorporation into an expert system exists for water treatment and to a lesser extent for water source protection. For water supply management other than the disinfection and monitoring aspects, little suitable information was located. 

Hence, due to the abundance of suitable information available relating to water quality, focus for expert system development was primarily on water quality as opposed to aspects relating to system design and operation. The decision to change this focus was made at the Steering Committee held in October, 1999.

The reasons for the change in focus are:

An abundance of guidelines exist on water supply treatment and somewhat less on water supply protection. Readily available information on water supply management suitable for expert systems application relates mostly to microbial, chemical and residual chlorine monitoring. Other information on water supply management suitable for expert systems applications was very limited, and was confined mostly to design aspects of water supply. Examples are:

a. Zimbabwe Ministry of Energy and Water Resource’s National Master Plan for Rural Water Supply and Sanitation:  Volume 8: Design Manual. Interconsult Consulting Engineers (1985). 

b. American Water Works Association’s Manual of Design for Slow Sand Filtration (1991)

The extent of achievement of the third and most important aim is discussed hereunder:

· Six expert systems, one weighting-and-rating tool and one spreadsheet-type calculation tool have been developed. These make up the six main components of WATTREAT.  WATTREAT is fully functional and should be useful to regional authorities and consultants who work with rural water supplies.  The size of WATTREAT should not hinder it from being cost-effectively deployed to potential users over the internet nor should WATTREAT cause incompatibility problems on computers operating under Windows 3.1, Windows ’95 or Windows ‘98. 

· A comprehensive software user guide has been prepared.  Besides containing information designed to help a user run the software, it contains information on how the logic was derived for each application, backed up by flowcharts.  The guide also contains some practical guidelines on water supply disinfection and monitoring and on water source protection.

The aims have been fulfilled in nearly every case except possibly regarding the user guidelines manual. Although the manual is designed principally to be a guide to the software user, it is also meant to provide practical guidelines on water treatment. The manual contains a few practical guidelines that represent a relatively small part of the expertise in the software. It was found to be difficult with available project resources to develop comprehensive guidelines that reflect much of the expertise contained in WATTREAT. Also, extensive and comprehensive guidelines on water quality, suitable treatment options and contaminant toxicity applicable for South Africa currently exist, and information from these was used in the development of WATTREAT (Some of these guidelines were published after the proposal for this project was submitted to the WRC.). Some guidelines addressing chlorination, microbial sampling and water source protection that are not covered by existing South African guidelines have been included as appendices in the manual. 

4.2
Recommendations 
It is recommended that WATTREAT be used by consultant groups who are concerned with water supplies for small or rural communities, by local authorities responsible for supplying water to small communities, and government departments (Department of Water Affairs, Department of Health, and relevant provincial government departments), for testing.  The software could then be modified to accommodate their recommendations.

In order to ensure the software is successfully used by the groups mentioned above, it is recommended that a pilot study be conducted first and then, based on the pilot study results, a feasible software implementation strategy be developed and implemented. Part of the implementation strategy could involve technology transfer workshops, during which the software is demonstrated, the supporting methodologies discussed, and then users be given problems to solve which require the use of WATTREAT.

If the software is required to run under Windows 2000, some changes need to be made to the screen displays to make the text boxes and the reports visible.  This could be accomplished as part of the pilot study.

The current version of WATTREAT has components whose scope of application could potentially be greatly expanded in future versions. For example, the water source protection advisor addresses in-house treatment of water only in general terms, and mostly only relating to in-house disinfection with chlorine. The latter could be expanded to include chlorination of turbid water, what to do about foul tasting water, etc.  Another component that could be expanded is the microbial sampling and water supply disinfection advisor to address further aspects of disinfection in different places in the water treatment and water supply network. When a cost-free version of the water stabilization programme, STASOFT, becomes available, if required it could be incorporated to complement the water corrosion and hardness advisor. The functional part of WATTREAT (excluding the displays) could be incorporated into other software (e.g. database applications) built with Delphi, C++ or Visual Basic, should the need arise for this.

4.3
Proposals for archiving of data

The proposal is that the software and related documents be kept on the WRC internet server, to be made available for download to those with internet connection facilities. It can also be distributed on compact disc (CD), along with the printed report.  In the latter case it may be easier for the intended user to have the software ready for use on a CD so that it does not have to be installed on a computer. It is recommended that copies of the software on CDs be kept at the Water Research Commission offices for copying and distribution purposes.

4.4
Technology transfer actions

Plans are to present papers at symposia and to present demonstrations at workshops in 2002.  Presentations to officials from the Department of Water Affairs and to officials at some smaller municipalities have been done and plans are being made to continue such presentations.  Two papers have been accepted for WISA 2002.  Opportunities for mentoring colleagues, many of whom are from formerly disadvantaged communities, in the field of knowledge engineering and in the development of expert systems based decision-support are being actively pursued. A knowledge engineering workshop was held at the CSIR, Stellenbosch, premises in February, 2002 – more are to be held later in 2002. 
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