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Introduction

Gold was discovered in 1886 on the farm Langlaagte in Johannesburg. Mining took place continuously until the early 1970’s when mines start closing down. Out of hundreds of mining companies, only a few remained in the Far East Rand and Central Rand. East Rand Proprietary Mines Ltd (ERPM) which started mining in 1894 is the only remaining mine on the Central Rand.
The Witwatersrand mining basins consist of the Far West Rand, West Rand, Central and Far East Rand. ERPM is also the lowest area in the Central Rand Basin. The Central basin can further be divided into 3 smaller underground compartments. All 3 basins in the Central Basin are connected but act independently due to mining pillars and the installation of plugs.

The Central Rand mines were dewatered until 1974 and in 1977 workings were allowed to flood completely. It was then predicted that water that became polluted inside a mine that is no longer pumped, will eventually decant (appear) on surface. Such a surface decant occurred in 2002 on the property of the old Randfontein Estates. The water entered the Krugersdorp Game reserve and the potential of this water reaching the Sterkfontein Caves via dolomitic aquifers, soon became a point of great concern.
The CGS was appointed to work towards a solution to prevent the ingress of water into mine voids via streams, rivers, mine openings such as old shafts and thus minimizing the
 pollution of water resources. A project closely related to this one is the closure of unsafe openings that exist in old mining areas in the vicinity of informal housing areas.
Project area description

The most prominent topographical feature in the study area is the Witwatersrand Ridge. The ridge forms the main water divide between drainage to the North (to the Indian Ocean) and South (to the Atlantic Ocean). Drainage is towards the Vaal River (South) while the Klipspruit and Klipriver drain the western portion. Losses to underground workings through these streams contribute several mega liters per day (approx 32.51 Ml/d et al RISON).

The water shed runs roughly through the centre of Johannesburg which has a definite effect on the dynamics and quality of surface water. Most of the gold mining is to the south of the watershed. Contaminated mine water is discharged into streams and rivers draining to the south ending up in the Vaal. The City of Johannesburg pumps large amounts of drinking water from the Vaal. Fortunately all the large wetlands are to the South of Johannesburg and play a major role in containing and cleaning the pollution in the water.
Data management

From the beginning of the project, it was clear that larger volumes and different types of data tied to a spatial framework were needed. Although various good environmental datasets exist in the country, the datasets are not detailed enough to be used with any level of confidence in detailed environmental impact studies. A much more detailed approach was required.
Although there are a variety of GIS software packages available that specializes in the processing of data, not many of them focus on data management. A huge investment was already made in data collection and was it important to ensure that all project members got the maximum benefit from this investment. A well organized central databank which includes multiple data formats was therefore imperative for this project. 
Three types of data form the basis of this integrated GIS database:

· Airborne and satellite surveys

· Vector layers 
· Statistical data

The required scale and specific datasets depended on the various themes addressed. 

The main aim of the database is to assist project members to:

· Identify possible surface sources of ingress and decant
· Identify landowners who have openings located on their properties
· To gather and display water quality data

· Store all legal and quarterly reports
Distribution and visualization of information
Due to technological and software limitations, the distribution of the data was the biggest concern. With the current system, highly valuable data is often difficult to locate or its existence is not known to team members. This leads to a structure where each discipline works exclusively with its own data. 

Since 1992, an  ORACLE RDBMS database was established in the CGS that contains data related to various scientific needs.  This is the CGS’s corporate database. Geometrical data is stored in ArcSDE layers that reside on a Microsoft SQL server database. The constraints between ORACLE and SQL Server are controlled by a link server. For project members to access the data stored on these databases, users must have access to GIS to view the spatial data stored on ArcSDE or be an ORACLE client to access the corporate database.
A new and innovative way had to be found to present the data to the users. After intensive consultation with the database administrators, project managers and users, an integrated information system based on existing hardware and software was developed to address the problems outlined above. A consultancy firm was appointed to develop a central project database coupled with an easy to use application which will allow every project member to access both spatial and non-spatial data stored on the various databases.
The database and application runs on Microsoft SQL Server 2005 with ArcSDE9.1 to accommodates the existing ArcSDE geodatabases, while the data stored on the ORACLE server is linked to the application via a link server and spatial views giving users direct access to referring ORACLE tables.
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Application structure
The application is structured in modules following the structure of the database entities. Some additional modules were also developed to provide database management functionalities and GIS functions. Where there is information in one module that links to another module, buttons are available to jump to the detailed information. The linked module is automatically opened showing the corresponding records. All modules are integrated under one database management system.

The following are some of the operational modules in the application:

Samples/Analyses
To determine the effect of mining activities on the quality of water, the Project team embarked on a sampling program. Sampling runs were done during wet and dry seasons. The dry season runs are done at the end of the dry season in South Africa i.e. August or September and the wet season runs at the end of the wet season i.e. April.

The aim of this module was to obtain a database of surface water qualities as many of the current gold mines will close in the near future. Water levels in both derelict and operating mines are rising constantly and contaminated mine water will eventually decant. This module assist users to predict the effect of decant on surface water as well as identifying areas where decanting will take place. 

Geology

The  1:250 000-scale geological coverage for the Witwatersrand already exists as a layer on the database. This data has not been integrated directly but only linked to the application for viewing. The structure of the view depends on the data provided.

The geology of the Witwatersrand Supergroup is well understood as a result of extensive mining and includes the Halfway House Granite Suite, Witwatersrand Supergroup, Venterdorp Supergroup and Transvaal Supergroup. On the Central Rand, the Johannesburg Subgroup is of economic importance. In a zone of 75m the Main Reef, Main Reef Leader, Kimberley Reef and South Reef occur. The Witwatersrand was intruded by dykes and sill of at least four different ages. 

Groundwater monitoring boreholes
Groundwater monitoring boreholes are important boreholes for the project. They consist of a widely branched data structure holding a lot of detailed information. The module was mainly driven by the on-going requirements of the project. Borehole locations and the information important for groundwater studies were obtained from the National Groundwater Database (NGDB) and general groundwater flow direction calculated from a digital elevation model.
Hydrological monitoring
The module for Hydrological Monitoring refers to areas where permanent data loggers capture analysis from water samples continuously. The time series data for specific hydrological parameters are imported and used to inform users of real time conditions.
Surface openings
The Surface Openings module handle all important surface openings and can consist of any type i.e. shaft, pit, excavations, subsidence, quarry etc. Openings can be closed or secured, be an ingress or decant source. In both cases some activities will be relevant and the necessary information needs to be stored for each entity.
Meteorology

This module was specifically designed to store annual rainfall and evaporation data. Evaporation data is relevant with regards to the potential for evaporation of contaminated waters of slimes dams. The higher the evaporation rates the more volumes of run-off that can be deposited into slimes dams. The lower the evaporation rates the more chance of seepage from the slimes dams and contamination into the general groundwater or surface water flow.

Reports, documents, person and companies
The main purpose of this part of the application is to manage all material that is associated with any kind of data in the system. This applies to documents such as reports, reference books, information on a company or individual person/s or institutions.
Mine dumps

This module holds all the information regarding the dumps and future detailed information about the progression of the dumps over time. The mine dumps can easily be recognized from the LIDAR data sets. 
All slimes dams are potential ingress points. Therefore material in the old dumps is consistently monitored. Mineral extraction processes from past mining methods were not as efficient as those used today. Tailing generated at these old mines often contain payable values of mineral, especially the sand and slimes dumps. 
Imagery

To make it easier to identify objects like surface openings or subsidence, airborne laser mapping techniques was introduced.  LIDAR (Light Detection and Ranging), is a fast way of acquiring great volumes of information on a surface through a high density of 3 dimensional points stored as an ASCII text file. A contour data set was generated from the data for general use while algorithms were written to assist with the identifying of surface openings. 

A time series of Landsat TM images from the 1980’s to 2001, an ASTER image dataset from 2000 to 2003, 1938 Aerial photography and a SRTM (Shuttle Radar Topography Mission) covering the entire Witwatersrand basin are available to users as reference images.
Web-based data dissemination

The main vehicle to support and share project data externally, is through a geospatial web portal. This portal is known as the COSAMP portal and act as the central access point for the project data and information. The portal is access controlled and each project member has been allocated an area where they can upload and download documentation from a document management system (DMS), view GIS data layers, and manage project plans.

Conclusion and future direction
The next logical step will be to take two dimensional underground mine plans and convert them into 3D representations to represent underground mining spaces exactly as they are viewed underground. Displaying this information in GIS is important to achieve a better understanding of the 3-dimensional nature of the subsurface. Data such as geological layers, underground water flow patterns can be better understood when displayed in a 3-dimensional manner. This conversion will take place as a back-end process that is invisible to the user and will be built according to a specific set of standards.
We will also moving towards the use of hyper spectral and multi spectral imagery. The products of image processing and analysis will be stored in the database and can be used in various investigations for example to determine mine acid drainage, mine-related dust fallout, mine-related contamination hot spots and other mine-related environmental impacts.
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