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ABSTRACT

Data collection and information management are essential prerequisites for any water resources decision-making. While data are available to more or less extent in every Caribbean island, scattered as they may be in many institutions and in various paper or digital formats, they are not easily retrievable, neither is the information effortlessly interpretable without the support of data analysis and interpretation tools.

A modern Ground Water Information System (GWIS) integrates all data, descriptive or quantitative, it makes the analysis and interpretation of data a routine procedure, and presents and reports data and information in a way that helps in decision-making. 

Such GWISs have been recently created for several river basins of Jamaica (Rio Minho, Black River, wider Kingston) and are in the process of being established for the whole Trinidad & Tobago. The GWIS stores information on lithology of wells, water quality over an extended period of time, evolution of water levels, abstractions for various uses, etc. Numerous maps and dedicated diagrams, graphs, and cross sections are made a part of the GWIS. 

The GWISs in Jamaica contain information from about 465 wells and 32 springs for the Rio Minho basin, from about 130 wells in the Black River basin, and from about 112 wells in the wider Kingston area. The GWIS of Trinidad & Tobago contains information from over 800 wells.

The Rio Minho basin is the major ground water “producing” basin in Jamaica. Its annual abstraction may reach about 400 million cubic metres. There is a competing demand for water among agriculture, bauxite industry, and domestic consumption. Seawater intrusion is the result of improper resource management. The information retrieved from the GWIS helps to better understand the consequences of increased (or reduced) abstraction in vulnerable parts of the basin. Thematic maps, such as of nitrates in ground water, electrical conductivity of water, annual abstractions at selected points, etc. could be used to guide planning of water and land use in the basin.  

A quick “walk” through the GWIS of Trinidad & Tobago points at sites endangered by seawater intrusion (e.g. Tucker Valley gravels), or at sites that are already under the seawater influence.

Ground water information systems for the Caribbean islands should be uploaded to the Internet for sharing data and information among all stakeholders. 
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INTRODUCTION

Sound water-management policies are pretty much dependant on the availability of data and information about the resource, its use, availability and vulnerability. Ground water resources are of great importance in many Caribbean countries and specifically in Jamaica, Trinidad & Tobago, The Bahamas, Guyana and St. Kitts & Nevin. Modern advances in computer technologies make possible establishment of large databases, quick retrieval of information required for decision-making, and data analysis and interpretation using easy to understand graphical presentations. Jamaica in the year 2000 and Trinidad & Tobago in the year 2002 have embarked upon creating comprehensive, object oriented and multiparameter ground water information systems (GWIS). Such GWISs store information on lithology of wells, water quality as one-time sampling event or as time series over prolonged period of time, evolution of ground water levels, abstractions for various uses, etc. Numerous maps and dedicated diagrams, graphs, cross sections, block diagrams, etc. are made a part of a GWIS. A GWIS is an extension of a classical GIS. Mapping is important, but equally essential are diagrams showing water quality (at a site, dependent on time and variable with depth), water levels fluctuations, abstraction from wells, lithology at well site, cross sections, etc. 

This author likes to emphasize that a GWSI is a 4-dimensional storage-and-retrieval system comprising spatial coordinates (x and y), vertical components (ground surface elevations, depth-to-water, water quality with depth, lithology, etc.), and time (hydrographs, water quality time series). The fresh ground water resources modelling in Barbados using the Groundwater Modelling System (GMS) developed by Brigham Young University could have benefited from a GWIS provided it had compiled and processed all information prior to modelling.

Figure 1 displays the map of Jamaica and shows locations of wells in three basins in the southern part of the country. The total number of wells, springs and soil sampling points is about 750. Most of information has been uploaded to the Internet for shared use by stakeholders, university students, or any other interested party. The data collection, storage and retrieval are the responsibility of the Water Resources Authority (WRA). 

Figure 2 presents a part of the newly established GWIS for Trinidad. Currently there is information from over 800 wells. Each well is identified as belonging to one of major hydrogeological units; aquifers and sub-aquifers are also identified for each well site. Data collection, analysis, processing and presentation are the responsibility of the Water Resources Management Unit (WRMU), a part of the HSA – Water Resources Authority. 

While this author was instrumental in establishing the GWIS for Jamaica, the Trinidad’s GWIS is the outcome of the work conducted by the WRMU of Trinidad & Tobago, notably by Wayne Clement, but also by others including Dr. Steve Fletcher and Keith Mead. It is hoped that GWISs will be soon established for other islands that depend on ground water.

USE OF A GWIS TO EVALUATE QUANTITY AND QUALITY OF GROUND WATER

The GWIS of Jamaica points at some parts of the country in which ground water aquifers are vulnerable to either sea water intrusion or industrial pollution. Hundred of wells abstract fresh water within the Clarendon Plain (Rio Minho Basin) to irrigate sugarcane fields. As a result, due to overabstraction the quality of ground water deteriorated and some wells had to be abandoned. Present discussions in Jamaica about increasing areas for sugarcane production will have to address the availability of ground water to sustain such an increase. The wells within the Clarendon Plain, one of prime sugarcane areas in Jamaica, and sites with deteriorated water quality are shown in Figure 3. It is a known fact that indiscriminate use of fertilizers carries into aquifers an increased amount of nitrogen. The map in Figure 4 points at increased concentration of NO3 in ground water. Each circle identifies a well with NO3 above the present standard for drinking water of 10 mg/L. In some samples, the nitrogen as nitrates was found to be above 300 mg/L. The problem is that scattered among the sugarcane wells are wells for domestic use. 

Of interest in Jamaica is that the present water demand for agricultural use is more than twice the non-agricultural use (749 versus 315 Mm3/yr in 1999). Although water resources are available to meet such a demand, the present supply is for about 150 Mm3/yr short of the demand. When to the demand one adds the vulnerability of the available supply, the need for an integrated processing and evaluation of all available data using a comprehensive GWIS becomes obvious. In Jamaica this will become more evident when the present National Water Master Plan becomes due for update. 

The quality of ground water in Jamaica is generally good. Hundreds of samples taken at various times are the proof for this. In some bauxite-related operations, the increase of sodium is of concern. High pH values and extremely high sodium content come from the so-called Bayer process in which bauxite is slurried with a solution of caustic soda (sodium hydroxide) and impurities are removed.

The GWIS of Jamaica stores many such time-series diagrams. The time dependent data are presented graphically as shown in Figure 5. In most other areas, there is no noticeable trend in water deterioration, except near the coast and industrial plants.

The success of a GWIS is in timely updating information. Mostly this refers to entering ground water quality data as soon as they become available. The data are processed and turned into information. Information can then be analyzed and presented. A modern GWIS helps in summing up abstractions from an area, for a water use, for a selected time period. It also checks a water analysis in comparing sums of cations and ions. It displays the usability of water for irrigation using irrigation-quality dedicated diagrams.

The GWIS of Trinidad (there is not much data for Tobago yet) points readily to those parts of the ground water system which are in danger of being overdeveloped leading to sea water intrusion. Look at the site of the well 805 Ps (in Port of Spain), Figure 6. It is obvious that ground water abstraction from Northwest Peninsula Gravels (NPG, a hydrogeological unit) is not balanced with recharge. The consequence of this is that water levels are below the sea level in some years. Since early 1999, the level is constantly depressed (see Figure 7). The values on the right side are maximum elevations of water table. They are negative, that is below the sea level. The site is risking seawater intrusion, which will happen unless the abstraction is not reduced.

The GWIS of Trinidad also points at sites that offer higher ground water development potentials. Further inland, in localities such as Las Lomas, Tacarigua, Wallerfield, the abstraction appears to be balanced with recharge and water levels do not show a depleting trend. Moreover, in some wells the rise of levels is indicated.

Lithological data need also be taken into analysis. While it appears to be obvious that the ground water abstraction should move away from the coast, especially in the Port of Spain area, the inland aquifers may not contain as clean gravel and sand as is found in the Northwestern Peninsula Gravel unit. Compare two lithological logs, one at Las Lomas (Figure 8) and the other from NPG (Figure 9) that is 15 km far from the coast. Good lithology and closeness to the demand center have led to constructing too many production wells and risking seawater intrusion. 

In a comprehensive GWIS it is relatively easy to retrieve such lithological logs. Pointing with the mouse and clicking on a well circle select the well site. The display as shown in figures 8 or 9 is just one mouse click away.

Although it may appear that the usability of ground water for irrigation is taken for granted, capabilities for analysis water quality that are built into a GWIS may prove otherwise. Look at the so-called Wilcox Diagram (US Dept. of Agriculture diagram), which compares the total mineralization of a sample with its sodium adsorption ratio (SAR) and classifies water according to sodium hazard and salinity hazard. A group of samples taken from Sugar Company of Jamaica wells within the Clarendon Plain are shown in Figure 10. The data processing shows that while the sodium contents are low (low alkalinity hazard), the total mineralization may be a bit too high (high to very high salinity hazard). Some samples have the electrical conductivity above 2250 microSiemens/cm. The presentation of this type should not be taken at face value. Sugarcane’ salt tolerance should also be a part of the interpretation process. Yet, the analysis, interpretation and presentation of this type could help the decision-making process in formulating the sugarcane policy for the future. 

RECOMMENDATIONS

It is hoped that (1) Jamaica and Trinidad & Tobago will complete GWISs on the island-wide basis, and (2) other islands will embark upon establishing their own ground water information systems. In doing this, the user must be kept in mind. Thematic maps are a necessity. Likewise, well presented ground water data, all categories from locations (master data), lithology, chemistry, water levels, to abstractions, are of equal importance in interpreting ground water availability.

The need for protection of this valuable resource is better understood when the information is presented graphically. Data tables, especially water quality and lithology, do not have the same effect as when the information is viewed in a graphically processed format.

It is also recommended that the data be shared and not kept as a “valuable” secret in government agencies. Stakeholders will have more “sympathy” in allocating funds for data collection if they are presented with the information processed and presented in an easy to understand and interpret format. An Internet portal should be created for ground water resources of the Caribbean Region with links to individual countries that have created such information systems. The next water resources management meeting could then make the best use of information uploaded to such a portal.

The methodology in establishing a comprehensive GWIS is as follows:

Phase 1.

· The transfer of data from various digital formats, hand written or typed notes (spreadsheets, databases, documents, ASCII text files, paper reports, etc.) in a relational database using a ground water dedicated software. The software used in Jamaica and Trinidad & Tobago is the United Nations Ground Water for Windows
 (GWW) package.

Phase 2.

· Processing of all data and turning the data into information. Preparing thematic maps, diagrams, graphs, tables and presentations.

Phase 3.

· Writing chapters on geology, hydrogeology, water quality, abstraction (pumping), water levels, availability and vulnerability of aquifers, and uploading all basic and interpreted information to the Internet.

The rationale for Internet-uploading is the following. Skills to create a GWIS and work with dedicated software packages are normally missing in smaller Caribbean islands. The Internet becomes a forum to share data and information, learn about management scenarios, and contribute to the discussion of development alternatives.

CONCLUSIONS


Data collection is an expensive operation. There is a lot of ground water data in every government agency, private drilling companies, and old archives. More often than not, the data are today already stored in a digital format. There is a need to search for information and transfer the data into a ground water information system using a relational and object-oriented database. 

Properly processed ground water data becomes easily information, which can be timely retrieved and consulted in a decision-making process. With ever-growing demand, and with water-supply management (better to say, water supply augmentation) being restricted to seawater distillation accompanied with all kind of problems, the economics not being the only one, the ground water resources must be carefully utilized, evaluated and protected. To help this, GWISs need to be established, maintained and regularly updated to guide the decision-making process. An Internet portal linking all Caribbean islands and countries and allowing for exchange of ground water data (or surface water data, or integrated watershed management information) needs to be established.

























� Mentioning of software packages does not imply a specific endorsement of such products. Other software packages could be used to create an information system or produce graphics required.
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