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Introduction 
 

The IGAD Groundwater Information System was designed for countries in the IGAD region to better assess their shared aquifers and to 
facilitate mutual management of their precious groundwater resources. Key words, assessment and shared aquifers, have guided the 
design which focuses on transboundary aquifers and provides analytical tools for scientific evaluation, particularly the graph and map 
modules. It is based on dynamic data fed by a database that can be periodically updated, including time series, and has the ability to 
detect trends and patterns. It is by no means complete, as only three countries have been included thus far – Kenya, Ethiopia, and 
Somalia. It is also expected that, besides the addition of other member states, new features and capabilities can be added during Phase 
2. 

Upon entering the system, the user is greeted with the following Home page. 
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We shall examine the items in the navigation bar from left to right. It is recommended that you click on the link to download the user 
manual (this document). There is also a Login link for Registered Editors. 

 

Knowledge Base Page 
There are three sections to the Knowledge Base: Downloadable Resources, Useful Links, and Resources for Administrators and Editors. 
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Downloadable resources page 
 

 

 

 

 

 

 

Useful Links page 
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Resources for Administrators and Editors 
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Boreholes (Table Views) 
First view shows us some information concerning transboundary aquifers 
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The second view gives us the number of wells and the total abstraction for transboundary aquifers that contain wells 
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The third view examines whether there are differences and patterns in wells sunk in the various hydrogeological units classified by the 
British Geological Survey (BGS).  Specific capacity is discharge in cubic meters per hour divided by the drawdown and ‘dbg’ means depth 
below ground. The field orig_wellno is the original well number as given by the national agency of the country. 
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The fourth view shows the geological materials encountered at well screens (where water is withdrawn) and compares these to the BGS 
unit and identifies the transboundary aquifer the well is located in. 
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The fifth view gives us a summary of water quality analyses for various samples and wells. Total cations in milliequivalents per liter should 
equal the total anions. The percent errors shows the how much deviation there is from this rule and any error over 10% shows that sample 
to have poor analysis and results questionable. tdi stands for Total Dissolved Solids. 
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This view shows the elevations of the bottom of screens and the length of screened intervals, along with coordinates of wells. This table 
can be copied and pasted into excel or a text file and downloaded for further data analysis (e.g.GIS. 
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This view shows the distances of wells from the nearest stream and the hydrological characteristic of that stream. Such information is 
useful for identifying areas where conjunctive use schemes may be feasible. This query, due to the geometrical calculations, takes a long 
time to run – rom one to even several minutes. An alert box pops up informing the user of this period of waiting, while nothing happens on 
the screen. 
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Graph analysis 
 

Moving to the next item we see the menu for the Graph analysis module 

 

 

 

 

 

 

 

 

 

Aquifer Hydro 
The first item gives a graphical display of the hydrology of each of the transboundary aquifers.  Once an aquifer is chosen from the drop 
down list two graphs get populated with data – Yearly totals and Monthly averages of both rainfall and actual evapotranspiration, 
calculated from a record dating back to 2000 until end of 2023 The default is a bar chart, but users can switch back and forth using the 
buttons on the chart. IN ALL OF THE GRAPHS YOU CAN HOVER THE MOUSE OVER THE POINT OR BARS TO SEE THE X AND Y VALUES. 
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Monitoring Wells - Time Series 
The second item in the menu is monitoring wells time series. So far, two sets of monitoring wells are in the database, one set from Uganda 
and the other Somalia (source: IGRAC). Choosing one of the wells will produce  a line graph showing variations in water levels as 
measured from the ground. Perieod of record varies. For the well shown in the figure, measurement were from 2000 to 2013.  

You can click in the graph to zoom in and pan left-right-up-down. 
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Monitoring Wells – water level change 
This graph shows the amount of change in water level since the start of measurements. In this graph, the levels are in terms of meters 
above mean seal level (amsl) 

Note that the panel on the left displays the start and end date of measurements. Again, zooming and panning is enabled. 
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Scatterplot 
On this page the user can plot nearly all meaningful variable in nearly every table in the dtabase in order to discern any relationhips 
between them. One must choose a table in the first dropdown list, to see the variables that table has to offer which is shown in the 
second dropdown list. The procedure is repeated to choose the second variable.  Below we see well depth below ground level plotted 
against static water level depth below ground. There doesn’t seem to be much of a relationship.  
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However, if we plot Electrical Conductivity (ec) versus total dissolved solids (tds), both from the mw_data table (monitoring well data) we 
see a strong positive relationship. 

 

 

 

 

 

 

 

 

 

 

 

 

For this graph, and for the interpolation map in the map module, the user needs to be familiar with the table names an column names in 
the database. A list is given in the following pages for reference. 
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Names of tables and columns in the database 

Table      columns   comment  

CONSTRUCTION    well_no   well identifier for GWIS 

      depth_dbg   borehole total depth below ground level 

      drilling_meth   drilling method 

      hole_diam_mm  Maximum hole diameter in millimeters 

      casing_diam_mm  Maximum casing diameter in millimeters 

      screen1_top_dbg  top of first screen interval in meters below ground 

      screen1_bot_dbg  bottom of first screen interval in meters below ground 

screen2_top_dbg  top of second screen interval in meters below ground 

      screen2_bot_dbg  bottom of second screen interval in meters below ground 

      screen3_top_dbg  top of third screen interval in meters below ground 

      screen3_bot_dbg  bottom of third screen interval in meters below ground 

      pump    type of pump installed 

 

 

HYDROGEO     swl_dbg   static water level depth below ground 

      dwl_dbg   dynamic water level (during pumping) measured from ground 

      discharge_m3_per_hr  pumping rate of well in cubic meters per hour 

      specific_capacity  measured as discharge divided by drawdown 
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      depth_br_bg   depth to bedrock measured from ground 

     water_strike_1_dbg  first encounter of water entering borehole 

     water_strike_2_dbg  second water inflow into borehole 

lithology1_descrip lithology corresponding to first screen interval in    construction table 

lithology2_descrip lithology corresponding to second screen interval in construction 
table     

     lithology3_descrip  lithology corresponding to third screen interval in construction table 

     transmissivity   transmissivity measured in meters squared per day from pumping 
        tests  

     storage_coefficient  storage coefficient measured from pumping tests 

 

 

 

MW_DATA    water_level_amsl  water level above mean sea level 

     water_level_bg   water level measured from ground surface 

     ec    electrical conductivity in microsiemens per centimeter (µs/cm). 

     ph    pH 

     temp    temperature in degrees Celsius 

     tds    total dissolved solids in mg/l 

     salinity    measured in grams/liter 

RIVER_DISCHARGE   discharge_cumecs  river discharge in cubic meters per second 
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WQ     sample_no   primary key & unique identifier for sample 

         one well can have more than 1 sample but sample can only belong  

         to 1 well 

     temp    temperature in degrees Celsius 

     ph    pH 

     ec    electrical conductivity in microsiemens per centimeter (µs/cm). 

     ca_mgl    calcium in milligrams per liter 

     mg_mgl   magnesium in milligrams per liter 

     na_mgl    sodium in milligrams per liter 

     k_mgl sodium in  potassium in milligrams per liter 

     cl_mgl     chloride in milligrams per liter 

     hco3_alk_mgl   bicarbonate alkalinity measured in milligrams per liter 

     so4_mgl   sulfate measured in milligrams per liter 

     disso2    dissolved oxygen in milligrams per liter 

     no3_mgl   nitrate in milligrams per liter 

     fe_mgl    iron measured in milligrams per liter 

     f_mgl    fluoride measured in milligrams per liter 

     as_mgl    arsenic measured in milligrams per liter 
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Compare WQ samples 
In this graph, major cations and anions are plotted on what is called a radar chart and their axes are arranged radially. Units are in 
milliequivalents per liter, which is the proper way to compare ion concentrations. The advantages of this type of chart is that it is easy to 
see patterns. Water samples showing similar patterns maybe of the same aquifer. In this example, these two samples are most likey to 
come from different groundwater bodies. Samples are chosen by sample number, which is the identifier in the water quality table. 
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Map Analysis 
 

Navigate to MapAbnalysis on the navigation bar. The first item in this category is Explore TB aquifers while the rest are interpolation maps.  

Each page is described in detail. 

 

 

 

 

 

 

All maps have a scale bar at bottom left that adjusts as you zoom in, and the center bottom footer displays the map coordinates of the 
mouse position and the zoom level. 

 

 

 

 

Explore TB Aquifers 
Within this page lies much of the GIS functionality of the system. It is designed to provide a conceptual model for each of the 
transboundary aquifers, which may be helpful for groundwater modeling. There are various layers whose visibility is controlled by the layer 
controls in the top right that looks like a stack of rectangles. Underneath that is a button, that when clicked, expands into a dialogue box 
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where you can measure straight line distance or polygonal areas. On the left side are the zoom controls  on top, the popout menu button 
below that,  and at the bottom is a special button that enables side-by-side comparison of two different layers 

 

 

 

Buttons on top left: zoom in/out, popout menu button for selecting aquifers, and the Compare button. 

 

   Layer control, and underneath, the measure tool 

with dialogue box expanded. 

 

 

 

 

 

 

 

 

 

 

If you click on the layer control, a list appears of the layers present, divided into base maps for the top three and , separated by a 
horizontal line,  several data overlays. For the thee base maps, only one item can be selected at one time, a choice of Open street Map, 
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Open Topo Map, and ESRI World Imagery. For the data overlays more than one can be chosen, however the one below will be drawn on 
top, so this might nor be desired, except in the case of watersheds and rivers. 

 

Map where hydrogeological units have been selected. If you hover over this layer, a tooltip appears with the name of the unit. 
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It is not convenient to see details at this zoom level. Click the popout menu button and you can choose which aquifer to zoom to. 
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View after Mt. Elgon Auifer button clicked. 
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Here the groundwater storage layer is shown agains the opn topo map base layer. If you move your mouse over the aquifer, you will see the 
values for groundwater storage. If you CLICK on an aquifer you will get information for that aquifer 
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groundwater productivity with ESRI world imagery background 

 

 

 

 

 

 

 

 

  Merti aquifer with rivers shown 

 

 

 

 

 

 

 

 



31 
 

 

 

 

Compare Feature 
If you click the last button on the left, the Compare Map dialog appears at the top center. 
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Make sure you turn off all layers first for this to work properly. Choose two layers, say BGS hydrogeology and Groundwater Productivity. 
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Click the Compare Button and a sliding line appears, showing one layer on the right and the other layer on the left. By moving the mouse, 
you can values form both layers. Is there any relationship between hydrogeology and proucitvity? 
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Interpolate Static water levels 
The user must first choose a year and a month. After doing so, markers will appear representing wells that meet the criteria. 



35 
 

                     After they appear, click on the polygon icon on the left side of the map to draw area of interest 

       

 

      

 

Click finish to close the polygon 

 

 

You can click mouse over markers 

 

to see well info 

 

 

 

 

Once the color grid appears, you can move the mouse over the grid to see the values of water level amsl.  Higher water levels near Lake 
Victoria and lower levels near lake Kyoga suggest flow is to the northeast. These two areas might be areas of recharge and discharge, 
respectively. 
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Interpolate water level changes 
This is very similar to the previous feature, except that it creates a map of water level changes over period of record that the user 
determines by choosing the end year available in the dropdown list. Below the ending year is 2013 and by clicking on a well marker you get 
the well id and the year measurements started and the change since that time. Here the water level has changed the most in the Lake 
Victoria area. Note that the greatest changes occur in what the previous analysis showed to be possible recharge areas. Hver the mouse 
over the grid cells to see values. 

Note that this analysis and the previous one uses monitoring well data that have overlapping periods of record. Other types of wells with 
one time measurement only are not considered. 
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Interpolate other variables 
In this map, the user can choose among many variables that are columns in numerous table. The procedure is the same as the other 
interpolate maps – choose variable->click polygon icon->draw polygon->click Finish. Well markers show well numbers and hovering over 
the colored grid will show values of individual cells. Water strike appear to be shallower on the east, near Lake Turkana. 
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Web Map Services 
 

Clicking Web Map Services on the navigation bar will bring you to this page. If you click on “Go directly to GWIS Geoserver”you will be 
taken to the IGAD Geoserver (see next page). Below, are connections to use in your desktop GIS, to bring the data directly into your GIS 
maps. More on this later. 
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IGAD Geoserver 
 

If you go to the Geoserver, you will the following page: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are three types of services: 

1. Web Map Service which provides tile images of spatial data, in formats such as jpeg or PNG 
2. Web Features Service which delivers vector data that can be edited. 
3. Web Coverage Service which delivers rasters in various raster formats. 
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The username and password are for administrators only.  General users only have the Layer Preview option. Click on that and the 
available layers are shown: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

You can look through the list or use the search bar.  Not there are two to three links under common formats. OpenLayers will give you a 
map preview in a new browser tab, the others will give you the markup language in a new browser tab which you can copy and paste if you 
want a GML or KML file for another application. 
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Open layers option for the Geological map of Kenya: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If you click on the three dots, opetions appear at the top, including adjusting width and height. 
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Vector layers re queryable, such as Somalia hydrogeology. Click on the map and info at that point appears at the bottom of the map. 
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If you choose the GML option you’gg get a new tabl that contains this markup: 

 

 

 

 

 

 

 

 

 

 

 

 

 

If you choose the KML option, a KML file is downloaded. This fle can be used in Google Earth or in a desktop GIS. 
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Somalia hydrogeology KML file in Google Earth 
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If you use the urls provide on the GWIS web map service page,  

 

 

you can connect your desktop GIS, such as  QGIS, directly to the IGAD Geoserver, as shown below: 
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Here is a map displaying layers from the IGAD Web Feature Service displayed in a QGIS map, the combined hydrogeology of Kenya, 
Somalia, and Ethiopia: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In QGIS, to connect go to the browser panel and right click WMS/WTS and choose new connection. Give it a name, for example IGAD, and 
In the URL field paste the URL from the GWIS web page for WMS service and paste it into the URL field. 
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Follow the same procedure for the WFS and WCS services, pasting in the corresponding URLs from the web page. 

 

In ArcGIS go to catalogue and click on “+Add WMS server” and paste in the WMS URL, then click layers. Now the service appears in the 
Catalogue panel. 
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You can do the same to add WCS service, however for WFS service, you need to install the Data Interoperability extension and add an 
Interoperability Connection to the WFS service. Details can be found here: 

https://desktop.arcgis.com/en/arcmap/latest/map/web-maps-and-services/adding-a-wfs-service-to-arcmap.htm 

 

 

Record by record entry using the GWIS web forms 
 

If you have been designated as a Registered Editor by IGAD, you can login to gain access to the Editing Module where you can enter or 
update records well records. Such designation is granted by IGAD who will enter your username and password into a special users table. 
You need to log in using the link on the Welcome page. 

         This will bring you to the login page  

                                                                                                                     

 

 

 

 

 

 

 

Successful login leads to the first of four forms, (all of which the user must go through), Primary Information.  

 

https://desktop.arcgis.com/en/arcmap/latest/map/web-maps-and-services/adding-a-wfs-service-to-arcmap.htm
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X and Y coordinates correspond to Longitude and Latitude – be careful of the order of input. Purpose is a dropdown list box as well as 
coordinate system. See the next page for the choice of coordinate system. The default is 4326 – WGS 84 World GPS, since that is the 
default on most GPS devices, however older data may be in of the other coordinate systems. Make sure you choose the right one if that is 
the case.  Purpose is a dropdown list. Choose the most similar value. 

Date completed is a date picker. Click on the icon to bring up a calendar and choose the date. This is a required field and must be filled 
out. If it is missing just choose the current date (Today). This info is needed to generate the system well id (well_no).  The original borehole 
number is also required. 

When the form is filled out to the best of your knowledge, click Add Record button to get to the 2nd screen. If a required file is missing, a 
message appears, and you won’t be able to proceed until filled in.   
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AVAILABLE COORDINATE SYSTEMS 
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2nd screen Construction details 

 

 

 

 

 

 

 

 

 

 

 

 

Note that on all the screens, the user is notified of the country whose records they are inserting. Because this user has been registered 
under Ethiopia, he/she will only be able to add new records for Ethiopia. This country information is kept in the users table of the 
database. 

Drilling method is a dropdown list. Choose the most similar method. 

Keep in mind that every numeric field (except elevation) will only allow positive numbers, and no text or symbols can be entered. 
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Dropdown list values 

Purpose first screen (Primary Information)   Drilling method second sreen (Construction Details)  

       

 

 

 

 

 

 

 

 

 

 

 

EVEN IF YOU DO NOT ENTER ANY INFORMATION, YOU STILL MUST CLICK THE ADD RECORD BUTTON. This is true for all the screen 
forms. 
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3rd screen -  Hydrogeological Parameters 

 

 

 

 

 

 

 

 

 

Fill in whatever information is available. Note that dynamic pumping level is the water level measured during pumping (Not drawdown).  

Discharge is in cubic meters per hour.  Lithologies are geologic materials at the level of the screens. Transmissivity and storage coefficient 
are parameters calculated from pumping tests. Nothing on this form is required. In any case the user needs to click the Add Record 
button. 
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4th screen -  Water Chemistry 

 

 

 

 

 

 

 

 

 

 

 

 

It might be helpful to refer to page 20 for the fields and their meanings. The Wq fields that correspond to this from are reproduced for 
convenience. Again, negative numbers of symbols such as ‘< ‘ or ‘>’ are not allowed.  In addition, there are maximum values (estimated for 
freshwater), that cannot be exceeded. For example, you cannot enter a value for calcium of 1000 mg/l. Check you data for decimal points 
or other typos. 
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WQ  table    sample_no   primary key & unique identifier for sample 

         one well can have more than 1 sample but sample can only belong  

         to 1 well 

     temp    temperature in degrees Celsius 

     ph    pH 

     ec    electrical conductivity in microsiemens per centimeter (µs/cm). 

     ca_mgl    calcium in milligrams per liter 

     mg_mgl   magnesium in milligrams per liter 

     na_mgl    sodium in milligrams per liter 

     k_mgl sodium in  potassium in milligrams per liter 

     cl_mgl     chloride in milligrams per liter 

     hco3_alk_mgl   bicarbonate alkalinity measured in milligrams per liter 

     so4_mgl   sulfate measured in milligrams per liter 

     disso2    dissolved oxygen in milligrams per liter 

     no3_mgl   nitrate in milligrams per liter 

     fe_mgl    iron measured in milligrams per liter 

     f_mgl    fluoride measured in milligrams per liter 

     as_mgl    arsenic measured in milligrams per liter 
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Review page 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page enables the user to review the data for all tables for this well. Make sure to scroll down until you see the buttons on the bottom. 
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If the data looks correct, and you want to stop editing, press the first button to go back to the home page. If something is not correct you 
can change the values you entered by clicking the middle button. If you want to add another record, click the last button and it will bring 
you to the first input screen (Primary Information). 

Click on the red middle button will bring you to the update page: 

 

 

 

 

 

 

 

 

 

 

 

Click the dropdown list to choose one of the four tables. In this example, we’ll choose hydrogeo. Click ‘Enter Table’ button. 
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A new screen displaying the table name, and four input fields appears. The first is a dropdown list of columns available for that table. 
Again, refer to page 20 for column names and meanings. You can enter a new value for the column variable, but the ‘Where condition’ and 
its  ‘Equals’value are set to well_no = the well number of the current record you just worked on, and these cannot be changed. Click the 
button to update the record. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

You can then continue to update other values in other tables, or exit the update mode by clicking the green button, ‘Exit Updating.’ 
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The Editing module has its own navigation bar, different from the rest of the application.  Notice it has the username of the person logged 
in. Also note there is an item ‘Update well info’ where the user is presented with similar screens as above, except more tables are offered 
in the table dropdown list, and on the  page that follows  more columns are available for update. 

 

 

Excel Templates to create CSV files 
 

Download the Excel templates from the Knowledge Base – Resources for Administrators page. 

The first tab has instructions which should be read and made familiar.   

 

 

 

 

 

 

 

 

IMPORTANT – before entering data 
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GO TO  FORMULAS AND TURN CALCULATION OPTIONS TO MANUAL. 

 

 

 

 

 

The second worksheet has information for the well_parent table 

 

 

 

 

 

Columns highlighted in yellow are required. The column coord_sys in lighter color is required if coordinates are entered. This the EPSG 
code. For GPS devices the default is WGS 84, which is code 4326. Refer to the table in the User Manual page 52 for other systems. 

The other worksheets are straightforward. Note that sample_no in the Water Chemistry worksheet is required. 

 

IMPORTANT  

BEFORE SAVING GO TO FORMULAS AND CLICK 'Calculate Now' 

SAVE EACH SHEET SEPERATELY AS A CSV FILE. EACH SHEET CORRESPONDS TO ONE TABLE. The four CSV files should be submitted to 
IGAD with names corresponding to the worksheet names 
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