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Abstract: Since groundwater is the main water resource in Libya, groundwater information sys-
tem (GWIS) is required as a decision support system (DSS) where it promises great potential for
effective management and assessment of groundwater resources, and enhances the sustainability
and efficient use of groundwater resources. This paper discusses the requirements and the design
approach for the preparation of GWIS using geographic information system (GIS) techniques,
where Al Waseetah area in Al Jabal Al Akhdar region was selected as a case study because of
the availability of the hydrogeological data. The system structure and characteristics were de-
fined and designed to store and manipulate the groundwater data, where 155 groundwater wells
data were used to test and implement the GWIS system, in addition to remote sensing data as
well as previous geological and hydrogeological studies. A series of maps and the hydrogeologi-
cal map were produced and used to evaluate and interpret the groundwater system in Al
Waseetah area.
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INTRODUCTION

Water is an essential commodity to mankind,
and the largest available source of fresh water
lies underground. As the world’s population
increases, the demand for fresh water has ne-
cessitate the call and need for the development
of underground water supplies. Globalization
and the inevitable processes of progress in the
form of modernization and urbanization have
magnified the problem of the search for fresh-
water supplies. Efforts, systems, and technolo-
gies have increased to solve these problems;
methods for investigating the occurrence, pat-
terns, and movement of groundwater have im-
proved, better means for extracting ground wa-
ter have been developed, principles of conser-
vation have been established, and researches of
several types have contributed to a better un-
derstanding of the subject (Todd, 1963). Man-
agement and decision making in water sector

essentially are based on Water Information
System (WIS), where it represents the key for
water resource assessment and sustainable
management. These involve different levels of
stakeholders concerned with water data in dif-
ferent purposes of assessment and manage-
ment.

At present, holistic management of groundwa-
ter resources suffers from a large number of
noted groups involved with respect to their di-
vergent interests on the one hand, and the lack
of essential information and the complexity of
the geological system on the other. Various hy-
dro-geological, climatic, water-economical,
chemical and biological interrelations have to
be taken into account. Thus, the traditional ap-
proaches in information retrieval and manage-
ment, for example, single reports in hardcopy
form, isolated data maintenance and hardly au-
tomation which are characterized by high
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standards and time expenditure, are not suffi-
cient (Uwe Rueppel and Thomas Gutzke,
2004). Also, the groundwater has a spatial ex-
tent, therefore, Geographical Information Sci-
ence and System (GIS) can be a powerful tool
for developing solutions for groundwater re-
source problems. GIS involves the essential
developmental system and techniques for as-
sessing water quality, determining water avail-
ability, preventing flooding, understanding the
natural environment, and managing water re-
sources on a local or regional scale (Asadi et
al., 2007). Moreover, Foglini (2004) maintains
that GIS is:

e GIS is able to efficiently manage ground-
water issues such as groundwater data
management (for example stratigraphy,
drilling information, aquifers and aquitards
geometry, hydrogeological parameters such
as transmissivity, specific storage, and hor-
izontal and vertical hydraulic conductivity).

e Tools (or interfaces to tools) to support ex-
perts in their data interpretation.

e Groundwater modeling facilities to address
underground conceptualization, modeling
data input (that is a definition of boundary
conditions, internal sources/sinks) and sim-
ulation tasks.

e Management policy analysis, including as-
sessment of optimal strategies in water
supply, aquifers protection and remediation
measures.

There are several Ground Water Infor-
mation System (GWIS) platforms around the
world that are used to collect, input, process,
implement, and display data in interactive re-
ports with maps and associated statistics. For
example, the GWIS Figure (1) is the local au-
thority of Berlin (Senatsverwaltung von Berlin)
uses the GeODin platform developed by
FUGRO CONSULT GMBH for regional data-
base which comprises 130,000 boreholes with
log profiles, 8000 wells with several thousand
chemical groundwater analysis and over 6 mil-
lion water levels, which is maintained by Ge-

ODin running an Oracle database (GeODin,
2018).

Another example is the Australian National
Groundwater Information System (NGIS),
which is a spatial database for GIS specialists
that contains a range of groundwater infor-
mation submitted by respective Common-
wealth States and Territories. The system con-
tains more than 850, 000 borehole locations
with associated lithology logs, bore construc-
tion logs, and hydrostratigraphy logs. In addi-
tion, 2D and 3D aquifer geometries are also
available for some areas. Jurisdictional
groundwater management area boundaries are
the most recent addition to the system (Austral-
ia Bureau of Meteorology, 2018). Moreover,
the NGIS data can be viewed, visualized, and
retrieved through the interactive tool Australian
Groundwater Explorer as in figure (2). The ma-
jority of the Libyan land is categorized as arid
to semi-arid. About 90% of the land is a desert
characterized by low rainfall rates, diurnal
temperature variations, poor soils, and seasonal
winds. Moreover, groundwater accounts for
97% of the total water abstracted for different
uses, and the country total water abstraction is
about 4.98 billion cubic meters per year (GWA,
2006).
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Figure (2). Australian Groundwater Explorer (Australia Bureau of Meteorology, 2018)
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There are many major issues in groundwater
management facing the Libyan water sector.
One of these issues is the lack of groundwater
information system at the country and local
levels which need to be addressed based on the
introduction of innovative solutions that serve
this sector and thus, contribute to information
management process of groundwater resources.
Moreover, it is important to note that before
embarking on the creation of the GWIS to first-
ly identify the data sources, the water institu-
tions in Libya faces obstacles and challenges,
which can be summarized in the following
points (Hamad, 2012):

e The overlap of water institutions responsi-
bilities.

e The lack of coordination between the water
institutions.

¢ Organizational instability.

e Limited structuring among the functional
levels.

¢ Inadequate institutional capacity at regional
and local levels.

¢ Limited experience in integrated manage-
ment.

e less participation of the stakeholders.

e Lack of monitoring of groundwater re-
sources.

e Lack and poor quality of data.

These obstacles and challenges have made it
difficult than expected for interested scientists
and analysts. Therefore, the goal of this re-
search is to prepare a simple design architect
system for GWIS, and the structure of data re-
quired for the testing and implementation using
real data of groundwater from a small hydroge-
ological unit.

MATERIALS AND METHODS

In this research, some of the hydrogeological
methods were applied in the integration with
the science of Geographic Information System
(GIS), and that plays the main role in under-
standing the spatial characteristics of the
groundwater system. The design steps of GWIS
are summarized as illustrated in figure (3).

Where the identification of the data sources is
the first step in a system analysis, as the water
resources of Libya managed in a traditional
way, groundwater data are often dispersed
among different water institutions, water users,
and other stakeholders, therefore, there is a
crucial need for establishing a plan of commu-
nication between stakeholders for data collec-
tion. In the second step, once the data become
available, they will be classified according to
their availability either in hard copies or elec-
tronically (for example: Excel, GIS, AutoCAD,
dbase.... etc.). In the third step, the data will be
classified into spatial and non-spatial data. Se-
lection of the spatial database and GIS plat-
forms will be in the fourth step of the system
analysis to finish the design and testing of the
GWIS.
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Figure (3). GWIS design steps

The final design of the GWIS is illustrated in
figure (4), which consists of two main compo-
nents. The first is the data component that is
divided into spatial data and non-spatial data,
and the second component is the GIS interface.
Moreover, the processes box in the middle of
the figure, which represents the common opera-
tions. Therefore, the deliverable will be in dif-
ferent forms (data reports, statistics, maps, and
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b

£ loww . = x
*| Water Wells Data Entry Form I Na Sodium
Well No Ca Calcium
Area |: Mg Magnesinm |
I — sa —
Northing HCO3 Bicarbonate |
Elevation | | Cl Chioride ]
Depth C S04 Sulfatea |:
Drilling Year l—' Anion cation Balance D
Owner |
Contractor |
|

Aquifer age

Static Water Level

i

Potentiometric Level

Electric Conductivity |:I

Total Hardness I:I = ‘ ‘ : :
DS L_I # | & ‘ e 1 v
pH :
K Potassium I::I

l-li-ec.or.d-:_ 4 495 of 95 b ' & Unfiltered \ Search |

Figure: (5). Input form for water wells data

© 2019 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
ISSN: online 2617-2186 print 2617-2178
11



Al-Mukhtar Journal of Sciences 34 (1): 7-18, 2019

The spatial data in the overall data-set compo-
nent is divided into two categories. These in-
clude a vector data containing geological for-
mations, hydrological units, faults, hydrologi-
cal divides, and water wells data, which are
represented by points linked to data entry form
using Microsoft access database as in figure
(5). The second, is the raster data comprising
satellite imagery, digital elevation models, and
previous geological and hydrogeological maps;
these will be used for delineations and extrac-
tion of the geological structures and the hydro-
logical boundaries. In addition to the raster data
from the spatial interpolation, which is the pro-
cess of using points with known values to esti-
mate values at other unknown points (QGIS,
2018). In this research, the raster data are pro-
duced by Quantum GIS (QGIS), a very effec-
tive open source software using spatial interpo-
lation techniques for interpolating water depth
level and the total dissolved solids raster. Vec-
tor and raster data will be stored in PostGIS

Table (1). The Collected, Extracted, and Implemented Data.

spatial database. The non-spatial data will be
stored in folders and DBMS. Also, the follow-
ing maps will be produced and used for the in-
terpretation of groundwater system:

e Water well location map

e Elevation map

e Depth to water level map
Total dissolved solids map

e Hydrogeological map

The selected area for implementing the
GWIS is known as Al Waseetah areca, which is
located in Northeast Libya within the Al Jabal
Al Akhdar region as presented in figure (6)
with an aerial extent of 410 square kilometers.
The selection of the area was done according
to; first, the availability of the data and second-
ly, the area represents a subunit of the main
hydrogeological unit Al Bayda -Al Bayydah.
Moreover, the data shown in table (1) will be
used to implement the GWIS.

Data from 155 water wells from Libyan General water Authority and The General

company of water and wastewater in Al Marj and Al-Baydah municipalities, the

e  Chemical Analysis results and calculated parameters

Space Shuttle Radar Topography Mission (SRTM), Spatial resolution of 30 me-

Extracted from satellite image according to geological map of Libya; 1:250 000

sheet, Al Bayda sheet NI34-15 and the geological map of Al Baydah -
Al Bayadah area by Hydrogeo Consulting Engineers

Geological map of Libya; 1:250 000 sheet, Al Bayda sheet NI134-1515 and the

geological map of Al Baydah - Al Bayadah area by Hydrogeo Consulting Engi-

Compiled according to previous hydrogeological maps and depth to water level
According to previous hydrogeological maps and depth to water level data of 155

Generated from Digital Elevation Model and satellite Image of land sat 8
Generated from Digital Elevation Model and satellite Image of land sat 8

Generated from Digital Elevation Model and satellite Image of land sat 8

Interpolated using spatial interpolation techniques for the vector point data of 155

Data Type Source
Water wells vector
data contains:
e  Depth to Water levels
Digital Elevation Mod-  Raster
el (DEM) ters
Satellite Image Raster Landsat 8, Spatial resolution of 30 meters
Geological Structures vector
Geology vector
neers
Hydrogeological units ~ vector
data of 155 water well.
Water Divide vector
water well.
Boundary vector
Coast vector
Escarpment vector
Roads vector  Open street map
Depth to Water level Raster
water well
Total dissolved solids Raster

water well

Interpolated using spatial interpolation techniques for the vector point data of 155
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RESULT AND DISCUSSIONS

The data presented in table (1) were used for
implementing the GWIS, where data of 155
water wells sourced from the local offices of
General Water Authority and General Compa-
ny of Water and wastewater in Al Marj and Al
Bayda municipalities. These data consist of ge-
ographic location and the depth to water levels,
and chemical analysis results consists of major
cations and anions. In addition to the previous
geological and hydrogeological work, there
were remote sensing data; Digital Elevation
Model (DEM) from Space Shuttle Radar To-
pography Mission (SRTM), and satellite im-
agery from Landsat 8.

Geological data such as, geological formations,
and geological structures, were delineated and
extracted using the geological map of Libya
Al Bayda-sheet compiled by the Libyan Indus-
trial Research Center in 1974, geological map
of Al Baydah - Al Bayadah Area was provided
by Hydrogeo Consulting Engineers in 1996,
and the interpretations of the satellite imagery
and the DEM as in figure (7).

For the data to be interpolated since there are
many spatial interpolation methods available
with respect to their application in GIS, in this
research the spatial interpolation for some of
the groundwater data was carried out using
Quantum GIS software Interpolation Plug-in,
where the depth to water level and total dis-
solved solids maps were interpolated using In-
verse Distance Weighted (IDW) method as in
figures (8) and (9).

Hydrogeological boundaries and water divides
were delineated according to the hydrogeologi-
cal map by (Hydrogeo Consulting Engineers
1996), the piezometric map for groundwater of
Al Jabal Al Akhdar by (Arghain and Hamad,
2006), and the result of interpolation for depth
to water level data.

Table (2). Topographic characteristics of the study area

Minimum elevation (meter) 10
Maximum elevation (meter) 478
Average elevation (meter) 195
Maximum slope (degree) 84
Average slope (degree) 5

Average aspect NW (331°)

Spatial analysis of the DEM was carried out to
extract the topographic characteristics of the
study area, which is illustrated as in table (2).
The hydrogeological map was produced as il-
lustrated in figure (10), where it represents a
key tool for the evaluation of a groundwater
system in a certain area, and could be interpret-
ed as in the following:

e The surface and subsurface geology of the
study area is consisting mainly of the ter-
tiary formations composed of carbonate and
quaternary rocks represented by alluvial
and coastal sediments characterized by
karst and fractures, which represents the
main constitutes of the aquifer’s material in
the area.

e The hydrogeological divides and bounda-
ries are represented by the Mediterranean
Sea in the north, the first escarpment in the
south, Wadi Al Kuf in the west, and Wadi
Al Uwaynah in the east.

e Depth to water level contours ranges from
54.7 to 229 meter, where the flow system
characterized by a gradual descending, also
the flow direction is toward the north and
northeast directions.

e The chemical quality of groundwater,
which is expressed by the total dissolved
solids (TDS), ranges from 362 to 2788 ppm
prevailing high values in the north of the
study area and indicating the effect of sea-
water intrusion which is caused by exces-
sive groundwater pumping due to intensive
agricultural activities, as well as urban ac-
tivities in the coastal region due to the ab-
sence of a proper management of the
groundwater resources. Moreover, the val-
ues of total dissolved solids are decreasing
southward toward the second escarpment of
Al Jabal al Akhdar, where the aquifer re-
charge comes from.
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CONCLUSION

Information systems and modern technology
have a significant impact in the field of
groundwater resources. Many software devel-
opers have solutions and services in this field,
especially geographic information systems
which provides an enabling environment to
integrate all the data of groundwater resources
that enable storage and processing of the spa-
tial data. These are of concern to stakeholders
and decision-makers in the field of groundwa-
ter resources. However, the following should
be taken into consideration:

e The best GWIS is the system that involves
all the stakeholders concerned with
groundwater resources to ensure compre-
hensive and integrative data system and
processes.

e Groundwater resource authorities may call
and argue that they lack the financial re-
sources and the ability to obtain software
tools that would be used for the establish-
ment of GWIS, especially the commercial
software. Therefore, open source software
such as Quantum GIS has a very good ca-
pabilities that could be initiated or even
adopted for GWIS.

The technology must be accompanied by
proper data, processing, and implementa-
tion methods.

The focus should shift from two-
dimension to three-dimensional capabili-
ties in the future to give more insights into
the groundwater system and its hydraulic
characteristics.

Development of simple interface or plug-in
linked to open source GIS software will be
useful for extracting reports and statistics
for users with limited GIS experience.
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