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Application of Nanofiltration (NF) for Municipal Wastewater Reuse in Agriculture: a
short review
Prof. G. Andreottola, S. Cavazzoli
University of Trento, ltaly

gianni.andreottola@unitn.it

simone.cavazzoli@unitn.it
Abstract:
The reuse of municipal wastewater for agricultural irrigation is a promising solution to
address water scarcity issues. However, the presence of contaminants such as salts,
pathogens, and emerging pollutants like antibiotic-resistant bacteria and genes poses
significant challenges. Nanofiltration (NF) has emerged as a viable tertiary treatment
method to enhance the quality of treated wastewater, making it suitable for agricultural use.
The short review examines the application of NF in municipal wastewater treatment,

focusing on its effectiveness, challenges, and potential for agricultural reuse.

Keywords: Nanofiltration, Wastewater treatment, Agricultural.
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Cyrenaica Karst Project

Rosario Ruggieri**, Abdelsalam Elshaafi®, Awad Bilal®, Fathi Salloum®, Saad Elshari®
Centro Ibleo di Ricerche Speleo-Idrogeologiche — Italy?
University of Benghazi — Libya®
*Corresponding Author: info@cirs-ragusa.org*, abdelsalam.elshaafi@uob.edu.ly

Abstract:

A campaign of investigations has started in 2007 aiming at studying the karst
geomorphologies and caves of the Jabal Al Akhdar (Green Mountains). Such a campaign is
within a research agreement stipulated between the Department of Earth Sciences, Faculty of
Science of the University of Benghazi, Libya and the Hyblean Center of Speleo-
hydrogeological Research of Ragusa, Italy. Among the objectives of the project there are: that
more general concerning the formulation of a speleological model consistent with the
geodynamic evolution and climate changes taken place in the tethyan-mediterranean region
from the end of the Cretaceous; those with application fall-outs into the local socio-economic
framework addressing the finding out and protection of new water resources, the mapping of
man altered areas, potentially at risk of instability and/or sinking because of the presence of
karst voids, and the institution of Karst Geosites and Geopark of a particular scientific,
environmental or aesthetic value. The campaign of geospeleological investigations carried
out in the 2007/2008/2009 years and most recently in 2022, 2023 and 2024 years on a
updated Memorandum of Understanding, has concerned the karst area of the coastal belt of
Benghazi and Sousa and the plateau of El Marj, Al Bayda, Derna and Tobruk. The study of a
series of large collapse dolines, connected with the network of conducts draining the
groundwater along the coast, was started in the area of Benghazi. Still in the same area, the
Lethe karst system with a large underground lake, which was the subject of a tourist fruition
during the Italian colonial period, is of particular interest, even historic. In the coastal area of
Sousa a significant karst outcrop, surveyed and documented, is the, Brag Notta karst system
constituted by a collapse doline and two large neighbouring doline-lake connected
hydrologically by a recent tectonic structure draining the brackish ground water sometimes
towards the sea, sometimes towards the hinterland, depending on the tidal excursions. In
raised areas of El Beida and El Marj plateau a very interesting geomorphologic and
hydrogeologic study shows some big dolines and dip swallow-holes, inserted in the context
of a typical cockpit relief, while in the plateau of Derna the exploration of a complex
labyrinthine cave has allowed also the discovery of paleontologic and archaeological finds.
Speleological explorations and geological investigations of the above mentioned karst areas
are still being carried out.

Keywords: Cyrenaica, karst caves, dolines, karst Geosites.
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Sustainable Management of Deep Groundwater Aquifers for Energy Production and
Environmental Protection in Murzuq Basin, SW Libya
Sadeg M. Ghnia* and Ehab Dougman
Zallaf Libya for Oil and Gas Exploration and Production
*Corresponding Author: sadeg.ghnia@zallaf.com*, ehaba9759@gmail.com
Abstract:

This paper investigates the critical role of deep aquifers water resources from the
Hasawnah and Achebyat sandstone formations in enhancing oil production and
supporting electricity generation systems. The study is contextualized within the
framework of promoting environmental sustainability and advancing sustainable
development initiatives associated with the South Refinery Project.

The primary objectives include evaluating the contribution of deep aquifers to ol
production, assessing environmental impacts, supporting sustainable practices, and
identifying effective management strategies. Zallaf Libya, a subsidiary of the National Oil
Corporation (NOC), was established in 2017 to optimize oil and gas production in Libya,
particularly in the NC200 block of the Murzuq Basin, which encompasses the operational
Erawin oil field. The Upper Ordovician Mamuniyat sandstone serves as the main
reservoir for oil extraction, where Zallaf has drilled multiple oil producer development
wells while adhering to stringent environmental policies aimed at minimizing pollution.
To manage produced water, initially estimated at around 300 barrels per day, Zallaf is
deployingan evaporation system and plans to build a water treatment facility. This facility
will reinject treated water back into the Mamuniyat reservoir to maintain pressure, while
also sourcing additional water from the Achebyat and Hasawnah formations. Five water
source wells are planned, each expected to yield 2000 barrels per day. The produced
water generated will be reinjected to effectively reduce the reliance on deep aquifers,
specifically the Achebyat and Hasawnah aquifers, thereby minimizing overall water
consumption. This approach not only aids in sustainable water management but also
enhances hydrocarbon recovery processes within the petroleum industry.

Moreover, Zallaf is contributing to local development through the South Refinery Project,
designed to supply refined oil products to southern Libya. This refinery will utilize
industrial water from the deep aquifers of Achebyat and Hasawnah, with three wells
allocated for this purpose. Zallaf's operations prioritize not only oil production but also
sustainable practices and community engagement, aligning with its corporate social
responsibility goals. This paper will elaborate on the integration of water resources in
facilitating energy production through oil extraction, refining, and electricity generation,
ultimately influencing sustainable development.
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PaperID: 61
Water Resources of Western Libya: A General Study of the North African Aquifer
Systems
Anas Belhaj,Osama.A.Hlal
University of Tripoli, Faculty of Sciences, Departments of Geology, Tripoli, Libya.
*Corresponding Author: Osama.Hlal@gmail.com, O.Hlal@uot.edu.ly

Abstract:

The Murzuq and Ghadames Basins, located in southwestern Libya, are significant
components of the North African Aquifer System, which plays a crucial role in the
region's water resources. These basins contain deep, confined aquifers, primarily within
the Cambro-Ordovician and Devonian sandstone formations, such as the Gargaf,
Hamra, Djouf, and Hamada Formations. The aquifers in these regions could vary in
depth from 500 to 3,000 meters and have thicknesses extending to several hundred
meters.

Hydrological models of the Murzuq Basin, which spans approximately 700,000 square
kilometers, highlight the importance of these aquifers for sustaining regional water
supply, particularly for agricultural projects. However, the water quality presents a
challenge, with elevated salinity levels, particularly high concentrations of sodium
chloride (NaCl), along with potassium, which can affect agricultural use unless
desalination or other water treatment methods are applied.

The groundwater in these basins is characterized by low hydraulic conductivity but
relatively high transmissivity, which supports water extraction, albeit with careful
management to avoid over-extraction and salinity-related issues. The basin’s well
networks, vital for irrigation and local water needs, are being monitored and managed
through advanced groundwater modeling to optimize pumping strategies and ensure
the sustainable use of these water resources.

These aquifers, while providing essential resources, require ongoing conservation efforts
due to the risks posed by high salinity levels and over-exploitation.

Keywords: Water Resources, North Africa, Aquifer System.
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Optimal management of water production, transportation, and distribution in
Libya, challenges and technical solutions, the man-made river project as an
example
Esam Benmussa
Man-made river project — Libya
*Corresponding Author: ebenmussa@yahoo.com
Abstract:
Water to drink is the most essential component of human life and a unique element. Itis
necessary to develop technical methods for the best management of water production,
conveyance, and distribution in Libya due to its large area, scarcity of water, and variety
of sources. These methods should also minimize interruptions to water and achieve
maximum water security.
Integrated Solution Based on Hierarchical Control system, Instrumentation,
Communication, and Simulation System, are presented as a technical solution to achieve
high water planning, use, and efficiency. These techniques are partially implemented in
the Man-Made River Project (MMRP), which is owned and funded by the Libyan
government.
In the present work, we will discuss the significance of utilizing these technologies for this
project, the advantages that come with employing them, as well as the challenges and

difficulties that need to be overcome and the suggested remedies.

Keywords: GWA, MMRP, SCADA, Simulation System, Water resources management.
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PaperID: 37
learning lessons from Derna dam failures
Essam Saeid™, Khalifa Eldursi?, Taoufik Al Trabelci®
University of Benghazi — Libya
*Corresponding Author: essam.saeid@uob.edu.ly*

Abstract:

The dams in Libya have been constructed to control floods (such as wadi Darna, wadi
Mejenin and wadi Qattarah Dams) or provide water to agricultural areas (such as wadi
Mejenin, wadi Kaam and wadi Qattarah Dams). Neither flood control nor water supply
to agricultural areas has been successful in Libya. A recent example of this is the
devastating dam failures at Wadi Derna, when the city was not protected by the dams but
instead the flood was made worse. Nonetheless, the design capacity of the eighteen dams
constructed in Libya at the ephemeral streams was determined to be nearly 390 million
cubic meters. By comparison, the annual storage capacity of these dams does not exceeds
62 million cubic meters of water. The difference between the annual water retention and
the design capacity could be caused by inadequate annual rainfall or by design flaws that
resulted in the reservation of tiny amounts of the desired water, particularly for the big
dams (Wadi Qattarah and Wadi Kaam). Since we lack rain gauge stations to precisely
estimate the amount of rainfall, the first reason could not really be valid. Nevertheless, the
destructive "Storm Daniel" event that struck northeastern Libya recently exceeded even
the rainfall's design capability. Because of the threat posed by climate change, we should
routinely evaluate all of the dams. Additionally, the dams’ long-term flows and rainfall
should be reevaluated, and the size of the spillway and gates should be confirmed to

determine whether the structures could sustain more severe floods like Daniel.
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PaperID: 50
Hydrometer Analysis and Wet Sieve Analysis of Different Clay Types for Water
Treatment Applications
Suresh Aluvihara®, C.S. Kalpage?, Bhupendra Singh Chau han®, Mohammad Hamid
Omar®
University of Peradeniya — Sri Lanka®
GLA University — India®
Kabul Polytechnic University — Afghanistan®

*Corresponding Author: sureshaluvihare@gmail.com*, sureshaluvihare24@gmail.com

Abstract:

Given its exceptional qualities such as high porosity, low permeability, and minimal
deformation, clay has become a highly sought-after industrial resource. The
characterization of grain sizes in various types of clay is a crucial aspect that precedes their
industrial application, which is the primary focus of current research. These clay
variations, including anthill clay, brick clay, and roof tile clay, have been specifically
named based on their industrial uses and respective formations. The recommended
method for determining the particle size of soils with fine particles like silt and clay is wet
sieve analysis. In this method, larger particles are measured using different sieve sizes,
while smaller and ultra-fine particles are measured with a hydrometer. A correlation was
found between the average grain size (D50) of the soil/clay and the discrepancies in the
finer portion results obtained through both wet and dry sieve analysis methods. Typically,
soils/clays with smaller average particle sizes exhibit greater discrepancies in these
results. Despite potential errors in the results obtained for finer soils like clay using dry
sieve analysis, it can still offer a general understanding of the soil/clay in both coarse and
fine-grained compositions. By comparing the average grain size (D50) value obtained
from dry sieve analysis with standard or experimental reference values for soil particle
size classification, the necessity for wet sieve analysis can be determined. Itis advisable to
use asmaller quantity of soil samples for more accurate results when conducting dry sieve

analysis on finer soil types. Previous studies have acknowledged errors in experimental
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sieve analysis, particularly with intermediate sieve sizes, when the sample size was too

large.

Keywords: Anthill clay, Brick clay, Roof tile clay, Specific gravity, coarse particles, Finer
particles.

PaperID: 53
Preliminary Assessment of Flood-Risk Areas Using GIS and Remote Sensing
Techniques in Wadi Al-Majinin, Northwest Libya
Hatem Mazoz", Mohamed Ben Suleiman, Saleh Sadeg, Nureddin Saadi
University of Tripoli — Libya
*Corresponding Author: mazooz.hatem9@gmail.com

Abstract:

The purpose of this study was to assess flood hazard of Wadi Al-Majinin basin and identify
the high potential flood-risk areas using GIS and Remote Sensing techniques. Drainage
pattern and watershed basins were delineated using satellite digital elevation data
(Shuttle Radar Topography Mission (SRTM)) with a resolution of 30 meters. Flood
assesses factors such as slope, slope angle, elevation, drainage density, distance to the
main channel and buildings density was investigated in the GIS techniques. Flood risk
assessment was done using two elements at risk, namely distance to the main channel of
Wadi Al-Majinin and land use. We conducted field inspection along the Wadi course and
Wadi dam for checking the current status. Many violations were documented, whether
by construction near the Wadi or cutting the Wadi with main and secondary roads, or
even highways and bridges. The results of the flood hazard map indicated that large area
including residential buildings, government buildings, hospitals, main and secondary
roads, and commercial projects are considered are subjected respectively to low,
moderate, high and very high flood hazards. As for Tripoli city, the area of buildings lies
within the red zone that will be severely damaged in the event of a flood is approximately

19 km2, while the area of buildings lies in the yellow zone that will also be damaged in
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the event of a larger flood is approximately 26 km2. The Wadi path also crosses 16 main

roads and 14 bridges, and even crosses the second and third ring roads in two places.

Keywords: Wadi Al-Majinin, flood risk assessment, flood hazard map, GIS.
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Hydrogeochemical Assessment of Groundwater in the Southeast of Benghazi City,
Libya
Osama A. El Fallah*, Mohamed S. Al Faitour and Ahmed M. Muftah
University of Benghazi — Libya
*Corresponding Author: osama.elfallah@uob.edu.ly*, alfaitouri2@yahoo.com,
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Abstract:

Libya is situated in an arid region of northern Africa, and faces significant water scarcity,
making water one of the most essential resources in the whole country. Therefore, to
achieve water security in Libya, surface and groundwater resources must be assessed,
protected, and kept uncontaminated. This paper evaluates the hydrochemistry, water
quality, and possibility of use for various purposes of the groundwater in the area
southeastern of Benghazi city. Some hydrogeochemical relations such as Piper, Gibbs,
Stiff, and Durov diagrams were used to know the origin, type, and property of the water
and the relationships between the chemical variables. Phreeqc software also has been
used to know the saturation index of the water with minerals of the aquifer's rocks. In
general, the studied groundwater is salty to highly salty, holding high concentrations of
the total dissolved solids, and is dominated by Sodium and Chloride "primary salinity”
water type, in response to rock weathering and water-rock interaction as they are the most

natural processes that controlling groundwater chemistry. The saturation index indicated
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slightly saturated with carbonate minerals (calcite and dolomite) and less saturated to
under-saturated with evaporate minerals (gypsum, anhydrite, halite, and sylvite).
Nonetheless, the water is highly salty and unsuitable for drinking. However, it can be
potentially utilized for the irrigation of select crops to contribute to sustainable water

resource utilization in the region.

Keywords: Rocks, Minerals, Water type, Hydrochemistry, Saturation index, Chemical

analyses.
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Paper1D: 15
INDIGENOUS WATER HARVESTING IN WESTERN MOUNTAIN REGION (YEFFERN,
GHARIAN) IN LIBYA AT (15 YEARS)
Mabrouk Elsharief
Libya — Agricultural Research center, Tripoli
*Corresponding Author: Mabroukelsharief56@gmail.com

Abstract:

Since ancient we now the importance of the water (irrigation ) to the human uses, plant
(crops) and animals . So that is very important to sustainability of agricultural production
and increased it and more constraints . We must be studied and conduct the experiment
how to uses the rainfall water and important of water use efficiency from that spared the
W.H idea and water catchments, to irrigate the agriculture crops and human & animals uses
ethier difficulty extracting ground water reducing damage caused by runoff from the top of
the mountainous areas such as soil erosion. There are some innovation aims as the
sustainable development of these regions . The most common indigenous water—
harvesting system in Libya have been described here in terms of their past and present use
. The future of these systems however, has not yet been decided. Comments have been
made on the usefulness of and potential for improvement in this system. It would be
desirable to find out more about the detailed technical and Scio-economic aspects of these
W.H system. This program is very important to increase that population growth coupled
with limited amount of cultivable land and manager water resources , encourage the
introduction and expansion of water — harvesting system . Consider the situation of my
case study was the farmerinnovation in the tow sits on the western mountain area to show
the kinds of water catchment or water harvesting of rainfall is suitable , and studied these
sits totally and the all techniques were conducted in the case study regions were conducted
from a long in that time in that  villages where conducted the many techniques to
harvested the rain fall water from the proof top houses and mountain lakes ( sup surface)as
Water Harvesting for crop production. In this study, in the regions of the Western Mountain,
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i took samples of a number of farmers from different economic, educational and social
conditions and conducted questionnaires for the study on them. The results proved that
most of them had applied the technology of harvesting water in the old way and inherited
from the ancestors in the two areas of the study. The study confirmed the necessity of
developing these different traditional techniques for water harvesting and irrigation fruit
trees, annual crops and animals from water obtained from their ancient traditional sources,
and the need for cooperation from bodies and institutions concerned with water sources,
aswell as research centers specialized in this.We must be conducted anther of experiments
and concord the WH techniques in future , with cooperating between the (ARC)and farmers
by Extension Surveys groups.

Keywords: Water Harvesting, catchments, Yeffern , Gharian.
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An Advanced Review on the Impacts of Plastic Pollution on Ground Water Quality
Suresh Aluvihara®’, Dhiraj Pradhananga®, Mohammad Hamid Omar‘, Gwendolyn
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University of Peradeniya — Sri Lanka®
Tribhuvan University, — Nepalb
Kabul Polytechnic University — Afghanistan*
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*Corresponding Author: sureshaluvihare@gmail.com*, sureshaluvihare24@gmail.com

Abstract:

Plastic, a synthetic material derived from organic polymers produced from petroleum
products, has become an indispensable material in our daily lives. It is widely used in the
production of food containers, water bottles, storage containers, plastic bags, and various
domestic and industrial items. Most types of plastic have chemical structures that make
them non-degradable, leading to long degradation periods. Despite being relatively cheap
to manufacture in large quantities, the accumulation of plastic waste poses a significant
environmental challenge without a proper disposal system in place. The impact of waste
plastics on the earth's groundwater resources can have adverse effects underground. The
size of the plastics plays a crucial role in the pollution of groundwater, especially micro-
plastics and nano-particles, which have been linked to the migration of polluted surface
water into groundwater bodies through the percolation process. These tiny plastic particles

are more prone to degradation, adding to the contamination of groundwater. Groundwater
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pollution from plastics is often caused by the use of toxic chemicals like diethylhexyl
phthalate and heavy metals such as mercury, cadmium, and lead in the manufacturing
process. As groundwater is a vital source of drinking water, measures such as the "4R"
concept (reduce, reuse, recovery, and recycle) can be implemented to address plastic
pollution. Additionally, raising awareness and educating the public on the impacts of plastic
pollution, as well as promoting the development of biopolymers, can contribute to

mitigating this issue on both domestic and industrial scales.

Keywords: Plastics, Nano plastics, Micro plastics, Meso plastics, Macro plastics, Harmful

compounds, Ground water quality, Pollution.
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Lethe River-Cave in Bou-Atni area, east of Benghatzi city, Libya: Unique Karstified and
historical phenomenon
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Centro Ibleo di Ricerche Speleo-ldrogeologiche — Italy?
University of Benghazi — Libya®
*Corresponding Author: info@cirs-ragusa.org, abdelsalam.elshaafi@uob.edu.ly*

Abstract:

Lethe, the river of forgetfulness, is one of the five rivers of the Greek underworld. Lethe River-
Cave is located inside a military base in Bou-Atni area, east of Benghazi city, northeast Libya.
The entrance of this karst feature is situated inside a collapsed doline, under the topographical
profile extends for about 200 m with a total height difference of ~31 m referred to the surface
of the lake, therefore, it can be schematically divided into two main branches, the north-east
one (first branch) and the subsequent west-north-west one (second branch). Each major
branch is subdivided into several segments. This karst phenomenon develops in limestone of
Benghazi Formation (Miocene), up to 150 m thick, consisting of bioclastic limestone rich in
corals, red algae, mollusca, bryozoans and echinids, interbedded with fossiliferous shale. Field
observations inferred that intersection of two main structural elements could be attributed to
generate of the collapse doline and initial part of the Lethe River-Cave. It generally constitutes
the emerged underground part of a collapsed doline, mainly characterized by structural
morphologies and to a lesser extent by relict corrosion morphologies. The karst aquifer that

pervades the entire coastal strip of the Benghazi plain emerges in the Lethe River-Cave. The
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feeding of the aquifer drained from the adjacent first escarpment and its mixing, in
correspondence with the coastal strip, with the sea water intruded towards the hinterland,
makes it very probable the competition of (singenetic) dissolution processes for mixtures of
differently salted waters, in addition to the normal phenomena of karstification due to the
epigenetic processes with the infiltration of acid vadose waters. The planimetric-altimetric
survey during this study indicate that the second branch of the Lethe River-Cave would be
located in an urbanized area with the presence of civil buildings and roads and may be caused
a significant geohazards to the build-up environment. Lethe River-Cave has emanated since
ancienttimes an aura of inscrutable mystery due to the stories steeped in legends and ancient

myths with which various authors and historians have depicted.

Keywords: Lethe River-Cave, karst phenomenon, bioclastic limestone.
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PaperID: 59
A New Method for the Evaluation of Well Efficiency from the Pumping Test
Ahmed Babeker Elhag
King Khalid University — KSA
*Corresponding Author: abalhaj@kku.edu.sa
Abstract:
Itis of utmost importance to determine the efficiency of wells before digging up any well
to reach groundwater. As the efficiency of 100% well will provide sustainable access to
groundwater without stressing the water resource itself. However, if efficiency is 60% it
will lead to over-discharge of the well leading to depletion of groundwater table. Also,
lower efficiency means the loss of economy, manpower and above all it is disastrous to
the nonrenewable groundwater source. The efficiency of well is directly dependent upon
the time of turbulent flow as it increases with time. While taking it into account the well
efficiency can be controlled and modified to reach efficiency of 100%.
The theory behind this concept is that the aquifer is assumed to be homogeneous up to
the geological formation of the area adjacent to the well, and all well losses are assumed
to be zero against this area. According to this study, controlling the drainage of the well
has become possible in the case of all the different pumping parameters: the total
drawdown, the aquifer losses, and the well losses. From these coefficients, the aquifer loss
and the coefficient of aquifer loss are determined from the point of intersection of the data
line of the total drawdown with the value of aquifer loss at the optimum intersection point
(A), in the case of pumping the well at an optimal operational rate in which the
components of the loss of the well are absent.
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The results of the study indicate that non-linear well losses are formed when pumping at
a rate greater than 5400 m”3/d, which means that the design of the well has some
technical errors, or the reason may be due to the effort that falls on the hydraulic
characteristics of the aquifer. On the other hand, non-linear well losses are absent and the
well reaches its maximum pumping efficiency at a rate of 5400 mA3/d. In this case, the
drawdown reaches a depth of 0.55 meters, during which the water level remains equal
within the geological formation, around the screens, and inside the well, and the well
reaches its maximum efficiency. This condition is explained by controlling the losses of
the components of the well and that the aquifer is not affected by any stress on it, which
prevents the movement of fine grains, which makes the opportunity favorable for the

aquifer losses to prevail only.

Keywords: New Methods, Well Efficiency, Controlling Well Losses Groundwater Wells.
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