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Mechanisms of cement degradation during interaction with water at
different pH and salinity levels

2,0171,.0,78110Y ,.W INK
NMavN ND'OIAIINN

The significance of Ordinary Portland Cement (OPC) in modern construction cannot be overstated. Its
durability is dependent on key phases such as portlandite and calcium-silicate-hydrate (C-S-H) gel, which
contribute to its mechanical strength. However, the vulnerability of OPC to degradation under corrosive
solutions has prompted extensive research to comprehend the underlying mechanisms. While previous
studies have predominantly focused on the dissolution rate of OPC when subjected to various aggressive
solutions, this project takes a novel approach by developing a method to quantify the rate at which
mechanical degradation releases particles in the fluid phase. Inspired by similar mechanisms observed in
limestone, we sought to investigate whether OPC also exhibited particle detachment phenomena. We
conducted a comparative analysis of leaching and particle detachment rates under different pH and
salinity conditions up to a month. We used ICP-MS to measure the calcium concentration in the effluent
to calculate the leaching rate and electron microscopy examination of particulate material released during
the experiment. Our results indicated that up to tens of micrometers sized particles were released during
fluid-cement interaction although the maximal particle detachment rate (6.54x10° g m2 s) was relatively
small compared to the Ca leaching rate (2.7x10* g m™? s). We also examined the leaching front and
alteration of porosity within OPC when subjected to varying salinity levels. Consistent with previous
studies, the presence of sodium chloride in the solution was found to intensify the degradation process.
While the unaltered blank sample had a constant porosity along its cross section (9-17%), the porosity of
degraded sample in contact with DDW and NaCl ranged between 35% and 10-14%. Moreover, the
dissolution rate also increased when NaCl was added to the fluid: in deionized water (i.e., salinity 0%) the
maximum Ca leaching rate was 2.7x10* g m? s, while in 3.5% NaCl solutions the rate was 4.5x10* g m™
s1. The results teach that the particle detachment rate was negligible compared with the leaching rate
and therefore the cement is not likely to serve as a significant source for colloids that transport

contaminants.
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Evidence of Coastal Aquifer transmissivity increase using pumping tests

(2) .o, (1) rvmy (1) X2

D'0TNN VAN .Y (3)
nnipm  (4)
The Dan Region Wastewater Reclamation Plant, commonly known as “The Shafdan” plant, plays an
integral role in Israel's water supply system by treating wastewater and injecting a significant volume of
the treated wastewater, into the coastal aquifer through infiltration ponds (Soil Aquifer Treatment — SAT).
The filtration of treated wastewater occurs naturally as it passes through layers of sand, where it is filtered
before being stored in the aquifer. Recent years have seen a growing need for additional/substitute
boreholes (on existing boreholes yards), to increase production capacity from the Shafdan. To enhance
water production from boreholes, significant modifications and improvements have been made to the
technical configuration of substituted boreholes compared to older ones. Mekorot - Israel national water
company Ltd, issued a tender for planning substituted boreholes, including engineering support and
hydrogeological upgrades under a Design-Build (DB) contract. S. Gilboa Engineers Ltd is responsible for
two substitute boreholes located in the Soreq Basin of the Shafdan: “Dan Water 21B” and “Dan Water
7A”. Pumping tests were conducted at both boreholes, to monitor the aquifer's response to pumping and
measuring dynamic levels under increasing pumping rates. Drawdown measurements were taken during
the initial pumping phase and the recovery phase, where Darcy's law is applicable. The Cooper and Jacob
(1946) method was used to determine aquifer transmissivity and storativity. The results of these tests
show an improvement in aquifer transmissivity, relative to old boreholes properties. Additionally, our
findings indicated high borehole efficiencies, with aquifer losses (B) exceeding well losses (C). This suggests
a long-term migration of fine particles to the old boreholes, due to prolonged pumping. Potentially
leading to an increase in aquifer permeability over time. This insight into the behaviour of the aquifer and
substitute boreholes is crucial for optimizing water production and its management as part of the Israeli

water supply system.
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Unveiling Hydrogeological Interactions: An Insight into Swan Lake’s
Environmental Dynamics Amidst Industrial Contaminant Challenges

(1,2) .x.2,m127,(1) .nL,y20n

(1) Etgar A. Engineering
(2) The University of Utah

Swan Lake is a key component of a multifaceted hydrogeological ecosystem, encompassing both
groundwater and surface water, situated in the tectonically active region of the Dead Sea transform. This
lake significantly contributes to the regional wildlife by providing a crucial freshwater source in an
otherwise arid environment.

The origin of Swan Lake traces back to the early 1990s, stemming from quarry excavation operations west
of the ICL minerals extracted salt evaporation ponds. The excavation unintentionally intersected the local
groundwater table, resulting in the formation of an artificial lake. This lake exhibits significantly lower
salinity levels compared to the operational pools. As climate change alters bird migration patterns, Swan
Lake has evolved into an indispensable stopover point.

A failure in the embankment of an evaporation pond in July 2017 led to the discharge of approximately
100,000 to 250,000 cubic meters of highly acidic phospho-gypsum wastewater, primarily laden with
fluoride and phosphorus, from an upstream facility. This stream of contaminants traversed through the
25-kilometer-long Ashalim ephemeral stream, eventually reaching Swan Lake. Subsequently, a thorough
eco-hydrological monitoring initiative was spearheaded by Tel Aviv University to maintain a vigilant watch
over the evolving conditions.

To delineate the hydrogeological ramifications of this contamination event, inclusive of the potential
transit duration, attenuation, and dispersion of contaminants within the groundwater and the lake water,
a numerical model detailing flow and transport was engineered. This flow model was refined through
calibration, leveraging data aggregated from diverse sources, and utilizing inert species (chloride) for the
transport modeling. The model also accounted for density-driven flow phenomena. The resultant model
exhibited a substantial degree of alignment with both historical and contemporary measurements
obtained in the field.

The investigation unveiled a markedly slow dispersion of contaminants, predominantly restrained to the
vicinity of the lake. The flow trajectory within the lake can be transiently altered by flooding occurrences.
Particularly, it was discerned that during such flooding events, a contrasting temporary flow trajectory
diverging from the regional flow was manifested, propelling further dissemination of the contaminants
toward the peripheral zones of the pond.
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Perfluoroalkyl and polyfluoroalkyl substances (PFAS) are pervasive, enduring environmental
contaminants, increasingly detected in various global water resources, and drinking water systems.
Exposure to these substances in drinking water poses a substantial health risk (lower offspring birth
weight, immunotoxicity, increased risk of kidney and testicular cancers and more) starting at remarkably
low concentrations. Due to their unique properties, PFAS compounds are used in a wide range of
applications, with foams used to extinguish flammable liquids having the most significant environmental
consequences.

Over the past four years, water resource quality surveys in Israel have included monitoring and production
wells, wastewater, and effluent reservoirs. The outcomes of these surveys reveal the pervasive presence
of PFAS pollutants throughout the Israeli water resources and supply network. Groundwater surveys
highlight elevated concentrations of PFAS pollutants, especially in areas where foams were used to
extinguish large fuel fires and during fire training exercises.

A limited number of production wells have been disqualified by the Ministry of Health from supplying
drinking water. Additional wells are expected to be closed in 2026 with the implementation of more
stringent drinking water regulations.

This discussion focuses on the latest findings in Israel, examining their implications for the water sector

and the complex regulatory aspects involved in the comprehensive regulation of PFAS contamination.
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Identifying the Climatic and Anthropogenic Impact on Vegetation
Surrounding the Natural Springs of the Arava Valley Using Remote
Sensing Methods
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Natural springs, recognized as biodiversity hotspots and keystone ecosystems, exert positive ecological
influences beyond their immediate extent, particularly in dryland environments. The water feeding these
springs, largely governed by natural climatic conditions, is susceptible to anthropogenic impacts. The
objective of this study was to determine the factors that cause fluctuations in water availability to springs
of the hyper-arid Arava Valley (Israel/Jordan). Using the Standard Precipitation Index, we statistically
classified the historical record of yearly rainfall for the past four decades into clusters of dry and wet sub-
periods. We assessed changes in vegetation cover around the springs using the Landsat-derived
Normalized Difference Vegetation Index (NDVI) for each sub-period. To assess the anthropogenic effects,
we examined the correlations between vegetation cover, water extraction from the aquifer, and the status
of adjacent agricultural plots that share a hydrological connection with the springs. Our findings revealed
fluctuations between wet and dry sub-periods over the last four decades. We observed high
responsiveness of vegetation cover around the springs to these fluctuating sub-periods. Of the 25 studied
springs, 12 were directly influenced by anthropogenic factors—7 experienced a decline in vegetation,
which we attributed to water extraction from the aquifers, while vegetation increase in 5 springs was
attributed to water seepage from agricultural areas upstream. In conclusion, addressing vital habitats such
as natural springs in arid drylands requires a holistic approach that integrates long-term climatic,

ecological, and anthropogenic observations
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In urban environments, excess runoff can cause urban flooding—an impactful disaster that could result in
severe outcomes, including loss of life and extensive damage to property and infrastructure. Climate
change and urbanization are the main factors contributing to increasing the frequency and intensity of
flooding in urban areas. Yet, effectively modeling the intricate and heterogeneous nature of an urban area
and understanding the rainstorm and surface properties that impact runoff formation is still a challenge.
In addition, there is a lack of research on the interaction between climate change and urban runoff in the
Eastern Mediterranean region particularly. We employed high spatiotemporal rainstorm and surface data
of the Nahal Ra'anana basin (13 km?) located on Israel's coastline to develop a comprehensive and
sufficiently accurate urban rainfall-runoff model. This model, based on the hydraulic-hydrological SWMM
model, was refined using data collected from 26 distinct storms, capturing a diverse range of precipitation
patterns and intensities. we utilized leave-one-out cross-validation and a multi-objective solution method
during the model implementation process. The developed SWMM-based model effectively represents
Nahal Ra'anana basin's hydrological response, with KGE values of 0.66 for peak flow and 0.88 for total
volume, indicating satisfactory performance. By employing this model, we are currently investigating
various factors influencing urban runoff characteristics, including rainstorm properties associated with
climate change and land use changes resulting from urbanization. The findings derived from this research
will contribute significantly to the enhancement of flood risk management strategies in future urban

environments.
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Navigating the Competition for Water: The Potential of Technology and
Innovation in Sustainable Agricultural Water Resource Management

Abir, S., Shamir, A. Gabbay, A.

(3) Marvin Blue Inc.

Rising droughts and extreme weather events, worsened by climate change, highlight the urgent need for
efficient water management. Despite agriculture being the largest consumer of freshwater, conservation
has not been a focal point, with many farmers not viewing water-saving measures as a pressing concern.
However, there has been a noticeable shift in sentiment as corporate sustainability gains traction and
policymakers become more proactive.

Industries such as Forestry, Pulp and Paper, Agriculture, and Mining, experience rapid changes in the
regulatory landscape, with water resource management emerging as a pivotal concern. Mandates for water
disclosure put pressure on companies to accurately measure, manage, and report their water usage and
environmental impact.

The expansion of irrigated crops has been halted in areas lacking actionable data, aiming to mitigate the
risk of water resources overexploitation. Nonetheless, to meet the ever increasing demand for agriculture
and ensure global food security, urgent action is required to develop programs for sustainable water use.
These challenges call for the integration of innovative technologies leveraging earth observation, enabling
data-driven decision-making from farm to watershed scale. This includes optimizing water resources,
enhancing crop resilience and water use efficiency, and contributing to the overall economic viability of the
agricultural sector. Continued advancements should unlock quantitative assessments of water use and
water availability in agricultural landscapes, utilizing high-resolution and globally-applicable methods with

enhanced validation techniques.
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Hydrogeological modelling of the poorly gauged Hermon Jurassic aquifer

Ben-Zur, E. (1,2), Be’eri-Shlevin Y. (2), Gal G. (2), and Gvirtzman, H. (1)

(4) The Hebrew University of Jerusalem

(5) Israel Oceanographic and Limnological Research

The Hermon Jurassic Aquifer (HJA), is the largest water resource in northern Israel, supplying annually
about 700 MCM to the Jordan River tributaries, the Damascus basin, and to minor springs in Lebanon. The
absence of rain gauges and monitoring wells, and the low-resolution data from Lebanon and Syria, makes
the evaluation of the aquifer’s water balance and fluxes a significant challenge. Despite the data scarcity,
our group has focused on studying the aquifer via hydrogeological analysis and numerical modelling, using
several simplifying assumptions. The geological structure, as well as preliminary steady-state simulation
(MODFLOW-NWT) results of the water table and flow-paths, have been previously presented. Here we
present further insights on the HJA focusing on transient model simulations, and analysis of the different
hydrochemistry characteristics of the main springs. Due to the lack of precipitation data, a recharge trend
time series was constructed based on rain stations data from northern Israel, and this served as an input
to the transient model. The model shows a satisfactory match of the observed-simulated discharge
hydrographs for the Dan (NSE=0.43) and Banias (NSE=0.86), whereas for the Awaj basin springs (Syria),
the fit is lower (NSE=-0.25). Except from a limited evaluation of dry years (recharge<75%) of the Dan and
wet years (recharge>125%) of the Awaj, the simulated hydrographs follow the observed seasonal and
yearly trends, including extreme climate years. The results reveal different time lags between precipitation
and recharge to the saturated zone of each main spring storage. The recharge towards the Dan is slower
by a month compared to the Banias, which supports different recharge mechanisms as we have shown
previously. In addition, the seasonal fluctuations of the water table were found by the model to range
between 100-150 m on average years, and up to 300 m on extreme years. The latter values correspond
with the existence of the wetlands located at high altitudes (ca. 1150 m asl) at the western part of the
aquifer (Lebanon), where the simulated water levels are high and flat. Altogether, our results corroborate
the division of the HJA into several sections with different storage, flow paths, and resulting temporal

spring discharge behavior, and reveal a novel approach to investigate poorly gauged aquifers.
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Mixing-induced reactive transport experiments in heterogeneous and
variably saturated porous media

Borgman, O. (1,2), Gomez, F. (2), Le Borgne, T. (2), Méheust, Y. (2)

(1) MIGAL Galilee Research Institute and Tel Hai College, Israel
(2) Géosciences Rennes, Univ. Rennes, France

Mixing-induced reactions are an essential feature of environmental flow and transport processes. Natural
porous media are characterized by a strong structural heterogeneity, which impacts solute mixing and,
therefore, the resulting chemical reaction rates. Establishing a quantitative link between pore-scale
heterogeneity and mixing and reaction rates remains an open question. We use high-resolution
experiments to quantify the overall reaction rates and product concentrations during reactive solute
transport experiments. Two-dimensional porous media with circular posts in a Hele-Shaw-type flow cell are
used, where we control heterogeneity by varying the post diameters’ disorder and correlation length. We
inject a non-fluorescent tracer pulse, which undergoes an irreversible reaction to produce fluorescence
under saturated and unsaturated flow conditions. We analyze fluorescence intensity images to track the
solute concentration field dynamics and calculate reaction rates. We find that increasing the spatial
correlation length reduces reaction rates for saturated and unsaturated flow conditions alike. This is likely
a result of more limited pore-scale velocity variation for the saturated case and reduced stretching of the
reaction interface for the unsaturated case. These results can be explained in part using the reactive lamella

mixing theory framework.
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Chronicle of a disaster foretold: The Storm Daniel dam-breaching flood
at Derna, Libya

Dente. E (1), Armon, M. (2), Shmilovitz, Y. (3)

(1) School of Environmental Sciences, University of Haifa, Israel
(2) Institute for Atmospheric and Climate Science, ETH Zurich, Switzerland

(3) Cooperative Institute for Research in Environmental Sciences (CIRES), University of Colorado Boulder,
Boulder, CO, USA

Storm Daniel, the deadliest recorded Mediterranean tropical-like (medicane) storm, led to severe floods
in large parts of the eastern-central Mediterranean, including Greece and northern Libya. Extreme rainfall,
reaching more than 400 mm day?, triggered a flash flood in Wadi Derna (Libya)— an ephemeral river with
a drainage area of 575 km? that crosses the city of Derna at its outlet to the Mediterranean Sea. In the
1970’s, dams were built in Wadi Derna basin to mitigate flood risks. However, during Storm Daniel, at least
two dams were breached by a flash flood that inundated much of the city of Derna and resulted in over
5,000 casualties, thousands of missing persons, and tens of thousands of displaced people. The
devastating event was the focus of media coverage for a long time, but many questions with implications
for other dammed Mediterranean regions are still open. Here, we focus on three main research questions:
(a) How unique and extreme were the storm and meteorological conditions of Storm Daniel? (b) How
extreme was the flood? And (c) What could have been the flood outcome if dams hadn't been built
upstream in the first place?

To analyze the characteristics of Storm Daniel over Wadi Derna, the catchment’s hydrological response,
and the impact of the flood on the city of Derna, we integrate various datasets and models. Satellite-based
precipitation estimations (IMERG) were used to quantify spatiotemporal storm properties and the
catchment-scale rainfall, which were fed into the KINEROS2-RHEM hydrological model to quantify surface
runoff. The modeled flood hydrograph is then fed into a 2D hydraulic model (HEC-RAS) to test three end-
member scenarios: (a) dam filling, overflow, and collapse, (b) dam overflow but no collapse, and (c) no
dams exist in the wadi. This combination of methods reveals that the peak discharge during the flood was
~1,400 m3 s-1, falling below the expected maximum extreme flood for this region. Based on the total
discharge volume, we estimated the return period of the flood as 33-50 years. In the dam-collapse
scenario, the populated flooded area is 40% larger and ten-fold more destructive than the no-dam
scenario. Given the high variability of precipitation in the Mediterranean and the projected increase in
extreme precipitation intensity under climate change, the Wadi Derna flood should serve as a warning
sign for other populated areas downstream of dams in similar environments.
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Extreme precipitation events are climatic hazard phenomena that can result in floods, flash floods, and
landslides, posing significant threats for potential damage to society and the environment. In this study,
we examine the effect of climate change on the frequency and intensity of extreme precipitation events
in the Middle East and North Africa (MENA) region. Our analysis focuses on daily precipitation simulations
in spatial resolution of about 50 km, provided by regional and global climate models. We compare the
relative change in extreme precipitation return levels between historical simulations and the "business as
usual" greenhouse gas emissions scenarios - RCP8.5 and SSP5-8.5 simulations, for the mid-21st century.
The trend detection of extreme precipitation events is challenging due to their high variability in time and
space. Therefore, in this study, we apply an advanced extreme precipitation frequency analysis method,
the Simplified Meta-statistical Extreme Value (SMEV) methodology. Recent studies have shown that the
SMEV can reduce stochastic uncertainty compared to traditional extreme precipitation frequency analysis
methods. We first present a comparison between the performance of the innovative SMEV method and
the performance of the traditional method. Then, we present the expected change trends in the extreme

precipitation events over the MENA region.
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Deciphering Sub-Seasonal Precipitation Variability in the Middle East via
Tropical Sea Surface Temperature

Hochman, A., Shachar, N., Gildor, H.
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The presentation will delve into the intricacies of sub-seasonal precipitation variability in the Middle East,
which are essential yet challenging to predict. Focusing on October, we examine the relationships
between the Indian Ocean sea surface temperature anomalies and precipitation in the Middle East. Our
analysis reveals strong correlations with up to a two-month lag, indicating significant connections between
Indian Ocean sea surface temperature and rainfall patterns. This suggests the potential predictability of
sub-seasonal precipitation. As tropical sea surface temperatures have warmed in the last four decades,
their influence on precipitation dynamics is amplified. This trend signifies evolving tropical climate
patterns with considerable regional consequences, expected to continue into the twenty-first century.
Our study attributes most of October’s precipitation variability to variations in Indian Ocean sea surface
temperatures, which affect the Walker circulation and, consequently, the water vapor flux to the Middle
East. These findings highlight the importance of tropical sea surface temperatures for understanding and
predicting Middle Eastern climate variability, revealing complex ocean-atmosphere interactions crucial for

regional climate forecasting.

Reference:

Hochman, A., Shachar, N. & Gildor, H. 2024. Unraveling sub-seasonal precipitation variability in the Middle
East via Indian Ocean sea surface temperature. Scientific Reports 14: 2919.
https://doi.org/10.1038/s41598-024-53677-x
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Per- and poly-fluoroalkyl substances (PFAS) are persistent anthropogenic chemicals that have been
detected at many groundwater sources. PFAS release to the environment is mainly attributed to discharge
from various sources, such as, industries, firefighting sites, landfills, and wastewater treatment facilities.
Here, we explore the controlling factors influencing the downward migration of PFAS across the
unsaturated zone at different scales, from controlled column experiments to field monitoring setups at
contaminated sites. At the field, vadose zone monitoring systems which enabled frequent collection of
the sediment pore-water and continuous measurement of variation in sediment moisture were used for
tracking PFAS transport.

At the lab, a combination of four PFAS compounds, representing different carbon chain lengths was
applied to a 3 m long, 0.4 m diameter unsaturated soil column. Water percolation along with PFAS and Br
transport across the column were monitored through the breakthrough characteristics at multiple depths.
It has been shown that short-chain PFAS (PFHxA, PFPeA) exhibit very high mobility, while long-chain
compounds (PFOS, PFOA) exhibit notable retardation and very low mobility.

At the field, two stations were installed at unlined landfills (Trelleborg, Sweden and Rishon Letzion, Israel),
and a third station at a fire-fighting training facility (Korsor, Denmark). At the Trelleborg landfill, which was
used for industrial waste and firefighting training, both short and long-chained PFAS compounds were
found in high concentration throughout the entire waste profile. On the other hand, at Rishon Letzion,
which is used only for domestic waste, high concentrations of long-chain PFAS were found in the waste
profile, while mostly short-chain PFAS were found in the underlying sandy formation. At the firefighting
training site, Korsor, high concentrations of both short and long-chain PFAS were found across the entire

profile from the land surface to the water table.

73



Exploring groundwater recharge patterns under various agricultural land
uses in Malta using a nationwide vadose zone network
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Malta, a semi-arid island in the centre of the Mediterranean, is among the European countries facing the
most significant stress on its natural freshwater resources, a carbonate groundwater system. The island
(~315 km?) has an intensive agricultural sector which is one of the most important users of Malta’s
groundwater resources with variable groundwater pollution potential. To improve agriculture and
groundwater sustainability and management, a nationwide network of sixteen vadose zone monitoring
stations (VMS) was established in various sites representing Malta's agricultural land uses. The VMS
network enables for the first time a nationwide scale investigation of the impact of land use on the quality
and quantity of groundwater recharge. Continuous long-term extensive data on the impact of different
climatic and land use factors on hydraulic and chemical properties of the unsaturated zone enables
assessment of water fluxes and contaminant transport from the unsaturated zone to groundwater. This
extensive unsaturated zone dataset will be processed with statistical approaches (multiple linear
regression, artificial neural networks, random forests, and support vector machines) and physical-based
models (HYDRUS-1D/2D), utilized simultaneously on all VMS stations. The outcomes of these approaches
will be compared and validated against each other to determine the dominant mechanisms affecting
water flux and contaminant transport in the unsaturated zone of Malta. Preliminary results show that the
intensity of rainfall events and the type of fertilizer application regime are two important factors that
influence the quantity and quality of water storage in the unsaturated zone, and groundwater recharge.
Simultaneous analysis of large hydrological and chemical datasets from the unsaturated zone enables a
guantitative assessment of agricultural land use impact on the quantity and quality of groundwater

recharge.
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The effects of streambed movement and particle size on microplastic
deposition

Levy Sturm, V., Arnon, S.
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Microplastic (MP) is ubiquitously found in aquatic environments and poses a significant environmental
challenge. However, what controls MP deposition and burial in river networks is unclear, especially when
sediments are in motion. This study addresses this gap by examining the impact of streambed motion and
particle size on microplastic deposition in sandy streambeds. Experiments were conducted in a stainless-
steel flume (650 cm x 20 cm) filled with 25 cm of silica sand (D50 = 0.6 mm) and water (depth =12 cm). A
centrifugal pump circulated the water and maintained a stream water velocity of 0.53 m/s. Polypropylene
(PP) fibers at lengths of 25 um, 100 um, 200 um, and 2000 um, and carboxylated Polystyrene (PS)
microspheres (diameter of 0.5 um, 1 um, and 5 um) were added to the stream water and their
concentration in the water was measured over three days. The deposition of the MP was inferred from the
decline of MP in the streamwater. A control experiment was conducted by repeating the same experiments
but without sediments. The flow in the flume generated ripples, which move at a speed of approximately
4 m/h. Bed motion dominated the exchange flux of streamwater and particles with the sediments. MP
concentrations declined rapidly in the first two hours after the addition due to the exchange that led to a
mixing of streamwater with particle-free pore water. After the relatively fast initial decline in MP, further
reduction in MP concentrations in the water occurred due to deposition. Different deposition dynamics
were observed for fibers and microspheres. Buried MP particles were partly resuspended during the
scouring of the ripples during their movement. It was found that PP fibers 25 um and 0.5 um spheres were
more mobile in the sediment than longer fibers and larger spheres, respectively. We explain their higher
deposition than larger particles by a potential advective movement through the porous media, leading to
their transport below the scour zone. PP fibers > 100 um were immobile within the sediment, and thus,
their deposition was only due to burial by the ripple motion. Our results highlight the significant influence
of moving sediments on MP and the importance of considering MP size for catchment-scale modeling to
predict MP fluxes to oceans. Deposition locations are also likely to be affected by bed motions and thus

should be considered when developing effective sampling strategies.
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Bitumen waterproof sheets are widely used to seal building roofs. Previous works have focused on the
mechanical-physical properties of bitumen sheets, as well as their aging and degradation processes, and
their impact on sealing properties of the buildings. Due to a growing need over recent years to use
rooftops in urban environments for rainwater harvesting purposes, it is highly important to better
characterize the quality of the harvested water from the bitumen covered roofs, and to shed more light
on the impact of bitumen degradation processes on the release of various components to the harvested
roof water. In the present study, the extracted organic and inorganic solutes from bitumen-covered roofs
by water flow on the bitumen sheets were examined through a series of experiments, including
measurements from the roofs of buildings in the center of Israel during the winter of 2019-2020. The
results indicated high levels of organic and inorganic solute loads in the roof water during the first flush
of the first rain of the winter, with maximal electric conductivity readings at the order of 4 dS/m. However,
it was shown that following the first flush, a ~20 mm of cumulative rainfall was sufficient to wash off all
the summers’ accumulated solutes from the roof. After this solute flushing of the roof, harvested
rainwater along the winter was of good quality, with electric conductivity readings in the range of 0.04—
0.85 dS/m. Moreover, it was shown that bitumen sheets which were exposed to direct sun radiation
emitted greater loads of solutes, likely a result of elevated aging and degradation processes. The findings
of the present research point to the need to find efficient ways to isolate roof bitumen sheets from direct
sun radiation and to design rainwater harvesting systems that will not collect the water drained from the

first flush.
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Effect of shale composition on the mobilization of particulate iron
sulfide during water-rock interaction
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The interaction between shale and water in the environment can lead to the mobilization of micrometer-
sized iron sulfide (pyrite) grains. Because these grains often contain high concentrations of toxic elements,
including arsenic, this process can pose a significant hazard. While previous studies have suggested that
calcite dissolution plays a major role in iron sulfide mobilization, the relationship between rock
composition and the release of particulate matter is unclear. Here, | performed laboratory experiments
that simulated water-rock interaction in the subsurface on 5 different shale formations: Eagle Ford,
Marcellus, Mancos, and Barnett from the USA, and Ein Zeitim from Israel. | used high resolution imaging
to evaluate the impact of a reactive fluid on the shale surface, and used image analysis software to
determine the rate of iron sulfide grain mobilization. Comparison of the shale surfaces before and after
the experiments showed that the dissolution of calcite cement had a major impact on sulfide mobilization:
grains that were primarily surrounded by calcite cement were up to 85 times more likely to be mobilized
than grains embedded in the shale matrix, which compromises a complex mixture of submicrometer-scale
phases, including phyllosilicates, organics, and carbonates. By contrast, iron sulfide embedded in organic
matter typically remained cemented in place. This suggests that while calcite dissolution is a crucial phase
in facilitating iron sulfide detachment in shales, organic matter might act as an adhesive that suppresses
particulate mobilization. However, the adhesive effect of organic matter is only likely to be of secondary
importance. Overall, my results indicate that during hydraulic fracturing operations, which involve the
injection of fluid into shales in the subsurface, formations with high levels of carbonate cement are more
likely to release particulate iron sulfide, thereby reducing the quality of flowback water and potentially

increasing treatment costs.
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A mountain ridge in southwest Jerusalem, Israel, is surrounded by two-story springs that emerge from
two perched aquifers, one above the other, within a thick unsaturated zone. Despite the shortage of data,
based on rational assumptions, we were able to introduce a 3D hydrogeological process-based numerical
flow model (FEFLOW) that quantitatively describes the rainwater infiltration, the flow of groundwater in
both perched aquifers and through the in-between unsaturated zones, the transient spring’s discharges
(5% and 2% of the total water that seeps from the land surface and emerges in the upper and lower level
springs, respectively), and the enrichment of the deep regional aquifer (93% of the total water that
percolates from the land surface). The model, which considers the complex geological structure, including
folds, faults, stratification, and karst, was calibrated using rainfall records, and a few measured spring
hydrographs. This study demonstrates how the flow field in the large-scale vadose zone can be
approximated and modeled, even though such a system is usually an ungauged hydrologic one. It
illustrates the perched aquifers' heterogeneity and discontinuity (the saturated zones extend, in practice,
only on 30% and 15% of the total potential area of the upper and lower aquitards, respectively) and
defines each perched spring's feeding zone. Furthermore, this model enabled the quantification of the

two enrichment processes of the deep aquifer through fractures (30%) and leaking aquitards (70%).
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