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Water harvesting aims to capture and retain water for applications including potable supply, irrigation,
aquifer recharge, and other uses, particularly in regions characterized by hydrological deficits or
extended arid periods. Conventional artificial storage systems, such as surface reservoirs, are
unsuitable for arid climates due to substantial evaporative losses and sediment accumulation.
Subsurface storage within soil or lithified formations mitigates these limitations. Under wartime
conditions, Ukraine has encountered the critical task of safeguarding water resources from deleterious
military impacts. In particular, the structural integrity and functional stability of natural subsurface
water storages within reservoir rocks, especially sandstones, under the destructive influences of
nuclear weapon effects have become a subject of priority research. Surface characterization was
performed using atomic force microscopy in contact mode, wherein the oscillating probe tip engages
the sample surface at the nadir of its oscillation amplitude. The bending of the cantilever, an elastic
beam serving as a deformation transducer, produces an electrical signal proportional to the tip—sample
interaction force. This signal, processed within the instrument’s feedback system, enables the
generation of high-resolution surface topography maps. Atomic force microscopy was used to
evaluate the resilience of reservoir rocks to nuclear-weapon-related damaging factors, specifically
ionizing radiation exposure and high-intensity thermal loading.
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Introduction

Water harvesting is defined as the systematic collection and storage of precipitation or surface
runoff within soil profiles, on the ground surface, in subsurface structures, or in engineered
reservoirs for subsequent utilization (Kuzmych et al., 2023b). This practice delivers multiple
functional benefits, including drought mitigation, optimization of water use efficiency, flood
regulation, soil erosion control, augmentation of groundwater reserves, and reduction of energy
demand associated with water supply systems. Implementation may occur across diverse spatial
scales, from localized household applications to extensive municipal or watershed-scale
infrastructures (Babich et al., 2017). Groundwater conservation constitutes a critical component of
sustainable water resource management, owing to its significance in ensuring long-term water
availability, sustaining agricultural productivity, maintaining ecological integrity, and enhancing
drought resilience (Kuzmych et al., 2023a). Moreover, groundwater preservation mitigates land
subsidence risks, safeguards water quality, supports climate change adaptation strategies, protects
socio-cultural heritage, and facilitates enhanced groundwater recharge (GWR). As an indispensable
hydrological asset, groundwater underpins socio-economic development and ecosystem services,
warranting its prioritization within integrated water management frameworks (Trus, & Gomelya,
2021).

GWR is among the most effective approaches to conserving groundwater, as it replenishes aquifers to
sustain their capacity and ecological function. Recharge may occur naturally via precipitation and
infiltration, or be induced artificially by channeling water into aquifers through engineered recharge
structures (Kuzmych et al., 2023d). Selecting suitable sites for artificial recharge is essential and
should consider factors such as declining water tables, aquifer desaturation, insufficient supply from
wells or hand pumps, and degraded water quality, alongside geological and hydrogeological
conditions (Trokhymenko et al., 2020). Addressing these parameters enables GWR initiatives to
improve both the quantity and quality of groundwater, enhance long-term environmental
sustainability, reduce land subsidence, and promote public well-being. Furthermore, such measures
support climate change adaptation by increasing resilience to shifting precipitation regimes and
growing water scarcity. Effective conservation and recharge are vital to safeguarding this resource for
future use (Kuzmych et al., 2018).

Deep alluvial layers have long served as aquifers, with their storativity governed by the thickness of
the strata and their porosity. Sedimentary rocks such as sandstone and limestone, possessing inherent
porosity, generally function as effective aquifers (Trus et al., 2022). Key natural factors influencing
both the feasibility of artificial groundwater recharge and the selection of optimal technological
approaches include the region’s physical and geographical characteristics — specifically
geomorphological, geological, hydrogeological, climatic (particularly precipitation), and hydrological
(hydrographic network development) conditions. These parameters determine the presence of natural
reservoirs and the potential for constructing artificial ones capable of storing surface water,
facilitating the capture and utilization of unused runoff, and enabling cost-effective recharge
(Kuzmych et al., 2023c).

Method and Theory

Atomic force microscopy (AFM) is a type of proximal probe microscopy used to analyze surface
structures and properties at the atomic and molecular scale. When the distance between the atoms of
the sample and the probe tip (cantilever) is about one angstrom, repulsive forces dominate, while at
larger separations, attractive forces prevail. Atomic force microscope NTEGRA Prima Basic (NT-
MDT, Netherlands) technique operates by detecting the interaction between a sharp solid-state tip and
the sample surface. A key advantage of scanning probe microscopy is its ability to generate three-
dimensional surface topography, which is challenging to achieve with optical or electron microscopy.
Additionally, AFM enables mapping of various surface properties, including electrostatic potential,
doping concentration, Coulomb charge, electrical capacitance, magnetization, hardness, and optical
characteristics (Onanko et al., 2022).
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The contact-mode AFM scanning technique enables the measurement of surface topography and
localized material properties in both air and liquid environments. However, when applied to samples
with low stiffness (e.g., thin films) or those weakly bonded to the substrate, significant normal and
lateral forces can cause irreversible deformation. In semi-contact AFM mode, the probe—sample
interaction force is reduced, thereby broadening the range of suitable applications (Vyzhva et al.,
2011). Nonetheless, optimizing scanning parameters to minimize sample impact requires considerable
time and is highly dependent on the sample’s characteristics. The operating principle is
straightforward: as the cantilever moves over the surface, it responds to force interactions and records
the surface profile. The device’s base holds a cylindrical housing containing a piezoelectric scanner,
which changes dimensions under an applied electric field. The sample is mounted on the cylinder’s
upper surface, and the scanner enables motion in three orthogonal directions. In the horizontal plane,
scanning proceeds line-by-line: after one line is completed, the scanner shifts to the next. A typical
scan consists of about 512 lines, with line-scan durations ranging from ~1 s to ~0.02 s. The scan
length per line, in standard scanners, can be set from approximately 10 nm to 10 pm (Onanko et al.,
2020).

Results

To assess the stability of underground natural water reservoirs within reservoir rocks, sandstones of
differing mineralogical compositions were examined. The specimens were subjected to damaging
factors associated with nuclear weapons, including radiation exposure and intense heating.
Subsequently, the surface microstructure of the sandstone samples was imaged using AFM technique
over an area of 15x15 um, as shown in Figure 1.

Figure 1. AFM microstructure images of sandstone sample No.l after irradiation with a dose D =
1.1x10% ions/cm® with an energy W= 135 KeV at a temperature of T = 294 K: (a) 2D AFM
microstructure image and (b) 3D AFM microstructure image (left); AFM microstructure images of
sandstone sample No.2 after irradiation with a dose D = 1.1x10" ions/cm® with an energy W = 135
KeV at a temperature of T = 294 K: (a) 2D AFM microstructure image and (b) 3D AFM
microstructure image (right)
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Figure 1 (left) presents AFM image of the surface microstructure of sandstone sample No.1 following
irradiation at a dose of D = 1.1x10' ions/cm? with an energy of W = 135 KeV at a temperature of T =
294 K. 2D AFM scan confirms the formation of surface relief, while the 3D AFM scan quantifies the
extent of structural defects induced by radiation. Numerous defects associated with island growth are
evident. In Figure 1 (right), AFM analysis of sandstone sample No.2 due to its radiation exposure with
a dose of D = 1.1x10" ions/cm? with an energy of W = 135 KeV at a temperature of T = 294 K, shows
increased surface roughness.

The 2D AFM image reveals near-surface layer degradation due to the accumulation of V-V-V vacancy
complexes, whereas the 3D AFM data indicate that, at particle path lengths in sandstone L > 360,000
nm, the higher energy deposition per unit volume leads to a high concentration of probable interstitial-
type defects in the near-surface layer. Figure 2 displays the AFM surface microstructure of sandstone
sample No. 3 (15 x 15 um) after radiation exposure combined with intense heating.
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Figure 2. AFM microstructure images of sandstone sample No.3 after irradiation with a dose D =
1.1x10" ions/cm® with an energy W = 135 KeV at a temperature T = 750 K: (a) 2D AFM
microstructure image and (b) 3D AFM microstructure image

Figure 2 presents AFM image of the surface microstructure of sandstone sample No.3 after irradiation
with a dose of D = 1.1x10% ions/cm? with an energy of W = 135 KeV at a temperature of 7 = 750 K.
Most of 2D AFM image reveals a finely dispersed, smooth surface formed by the coalescence of
small, rounded islands. The single-crystal regions exhibit a predominantly fragmented morphology,
consisting of islands that are slightly misoriented relative to one another. In a separate region of the
image, a pronounced depression with a distinct height variation is visible, attributed to radiation-
induced effects under intense heating. 3D AFM visualization enables quantitative assessment of the
depression depth in various zones. Notably, the surface microstructure image shows no evidence of
cracks or crack networks, confirming that the sandstone surface retains its overall structural integrity.

Conclusions

The study of radiation exposure and intense heating, key damaging factors associated with nuclear
weapons, enabled the evaluation of sandstone stability as a potential reservoir rock for water
resources. Atomic force microscopy analysis revealed that radiation alone caused only minor
alterations to the sandstone surface microstructure.

However, the combined effects of radiation and high-temperature exposure resulted in more
pronounced microstructural degradation. Three-dimensional atomic force microscopy imaging not
only quantified surface depressions across different regions but also verified the absence of cracks or
crack networks.

The obtained data on the dynamic microstructural characteristics of sandstones, including V-V and O-
V vacancy complexes, provide a basis for assessing their suitability as reservoir rocks under varying
requirements for the protection of natural underground water storage.

International Conference of Young Professionals “GeoTerrace-2025”
6-9 October 2025, Lviv, Ukraine



Geo EAGE

Terrace
Conference

References

Babich, V., Dovbenko, V., Kuzmych, L., & Dovbenko, T. (2017). Estimation of flexures of the
reinforced concrete elements according to the National Ukrainian & European standards. MATEC
Web of Conferences, 116, 02005. https://doi.org/10.1051/matecconf/201711602005

Kuzmych, L., Kobylianskyi, O., & Duk, M. (2018). Current state of tools and methods of control of
deformations and mechanical stresses of complex technical systems. Proceedings Volume 10808,

Photonics Applications in Astronomy, Communications, Industry, and High-Energy Physics
Experiments 2018, 2018, 1080851J. https://doi.org/10.1117/12.2501661

Kuzmych, L., Guryn, V., Radchuk, M., & Kuzmych, S. (2023a). Methodology for calculating the
stability of the base of riverside slopes reinforced concrete slabs. Fourth EAGE Workshop on
Assessment of Landslide Hazardsand impact on communities, 2023, 1-5.

Kuzmych, L., Voropai, H., & Kuzmych, S. (2023b). Mathematical Modeling of the Groundwater
Level Regime for Substantiation of Resource-Saving Technological Parameters of Drained Lands
Water Regulation. 2023 IEEE 12th International Conference on Intelligent Data Acquisition and
Advanced Computing Systems: Technology and Applications (IDAACS), 2023, 47-50.
https://doi.org/10.1109/IDAACS58523.2023.10348689

Kuzmych, L., Voropai, H., Kharlamov, O., Kotykovych, 1., & Kuzmych, S. (2023c). Study of
contemporary climate changes in the Ukrainian humid zone (on the example of the Volyn
Region). IOP Conference Series: Earth and Environmental Science, 1269(1), 012022.

Kuzmych, S., Radchuk, M., Guryn, V., & Kuzmych, L. (2023d). Study of the deformation
characteristics of the base soil of shore fortification with reinforced concrete slabs. Fourth EAGE
Workshop on Assessment of Landslide Hazardsand impact on communities, 2023, 1-5.

Onanko, A. P., Kuryliuk, V. V., Onanko, Y. A., Kuryliuk, A. M., Charnyi, D. V., Kulish, M. P., &
Dmytrenko, O. P. (2020). Peculiarity of elastic and inelastic properties of radiation cross-linked
hydrogels. Journal of Nano- and Electronic Physics, 12(4), 04026.

Onanko, Yu., Charnyi, D., Onanko, A., Dmytrenko, O., & Kuzmych, A. (2022). Oil and gas reservoir
rock sandstone SiO2 porosity research by internal friction method. International Conference of
Young  Professionals  «GeoTerrace-2022», 2022, 1-5. https://doi.org/10.3997/2214-
4609.2022590062

Trokhymenko, G., Magas, N., Gomelya, N., Trus, 1., & Koliehova, A. (2020). Study of the process of
electro evolution of copper ions from waste regeneration solutions. Journal of Ecological
Engineering, 21(2), 29-38. https://doi.org/10.12911/22998993/116351

Trus, 1., & Gomelya, M. (2021). Effectiveness of nanofiltration during water purification from heavy
metal ions. Journal of Chemical Technology and Metallurgy, 56(3), 615-620.

Trus, 1., Gomelya, M., Skiba, M., Pylypenko, T., & Krysenko, T. (2022). Development of resource-
saving technologies in the use of sedimentation inhibitors for reverse osmosis installations.
Journal of Ecological Engineering, 23(1), 206-215.

Vyzhva, S. A., Prodayvoda, G. T., & Onanko, Y. A. (2011). Automated system of anisotropy
parameters measurements data analysis of rocks elastic waves ultrasonic velocities.

Geoinformatics 2011 - 10th International Conference on Geoinformatics: Theoretical and
Applied Aspects, 2011, P090.

International Conference of Young Professionals “GeoTerrace-2025”
6-9 October 2025, Lviv, Ukraine



