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The results of a geophysical survey aimed at identifying promising areas in territories with
a significant influence of man-made factors are considered in the article. In recent years, the search for
underground water and near-surface water in the eastern part of Ukraine has become a complex state
problem. The analysis of the geological and hydrogeological situation, particularly the hydrogeological
parameters of wells drilled for water in Folded Donbas, showed that a significant percentage of them have
a low flow rate. To address this issue, preliminary studies were conducted to identify geological structures
favorable for the accumulation of drinking water using electroresearch methods, including modifications
of vertical electrical sounding, electroprofiling, and the natural field of the Earth. These methods enabled
more accurate determination of the locations for drilling drinking water wells, thereby increasing
the likelihood of successful drilling outcomes.

The comprehensive set of geophysical works conducted in these territories, determined by both
the geological structure of Folded Donbas and man-made factors (such as the worked-out areas of mine
fields, significant density of residential and industrial communication networks, and other anthropogenic
elements), allowed for the development of a research and interpretation methodology that can be applied
to similar tasks. The application of these methods enhances the accuracy of locating drinking water wells
and improves the chances of successful drilling results. The results of geophysical research at the Shovkova
site in the Luhansk region are presented as an example.

Drilled exploratory wells confirmed the presence of aquifers with standard quality drinking water,
validating the selected method for assessing site prospects. The method is effective for marking water wells
drilling sites. The findings and the developed interpretation method are proposed for use in future work on
preparing wells for drinking water within the basin of formation-block pressure waters of the Donetsk-Don
Basin of Folded Donbas.

Key words: Eastern Ukraine, Folded Donbas, underground waters, geophysical research,
interpretation, well.

Introduction. After the end of the war in eastern Ukraine, there will be an urgent need to
provide the population and its economic needs with fresh (drinking) water. Surface and near-sur-
face waters will be contaminated with various toxic chemical elements as a result of the impact
of explosive substances on the territory [9; 11; 18]. Providing drinking water to a large area is
a challenging task even at the state level. Therefore, the authors considered geophysical research
materials as a case study for subsequent use to identify optimal criteria for underground water
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searches in the Luhansk and Donetsk regions (Fig. 1). The area of geophysical research belongs
to the Folded Donbas and consists of a thick layer of sedimentary rocks from the Paleozoic,
Mesozoic, and Cenozoic eras [17]. These territories are situated within the basin of layer-block
pressure waters of the Donetsk-Don Basin [10; 14]. The proposed set of studies for locating
underground water in the liberated Donetsk and Luhansk regions will significantly reduce explo-
ration costs, even with limited funding.

Statement of the Problem. Providing the population of Ukraine with high-quality drink-
ing water is a socially significant issue, as drinking water is a critical determinant of citizens’
health and the ecological and epidemiological safety of human life [2; 4; 8; 11; 13; 16; 18]. This
task becomes especially crucial in eastern Ukraine, where hostilities have led to the contamina-
tion of surface and near-surface waters with various chemical toxicants [4; 9; 11].

Analysis of Research. Geophysical research began in the 1970s with the “Dnipro-
geofizika” and “Kyivgeology” trusts [5; 6]. During this period, a set of geophysical studies was
developed and implemented in hydrogeological works, introducing new approaches in interpret-
ing geophysical materials to assess detected water anomalies. Such interpretation significantly
improved the quality of exploratory hydrogeological works within the Ukrainian Shield.

The proposed rational complex of geophysical research included profile and planar
surveys using Vertical Electrical Sounding (VES) method and detailed seismic research using
the Correlation Method of Refracted Waves (CMRW). These studies showed that geophysical
methods are useful for a wide range of tasks [7; 9], such as:
detection and tracing of fractured and tectonically weakened zones in crystalline

rocks;

— identification of paleodepressions on the surface of the crystalline foundation;

— determination of the stratigraphic section of sedimentary deposits and weathering
crust;

— more accurate assessment of the filtration properties of rocks with the selection
of zones with predominant distribution of various rocks based on their permeability.

Complex geophysical studies significantly reduce the scope and financial cost of further
hydrogeological studies when selecting promising areas and preparing wells for water supply.

Goal. To develop an optimal research complex for locating underground water in
the liberated Donetsk and Luhansk regions, based on previous findings, and to reduce the cost
of groundwater exploration under limited funding.

Geophysical Studies of Aquifers in the Donetsk Hydrogeological Province. The geo-
logical structure determines the peculiarities of the area’s hydrological state, associated with two
types of reservoirs. Therefore, geophysical research plays a critical role in searching for potable
underground water under these conditions [17]. In the upper structural layer — comprising sed-
iments — the pore type of the reservoir predominates. Another source of water supply in Folded
Donbas is underground water of the fractured type. The development of fracturing in dislocated
rocks is characterized by considerable heterogeneity and anisotropy. The degree of fracturing
significantly impacts the water enrichment of rocks.

Under such conditions, terrestrial geophysical research methods are crucial for justifying
site selection. These methods are conducted in the initial exploration and reconnaissance stag-
es and aim to study the hypsometry of the water-enriched horizons’ roofs, qualitatively assess
the section’s permeability, and identify and trace fractured and tectonically weakened zones,
which are promising for groundwater searches.

Experience shows that not all hydrogeological wells yield water. Therefore, it is neces-
sary to identify geological, hydrological, and geophysical factors that, along with increased rock
permeability, play an important role in evaluating their water content prospects [1; 5; 6].
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The area of geophysical research lies in the Folded Donbas zone and comprises a thick
layer of sedimentary rocks from the Paleozoic, Mesozoic, and Cenozoic periods. Administrative-
ly, it is located in the Luhansk region.

In hydrogeological zoning, Ukraine is divided into two hydrogeological provinces: plat-
form and geosynclinal folded [14]. Within these provinces, subprovinces are distinguished, such
as the East European and Scythian subprovinces, which structurally coincide with the East Euro-
pean platform and the Scythian plate; and the Eastern Carpathians and Mountain Crimea, which
adjoin these folded systems.

Within the East European hydrogeological subprovince, the Donetsk and Ukrainian
Shield hydrogeological regions are distinguished (Fig. 1).

Hydrogeological Conditions. The hydrogeological conditions of the work area, located
within the Donetsk Folded Region (Fig. 1), are influenced by the geological structure of Folded
Donbas and man-made factors (such as the worked-out areas of mine fields and the significant
density of residential and industrial communication networks).

Groundwater within the near-surface Carboniferous aquifers is concentrated in Quater-
nary and Carboniferous deposits — loess loams, sands, and pebble-gravel rocks, compacted sand-
stones, sandy and sandy-clay shales, karst, and compacted limestones.

o kPl
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Fig. 1. Scheme of hydrogeological zoning of the territory of Ukraine (groundwater basins)

Legend. 1 — Hydrogeological province of the folded region of the Ukrainian Carpathians; 1l —
Hydrogeological province of the folded region of Mountain Crimea; Il — East European hydrogeological
subprovince: 1. Volyn-Podilsky artesian basin; 2. Dnipro-Donetsk artesian basin; 3. Area of fractured
waters of the Ukrainian Shield; 4. Black Sea artesian basin; 5. Hydrogeological province of the Donetsk
folded region

Loams and clayey-gravelly eluvial-deluvial sediments mainly represent quaternary sedi-
ments of watersheds, which are weak and practically waterless. Alluvial aquifers are recharged
by atmospheric precipitation, partly due to the unloading of carbon aquifers, filtration from local
ponds, reservoirs, and surface drains, especially during the flood period.



162 GEOPHYSICAL STUDIES IN THE SEARCH FOR FRESH WATER...
ISSN 2078-6425. BicHuk JlbBiBCbKOrO YHiBepcuTeTy. Cepisa reonorivyHa. 2024. Bunyck 38

The quality of water in an alluvial aquifer is largely determined by the quality of its
source waters [14]. According to the chemical compound, the waters of alluvial Quaternary
deposits are mainly hydrocarbonate-sulfate and sulfate-hydrocarbonate in anions and multicom-
ponent in cations.

The mineralization of groundwater ranges from 0,3 to 3,6 g/dm?® and depends on the water
exchange rate. The freshest groundwater is associated with areas of rapid water exchange, with
proximity to feeding zones and discharge through sources into open drains. Increased mineral-
ization of groundwater is observed in areas with limited water exchange, with large distances
between the supply and drainage areas, in semi-closed hydrogeological structures, and in areas
where atmospheric and underground (including mine waters) water supply mix.

Aquifers of coal deposits from the Serpukhov, Bashkir, and Moscow layers are associ-
ated with loosened sandstones, sandy clay shales, and, rarely, limestones. Under normal condi-
tions, sandstone deposits are low-porosity and weakly permeable. A significant improvement in
the filtration properties of Carboniferous rocks is observed in the near-surface weathering zone,
the crushing zones of tectonic disturbances, in the axial parts of the folds, and in the areas of sub-
sidence that occurred after the working of the coal seams.

The aquifer of the weathering zone of coal deposits is a product of chemical and physical
weathering of sandstones, sandy and clay shales, and limestones.

The total thickness of the weathering zone depends on the lithological composition
of the rocks and the degree of their metamorphism and ranges from the first meters to 20—40 m.

The waters of the weathered zone are both pressure water and gravity water, which is
determined by the ratio of the absolute elevations of the areas, their feeding due to atmospheric
precipitation and areas of drainage through streams and rivers, the presence of local geological
factors affecting their horizontal movement.

The head varies from 0 to 60—70 m, there are mostly gravity water [14]. Flow rates
of wells are from units to 20 1/sec., flows of sources 0,3-5,0 I/sec. with predominant filtration
coefficients prevail at the level of 0,05 m/day, but in some areas they can be up to 180 m/day. The
capacity of the aquifer varies from the first meters to 25-30 m.

Formation-type aquifers in decompressed sandstones are controlled by the structural fac-
tor and the strength of the formations themselves.

Separate aquifers are water-saturated crushing zones of discontinuous tectonic distur-
bances of significant amplitude and extension [1]. Mostly, they are localized in narrow (first tens
of meters) strips, with a significant power and length of the water saturation zone.

Considering the significantly high degree of metamorphism of coal rocks in the open part
of Donbas, the general conditions of water exchange and replenishment of underground water
reserves are unfavorable, which is confirmed by the data of hydrogeological indicators of wells
drilled for drinking water in Folded Donbas.

The area of the Folded Donbas is a complex regional man-made and geological structure.
The depth of man-made water accumulation of coal deposits reaches 350 m, including the zone
of active water exchange and the zone of gradual attenuation of open fracturing.

Sandstones and sandy shale, in some places sandy — clay shale, mainly represent aquifers
in these areas. Hydrogeological parameters in the research areas differ significantly, depend-
ing on the lithological composition of the rocks, the degree of fracture, as well as the depth
of the aquifers.

The analysis of the geological and hydrogeological situation, in particular the hydroge-
ological parameters of the wells drilled for water in the Folded Donbas, showed that a signifi-
cant percentage of them have a low flow rate. This indicates the need for preliminary research
and study of geological structures favorable for the accumulation of drinking water, by
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geophysical, in particular, electrical exploration methods and the use of the obtained data to
more accurately determine the locations of wells for drinking water and increase the probability
of positive drilling results [3; 7; 12; 15].

Physical properties of rocks. The main parameters of electrical properties of rocks [3;
7] are specific electrical resistance (p,) and induced polarizability (n), which are most widely
used in geophysical studies to assess the hydrogeological parameters of the geological section in
the Folded Donbas. Specific electrical resistance is a universal parameter characterizing the geo-
logical environment of the work area, therefore, its study was given the greatest attention during
previous geophysical studies.

Specific electrical resistance. Within the Carboniferous formations, parameter generali-
zation was carried out separately for sandstones, clayey, siltstone-clay shales, carbonized rocks
and for coal in the C,’ coal-bearing formation (Smolyaninov Formation).

Clay, siltstone-clay shales in the formations are determined by a small specific resist-
ance, the average values of which vary from 25 Ohm'm in the C,’ formation to 54 Ohm-'m
in the C * formation (Kalmius Formation).

Sandstones are characterized by a higher specific electrical resistance compared to clay
rocks. Thus, the average value of pp for sandstones in the C,’ formation is 13—40 Ohm'm,
and in the C * formation — 92 Ohm'm.

Rocks enriched in organic matter (carbon) are characterized by low average values of p ,
which vary from 19 Ohm'm in the C,? formation (Mospin Formation) to 9 Ohm'm in the C * for-
mation. The gradual increase in the value of P, of clay and silty clay shales from younger to older
rocks occurs due to the increase in the degree of metamorphism of these rocks.

The specific electrical resistance of water-bearing sand-clay deposits can vary from 10 to
500 Ohm-m. Water-resistant rocks are characterized by low specific resistance and are represent-
ed by clay shales and clays.

Polarization properties of rocks. The average values of polarizability of clay rocks vary
from 1,6% in the C,? formation to 2,7% in the C,* formation. The polarizability of sandstones
varies from 2% in the C,? formation to 3,1% in the C * formation. Clay and sand-clay shales are
characterized by high polarizability values from 2 to 43,0%, enriched with carbon. Average val-
ues of polarizability for these rocks vary from 5,7% in the C,? formation to 20,2% in the C * for-
mation.

The polarizability of clay and sand-clay shale depends on the content of sulfide minerali-
zation and varies from 2 to 22%. The average value is 6,8%.

The polarizability of rocks in the geological section of the district increases from younger
(C? suite) to more ancient (C * suite) rocks. The presence of aquifers in the section is marked by
an increase in polarizability values.

Methods and techniques of field work. The method of VES in the modification
of induced polarization (VEZ-VP) allows solving the problems of dismembering the geoelectric
section and studying the filtration properties of rocks, determining the level of groundwater — by
establishing correlational dependencies between geophysical and hydrogeological parameters.

Profile works were carried out by the VEZ-VP method on all search areas of the works
in a 200x50m grid using a symmetrical four-electrode installation A' MN B with 12 spreaders
AB/2=3;4.5; 6; 9; 15; 25; 40; 65; 100; 150; 200; 250 m, which made it possible to better differ-
entiate the rocks by lithological composition.

Parametric works by the VEZ-VP method were performed at 4 observation points located
on the search areas along 4 azimuths.

The VPF device was used as the measuring equipment at the frequency selected based on
the results of experimental observations.



164 GEOPHYSICAL STUDIES IN THE SEARCH FOR FRESH WATER...
ISSN 2078-6425. BicHuk JlbBiBCbKOrO YHiBepcuTeTy. Cepisa reonorivyHa. 2024. Bunyck 38

Verification drilling of wells. After the completion of ground geophysical research
at the prospective prospecting area of Shovkova, two wells with a depth of 50 m and 60 m were
drilled, respectively, with parametric pumping and water sampling for chemical analysis.

Geophysical studies in boreholes. The purpose of geophysical research in wells was as
follows:

— lithological segmentation of rock strata;

— determination of the level of exposure dose power (EDP) of gamma radiation of rocks;

— determination of water-saturated horizons;

— determination of water level, flow and mineralization of water in wells.

In the wells on the site, a standard complex of logging was performed, which included
electrical logging (gradient and potential probes, PS), gamma logging (GC), cavernometry to
solve the first two tasks. In order to identify aquifers, determine the water level in the wells, dis-
charge and mineralization, thermometry (during descent and ascent of the device) and resistivity
measurement in the excitation mode were performed.

Results of geophysical research. The Shovkova area (Figs. 2, 3) is located within
the development of middle Carboniferous rocks, represented by deposits of the Carboniferous
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Fig. 2. Results of geophysical research at the Shovkova prospecting site: a — map of imaginary
resistance p according to the results of electroprofiling; b — a map of the natural field

Conventional designations: 1 — distribution zones of mainly sandy rocks identified by
the results of electroprofiling; 2 — absorption zones according to the results of research by the PP method;
3 — zones selected according to the data of VEZ-VP: a — with a relatively high value of p, — sandstones
(100-300 Ohmm); b — with a relatively high value of ¢ , — moistened rocks— (—1,4 + =2,0°); 4 — tectonic
disturbances; 5 — daytime relief horizons and their value in m; 6 — a well recommended for verification
drilling for drinking water and its number,; 7 — profiles and pickets of geophysical observations: 1 profile
number; 200 — picket number
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Smolyaniniv Formation (C,’). In terms of lithology, it is a layering of sandstones, siltstones,
and limestones [7; 10]. Aquifers are associated with fractured rocks — sandstones, which are
drained by springs in the upper reaches of the streams and are tributaries of the Luhanchyk
and Sukha rivers.

Investigations by the VEZ-VP method on the site were carried out on profiles 5, 8, 11.
Low-resistivity rocks were found on the sections P, in the upper part of the section, which

Fig. 3. Map of complex interpretation of geophysical data at the Shovkova search site

Conventional designations: 1 — distribution zones of mainly sandy rocks, selected based on the results
of electroprofiling; 2 — absorption zones according to the results of research by the PP method; 3 — zones
of reduced values of PP tension; 4 — near-surface water-saturated zones according to the results of studies
by the PP method; 5 — axes of subvertical weakened water-saturated zones according to the results of studies
by the RAP method; 6 — Tectonic disturbances according to geological data; 7 — daytime relief horizons
and their values, in m; 8 — the well is recommended for verification drilling for drinking water, 9 — profiles
and research pickets
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may indicate their near-surface hydration. The results of geophysical research at the Shovkov
prospecting site are shown in fig. 2-a, 2-b.

On the map of imaginary resistance, which was compiled based on the results of research
using the method of electroprofiling (EP) (Fig. 2-a), two high-resistivity zones are distinguished —
in the northern and southern parts of the site, with resistance values of 90-220 Ohm-m, which
corresponds to rocks of predominantly sandy composition. The character of the field, pp, is
not significantly differentiated and indicates the probable presence of a tectonic disturbance in
the submeridional direction and may serve as a favorable factor for the accumulation of moisture.

Anomalous values of the parameter ¢, —2,2 + —2,6 are observed on profile 11,
pickets (700-950). According to the ratio of the imaginary resistance parameters P, and ¢ _,
two promising zones are distinguished on the sections compiled based on the results of research
by the VEZ-VP method. To confirm the obtained data, it was recommended to drill wells
on profile 5, picket 350 and on profile 11, picket 800 (Fig. 3).

The map of the natural field at the work site (Fig. 2b) turned out to be uninformative.
The natural field has only positive values and is not characterized by significant differentiation.
The highest intensity of anomalies (6—8 mV) is noted in the northern part of the site and probably
corresponds to the zone of rock hydration in the area of the gully.

Features of the obtained materials are reflected on the map of complex interpretation,
which was compiled for the site, despite the different level of their informativeness. The complex
maps (Fig. 3) show the parameters, the ratio of which indicates the presence of areas of water-
saturated rocks:

— distribution zones of moistened and decompressed rocks, selected according to
the results of electroprofiling;

— leakage zones based on the results of works by the natural field method;

— near-surface water-saturated zones according to the results of studies by the PP method;

— axes of subvertical weakened water-saturated zones;

— recommended places for drilling wells;

— position of exploration wells in search areas;

— tectonic disturbances according to geological data.

A general analysis of geological data and geophysical materials obtained in the course
of research at the site showed that the hydrogeological situation is quite favorable for the locali-
zation of groundwater, but this situation was not clearly reflected in the geophysical fields. This
fact must be taken into account when conducting further work on the search for groundwater.

Conclusions. The considered complex of geophysical works was used for the first time
to solve the problems of searching for fresh underground water in the territories determined both
by the geological structure of Folded Donbas and by the influence of man-made factors (worked
out areas of mine fields, significant density of residential and industrial communication networks
and other anthropogenic components). Therefore, attention was focused on the development ofa set
of research and interpretation methods, which could be used in the future to solve similar problems.

The analysis of the geological and hydrogeological situation, in particular the hydrogeolog-
ical parameters of wells drilled for water in Folded Donbas, showed that a significant percentage
of them have a small flow rate. This indicates the need for preliminary research and study of geo-
logical structures, favorable for the accumulation of drinking water, by geophysical, in particular,
electro-reconnaissance methods and the use of the obtained data to more accurately determine
the locations of fresh water wells and increase the probability of positive drilling results.

The exploratory wells drilled on the Shovkova site helped to establish the presence
of aquifers of drinking water of standard quality, to confirm the correctness of the selected meth-
od of assessing the prospects of the sites.
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VY crarTi po3nisHYTI pe3yabTatd reodi3uyHol 3OMKH 3 METOI BHSIBJICHHS MEPCIICKTUBHUX JIiJIs-
HOK Ha IOIIYKH IMiJA36MHHUX BOJl Ha TEPUTOPISLX 31 3HAYHMM BIUIMBOM TEXHOTCHHHMX YMHHHKIB. [IpoTsirom
OCTaHHIX POKIB BOHA ICHY€ sIK CKJIaJ[HA JeprKaBHa Ipodiema JUIs CXiIHOT YacTHHH YKpaiHHu. AHai3 reoso-
rO-TiIPOreosIOriYHO1 CUTYaIlil, 30KpeMa T'iIPOTreOIOTIYHIUX MOKA3HUKIB CBEPUIOBHH, IPOOYPEHHUX HA BOAY
y Cknamuactomy JloHOaci, mokasas, 10 3HAYHUIT X BiICOTOK Mae HeBeIUKU 1eOIT. J[J1st po3B’si3aHHS 11bO-
TO MUTaHHA OyJIU NPOBEAEHI MONepe/HI TOCIIUKEHHSI Ha BUBYCHHS T'€OJIOTIYHHUX CTPYKTYP, CHPHSTIMBUX
JUISL aKyMYJISILT TIMTHUX BOJL €JIEKTPOPO3BiyBaJIbHUMU METOAMU B MOIU(]IKAIiIX BEPTHUKAILHOIO €JIeK-
TPUYHOTO 30HLyBaHHS, €JeKTPONPO(ITIOBAHHS Ta MPUPOAHOTO TOJIs 3eMITi. IX BUKOPUCTaHHS J03BOJIMIO
01T TOYHOTO BM3HAYHUTH MICII 3aKJIaJaHHsl CBEPAJIOBHH HA IUTHY BOAY Ta 30UIbLICHHS BipOTiIHOCTI
MO3UTHBHHX PE3YJIbTaTiB OypiHHS.

Po3msiHyTHIT KOMIUIEKC reodi3ndHUX poOiT Ha TEPUTOPISIX, 3yMOBJICHHX SIK 0COOIMBOCTSIMHU T'€0-
noriynoi Oynosu Cxiaggacroro Jlon6acy, Tak i BILIMBOM TEXHOT€HHUX YMHHHKIB (BLANIPAIIbOBAHI AIISTHKH
LIAXTHUX I0J1iB, 3HAYHA MIUIBHICTh )KUTIOBHX 1 IPOMHCIIOBUX KOMYHIKAI[IHUX MEpeX Ta iHIINX aHTPO-
MOT€HHUX CKJIQJIHHUKIB), T03BOJIMB PO3POOUTH METOAMKY JOCIIDKEHb Ta IHTepIpeTallii, sika MoXe HaJai
BUKOPHCTOBYBATHCH ISl BUPIllIEHHs TAKMX 3aBJaHb. 1i BAKOPMCTAHHS A03BOMSAC GibIT TOYHO BU3HAYATH
MICIIsl 3aKJIA/IaHHS CBEPJIOBHH Ha MUTHY BOJY Ta 30UIBIIMTH BipOTiIHOCTI IO3UTUBHUX PE3yJIbTaTiB OypiH-
HsL. SIK IpHKJIa]] HaBe/IeHI pe3ysbrati reoiznaHuX gociiukeHb Ha ainsHii [1loBkosa B JIyrancekoi odnacri.

IIpoOypeHi po3BigyBasibHI CBEPIUIOBUHH BCTAHOBIJIM HASIBHICTH BOJOHOCHHUX TOPU30HTIB IMTUTHUX
BOJT KOHJIMIIIHOT SIKOCTI Ta MiATBEP/ TN PABUIIbHICTh BUOPAHOT METOIMKH OIIIHIOBAHHS MEPCIICKTUBHOC-
Ti TUIsTHOK. Po3pobiienuii metox eheKTUBHUIT 111 pO3MITKH Miclb OypiHHs Ha Boxy. OTpuMaHi pe3yinbsraTi
Ta po3po0licHy METOIUKY IHTEpIpeTallii MPOMOHYEThCS BUKOPUCTATH Y MOJAIIBININA POOOTI 3 MiArOTOBKU
TOYOK 3aKJIaJICHHSI CBEPJIOBHH Ha MUTHY BOJIY B Me)Kax OaceiHy II1acToBO-0JI0KOBHX HamipHUX Box [loHe-
1bKo-J{oHcbKoro Oaceitny Ckiamgactoro Jlonbacy.

Kmiouosi cnosa: Cxinna Ykpaina, Cxinaguactuii Jlon6ac, mia3eMHi Boau, reodi3nyHi J0CIiIKCHHS,
IHTepIpeTallis, CBep/UIOBHHA.



