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Goal. The goal of the research is zoning of Kherson region on the basis of the upper Miocene water-bearing complex sensitivity to
contamination caused by potentially dangerous types of economic activity.

Research methods. The methodical approach to determining the sensitivity of groundwater to contamination based on
sensitivity index was proposed. For these purpose the index-rating, parametric methods, method of zoning and geoinformational

(GIS) approach were used.

Research results. This study evaluated the sensitivity of the upper Miocene aquifer complex to contamination in Kherson re-
gion. The groundwater sensitive to pollution is mostly in the areas closest to the rivers (Dniper, Ingylets), where natural protec-
tion of groundwater is low, and in urban areas with a great number of anthropogenic objects.

Originality. For the first time, the quantitative criterion has been developed to assess anthropogenic load on the underground
hydrosphere. Based on this criterion, a consistent approach to the assessment of groundwater vulnerability to pollution in the
Kherson region was proposed. Such approach takes into account not only the static factors of groundwater protection, but also
its dynamic component — anthropogenic loads, hydrogeodynamic conditions.

Practical application of the research. The potentially dangerous territories were allocated, in terms of pollution of the upper
Miocene water-bearing complex — the main source of potable groundwater. This zoning is an important step in planning the
location of monitoring, water supply wells and dangerous anthopogenic objects. The methodological approaches and techniques

can be used to study groundwater in other areas.

Introduction. Groundwater is an important source of wa-
ter to supply human needs. In the last few years, there has
been a tendency for drinking groundwater quality to deterio-
rate, which resulted in increasing anthropogenic impact on
the environment. The protection of groundwater quality from
the impact of human activities is a high priority because:

» groundwater moves slowly through the ground and so
the impact of human activities lasts for a relatively long time;

» groundwater may be difficult to clean up, even when
the source of pollution is removed;

» groundwater provides baseflow to surface water sys-
tems and accordingly its quality influences the recreational
value of surface water and its potential use for water supply
purposes;

» unlike surface water where flow is in defined chan-
nels, groundwater is present everywhere.

The groundwater sensitivity to pollution schemes
should be used by land-use planners and water resources
managers for the most practical and effective means of
protecting groundwater and preventing pollution. The
scheme consists of two closely interlinked components:
groundwater protection and potentially groundwater pollu-
tion activities.

This study presents the methodological approach to
build digital map of groundwater sensitivity to pollution in
Kherson region. This is because, Kherson region is one of
the most problematic regions of Ukraine, from the point of

view of the present state and maintains the trend of drink-
ing groundwater quality deterioration.

Kherson region is located in the south of Ukraine, in the
area of insufficient moisture. One of the major ecological
problem of the region is the shortage of fresh groundwater.
This problem reveals causal relationship between the irri-
gation practice, aquifer overexploitation and a complex of
natural conditions.

The main source of drinking water is the upper Miocene
(the main Neogene) water-bearing complex, widespread in
Kherson region. Under the influence of natural and anthropo-
genic factors, the groundwater quality deteriorates over time.
Thus, the regional process of increasing of the water salinity,
total hardness, phenol and nitrate contamination and local
pollution by Ba, Li, Se of groundwater were fixed in the years
2006-2009, during the testing of groundwater withdrawals [2].

The study has produced a map of sensitivity to pollution
of the upper Miocene aquifer complex in Kherson region
which will be useful to policy makers for scheduling of dan-
gerous anthropogenic objects and new water supply wells
in order to maintain the quality of drinking groundwater. It is
for these reasons that the study has derived its relevance.

Methodology. Index-rating, parametric methods,
method of zoning and geoinformational (GIS) approach were
used in research. Schematically, the algorithm of mapping of
sensitivity groundwater to pollution is illustrated in Figure 1.
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Figure 1. Conceptual framework for production a map of sensitivity groundwater to contamination

The first stage of the work is the creation of information
layers maps, accompanied by attribute tables (database).
The ArcView GIS package was used to digitize a ground-

water protection map and other relevant themes of the

study area. The following information layers were created:
1. Local potential sources of groundwater pollution (field

of filtration, gas stations, sedimentation tanks, cattle
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cemetery, farm, storage of fertilizers, pesticides, toxic
chemicals, waste dump);

2. Natural protection map of the upper Miocene aquifer
complex;

3. Hydrodynamic conditions map, with different
hydrodynamic ratio of the first surface aquifer and the
upper Miocene aquifer complex.

The input data for informational layers were collected
from the published map — "Level of changes in forming of
the main upper Miocene aquifers zoning map", scale 1:200
000 (A. Luschyk, 2010) [2].

At the second stage of the work, the index-rating method
was applied. For each object in the database a quantitative
assessment has been given in terms of its impact on ground-
water. The degree of possible impacts of anthropogenic ob-
jects on the groundwater in these natural and man-made con-
ditions was estimated by the hazard index — the ratio of the
amount of experimentally detected toxic elements in ground-
water to their theoretical predictions (by A. Luschyk, [2]). Haz-
ard index values vary in the range of 0 to 1, respectively, an-
thropogenic objects, with a value of hazard index which
equals one, have had the greatest negative impact on
groundwater (waste dump, storage of liquid waste).

The degree of natural protection of the upper Miocene
aquifer complex was estimated by the methodological ap-
proach developed by VSEGINGEO. Thus, the natural pro-
tection of groundwater depends on geological factors —
composition and thickness of subsoils. In other words, the
subsoils (sands, gravels, glacial tills (or boulder clays),
peat, lake and alluvial silts and clays), are the single most
important natural feature influencing groundwater vulner-
ability and groundwater contamination prevention.
Groundwater is mostly at risk where the subsoils are ab-
sent or thin and, in the areas of karstic limestone, where
surface streams sink underground at swallow holes. Three
groundwater natural protection categories are used in the
map — protected, conditionally protected and unprotected.
All polygons with different degrees of natural protection of
groundwater were estimated by respective points — 3
points (protected area), 2 points (conditionally protected), 1
points (unprotected). Geological factors that determine the
natural protection of groundwater are constant over time.

The protection of groundwater depends on hydro-
geological condition too, in particular on hydrogeodynamics
of the adjacent aquifers. Hydrogeodynamics conditions de-
termine the velocity and the direction of seepage of infiltrated
water (and contaminants). But this is a variable factor of the
groundwater protection. In this research the present state of
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the hydrogeodynamic conditions of the upper Miocene aqui-
fer complex were analyzed. Polygons with different degrees
of hydrogeodynamic conditions of the upper Miocene aquifer
complex were estimated by points too — 3 points (protected
area), 2 points (conditionally protected), 1 points (unpro-
tected). The upper Miocene aquifer complex is protected in
areas where the level of the surficial aquifer is located below
the level of the upper Miocene. Thus, the contaminated wa-
ter of the surficial aquifer can't seep into the deeper aquifers.
The conditionally protected areas are where the level of the
surficial aquifer is located above the level of the upper Mio-
cene aquifer complex on 0-10 m. The unprotected areas are
where the level of the surficial aquifer is located more than
10 m above the level of the upper Miocene aquifer complex.
Namely, under such pressure differences the water seepage
through the clay strata begins.

The parametric method was used at the third stage of
research. To characterize the interaction between the
groundwater and the environment pollution the sensitivity
index was used, proposed by V. Goldberg in 1987 and
modified by the author. According to V. Goldberg, the sen-
sitivity index (P) is the ratio of anthropogenic load module
(m) to the protection of groundwater index (S), expressed
in points. Thus, the sensitivity of groundwater to contami-
nation is directly proportional to anthropogenic impact on
the underground hydrosphere and inversely proportional to
the protection of groundwater [1]. Special quantitative crite-
rion (total hazard index) was proposed by the author, to
identify the anthropogenic load on the underground hydro-
sphere [3]. Based on total hazard index the sensitivity in-
dex was calculated according to the following equation:

YK,
(S +S/ ™

were P — sensitivity index; Y K, — total hazard index (sum of
hazard indexes of each local potential source of groundwa—
ter pollution, located on the unit area); F — area, km? S, —
natural protection of groundwater, in points; Sy — protectlon
of groundwater that depends on hydrogeodynamic condi-
tions, in points. For areas with similar conditions of protec-
tion of the upper Miocene aquifer complex the sensitivity
index was calculated.

At the last stage of the work, the map of sensitivity of
the upper Miocene aquifer complex to contamination was
prepared (Figure 2) using the sensitivity index.
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Figure 2. Scheme of' sensitivity of the upper Miocene aquifer complex to contamination in Kherson region:
1-P=0; 2 - P=0-0,01; 3 - P=0,01-0,03; 4 — P=0,03-0,08; 5 — P=0,08-0,12
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The impact of anthropogenic objects on the groundwa-
ter and the other themes within the protection of groundwa-
ter were assessed using GIS overlay manipulations. As a
result, five classes of groundwater sensitivity to pollution
were identified in Kherson region. The method of the
natural breakdown in ArcView GIS was used to separate
the classes. These classes are as follows:

1. Areas marked as not susceptible to pollution (P=0);

2. Areas marked as badly susceptible to pollution (P=0-0,01);

3. Areas marked as potentially susceptible to pollution
(P=0,01-0,03);

4. Areas marked as susceptible to pollution (P=0,03-
0,08);

5. Areas marked as highly susceptible to pollution
(P=0,08-0,12).

As presented in Figure 2, there are variations in the de-
gree of groundwater sensitivity to pollution in Kherson region.
Significant part of Kherson region has had a low degree of
sensitivity of the upper Miocene aquifer complex to contami-
nation (1, 2 classes). The groundwater sensitive to pollution is
mostly in the areas closest to the rivers (Dniper, Ingylets),
where natural protection of groundwater is low, and in urban
areas with a great number of anthropogenic objects.

Conclusions. In this research, an algorithm for estima-
tion sensitivity of groundwater to contamination without
additional field work was proposed. Such an approach
takes into account not only the static factors of groundwa-
ter protection, but also its dynamic component — anthropo-
genic loads, hydrogeodynamic conditions. This study em-
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phasises the importance of a GIS database in tackling
groundwater vulnerability related problems.

The scheme of sensitivity of the upper Miocene aquifer
complex to contamination in Kherson region can be applied
to groundwater conditions management as part of ground-
water monitoring procedure, for the planning authorities to
carry out their functions, and a framework to assist in deci-
sion-making on the location, nature and control of devel-
opment and activities in order to protect groundwater.
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NIA3EMHI BOAM TA iX YYTNMBICTb A0 3AEPYAHEHHA Y XEPCOHCBKIA OBJACTI

Mema. Memoto docnidxeHHsi € palioHyeaHHs1 mepumopii XepcoHcbKoi o6r1acmi 3a pieHeM yymsueocmi nid3eMHUx 600 eepXHbLOMIiOYeH08020
8000HOCHO20 KOMIieKcy 3o 3a6pydHeHHsI, CIPU4YUHEeHO20 MoMeHUYiliHO Hebe3neyHuMu Ons nid3eMHuUx eod eudamu 2ocnodapcbKoi disnbHocMi.

Memodu docnidxeHHsi. 3anponoHoeaHo Memodu4Huli Nioxi0 Ao eu3Ha4yeHHs1 pieHs1 Yymnaueocmi nid3eMHux eod Ao 3abpyOHeHHsI, Ha OCHO8I
KinbKicHO20 Kpumepito — iHOekcy Yymnueocmi. B po6omi 3acmocoeyeanucb iHOeKCHO-pelimuH208i, napamempuy4Hi, Memoodu palioHyeaHHs1 ma
2eoiHghopmayitiHul nidxio.

Pe3ynbmamu docnidxeHHsi. BuzHa4eHo pieeHb Yyymnaueocmi nidzeMHux 00 eepxXHbLOMIOUEeHO08020 80OOHOCHO20 KOMIIEKCY 00 3a6pyOHeHHs1 Ha me-
pumopii XepcoHcbkoi o6nacmi. Tak, Halbinbw ypasnueumu Ao 3abpyOHeHHs1 € mepumopii mo6nu3sy piykosux donuH (JHinpo, IHayneys), de HU3bKa Npupo-
OHa 3axuuweHicmb 8000HOCHO20 20PU30HMY Ma & palioHax MiCbKoi 3abydoeu, de po3miusyemsCcs 8eslUKa KiflbKicmb MexXHO2eHHUX 06'ekmie.

Haykoea Hosu3Ha. Bnepwe 3anpornoHoeaHo KinbKicHul kpumepil Onsi OYiHKU aHMPOMNo2eHHO20 HadaHMaXKeHHs1 Ha nid3eMHy 2idpocgepy. Ha
OCcHoei mako20 Kkpumepiro, po3pobrieHo MemoduyHuii Nidxid Ao ouiHku Yymmaueocmi nidzeMHux o0 0o 3abpydHeHHs Osisi mepumopii XepCOHCbKil
obnacmi. B daHomy nidxodi epaxoeaHi He nuwe cmamuyHi gpakmopu 3axuwjeHocmi nidzemMHux eod, ane U if uHamiyHa cknadoea — aHmMporno2eHHe
HasaHmMaXxeHHsl, 2i0po2eoduHaMi4yHi ymoeu.

lMpakmuyHa 3Ha4Yumicms. BudineHo nomeHyiliHo He6e3ne4yHi mepumopii 3 moyYku 3opy 3abpyOHeHHsI 8epXHbOMiOyeHO08020 8000HOCHO20
KOMIJIeKcy — OCHOBHO20 OxKepesia NumMHuUx nid3emHux eod. Take palioHyeaHHsI mepumopii € eaxsiueuMm emarnomM npu niaaHyeaHHi Po3MiujeHHs
MoOHimopuHao8ux, 80003abipHux ceepdsio8UH, He6e3rne4YHUX mexHo2eHHUX o6'ckmie. 3anponoHoesaHi Memodu4Hi Nidxodu ma npulioMu MOXymb
6ymu sukopucmaHi 0nsi ue4eHHs1 Ni03eMHUX 800 Ha IHWUX MepPumMopisx.

O. Wep6ak, acn., scherbak_olesia@ukr.net,
KueBckuit HauMoHanbHbIN YHMBepcuTeT MeHun Tapaca LlleByeHko,
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NOA3EMHBIE BOAbl U UX YYBCTBUTENBHOCTb K 3ArPA3HEHUIO B XEPCOHCKOW OBNACTHU

Yenb. Yenbto uccnedosaHusi siensiemcs palioHuposaHue meppumopuu XepcoHCcKolU obriacmu o ypoeHI0 YyecmeumeslbHoCmu nod3eMHbIX
800 8epXHLOMUOUEHO08020 80OOHOCHO20 KOMIJIeKCa K 3a2Psi3HeHUI0, 8bI38aHHO20 MOMeHYUaribHO onacHbIMU Os1si Nod3eMHbIX 800 eudamMu Xo-
3s1ticmeeHHoU O nbHOCMU.

Memodbi uccnedoeaHus. lpednoxeH memoduyeckuli N0Ox00 K onpedesieHUI0 YPOBHS YyecmeumeslbHoOCMuU MoG3eMHbIX 800 K 3a2psi3HEHUO,
Ha OCHOBe KoJIu4ecmeeHHo20 Kpumepusi — uHdekca yyecmeumesnbHocmu. B pa6ome npumeHsinucb uHAeKkcHO-pelimuHzoeble, napamempuyeckue,
MemodbI palioHUpOo8aHUsi U 2e0UHGHOPMayUOHHBbIU MoAxo0.

Pe3ynbmamsi uccnedoeaHusi. OnpedesieH ypoeeHb YyecmeumesbHOCMuU nod3eMHbIX 800 8ePXHbLOMUOUEHO8020 8000OHOCHO20 KOMMIIEKca K
3aeps3HeHUlo Ha meppumopuu XepcoHckol obnacmu. Tak, Haubosee ysi38UMbIMU K 3a2PsI3HEHUIO s18JISIFOMCSI meppumopuu e6u3u peyHbix 0o-
nuH (QHenp, UH2yney), 20e HU3kas ecmec HHasl 3auuueHHOCMb 80G0HOCHO20 20PU30HMa U 8 palioHax 20podckKoli 3acmpoliku, 20e cocpedo-
moyeHo 60/1buIoe KoIu4ecmeo MmexHo2eHHbIX 06beKmos.

HayuyHasi Hoeu3Ha. Brniepebie npednoxeH KonuyecmeeHHbIl Kpumepuli 0151 O4eHKU aHMpPOono2eHHOU Ha2py3Ku Ha nod3emMHyro 2udpocgepy. Ha
0OCHO8e maKoa20 Kpumepusi, pa3zpabomaH MemooduyecKkuli MoOxo0 K oyeHKe YyecmeumesibHOCmu nod3eMHbIX 800 K 3a2psi3HeHUIo 011 meppumo-
puu XepcoHckoli o6nacmu. B daHHoM nodxode ydymeHbl He MOJIbKO cmamu4eckue hakmopb! 3aujuWjeHHOCMu Mod3emMHbIx 800, HO U ee OUHaMu-
Yyeckasi cocmaeJsisirowasi — aHmporoz2eHHasi Hagpy3ka, 2udpo2eoduHamuyecKue ycrioeusl.

lMpakmuyeckasi 3Ha4uMocmb. BbideneHbl MomeHYyuanbHO ONacHble MeppumMopuUU ¢ MOYKU 3PeHUs] 3a2Psi3HeHUs1 ePXHbLOMUOUEH08020 8000-
HOCHO20 KOMI/IeKca — OCHOBHO20 UCMOYHUKa Numbeebix nod3eMHbix 800. Takoe palioHuUpogaHue meppumopuu siesfisiemcsi 8 aXXHbIM 3Mariom npu
nnaHuUpoeaHuUu pasMeweHuUsi MOHUMOPUH208bIX, 80003a60PHbIX CK8aXUH, OMacHbIX MeXHO2eHHbIX 06bekmos. [pednoxeHHble Memoduveckue
nodxodbi u npuemMbl Mo2ym 6bImb UCMOJIb308aHbI OJ1s1 U3yYeHUs1 N0O03eMHbIX 800 U Ha Opyaux MeppumMopusix.






