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Abstract. Relevance. Phosphate raw materials processing at the Gomel chemical plant over a period of more than 50 years
has led to accumulation of millions of tons of phosphogypsum dumps. They are a source of subterranean water contamina-
tion by sulfates, phosphates and other chemical compounds. Therefore, there is the need in current estimation of the scale
and extent of aquifers contamination, taking into account the geological and hydrogeological conditions that influence the
migration of contaminants. Aim. Assessment of hydrogeological parameters affecting distribution of contaminants in subter-
ranean water and the degree of aquifers contamination. Objects. Aquifers and impermeable horizons. Methods. Methods for
assessment of hydrogeological parameters, methods for determining the chemical composition of subterranean water.
Results. The paper assesses a technogenic effect, produced by dumps of Gomel chemical plant. It reviews a subterranean wa-
ter monitoring local network within the Gomel chemical plant influence area. The hydrogeological parameters of aquifers of
the upper hydrodynamic zone are quantitatively assessed, given that this zone undergoes the strongest anthropogenic
impact. The study of subterranean water quality ends up with three classes of contamination: high, moderate and insignificant.
Major contaminants include sulphates, nitrogen ammonium, and phosphorus phosphate. The authors find a spatial pattern of
subterranean water contaminants differentiation that tends to develop both horizontally and vertically. As a result of the study,
areas and sources of high groundwater contamination are determined and mapped. A conclusion is drawn on the necessity of
further control over the subterranean water conditions and contamination development in time and space.
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AnHOTanua. AkmyaavHocme. Ilepepa6oTka ¢ocpaTHOro Chipbsi Ha ['OMeJbCKOM XMMMYECKOM 3aBoje 3a 6Gojee ueM
50-71eTHUH nepuoJ BpeMeHHU MpHrBeJia K HAKOIJIEHUI0 MHUJIJIMOHOB TOHH OTX0 0B (l)OC(l)OFP[HCa. OHU ABJSIOTCI UICTOYHUKOM

3arpsA3HeHHUsl NMO/A3EMHBIX BoJ, cyjabdaTtaMy, ¢ocdhaTaMy U APYTUMH XUMUYECKUMH COeJMHEHUAMHU. [l03TOMy CyliecTByeT
He06X0JMMOCTb COBPEMEHHOMN OLIEHKM MaclTaba U CTeNeHU 3arpsi3HEHUs BOJOHOCHBIX FOPHU30HTOB C Y4ETOM Ie0JIOro-
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TU/IPOTe0JIOTUYECKUX YCI0BUH, BJAMSIOIIMX HAa MUTPALMI0 3arps3HSIOUIMX BellecTB. Llesb: oLlleHKa MApPOre00rHYecKux
apaMeTpoB, BIUSAIOIMX HA PAacIPOCTPAaHEHHe 3arps3HSAIOIMX BEIeCTB B M0/J3eMHbIX BOJAX, U CTENeHU 3arpsi3HeHHs BO-
JIOHOCHBIX TOPU30HTOB. 066€KMbl: BOJOHOCHbIE U BOAOYIIOPHbIE TOPU30HTBI. Memoodbl: MeTO/bl OLEHKH I'M/IpOreooruye-
CKHX IapaMeTpOB U MeTO/bl ONpeJieIeHHs] XMMHUYEeCKOro COCTaBa NMo/3eMHbIX BoJ. Pe3ysabmamul. [lpencraBieHa oLeHKa
TEXHOT€HHOT'0 BJHUSHUSA OTXO0Z0B NPOU3BO/CTBA ['OMeNbCKOI0 XMMHUYeCKOro 3aBo/ia. Ha 0OCHOBaHMHU JJaHHBIX CETH MOHHUTO-
PHHTra N0/Jj3eMHBIX BOJ, B 30HE BJIMSAHUs [OMeJIbCKOr0 XMMHUYeCKOI0 3aB0/ja KOJIMYeCTBEHHO OIpe/iesIeHbl THPOreosioruye-
CKHe MapaMeTpbl BOLOHOCHBIX FTOPU30HTOB BEPXHEH I'MApOJMHAMUYeCKOH 30Hbl, KOTOpasi HauboJiee NoABEPXKEHA aHTPOIO-
reHHOMY BO3JeHcTBHI0. B HcciejoBaHHBIX BOJJOHOCHBIX TOPU30HTAX BbI/IeJIEHO TPU YPOBHSA CTENEHHU 3arps3HeHUs: BbICO-
KHUH, cpelHUHA U HU3KUI. OCHOBHBIMH 3arpsI3HUTE/ISIMU ABJIAIOTCA Cy/IbOaThl, a30T aMMOHUHHBIN U PocdaTsl. YcTaHOBIEHA
BepTHKa/lbHasA M TOpU30HTaJbHasA JubdepeHnranus sarpsa3HeHHUs. BeinmosHeHo kapTorpadupoBaHHe TEPPUTOPHH IO
IJIOIAJHOMY Pa3BUTHIO 3arpsa3HeHus. [IpoBe/jleHHOe HcC/IeloBaHKe I0KAa3bIBaeT HEO6X0JUMOCTD Jja/lbHEHNILIEro OCyIeCTB-
JIEHUS MOHUTOPHHTA JI/I1 KOHTPOJIS pacipoCTpaHeHHs 3arpsi3HeHHs B BOJLOHOCHBIX FTOPU30HTaX.

KiroueBble cj10Ba: 0TBaJIbl Cl)OC(l)OFI/Il'lCa, JIOKQJIbHBIN MOHUTOPHUHT IOA3E€MHBIX BOJ, BOLOHOCHbIE TOPU30HTHBI, BOAOIIPOBO-
AUMOCTD, BEepTHKaJIbHAA IPOHULIAEMOCTb, 3arpsA3HEHUe

Jnsa purupoBanmsa: lankun A.H., llepmnés 0.B., [laBnoBckuit A.M. OneHKa BJIMSHUS OTXOJ0B MPOU3BOACTBA GOCcHOPHBIX
yAOOpeHUH Ha KayecTBO NMOJA3eMHbIX BoA (['omenbckuil xuMudeckuit 3aBog, Peciy6sinka Besapycs) // U3Bectus ToMckoro
MOJIUTEXHUYECKOTO yHHUBepcuTeTa. WHXUHUPHUHT reopecypcoB. - 2024, - T. 335. - Ne 1. - C. 80-89. DOI:
10.18799/24131830/2024/1/4227

Introduction The known cases of groundwater contamination,

High rates of development of various industries in-  associated with PG dump, is fluoride, sulfate, calcium,
evitably lead to formation and accumulation of indus-  phosphate, and trace elements or radionuclides in dif-
trial waste. One of the mass types of waste is waste ferent countries, such as USA, Canada, Spain, and Tu-

from the chemical industry. nisia [1, 16, 17].

Phosphogypsum (PG) is a waste by-product from The Gomel Chemical Plant (GCP), one of the larg-
phosphate rock processing by the “wet acid method” of  est chemical plants in Belarus, produces sulfuric and
fertilizer and phosphoric acid production. phosphoric acids, mineral salts (ammophos, super-

The current worldwide PG generation is about phosphate, and nitrogen-phosphorus-potassium ferti-
300 million tons (Mt) per year. Only 15% of this lizers), aluminum fluoride, cryolite, etc. The amount of
amount is recycled as building materials, agricultural PG accumulated for more than 50 years is about
fertilizers or soil supplements. Mostly PG is stored in 24 Mt [18], and its dumps occupy 0,91 km® Some of
large dumps tens of meters height and cover as many these dumps are more than 70 m high and can be either
as several square kilometers surface area [1-4]. plateau-shaped or crest-shaped.

Currently, approximately 4 billion tons of PG have The PG at point contains up to 40% of moisture; its
been stored in dumps worldwide. The largest amount  gypsum constituent comprises about 97%, while 3% are
of PG have been stored in the USA at over 1.7 billion  accounted for iron and aluminum phosphates, ortho-
tons [2]. Other significant PG dumps are the ones in  phosphoric acid, potassium and sodium fluorosilicates,
Brazil (150 Mt) [2, 3], Russia (140-200 Mt) [5], Spain  and calcium fluorides. The dumpsite is a steady source
(around 100-120 Mt) [3, 6], Ukraine (over 55 Mt) [7], of sulfates, nitrogen compounds, and phosphates that
Syria (30 Mt) [8], and Lithuania (15 Mt) [9]. pollute surface water as well as subterranean water, and

PG is mainly composed by gypsum which content  soil. Groundwater contamination represents the main
can reaches 94% and also contains impurities such as  problem, given that it adversely affects the water supply
phosphate, fluoride, heavy metals and metalloids (As, of the city of Gomel and neighbouring settlements.

Cr, Cd, Cu, Ni, Zn, etc.) [10], radionuclides (**Ra, The local monitoring of subterranean water in the
2%, etc.) [6, 11, 12] and rare earth elements (Sc, vicinity of the GCP is part of a large-scale pollution
Y, lanthanides) [13-15]. monitoring system. Its main purpose is to control the

The environmental concerns associated with phos-  fresh subterranean water conditions within the GCP
phogypsum dumps, first of all include soil, ground and  influence area. The history of the subterranean water
surface water contamination. One of the major source  monitoring network in the GCP surrounding area is
of environmental contamination can be the leachate traceable over thirty years [19-22]. However, during
generated by the wet stacking of PG or during precipi-  certain periods, the observation was discontinued, and
tation. many of subterranean water observation sites have be-

Groundwater contamination may occur from process  come technically unfit. Now, the monitoring data still
surface runoff from the PG dump or through the long-  requires its thorough analysis and interpretation, and
term downward leaching which occurs when rainwater  the monitoring network itself needs optimization in
infiltrates through the phosphogypsum dump [6]. accords with current requirements.
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The aim of this study is to analyze the spread of
technogenic contamination within subterranean water
horizons at the GCP surrounding area.

Materials and methods
Subterranean water monitoring

As a rule, the highest contamination levels are ob-
served in shallow aquifers.

Nowadays subterranean water monitoring local
network in the GCP surrounding area is formed by 65
observation wells. Observation wells are the source of
data about water regime (water levels, water chemical
composition) of ground, submorainic and Paleogene
aquifers. The stratification depth of aquifers varies
from 2 to 35 m.

The research is based on geological and hydrogeo-
logical data of previous years and the results of field
hydrogeological investigations carried out during the
2019-2021. They included estimation of hydrodynam-
ics and hydrochemical parameters. For these purposes,
a series of pumping-tests, water level measurements
and water compositional analysis was carried out.

The data used for subterranean water quality as-
sessment have been obtained as a result of the chemical
analysis of water samples conducted either immediate-
ly at the sampling site and using portable devices (for
temperature and pH) or laboratory methods in accord-
ance with the state and international standards [23-28].
Water compositional analysis used several substances
and properties as indicators of water contamination:
sulphates (SO4%), nitrogen ammonium (NH,"), phos-
phorus phosphate (PO,*), total dissolved solids (TDS),
temperature and acidity of water (pH).

Assessment of hydrogeological parameters

Assessment of aquifers’ physical properties and hy-
drogeological parameters is based on the data of pump-
ing tests and experimental studies.

In particular, for the pumping-test data analysis the
authors used an equation by C.V. Theis and a method
by C.E. Jacob. The modified Theis’ equation gives the
drawdown of water level at a radial distance at particu-
lar time (Eq. 1) [29]:

0.183Q . 2.25at
= Ig 7
KM

where S is the drawdown of water level at distance (r)
at time (t) after the start of pumping; Q is the pumping
rate, m*/d; KM is the aquifer transmissivity (m%/d); a is
the pressure conductivity factor, m?/d.

For data analysis by Jacob’s method, the authors
used a mode of time tracing of water level drawdown.
The analysis involves matching a straight line to water-
level displacement data as a function of the logarithm
time from the beginning of pumping (Eqg. 2):

s=f(lgt).

S : M)
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Impermeable or semi permeable layers play a signifi-
cant role in protection of aquifers from technogenic con-
tamination, which enters aquifers from the day surface. The
hydrogeological parameters of impermeable layers are ob-
tained from slug tests and hydrogeological modeling.

Vertical permeability of impermeable layers can be
evaluated using vertical permeability coefficient (K,)

(Eq. 3):
k

K, =2
mO

v , 3
where ko is the hydraulic conductivity coefficient
(m/d); mq is the impermeable layer thickness (m).

Assessment of subterranean water contamination

Chemical compound was buildup as well as quality
of subterranean water in natural conditions was inves-
tigated. There is a range of natural conditions that con-
stitute the natural background. Subterranean water
background components were used to assess the extent
of technogenic impact on water quality.

In order to assess the extent of subterranean water
contamination an index of water quality (K.) was cal-
culated (Eq. 4):

(4)

where C; is the concentration of i-th substance,
mg/dm®; C; is the background concentration of i-th
substance, mg/dm®.

Judging by K. values thus obtained, there are three
classes of subterranean water contamination:

Class 1: K.<3 — insignificantly contaminated,

Class 2: 3<K.<10 — moderately contaminated;

Class 3: Kc>10 — highly contaminated.

Results and discussion
Aquifers characteristics and transmissivity mapping

The study area is part of Belarusian Polesye, a re-
gion with typical lowland landscapes, such as alluvial
terraced, secondary water-glacial, lacustrine-boggy,
and floodplain landscapes. The bedrock consists of
many layers formed over a lengthy period. Glacial pro-
cesses have had a deep impact on the regional geology.
The most recently formed sediments are mostly consti-
tuted by morainic formations, covered with fluvio-
glacial and alluvial deposits.

As it was mentioned above, the paper describes
three aquifers under the technogenic impact. Judging
by the geological structure and hydrodinamic condi-
tions, these aquifers are confined in Quaternary and
Palaeogene deposits and divided by two regional im-
permeable layers. These aquifers are hydraulically
connected and form a wide, single subterranean water
system of the upper hydrodynamic zone.
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The most common features of the hydrogeological
regime are well correlated with the climatic conditions.
More specifically, the hydrogeological regime of the
territory is characterized by lower subterranean water
levels in summer and autumn, while higher levels are
registered in spring due to snowmelt floods and in au-
tumn because of atmospheric precipitation. Generally,
subterranean water table lowers from June to the end of
January, and then slowly rises until mid-April, fol-
lowed with a decrease until late May.

During the study period, subterranean water level
changes from 0.81 m above grade to 7.44 m below
grade. The closest to the surface subterranean water
table position was found in the north-western part of
the submorainic aquifer, while its deepest position was
registered in the south-west of the Paleogene aquifer.

A subterranean water temperature has shown some
seasonal trends. The minimum temperature ranges
from 6 to 10°C in spring; thermal peaks oscillate be-
tween 11 and 13°C in August and September.

The natural subterranean water tends to have hy-
drocarbonate  magnesium-calcium  or  calcium-

magnesium compound; and it is mostly fresh, with
mineralization ranging from 300 to 500 mg/dm®.

The aquifer transmissivity changes at short distanc-
es due to sedimentation peculiarities and complex geo-
logical structure (down to 50 m) (Fig. 1).

Groundwater aquifer is located within middle to
upper Pleistocene, Holocene and modern technogenic
deposits and is 2 meters deep. It consists of various
lithological types of deposits (sand, sandy loam, loam)
and contains nonartesian as well as local subartesian
waters. The water table is situated from 0.23 to 2.67 m
below grade.

The aquifer principal feed source is atmospheric
precipitation, while its secondary feed sources include
leakage from underlying confined aquifers as well as
seepages of the liquid phase from the PG dumps.
Groundwater is drained by adjacent watercourses and
ponds.

Groundwater flow has north-west and south-west
gradient. Aquifer transmissivity changes from 0.1 to
5.0 m%/d, and beneath the PG dumps it ranges from 0.5
to 4.0 m%/d (Fig. 1).

b
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Fig. 1.  Aquifers transmissivity: a) satellite image of the study area: 1 - PG dumpsite; 2 - industrial site area; b) groundwater
aquifer: 1 - PG dumpsite; 2 - industrial site area; 3 - groundwater flow; transmissivity (m2/d): 4 - 0.1; 5 - 0.5; 6 - 1.0;
7-20; 8 - 4.3; 9 - 5.0; c) submorainic aquifer, transmissivity (m2/d): 1 - 5.0; 2 - 30-50; 3 - 60-80; 4 - 100-130;
5 - 150; d) Paleogene aquifer, transmissivity (m2/d): 1 - 100; 2 - 130; 3 - 200; 4 - 230
Puc. 1. Bodonpogodumocmb: a) cnymuukoswlli cHumok: 1 - omeaawl ¢ocgozunca; 2 - npomblulieHHAs naowadka;

b) zpyHmosblil 8000HOCHbLU 20pu3oHm: 1 — omeanvl pocgozunca; 2 - npomvlulieHHas naowjadka; 3 - Hanpas/eHue
nomoka zpyHmosuix 80d; godonpogodumocms (M2/cym): 4 - 0,1; 5 - 05, 6 - 1,0; 7 - 2,0; 8 - 43; 9 - 50;
¢) nodmopeHHblii 8000HOCHbLI 20pu3oHm, dodonposodumocms (M2/cym): 1 - 5,0; 2 - 30-50; 3 - 60-80; 4 - 100-130;
5 - 150; d) naneozenosvlii godoHocHbITl 2opu3oHm, godonposodumocms (M2/cym): 1 -100; 2 - 130; 3 - 200; 4 - 230

83



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2024. V. 335. 1. P. 80-89
Galkin A.N., Shershnyov 0.V., Pavlovsky A.l. Assessment of phosphorus fertilizer wastes production impact ...

Submorainic aquifer is connected with fluvio-
glacial deposits of lower to middle Pleistocene and
contains artesian waters. The aquifer consists of fine
and medium-grained sands — sometimes argilla-
ceous, with average thickness of 9 m. The depth of
this aquifer occurrence is usually about 13-15 m.
Piezometric levels range from 0.81 m above grade to
5.8 m below grade. The aquifer is recharged by rain
and melt water at watersheds. Recharge rates are rising
within hydrogeological openings in morainic deposits.
Given the position of the piezometric surface, it can be
concluded that there are two flow directions, to include
south-east/north-west and north-east/south-west. Riv-
ers and drainage canals act as this aquifer drains.

The aquifer transmissivity changes over a wide in-
terval (from 5 to 150 m?d); and beneath the PG
dumps, it varies from 30 to 100 m%d (Fig. 1).

Paleogene aquifer is confined within ineg-
uigranular, mostly fine-grained, containing artesian
water sands, with their thickness of about 24 m. The
aquifer top depth may reach 30-35 m. The position
of piezometric levels range between 0,73 m above
grade to 7,44 m below grade.

The aquifer is recharged by the leakage from upper
aquifers, and its discharge occurs in the nearest water-
courses. Confined groundwater flow is directed south-
ward. Transmissivity of aquifer is variable, depending
on the sorting of aquifer materials, but is generally
high and ranges from 100 to 230 m?/d, and beneath the
PG dumps it varies from 200 to 230 m%/d (Fig. 1).

Aquifers are divided by two regional impermea-
ble horizons:

1. Morainic impermeable horizon consists of clay 9 m
thick, and separates groundwater from submorainic
aquifers.

2. Paleogene silts are 4 m thick and separate submo-
rainic from Paleogene aquifer.

Vertical permeability of these horizons is very
changeable, and hydrogeological openings facilitate the
reach of aquifers by contaminants (Fig. 2).

Thus established, spatial variations of transmissivi-
ty and vertical permeability make various conditions
the reach of aquifers by contaminants.

Assessment of spatial differentiation
of contamination in aquifers

Calculated indexes of water quality (Eq. 4) clearly
indicate the extent of subterranean water contamina-
tion. The background concentration of sulphates and
phosphorus phosphate in subterranean water are rela-
tively low (Table). The background concentrations of
the analyzed substances were determined based on data
from background wells located in the southeast direc-
tion outside the influence zone of the pollution source
at a distance of 1000 m, upstream of the groundwater
flow from the source of contamination. The increase of
concentrations in monitoring wells is a warning sign of
subterranean water chemical contamination. The dif-
ference between indexes and background content of
ions in water reflects the extent of technogenic impact
on background hydrochemical parameters. The degree
of groundwater contamination is determined by the
sum of three investigated substances (Fig. 3).

The highest concentrations of contaminants in the
influence zone of the GCP are as follows: for sul-
phates — 1826-2880 mg/dm®, for phosphorus phos-
phate — 304-585 mg/dm® and for nitrogen ammoni-
um— up to 24 mg/dm®. Total dissolved solids ranges
from 3920 to 4955 mg/dm?® [20, 30, 31].

a

Fig. 2.  Vertical permeability of impermeable horizons: a) Morainic impermeable horizon: 1 - PG dumpsite; 2 - industrial site
area; vertical permeability (day-1): 3 - 0.00014-0.00016; 4 - 0.00031-0.00069; 5 - 0.0014-0.0036; 6 - 1.0 (hidrogeo-
logical openings); b) Paleogene silts, vertical permeability (day-1): 1 - 0.00001-0.00008; 2 - 0.00012-0.00013;
3-0.00033; 4 - 1.0 (hidrogeological openings)

Puc. 2. BepmukaibHas npoHUyaemocms 8000yNOPHbIX 0mMA0}CeHUll: a) MopeHHble omaoxceHus:: 1 — omeanwt pocgpozunca;

2 — NPOMbIWAEHHAS N0WadKa; 8epmuKaibHas npoHuyaemocms (cym-1): 3 - 0,00014-0,00016; 4 - 0,00031-0,00069;
5 - 0,0014-0,0036; 6 - 1,0 (2udpoeeosozuveckue okHa); b) asespumvul naseozeHa, 6epmuKaabHAS NPOHUYAEMOCMb
(cym-1): 1 -0,00001-0,00008; 2 - 0,00012-0,00013; 3 - 0,00033; 4 - 1,0 (2udpozeoso2uyeckue okHa)
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Groundwater aquifer. High contamination level
(K.>10) of groundwater is found in wells sited next to
the PG dumps, and as deep as the groundwater flow
gradient. Most frequent contaminants are sulphates,
with their concentration 100 times higher (K,.=15-170)
than the background value (Fig. 3, Table). This testifies
about high migration directly from the dumps of SO, -
ion and its massive percolation in the groundwater aqui-
fer. It is especially true for phosphorus phosphate
(K,=18-30000), and nitrogen ammonium (K.=14-9000).

Table. Average background concentrations of several
chemical substances and properties of subterra-
nean water for 2019-2021
Ta6auya. C(CpedHue ¢poHo8ble KOHYeHmpayuu HEeKomopbwlx
Xumuyeckux coeduHeHull u ceolicmea nodzem-
Hbix 800 3a 2019-2021 ze.
Aquifer TDS/Munepanusanus | S04 | NHy* | POs3-
Bomonocueiii | pH mg/dm3
TOPU30HT mr/am3
Ground 81 290 17,0 | 1,3 |0,009
['pyHTOBBII
Submorainic 1 , 612 2640 | 1,2 | 0,01
[TogMOpeHHBIH
Paleogen | ;¢ 172 114 | 1,2 | 0,07
[TasleoreHOBBIN

Apart from sulphates, another basic contaminant is
phosphorus phosphate. Its maximum concentrations
are found next to the dumps, while they decrease
500 times and more at some distance from the dumps.
The low migration mobility of phosphorus phosphate is
remarkable. It is caused by absorption by both plant

0 750 m
S
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rootage and organic matter, and is due to chemical re-
actions that fix it in the illuvial horizon.

Submorainic aquifer. The high-level contamination
of the submorainic aquifer is attributable to abnormally
high level of sulphates (K.=11-95) and nitrogen am-
monium (K.=12-250). Contaminants are found in
wells situated next to the PG dumps (Fig. 3).

The contamination level in the submorainic aquifer
is much lower and spatially differentiated than in the
groundwater aquifer. It is associated with spatial varia-
bility of thickness and mineralogical heterogeneity of
the morainic horizon as well as changeable permeabil-
ity. High transmissivity within the submorainic aquifer
leads to lateral migration of contaminants and their
distribution along subterranean water flow paths.

Paleogene aquifer. The main contaminant of the
aquifer is SO,*-ion (K.=10-70). Contamination is
found in wells situated next to some preexisting (for
30 years) dumps characterized by long-term contami-
nation. Decreasing downwards contamination is caused
by high vertical hydraulic conductivity. Furthermore,
contamination by SO, -ion (K,=4-6) is found in wells
situated along the subterranean water flow and testifies
on high lateral migration of this ion.

Thus, as it is prognosed, the highest level and density
of contamination is found in the groundwater aquifer
and is caused by insufficient insulation of the groundwa-
ter aquifer from percolation of contaminants from the
ground surface (Fig. 4). In both submorainic and Paleo-
gene aquifers, contamination is reduced considerably.

750 m

IR REE

Subterranean water contamination: a) Groundwater
aquifer; b) Submorainic aquifer; c) Paleogene aquifer;
1 - PG dumpsite; 2 - industrial site area; contamination
degree: 3 - low; 4 - moderate; 5 - high

3aepssHeHue nod3eMHbIx 800: a) 2pyHmMoswlii 8000HOC-
Hblll 2opusoHm; b) nodmopeHHbIll 8000HOCHbLIU 20pu-
30HM; ) najaeozeHos8blll B0OOHOCHLIU 20pPU3OHM;
1 - omsanwvl pocozunca; 2 - NpoOMblULAEHHAS NJ0-
waoka; cmeneHs 3a2psi3HeHusi: 3 — HU3Kasi; 4 - cpedHss;
5 - gblcoKas
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Contamination has local distribution next to the PG
dumps. A tendency of either contamination increase
with time or its shifting to peripheral part is not re-
vealed. A periodical seasonal fluctuation of concentra-
tions of some contaminated substances is established.

Conclusions

Research results point to the presence of numerous
subterranean water areas with varying contamination
levels that take place in and at some distance from the
industrial site of the Gomel Chemical Plant.

Contamination of the aquifers is caused by the arri-
val of contaminants as a result of surface and subsur-
face runoffs and groundwater swell.

The main contaminant of the aquifers is SO,*-ion.
However, the extremely high-level contamination of
aquifers is formed by nitrogen ammonium and phos-
phorus phosphate.

The groundwater aquifer is most severely contami-
nated, and the amount of some of its components is
hundreds to thousands times higher than the back-
ground concentrations. Significant contamination lev-
els for the submorainic aquifer are also established.
The chemical composition of the Paleogene aquifer
does not show any serious variability, except for some
extra sulphates and phosphorus phosphate.

Migration of contaminants depends on hydrogeo-
logical conditions and physical as well as chemical
properties of contaminants themselves.

As a rule, extremely high-level contamination is
found next to the relatively new (less than 15 years)
dumps in the site western and eastern parts. Concentra-
tions of contaminants in subterranean water decrease at
some distance from the dumps or next to the old
dumps.

The influence of the PG on water quality remains
significant but is localized within the dumpsite area.

Our research shows that it is the necessary to fur-
ther monitor water conditions in the area of the GCP,
because some additional analysis and information are

needed to make for decisions concerning this territory.
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