CIUCAHVE HA BBITAPCKOTO
TEO/IOTHIECKO [PYKECTBO

REVIEW OF THE BULGARIAN
‘GEOLOGICAL SOCIETY

CIIMCAHUE HA BBJITAPCKOTO I'EOJIOTMYECKO JIPY>KECTBO,
roxa. 83, ku. 3, 2022, ¢. 259-262

REVIEW OF THE BULGARIAN GEOLOGICAL SOCIETY,
vol. 83, part 3, 2022, p. 259-262

Hammonanna xondepenus ¢ MexayHapoano yyacrue ,, EOHAYKU 2022
National Conference with International Participation “GEOSCIENCES 2022”

Hydrogeological models for the conditions causing the occurrence
of manganese in wells for groundwater extraction from the terrace
of the Vacha River, Southern Bulgaria

XuporeoJio:KKH MOIeJN HA YCJIOBHSTA 32 NMOSIBA HA MAHTaH B KJIA/ICHIIUTE
3a J00MB Ha MOJ3eMHH BOAHU OT Tepacata Ha p. Bbua, Oxna bbarapus

Nikolay Stoyanov', Stefan Dimovski', Aleksey Benderev’
Huxkonait Cmosanos', Cmeghan lumoscku’, Anexceii Benoepes®

! Faculty of Geology and Exploration, University of Mining and Geology St. Ivan Rilski, 1700 Sofia, Bulgaria;
E-mails: nts@mgu.bg; dimovski@mgu.bg
2 Geological Institute, BAS, Acad. G. Bonchev str., bl. 24, Sofia; E-mail: alekseybenderev(@yahoo.com

Abstract. The presented study examines the problem caused by the groundwater pollution in the alluvial aquifer
complex formed in the terrace of the Vacha River. Two working hypotheses are considered. In the first one is ac-
cepted that the aquitard is regionally well sustained and limits the penetration of Mn-contaminated waters into the
lower aquifer. In the second one is assumed that there are hydrogeological windows in the aquitard, through which
active mass exchange between the two aquifers can take place and manganese can occur in the pumping wells after

their exploitation is started.
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Introduction

One of the main sources of groundwater extraction
for drinking, agriculture, and industry are the allu-
vial aquifers formed in the river terraces (Antonov,
Danchev, 1980). A single pumping well or a linear
system of wells, located near a river, with river wa-
ter recharging the aquifer during exploitation, are
usually employed for the extraction. Unfortunately,
the water quality in these aquifers is not always
guaranteed, as they are not protected from naturally
occurring contaminants and technogenic pollution
(Morton, 2019). In multi-layered alluvial aquifer
complexes, composed of alternating and regionally
sustained aquifers and aquitards, pollution affects
most often only the upper aquifer. In these cases, it
is recommended to isolate the upper aquifer during
the construction of the pumping wells and to carry
out the extraction from the more protected lower
aquifers. This measure may be ineffective and after
a certain period, the contaminants from the upper
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aquifer occur in the wells during their operation.
The probability of this happening and the time for
its realization are a function of the specific hydro-
geological conditions and the operation mode of the
wells.

This topic is part of the performed by our team
study of groundwater contamination with manga-
nese in a problematic area in the alluvial aquifer
complex formed in the terrace of the Vacha River
(Fig. 1) before its confluence with the Maritsa Riv-
er. As we noted in a previous publication (Benderev
et al., 2021), the problem arises in the beginning of
2020, when in the groundwater extracted in the re-
gion and used as a source of drinking water in the
village of Brestovitsa, Plovdiv Region, an increased
concentration of Mn is established. For a short pe-
riod, the concentration increased up to values above
1 mg/L at a permissible limit for drinking water of
0.05 mg/L. In the first part of our research, it was
established that the Mn contamination of ground-
water is localized in the upper aquifer of the alluvial
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Fig. 1. Location of the study region and boundaries of the model boundary conditions area. Model layers geometry and model solutions.
Boundary conditions: 1, river; 2, General Head Boundary; 3, well; model layers: 4, ML1; 5, ML3; 6, ML2.

complex, which is not isolated in the four pumping
wells installed in 1984 along the Vacha River, pro-
viding the drinking water supply for the villages of
Kadievo (W1) and Brestovitsa (W2, W3, and W4).
As main reasons for this pollution are indicated (i)
the seepage of Mn-contaminated waters from the
artificial lake formed in an old arm of the Vacha
River after the construction of the Kadievo small
hydropower plant and (ii) the natural accumula-
tion in the upper parts of the river terrace of poorly
soluble in water manganese compounds that turn
into soluble ones in the conditions of very intensive
groundwater extraction (Benderev et al., 2021). The
second part of the research, which is the subject of
this publication, examines the possibility of a quick
solution to the problem with the drinking water sup-
ply for the village of Brestovitsa by duplicating the
compromised pumping wells W2, W3, and W4. The
duplicating wells W2a, W3a, and W4a are planned
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to be built in close proximity to the old ones, which
would allow immediate attachment to the water sup-
ply network and preservation of the borders of the
established sanitary protection zones. At the same
time, in all duplicate wells cementing operations
must be performed, ensuring the zonal isolation of
the Mn-contaminated upper aquifer. The effective-
ness of this technical solution is verified by the de-
veloped three-dimensional (3D) numerical models
of the hydrodynamic and mass-transport conditions
for the seepage of Mn-contaminated waters towards
duplicate wells W2a, W3a, and W4a and in the ex-
isting uncontaminated well W1.

Materials and methods

The subject of the model studies is a small part of
the alluvial aquifer complex, which includes the
existing pumping wells W1, W2, W3, and W4, the



Table 1. Averaged data for the low-rank hydrogeological units. Model layers

Hydrogeological unit Lithological composition l\l/iodel Thickness P £ il a
yer m glem*  m/d - cm’/g
Upper aquifer boulders, coarse gravel and sand ML1 15-18 1,65 110 0,15 2,3
Separating clay layer clay, dusty-sandy ML2 2-4 1,94 0,05 0,008 9,5
Lower aquifer gravel, sand and clayey sand ML3 6-35 1,72 40 0,10 3.8

designed duplicating wells W2a, W3a, and W4a,
as well as three pumping wells installed by a fruit
juice manufacturing company Wpl, Wp2 and Wp3
(Fig. 1). The alluvial complex is composed of three
low-rank hydrogeological units — two aquifers sep-
arated by a clay layer (aquitard). Table 1 contains
the averaged data for their thickness m, bulk density
p,, hydraulic conductivity k, active porosity n,, and
partition (distribution) coefficient K. The values of
m, p,, and k are determined according to data from
the performed field tests and laboratory studies, and
the values of n, and K, — according to published
data (Pentchev et al., 1990; Galabov, Stoyanov,
2005; Stoyanov, 2019). The artificial lake and the
Vacha River are the main factors controlling the
structure of the flow field. The groundwater flow
is NE-oriented and the hydraulic gradient is about
3.5.10%. The rate of percolation is 1.10* m/d. The
cumulative flow rate of pumping wells W1, W2a,
W3a, and W4a is 37 L/s, and that of Wpl, Wp2 and
Wp3-10L/s.

One basic flow model (FMB) and two prognos-
tic mass-transport models (PMT1 and PMT2) are
developed applying Modflow and ModPath com-
puter programs (Anderson et al., 2015; Stoyanov,
2019). Based on the three-dimensional structure of
the flow field simulated with the FMB model, with
models PMT1 and PMT2 are determined the pos-
sible tracks and transit times of the “particles” rep-
licating the Mn-transport from various points in the
upper aquifer to the pumping wells. Since the posi-
tion of the source of contamination is unknown, the
“particles” are assigned to the potential recipients
W1, W2a, W3a, and W4a. The calculation scheme
takes into account the convective transfer and the
reversible elimination (sorption-desorption). Two
working hypotheses are considered. In model PTM1
is accepted that the separating clay layer is region-
ally well sustained, which limits the penetration of
Mn-contaminated waters into the lower aquifer.
This model is based on the results of the conducted
exploration core drilling and presents a realistic sce-
nario. In model PTM2 is assumed that there are hy-
drogeological windows in the separating clay layer,
through which an active mass exchange between
the two aquifers can take place and manganese can

occur in the pumping wells after their exploitation
is started. This assumption is not based on specific
data, but is made by analogy with a remote area lo-
cated at the left bank terrace of the Vacha River.
Obviously, this model considers a conservative and
difficult to implement scenario.

Results and discussion

The developed prognostic mass-transport models
show two possible scenarios for the seepage of Mn-
contaminated waters towards the pumping wells of
the reconstructed groundwater extraction system.
According to prognostic model PTM1 the Mn-con-
taminated groundwater from the upper aquifer will
begin to seep in depth through the separating clay
layer and in 3—4 years will probably reach pump-
ing well W3a. After 5 years, it is possible that the
other duplicating wells (W2a and W4a) will also
be affected. Afterwards, most likely in 10 years,
the seepage of Mn-contaminated waters from the
artificial lake will reach these three wells. It is pos-
sible that contaminated waters from the upper ag-
uifer will reach the screen of W1 that is located in
the lower aquifer, but this may happen only after
18-20 years. Polluted waters entering the wells will
mix with fresh water from the lower aquifer and it
is quite possible that the manganese concentration
in the pumped “mixed” water will be lower than the
permissible limit for drinking water. It is important
to note that this is the most probable and realistic
scenario for the possible occurrence of manganese
in the duplicating pumping wells.

According to prognostic model PTM2 the con-
tamination of the wells with manganese from the
upper aquifer will be sharply accelerated in the pres-
ence of hydrogeological windows in the separating
clay layer. Prognostic calculations show that if the
separating clay layer is disturbed near a particular
well, e.g. at about 67 m, the contaminated waters
coming from the upper aquifer will most likely
reach this well in just a few months. In case these
discontinuities are much more distant, wells can be
expected to become contaminated by manganese af-
ter 1-2 years. In fact, this scenario is almost impos-
sible to be realized, since none of the exploration
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core drilling surveys carried out in the study area
have identified hydrogeological windows in the
separating clay layer. However, it has be taken into
account that this may happen if the old and already
contaminated wells W2, W3, and W4 are not liqui-
dated (plugged) properly before the exploitation of
the duplicating pumping wells is started.

Conclusion

The obtained results demonstrate the efficiency of
three-dimensional (3D) numerical flow and mass-
transport models as a tool for assessment and prog-
nostication of the potential negative impacts caused
by contamination of the surface waters and/or of the
upper water-bearing layer of an aquifer complex
composed of alternating and regionally sustained
aquifers and aquitards. The proposed approach can
be successfully applied in regions with similar hy-
drogeological and environmental problems.
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