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Characteristic groundwater level regimes in the capture zones of radial
collector wells and importance of identification (case study of Belgrade

Groundwater Source)
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Abstract. Assessment of the operating modes of radial collector wells reveals that the pumping levels in
the well caissons are very low relative to the depth/elevation of the laterals, which is a common occurrence at
Belgrade Groundwater Source. As a result, well discharge capacities vary over a broad range and groundwa-
ter levels in the capture zones differ even when the rate of discharge is the same. Five characteristic ground-
water level regimes are identified and their origin is analyzed using representative wells as examples. The
scope and type of background information needed to identify the groundwater level regime are presented and
an interpretation approach is proposed for preliminary assessment of the aquifer potential at the well site for
providing the needed amount of groundwater.
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Ancrpakr. [IpmwimkoM aHaIM3upama pexknMma pajga OyHapa ca XOPU3OHTAIHHM JPEHOBHMa, yOueHa je
10jaBa Koja MpecTaBba TOTOBO KOHCTAHTY Ha Oe0rpackoM H3BOPHIITY MOA3EMHHX BOJIA, @ TO j€ /1a CE HUBOU
y OyHapCKHM LIaXTOBMMa Hajla3e BeOMa HHCKO y OJHOCY Ha AyOMHY/KOTY YTHCHYTHX IpeHoBa. Kao pesynarar
OBAaKBOT CTama, KalaluTeTH OyHapa Bapupajy y UIMPOKOM JMjana3oHy, a y HENOCPEIHOM OKpYXerwy OyHapa
ce hopmupajy BeoMa pa3IHYUTH HUBOM TIOA3EMHHUX BOJA, YaK W MPHU MCTOM KamarnurteTy OyHapa. M3mBojeHo
je meT KapakTepUCTHYHHMX PEKHMMa HUBOA HM3JIaHH, JIOK CY YCJIOBH HUXOBOT ()OpMHUparha aHAJIM3HPAHU Ha
pUMepHMa pernpe3eHTaTuBHUX OyHapa. IlpencraBibeHn cy 0oOMM M BpCTE TOIUIOra KOjuMa je MOTPeOHO
pacronaraTi y Uu/by WACHTH(UKALU]Ee peKUMA U MPEATIOKEH je TPHUCTYI HEroBOr TyMauema MyTeM KOT je
Moryhe npenuMuHapHO JedUHUCATH NOTEHIMjal BOAOHOCHE CpeIMHE Ha JIoKauuju OyHapa 3a oOe3deheme
NOTPEOHNX KOJMMYHMHA MOI3EMHHUX BOJA.

KibyuHe peun: BogocHabneBame, OyHap ca XOPH30HTAIHUM JIPEHOBUMA, PEKUM HHBOA MTOJ3EMHHX BOJA.

Introduction

Operation of radial collector wells is managed by
regulating water levels in the well caisson (i.e. con-
trolling well drawdown). At Belgrade Groundwater
Source (BGWS), groundwater levels in the caissons
(pumping levels) have for years been low relative to
the well laterals. This is primarily a result of a reduced
capture capacity of the laterals, caused by multiple
decades of exposure to corrosion and colmation
(DIMKIC et al. 2011a, 2011b, 2012; PoLomcic 2000).
It is safe to say that a large drawdown and modest well
discharge capacity are recognizable BGWS features

today, as clear indicators of the condition of the wells
and the groundwater extraction regime.

The starting point of the research reported in this
paper was the observation that maintenance of, as a
rule, low pumping levels in the caissons of radial col-
lector wells has resulted in a broad range of discharge
capacities (from 3 to 150 I/s), and that as a result of
such an operating mode, different groundwater level
regimes are formed in the zones of influence of the
wells.

It is clear that the discharge capacity of a radial col-
lector well is a function of the number and condition
of active laterals, as well as the hydrologic features of
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the site and aquifer recharge conditions. As such, sig-
nificant variations in the rates of groundwater extrac-
tion between the wells are indicative of large differ-
ences in the functional condition of their groundwater
capture components and a pronounced heterogeneity
of the lithologic composition and filtration character-
istics of the porous medium in the near-well region.

Several characteristic groundwater level regimes
can be identified with regard to the currently intensive
operating mode (large well drawdown), such that the
wells are grouped accordingly.
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as well as specific paleoclimate conditions throughout
the Quaternary period.

Tectonic activity is manifested by multiple uplifting
of the horst of Mt. Fruska Gora to the northwest and
the Belgrade hills to the south, along with sinking of
the Sava paleo trench between these two formations
(ToLnc et al. 2014). Dramatic global climate change
during the Pleistocene is another major initiator of the
origin of the characteristic polycyclic framework of
the BGWS sediments. This groundwater source cor-
roborates the rule that regional changes in the geolog-
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Fig. 1. Geographic location of Belgrade Groundwater Source.

Geologic framework and
hydrogeologic features

Belgrade Groundwater Source (BGWS) is located
along the Sava River, in Quaternary fluvial sediments.
The boundary of the groundwater source (protection
zones) encompasses, for the most part, the areal extent
of the contemporary alluvial plain of the Sava River at
Belgrade. Its main natural feature is an extremely het-
erogeneous lithostratigraphic composition and diverse
hydrogeologic properties of the sediments (even in a
very small space — within the capture zone of the late-
rals of a single radial collector well). This state of
affairs is a result of a highly complex origin, based on
current knowledge, associated with intensive tectonic
activity in the Late Pliocene and Lower Pleistocene,

ic framework are a result of tectonic activity, whereas
local changes are under the influence of climate.

The impermeable aquifer floor formed in fluvial
sediments is represented by so-called lacustrine-bog
deposits of the Plio-Pleistocene (there are only local
older rocks), composed of clay, sand and silty clay.
Their thickness at BGWS has not been determined
reliably, but it is believed to be greater than 100 m.

The unconfined aquifer is formed in sediments
whose thickness is from 25 to 30 m in the downstream
sector of the BGWS and about 20 m upstream from
the Ostruznica Bridge. They are comprised of two
Quaternary stratigraphic units:

— Lower Pleistocene polycyclic fluvial sediments, and
— Holocene sediments of the contemporary channels
of the Sava River and its tributaries.
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At BGWS, groundwater is tapped from the older
Quaternary strata (previously known as the “Makis
layers” or “layers with Corbicula fluminalis” and to-
day as “layers with Pleistocene Corbicula” — GAUDE-
NYI et al. 2015). The structure of both old and recent
water-bearing sediments is polycyclic, as a result of
multiple sedimentation stages of bed-load deposits
and floodplain deposits, with frequent formations of
oxbow lake deposits.

Common to all cycles is that, as a rule, there are
strata of bed-load deposits, comprised of gravel and
sand, towards the bottom, which turn sandy near the
bed surface and feature different grain sizes.

The final part of each cycle consists of local sedi-
ments of floodplain deposits: clay, silty clay and silt.
With regard to groundwater extraction and operation
of the radial collector wells, the hydrogeologic signif-
icance of these ultimate stages of the sedimentation
cycles (which are generally referred to as a “semi-per-
meable interbed”) is exceptional. Given that they are
semi-permeable rocks, they constitute a barrier for
groundwater flow to the laterals. As such, their pres-
ence limits and impedes groundwater extraction and
operation of the wells.

In the contemporary Sava Valley, Holocene sedi-
ments lie discordantly over Lower Pleistocene strata.
Middle and Upper Pleistocene fine-grain sediments
had previously been severely eroded in the Holocene
river channel stage. The average thickness of these
strata is 10—15 m.

On the ground surface, there are recent floodplain
sediments, which virtually cover the entire alluvial
plain of the Sava River. They are comprised of silt,
silty sand, and silty and fine sandy clay. They provide
sound protection of the aquifer against pollution from
the ground surface.

The highly—complex framework of the BGWS flu-
vial deposits is currently explained most fully by
Shantser’s model of the constrative dynamic phase of
alluvium formation (NENADIC ef al. 2010), along with
the influence of tributaries from the slopes that form
the perimeter of the alluvial plain (KNEZEVIC ef al.
2012). However, sudden lateral alternation of sedi-
ments featuring different lithologic and geochemical
compositions, often only a few meters apart, indicates
that this model is simplified but still effectively used
to address practical engineering problems (where it is,
as a rule, enough to define the vertical lithologic strat-
ification).

Additional exploration is needed to identify the
effect of the tributaries on aggradation of the Sava
trench in the Pleistocene. Given the past individual
efforts and the contributions of those who explored
this terrain, a team of explorers from different geolog-
ical disciplines (along with required resources) is
needed to develop a proper geological model of the
origin of the BGWS terrain.

Characteristic groundwater level regimes

Regime 1: This characteristic groundwater level re-
gime is found in conditions where the pumping level
is at a small height above the laterals, which results in
a significant drawdown in the capture zone of the late-
rals, distinct spatial irregularity of the groundwater
levels in the zone of influence of groundwater extrac-
tion, and modest well discharge capacity.

A typical example of this groundwater level regime
is well RB-46. Over the past five years, the pumping
level has been maintained at 55.40 m above sea level
(3 m above the laterals), which has resulted in a dis-
charge rate of some 20 I/s (Fig. 2).
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Fig. 2. Discharge capacity of well RB—46.

(Explanation: IJC and BVK denote monitoring campaigns
undertaken by Jaroslav Cerni Institute for the Development
of Water Resources and Belgrade Waterworks and Sewe-
rage PUC, respectively; P stands for a spring campaign and
J for an autumn campaign.)

The condition of the laterals of well RB-46 is poor.
Underwater filming of the inside of the laterals
revealed that five of the six active laterals were signif-
icantly filled with aquifer material at the very inlet
(solid pipe).

Since the actual lengths of the laterals could not be
determined accurately, all the active laterals were sim-
ulated on the hydrodynamic model (BozoviC et al.
2015) as having a screen length of 20 m. Detailed cal-
ibration of the hydrodynamic model, which simulated
perennial groundwater regime, revealed that only
three laterals were actively involved in groundwater
extraction.

There are three observation wells (RB-46/P-1, P-2
and P-3) in the capture zone of well RB-46, whose
piezometer screens are short and installed at the same
depth as the laterals (an important condition in studies
of groundwater level regimes in the zone of influence
of radial collector wells). The groundwater level dif-
ferences (Fig. 3) reported by these piezometers are
substantial, which leads to the conclusion that they are
distinctly a function of distance from the functional



46 DiorpiE Bozovi¢, DUSAN POLOMCIC & DRAGOLJUB BAI¢

laterals. Immediately beyond the capture zone of the
laterals, the groundwater levels are not influenced by
the well. Instead, they fluctuate according to river
stage variation.

Sava RB-46/P - 1
RB-46/P -3

Ps- 46- 16

RB-46/P - 2
PRb-46/47 -2z

VIC et al. 2015). The considerable aquifer drawdown
(up to 10 m) in the capture zone of the laterals sug-
gests that the filtration properties of the other litho-
stratigraphic layers (not only those of the layer in
which the laterals are emplac-
ed) are modest. As such, the

Groundwater level (m.a.s.l.)

wells in this group cannot be
expected to provide substan-
tial amounts of water. This was
corroborated by hydrodynamic
analysis, which examined the
effectiveness of replacing the
old laterals of this well by in-
stalling six new, 50 m long lat-
erals. Model simulations show-
ed that the discharge capacity
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Fig. 3. Groundwater levels in the zone of influence of well RB—46.

Fig. 4. Water table in the zone of influence of well RB—46
(on 25 Oct. 2012, BozoviIC et al. 2015).

This groundwater level regime is determined by
modest filtration characteristics of the aquifer in the
area of the well. Specifically, the hydraulic conductiv-
ity of the layer in which the laterals of well RB-46 are
emplaced is K=1-10"4 m/s. There is not much of the
semi-permeable interbed in this zone. The small dif-
ference between the pumping level and the groundwa-
ter level at piezometer RB-46/P-1, which is located
adjacent to (or in technical jargon “on”) lateral No. 8,
indicates that this lateral is not significantly colmated.
This has been corroborated by model testing (Bozo-
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of only 35 I/s was to be antici-
pated (when the stages of the
Sava River are low and when
the pumping level is 6 m abo-
ve the elevation of the laterals,
according to BozoviC et al.
2016a).

It follows that in this characteristic groundwater
level regime, when the pumping level is low, there is
a significant aquifer drawdown adjacent to the lateral.
As the distance from the lateral increases (even at the
center distance between two neighboring laterals), the
groundwater level increases progressively and the
water table acquires a characteristic three-dimension-
al pattern (Fig. 4). The discharge capacities of this
group of wells are modest even when the laterals are
in good condition.

Regime 2: In this group of wells, when the pump-
ing level is low, the groundwater level in the zone of
influence of the well remains high above the laterals
(close to the ground surface), which results in a mod-
est well discharge capacity. The reason for this is col-
mation of the laterals, which reduces the porosity of
the screen and filtration characteristics of the skin
zone and thus hinders groundwater infiltration into the
laterals and prevents a higher discharge capacity of
the laterals and the well itself.

Well RB-7m was selected to portray the groundwa-
ter extraction and flow conditions typical of this
regime. The condition of the laterals of well RB-7m is
rather poor. Out of the eight laterals installed in 1978,
over the past 20 years only four have remained open
but they are so filled with aquifer material that they
could not be filmed over a distance of more than a few
meters (Fig. 5).

The presence of boulders and fragments of the
aquifer matrix inside the laterals indicates that the
screens are severely damaged (by corrosion) and that
mechanical rehabilitation is no longer a viable option.
Since it will not be possible to increase the discharge
capacity of this well while retaining the old laterals,
emplacement of new laterals is required.
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Fig. 5. Lateral filled with aquifer material.

The laterals of this well are installed at an elevation
of 51.50 m.a.s.l. and the pumping level is maintained
at about 56.50 m.a.s.l. The well discharge capacity has
for years been roughly 20 I/s (Fig. 6).
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Fig. 6. Discharge capacity of well RB—7m.

Sava RB-7M/P-1 RB-7M/P-2

Groundwater levels in the zone of influence of well
RB-7m, which is monitored by means of three new
piezometers, are under the dominant influence of river
stage variations, or rather changes in water levels of a
nearby channel which is in hydraulic contact with the
river. The drawdown caused by pumping has been
tested on several occasions by multiple-day recovery
tests and restarting of the well. The findings were that
the aquifer drawdown was virtually negligible relative
to the quasi-static groundwater level of the aquifer
and that it did not exceed 1 m at the piezometers,
while the caisson drawdown was 12—15 m (Technical
report).

In general, the groundwater levels in the area of
well RB-7m fluctuated between 67 and 70 m.a.s.l.
(Fig. 7). At medium and low stages of the Sava River,
the difference between the groundwater level and the
river stage was about 3 m. It decreased with increas-
ing stages, such that at high stages (above 73 m.a.s.l.),
the groundwater level was close to the ground surface,
despite pumping.

The fact that at 20 1/s there is a practically negligi-
ble aquifer drawdown (contrary to that of well RB-46,
which is 10 m at the piezometer closest to a lateral and
which registered the lowest levels, at the same pump-
ing rate and similar states of the laterals), indicates
that the capacity of the site of well RB-7m is consid-
erable. This was corroborated by hydrodynamic
analysis, which showed that installation of five new
laterals at the same depth as the existing laterals, with
a pumping level of 6 m above the laterals, will result
in a discharge of 75 1/s (BOzoVIC et al. 2016a).

Given that the laterals of this well, like on most
BGWS wells, are not installed in the layer that fea-
tures the best grain—size distribution and filtration
characteristics (as a rule, this is the lowest/oldest
layer), hydrodynamic modeling was undertaken to test
the emplacement of new laterals in that layer, which
requires prior reconstruction of the caisson (according

to BozoviC et al. 2016b, 2016c¢).

RB-7MIP-3 The results suggest that in such
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a case the achievable rate of
groundwater extraction is clo-
se to 100 I/s (BozoviC et al.
2016a).

Regime 3: In this case,
maintenance of a low pumping
level results in a high dis-
charge capacity of the well. A
high rate of groundwater ex-
traction at any site is coupled
with a considerable drawdown
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Fig. 7. Groundwater levels in the zone of influence of well RB—7m.
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high discharge capacity of the laterals means that they
are hydraulically open (i.e. not colmated), such that
the differences between the pumping level and the
groundwater level of the aquifer in the capture zone of
the laterals are small.

Well RB-23 is an example of this type of ground-
water flow and extraction. The well features the high-
est discharge rate at BGWS. In 2015, the pumping
level was maintained at 54.0 m.a.s.l. and the resulting
discharge rate was 150 I/s (Fig. 8).
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Fig. 8. Discharge capacity of well RB-23.

Neighboring wells RB-22 and RB-21, located
upstream and downstream from representative well
RB-23 (Fig. 9), are also high—capacity wells. In gen-
eral, this part of BGWS is a zone of a superior mecha-
nical composition, filtration characteristics of the sed-
iments and hydrochemical quality of the groundwater,
where average well discharges are higher than in other
parts of BGWS (DIMKIC ef al. 2011a). A decline in
capacity of a single well (usually due to pumping level
increase) boosts the discharge capacity of the neighbor-
ing well, leaving the impression of a “well-developed”
water-bearing medium.

The laterals of well RB-23 have been emplaced at
two elevations. There are eight laterals at 47.80 m.a.s.1.
and six at 56.30 m.a.s.l. The lower laterals were film-
ed by an underwater camera and their length found to
be 384 m. It was interesting to note that the laterals
were vertically displaced, but pointing downward (to
the aquifer floor), which is a rare occurrence given
that displacements tend to be in the upward direction.
Although the caisson openings are at 47.80 m.a.s.l.,
the laterals are emplaced at depths ranging from 47.80
to 44.00 m.a.s.l. As a result of displacement, the later-
als tap the layer that features the best filtration charac-
teristics (first Pleistocene sedimentation cycle), which
has had a favorable impact on the discharge capacity
of the well. It is evident that such a capacity of well
RB-23 would not have been achieved, even if the con-
dition of the laterals was good, had not the aquifer
potential at this location been very high.

The groundwater surface in the capture zone of
well RB-23 is typical of a high hydraulic conductivi-

ty aquifer: the impact of groundwater extraction
spreads far beyond the capture zone of the laterals and
the groundwater surface in this zone features a low
groundwater level gradient. However, the groundwa-
ter levels in the capture zone of this well are low rel-
ative to the pumping level, meaning that the ground-
water level is not really consistent with that expected
in a setting where hydraulic conductivity is high, even
with such a substantial well discharge capacity. The
actual situation therefore suggests that there is some-
thing that causes additional drawdown in the extend-
ed area of the well, which requires a more detailed
study for a full understanding of the regime.

Exploratory boring revealed the presence of the
interbed, lithologically represented by 3 m thick silty
clay, whose spread in this part of BGWS is consider-
able (and the reason for two levels of laterals). The
hydraulic role of the interbed is such that it virtually
divides the aquifer into two parts — shallow and deep.
As a result, observation wells are paired. A pair is
comprised of a piezometer whose screen is in the
lower part of the aquifer and a piezometer in the shal-
low part (below and above the interbed).

The Sava River has incised its channel shallow in
the capture zone of well RB-23 (up to an elevation of
64 m.a.s.l.). The interbed also spreads below the
riverbed, corroborated by observation wells drilled
from the river surface. The interbed causes active
infiltration of surface water only into the shallow part
of the aquifer and thus the groundwater levels record-
ed by the “shallow” piezometers respond more strong-
ly to river stage variation than the “deep” piezometers.
The groundwater levels at the deep piezometers are
predominantly affected by pumping, such that their
response to river stage fluctuations is not as prono-
unced. The average groundwater level at the shallow
piezometers, RB-23/P-2 and RB-23/P-4, over the past
ten years has been at 59.94 and 60.78 m.a.s.l., respec-
tively. At the same time, the groundwater level record-
ed by the deep piezometers (RB-23/P-1 and RB-23/P-
3) has been at 57.12 and 58.47 m.a.s.l., respectively.
As such, the difference between groundwater levels
recorded by the deep and shallow piezometers is
about Ah=2.5 m and they are only one meter apart.

The plot of groundwater level fluctuation at the
piezometers (Fig. 10) also corroborates a considerable
spread of the interbed. The lowest groundwater level
is registered by piezometer RB-23/P-1, which is locat-
ed “on” lateral No. 1. The difference between this
groundwater level and the pumping level is minimal,
which is an indication that the lateral is hydraulically
open and in good condition. Over the past three years,
the difference between the groundwater levels at RB-
23/P-1 and the shallow piezometer with which it is
paired has been about 4.5 m and is the highest among
the piezometer pairs, as expected. This difference is
3.5 m in the case of observation wells RB-23/P-2 and
P-4, which are located within the capture zone of the
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Fig. 9. Locations of observation wells in the zone of influence of production well
RB-23.
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Fig. 10. Groundwater levels in the zone of influence of well RB-23.

laterals but farther away from the well caisson.
However, the differences in groundwater levels
between the shallow and deep piezometers of pairs
ZNB-1 and ZNB-2 are large (about 2 m), even though

49

ing levels have been main-
tained at 51.75 m.a.s.l., on
average. The laterals are locat-
ed at 48.25 m.a.s.l.,, meaning
that the pumping level in the
well caisson is rather low and
only 3.5 m above the laterals.
Compared to the initial sta-
te, the current condition of the
laterals is such that they are
only partly functional. Out of
the eight installed laterals,
only six are open at present, of
which four have retained most
of their initial lengths (from 43
to 54 m). The lengths of the
remaining two, according to a
video recording, are 15 and 20
m. The inside of the laterals
was filmed in 2007, showing
that corrosion of the screen pi-
pes has caused many of the
slots to become enlarged or
groups of slots to be joined
together. As a result, there is
coarse material from the poro-
us medium inside the laterals.
Only one lateral exhibits a sig-
nificant vertical displacement.
In the vicinity of this well
there are three old piezometers
with 1.5 m long screens at a
depth of about 20 m. There are
also five new piezometers, two
of which form a pair. The scre-
en length of the new deep pie-
zometers is 3 m, generally in
the depth range of 24.5-27.5 m.

Semi-permeable sediments have been detected only
locally, in the zone of piezometer RB-41/P-1.

RB-41

they are at a significant distance from the caisson of
well RB-23 (150 m and 200 m, Fig. 9). This is attrib-
utable to the presence of the semi—permeable inter-
bed, which causes the effect of pumping to be trans-
mitted far from the immediate zone of the well. If that
were not the case, the groundwater levels at these
observation wells would have been equal.

Regime 4: In this regime, the pumping levels are g =3
low, the well discharge capacity is sound (higher than = R B
the present BGWS average) and the drawdown in the
capture zone of the laterals is moderate. The wells in
this group feature groundwater levels between those
of the first and second characteristic regimes. Well
RB-41 is an example.

Over the past five years, the discharge capacity of
well RB-41 has been 4045 I/s (Fig. 11). The pump-
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Fig. 11. Discharge capacity of well RB—41.

The groundwater levels recorded at the observation
wells fluctuate over a broad range, 60-70 m.a.s.l.
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(Fig. 12). The groundwater level at the piezometers is
a function of their distance from the laterals, which
are rather long. At the same time, all the piezometers
respond quite strongly to river stage variation.
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specific geochemical, hydrochemical, microbiologi-
cal, lithologic and grain-size conditions of the geolog-
ical setting and the groundwater, as well as by prod-
ucts of bacterial activity.

As a rule, a decline in well

Sava RB-41/P- 1 RB-41/P-2d RB-41/P-2p RB-41/P-3 . . .
- RB-41/P-4 Ps-41-3 Ps-41-4 Ps-41-11 dlscharge capa01ty due to bio-
o ) chemical or mechanical col-
= 72 mation is manifested differ-
5 70 em ently from that caused by cor-
E . .
S 66 «J8 L L rosion. Corrosion leads to
] e X X X
x X . .
5 e " Ml TR = degradation of the material
g o ’é‘;,‘; %ﬁ; % x % +ﬁ'm*f‘ﬁ- Lh e ' ey ™ from which the screen pipes
£ " e T w ¥ e T are made, such that their phys-
S 60 m Ty . ..
o o | ical characteristics are altered.
) ) B Cor_rosion is initially accom-
o+ il heicd i L panied by gradual filling of
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Fig. 12. Groundwater levels in the zone of influence of well RB—41

Piezometer RB-41/P-1 registers the lowest ground-
water levels. Since it was installed in 2008, the
groundwater levels at this location have been in the
interval 59.5-63.5 m.a.s.l. However, over the past
three years the groundwater levels at this piezometer
have been somewhat higher, with a mild upward
trend. It has been at 62.80 m.a.s.1., on average, and the
river stage participation during that period was about
50% (71.20 m.a.s.l.). As such, river stages did not
cause the groundwater levels in the well capture zone
to rise. Instead, this state of affairs is indicative of col-
mation/deterioration of the laterals due to high pump-
ing rates and wear—and-tear.

The aquifer drawdown in the zone of influence of
the wells of this group is not very pronounced, which
indicates that the filtration characteristics of the aqui-
fer are sound. Additionally, it shows that the ground-
water levels are affected by both pumping and river
stage fluctuations, given that the river is the main
source of aquifer recharge. For this reason it is realis-
tic to expect that replacement of laterals in this group
of wells will result in a significant capacity increase
(of course, when discharge rates fall to or below the
current average).

Regime 5: The last of the characteristic groundwa-
ter level regimes pertains to wells whose laterals are
exposed to pronounced colmation. Well ageing is a
process that leads to a decline in discharge capacity for
various reasons (natural, anthropogenic and their syn-
ergy). Colmation is one of the specific forms of well
ageing, typical of radial collector wells at BGWS.
Namely, BGWS wells are often colmated by iron sed-
imentation (iron concentrations in the groundwater
are high, 2—4 mg/l according to DIMKIC et al. (2011a),
although not evenly distributed over space), due to

the pipe with aquifer material
and once structural integrity is
lost, a part of or the entire lat-
eral collapses. This affects the
operating mode of the well
(i.e. the pumping level) and
the rate of discharge declines
as a result. In essence, corrosion of screen pipes and
colmation of laterals have different causes and mani-
festations, but the final outcome is the same (Po-
LOMCIC, 2001).

In cases where it is not possible to make a video
recording of the inside of the laterals, the effect of the
collapse or colmation of a lateral can be identified by
analyzing well discharge variations and groundwater
level fluctuations in the capture zone. Given that a
total or partial collapse of a lateral is nearly instanta-
neous, the well discharge capacity changes/declines
suddenly. Conversely, colmation is a rather slow
process and the decline in discharge capacity general-
ly exhibits a uniform trend.

Well RB-42 is a representative example of the
group of wells where the decline in capacity is caused
by colmation of laterals. The concentration of bivalent
iron in this well is about 2.5 mg/I and that of total iron
greater than 3.0 mg/l. All the laterals of the well are
open, but five are filled at the very beginning. Three
laterals (nos. 1, 7 and 8) have retained their original
lengths. The laterals are emplaced at an elevation of
50.50 m.a.s.l. The pumping level has for many years
been maintained at 53.50 m.a.s.l., and then began to
fluctuate around 55.25 m.a.s.l. three years ago. Over
the past decade, the discharge capacity declined from
more than 50 I/s to less than 10 I/s (Fig. 13), even
though the pumping levels had not changed by much.

There are two piezometers (Prb-42-1 and Prb-42-2)
in the capture zone of the laterals and one (Prb-42-z)
beyond. When installed, they revealed the presence of
the interbed, which explains the large difference in
groundwater levels between the capture zone of the
laterals and the area beyond (especially at the begin-
ning of the analyzed time period, Fig. 14).
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25.02.2016
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Fig. 13. Discharge capacity of well RB—42.

Sava PRb-42-1 PRb-42-2

such wells have been fewer from year to year and the
effects of rehabilitation less and less notable.

Conclusions

Today, the functional state of radial well laterals
has a dominant effect on the well discharge capacity
at Belgrade Groundwater Source. The condition of
screen pipes and the hydraulic characteristics of the
skin zone are the main reasons for the significant
decline in pumping levels in the well caissons and
modest discharge capacities of the wells.

The present research has
shown that assessment of the
effect of operation of radial

PRb-42-z

Groundwater level {m.a.s.l.)

collector wells on groundwa-
ter levels in their immediate
vicinity needs to be founded
upon recognition of the char-
acteristic spatial heterogeneity
of the lithologic composition
and filtration characteristic of
the aquifer layer tapped by
this type of wells (usually of
Quaternary age and alluvial
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Fig. 14. Groundwater levels in the zone of influence of well RB—42.

The BGWS management practice is such that when
a decrease in well discharge is noted, an attempt is
made, as a rule, to compensate by lowering the pump-
ing level in the caisson. Given that the pumping level
in well RB-42 has been lowered as far as possible, it is
not possible to increase the discharge rate on account
of additional drawdown. Mechanical rehabilitation of
the laterals would certainly result in damage and col-
lapse of three functional laterals. Consequently, the
discharge capacity of this well can only be increased
by installing new laterals. A further decline in dis-
charge capacity, and the resulting increase in ground-
water levels in the capture zone of this well, can be
predicted from Figs. 12 and 13. A total loss of the cap-
ture capability of the laterals would equate the ground-
water levels at piezometers Prb-42-1 and Prb-42-2 in
the capture zone of the laterals with that of piezometer
Prb-42-z, which is farther inland.

In the case of wells that exhibit clear signs of col-
mation, at low pumping levels the discharge capacity
gradually declines over time. This decline is manifest-
ed by groundwater level variation in the capture zone
of the laterals, which rises slowly but continually.

In a certain number of wells in this group, colma-
tion can be slowed down by rehabilitation, although

05.06.2013
03.09.20
03.12.20
03.03.20
02.06.20
31.08.20
30.11.20

origin).

In order to analyze the gro-
undwater level regime in the
capture zones of radial collec-
tor wells, certain information
is needed about the condition
of the functional Iaterals,
pumping levels, groundwater level fluctuations at
suitably designed and located observation wells, and
the main indicators of the biochemical composition of
the groundwater.

Identification and analysis of the groundwater level
regime in the capture zone of a radial collector well
constitute a reliable, representative and relatively sim-
ple method for gaining insight into the well site poten-
tial in terms of groundwater withdrawal and creating
conditions for proper selection of wells that need to be
rehabilitated or their degraded and non—functional old
laterals replaced.
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Pe3ume

KapakrepucTnynm pe:kuMu HUBOA
U31aHM Y 30HU OyHapa ca XOPU30HTAJTHUM
JAPEeHOBMMA U 3HA4YAj lbUXOBE
uaeHTU(PUKALMje (MPpUMepH 0eorpaacKor
U3BOPHIITA MOA3eMHHUX B0O/A)

VrpaBibame peXUMOM paga OyHapa ca XOpH30H-
TQJIHUM JIPEHOBUMA BPILH C€ KOHTPOJIMCAHUM CHIDKE-
HEM HHBOA BOJIE Y BOAOCAOMPHOM OyHAPCKOM IIAXTY.
O0opeHn paJHu HUBOH, 33j€THO ca CKPOMHHM TIPO-
CEeYHHMM KamamuTeToM OyHapa JaHac MpeacTaBibajy
NPENO3HATIBUBY OUIMKY OEOrpajicKOr H3BOPHIITA
MO/I3EMHMX BOJAa M jacaH IOKa3aresb CTama BOIO3-
axBaTHUX O0jeKara M peknMa eKCIUIoaTaIrje TTOI3eM-
HHX BOJIa HA HEMY.

VYoueHo je ma oApkaBamke HUCKUX HHBOA MOI3EM-
HHUX Bojia y OyHapuMma MMa 3a pe3ysiTaT KaraluTeTe
4YHje ce BpeAHOCTH Kpehy y MupoKoM Jrjana3ony, oj
3 1o 150 I/s, xao u 1a ce y HeToCpeHOj 30HH YTHIIaja
OyHapa/ekcruioaraiyje MmoA3eMHUX Bojaa (GpopMupajy
BEOMa PA3MYUTH PEKUMH HHMBOA m3naHu. Kamarm-
TeTu OyHapa cy cBakako (yHKIHMja Opoja 1 cTama ax-
THUBHUX JIPEHOBA, KAa0 M XHUJIPOTCOJIOMIKHX OJUINKA H
ycJIOBa TpHXpamuBamka BOJOHOCHE cpenune. Crora,
BEJIMKE pa3iifKe y KOIMYMHN 3aXBaheHHX ITOJ3eMHUX
Bosa m3Mmel)y OyHapa yka3yjy Ha BENHKE pasiuKe Y
(YHKIMOHAIHOM CTamy HHXOBHX BOIOIPH]EMHHUX
JIeTIOBa, Ka0 W Ha M3PAXKEHY XETEPOTeHOCT JIUTOJO-
IIKOT cacTaBa M (PMITPAIIMOHUX KAPAKTEPHCTHKA Cpe-
JIMHE Y HEMIOCPEIHOM OKpyXKemwy OyHapa.

ViIpaBo ce 3a IPOCTOPHY XETEePOreHOCT JIUTOCTpA-
TuTpad)CKOr cacTaBa ceMMEHaTa (4ak U Ha CAaCBUM Ma-
JIOM TIPOCTOPY — y 30HU JIeTie3e JpeHoBa jemHor OyHa-
pa) Mmoxxe pehu na mpezicTaBiba OCHOBHY IPUPOIHY O
JMKy OeorpaJcKor M3BOPHUINTA IMOA3EMHUX Boxa. OBa-
KBO CTame€ je pe3yiITaT KOMIUIEKCHHX YCJIOBa Te€Hese,
npeMa aKkTyeTHHM CXBaTarbHMa Be3aHe 32 MHTCH3UBHY
TEKTOHCKY aKTUBHOCT KOja C€ OJIBHjaJia TOKOM Kpaja
TUTHOLICHA H JIOF-ET IUIENCTOIIeHA, Kao U 3a crienuduane
MAJCOKINMATCKE YCIOBE TOKOM IIEJIOT TIEUCTOLICHA.

VY oxHOCcy Ha mMOoCTOjehn WHTEH3WBaH PEXHUM paja
OyHapa, MOXKe ce TPETIO3HATH U U3/IBOJUTH HEKOIHUKO
KapaKTePUCTUYHUX PEKUMa HUBOA MOA3EMHUX BOJA,
300r yera ce u OyHapH MOTY CBPCTaTH y BUIIIE IpyTia.

[IpBu M31BOjEeHN peXNM HUBOA TOA3EMHHUX BOJIA j&
MIPUCYTaH KOJ| OHUX OyHapa KoJI KOjUX c€ HUBO BOJIE Y
OyHapCKOM IaxTy Hajla3d Ha Mayloj BUCHUHH HM3HAJI
JPEHOBA, IITO 3a PE3y/TaT MMa 3HA4ajHO CHIKEHE
HHMBOA MO/I3€MHHX BOJA y W3/IaHH y 30HU JIETIe3e Ape-
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HOB2, U3PA3UTO MPOCTOPHO HEMPABHUIHE HUBOE Y 30HH
yTHIIaja eKCIuIoaTanyje U CKpOMaH KaranuTeT OyHa-
pa. Pasznor 3a HacTtaHak OBaKkBOI HHBOA W3JIaHH CY
CKpOMHE (DUIITPAIMOHE KapaKTepUCTHKE BOJOHOCHE
Cpe/IMHE Y HeMOCPETHOM OKpYyX ey OyHapa. OBa 4u-
IEHUIIA YKasyje a ce 00aBJbamkeM JApeHoBa Ha OyHa-
pUMa KOjH TIPHITaJIajy OBOj TPYITH HE MOXKE OUEKHUBATH
3axBaTame 3HAYAJHUjUX KOJIWYMHA ITOI3EMHUX BOJA.

Kon rpyme O6ynapa koju mpumiagajy Ipyrom U3IBO-
JEHOM pEeXMMY HWUBOA W3JaHH, TpU 000PEHOM HHUBOY
BOJIC Y IIaXTy, HUBO MOJ3EMHHUX BOJIa Y 30HU OyHapa
0CTaje MIUTKO MCIOJ TOBPIIMHE TePEHa, OTHOCHO BH-
COKO M3HAJ HHMBOA y IAXTY, IITO PEe3yATHPa CKPOM-
HUM KarmanuTeToM OyHapa. Pa3nor oBakBor cTama je
npoliec KOJIMHUPama IPEHOBA KOjU JIOBOIU JI0 CMame-
Ha TIOPO3HOCTH PUIITEPCKE KOHCTPYKIIMjE U TprprII-
TEepCKe 30HE, YnMe clipedaBa WHQWITPAIH]y BOAE Y
JPEHOBE U OCTBapHBame Beher KanamuTeTa JIPeHOBa,
a caMuM THM U OyHapa. Y ciyd4ajy Kaaa cy APEHOBH
Ha OyHapuMa oOBe Tpyrie y JomeM (YHKIIHOHATHOM
cTtamy (ca kpymHuUM omTehemnma Ha QUITEpCKO]
KOHCTPYKIIMJU, 3apyIIeHH JeJIOM IOYeTHEe IYyXKHHE,
3aMyHeHH MaTepHjaioM MMOPO3HE CPEeIUHE), MEeXaHH-
YKe pereHepalije BHIIE HHje ONPaBIaHO W3BOIWTH,
300T yera ce KarmanuTeT OyHapa MOXe TIOBPAaTUTH ca-
MO YTHCKUBAambEM HOBUX JIPEHOBA.

Tpehoj rpynu mpumnamajy oHn OyHapu KOIl KOjHX
OJIpPKaBamke HUCKOT HUBOA BOJIC y IAXTy MMa 3a pe-
3yATaT BUCOK KamanuTeT OyHapa. Excroaramnuja 3Ha-
YajHUX KOJIMYMHA TIOI3EMHUX BOJIa Ha OWIIO KOjOj JIOKa-
IIUju Ha O€0Tpa/ICKOM U3BOPHIITY YCIIOBJbaBa U 3HAYA)-
HO CHIDKeHe HHBOa m3qanu. Moryhe jy je ocTBaputu
camo y ciydajy mo0por (pyHKIMOHAIHOT cTama, Beher
Opoja W JyXuUHE IPEHOBA, Y3 TMOBOJHHHU]jE XHUAPOTEO-
JIOIIKE yciioBe. BHCOK KamanuTeT qpeHoBa 3HauH Ja Cy
OHU XHJIPAyJIMYKHd OTBOPEHH, Tj. JIa HUCY KOJIMHPAHH,
300r 4era je pa3nuka m3Mel)y HiBoa Bozie y OyHapCKOM
HIaXTy U HUBOA Y M3/[aHU Y 30HH JieTe3e JPEHOBA MaJa.

YeTBpTH KapaKTEpPUCTHYAH PEKUM HHUBOA TOJ[3EM-
HUX BOZA je Be3aH 3a OHe OyHape KOJI KOjuxX ce y
YCIIOBUMA HUCKUX PaJIHUX HHUBOA OCTBAPY]y COJNUIHU
KamarureTy OyHapa (M3Hal JaHAIIkET IPOCceKa), 0K
j€ CHIDKCH:¢ HMBOA Y 30HHU JPEHOBA YMEPEHO, OJTHO-
CHO HHje 3HauajHUje n3pakeHo. Kao TaxBo, oHO yKa-
3yje Ha comujaHe (UITpAlMOHE KapaKTEepUCTHKE
BOJIOHOCHE cpenune. [lopen Tora, oHO ykasyje aa ce
HUBOW OCHM ITOJ] YTHIIajeM pajia OyHapa Haias3e v Moj
yTHIIajeM TIPOMEHE BOJI0CTaja peKe Kao TIIaBHOT U3BO-
pa npuxparmHBama u3anu. V3 Tor pasiora ce caHaim-
joM npeHoBa Ha OyHaprMa KOju TPUIIaaajy 0BOj TpyIH
y OJIHOCY Ha KapaKTEPUCTUYHH PEKUM HHBOA, MOXKE
OYEKHBaTH OCTBApPHUBahE 3HAYAJHIJUX KaIlallUTETa.

[Mocnenmy ol aHATM3UPAHUX PEKUMA HUBOA W3-
JTaHY je TIPUCYTaH KO OHUX OyHapa Ha KOjuMa je KOH-
CTaTOBaH MPOIIEC KOIIMHUParba JIPEHOBA. 32 Pa3JIuKy O]
OyHapa Jpyror KapakTepUCTHYHOT pEeXHMa, OBIE je
OH jOIII YBEK y akTUBHOj ¢azu. Y cirydajy OyHapa Ha
KOjuMa Cy €BHICHTHH €(PEKTH MpoIleca KOIMHPAmba,

P HACKOM HUBOY BOJIE Y IIIAXTY TOKOM BpEMEHa eKC-
IoaTaryje JIoJaas3u J0 MOCTEICHOT CMabheHha Karally-
Teta OyHapa. CMameme KarmanureTa ce MaHudecryje
KOHTHHYHPAHUM MPOMEHaMa HUBOA MOJ3EMHHX BOJA
Y 30HU JIPEHOBA, TAKO IITO HUBO U3JIaHK OJIaro U KOH-
CTaHTHO pacTe.

VYenen crienuUUHUX TEOXEMUJCKUX U JIUTOIONIKHUX
YCIIOBa TEOJIOIIKE CPEMHE M XEMHjCKOT U MHKPOOHO-
JIOITKOT cacTaBa IMOI3EMHHX BoOja, Ha OyHapuMma 0eo-
IPaJICKOT U3BOPHIIITA j€ YECTO 3aCTYIIBEHO KOIIMUPAHHE
M3a3BaHO TAJIOKeHeM TBokha (JUju je caapikaj y mof-
3eMHHMM BOJ[aMa W3BOPUINTA BUCOK, Maja MPOCTOPHO
HEpaBHOMEpaH) M IMpoAyKaTa aKTUBHOCTH oxpeheHmx
Bpcra OakTepuja. Onaname Karmaurera OyHapa ycien
OMOXEMHjCKOT MIIM MEXaHMYKOT KOJIMHpPama JIPEHOBA
Ce TIO TIPaBUIIy PA3IMYUTO MaHU(ECTYje O Omaaama
KaranuTeTa Koje ce JielaBa ycien Koposuje.

Edextn xomMupama ce MOTY HISHTH()HUKOBATH
aHAJIM30M ITPOMEHE KaranuTeTa OyHapa 1 ocuianmja
HUBOA MOJ3EMHUX BOJIa y FerOBOj HETIOCPETHO] 30HH.
Kako ce 3apymiaBame Jienia JIpeHa YCJea KOpo3uje
(buITepCKUX 1eBH JielaBa TOTOBO TPEHYTHO, TO €€ U
KararureT OyHapa Hario Mema, OJHOCHO CMamyje.
Konmupame ce, ca Jpyre cTpaHe, OfiBHja PEJIaTHBHO
CIIOpO, 300T Yera ornajame KanauTeTa iMa reHepal-
HO paBHOMEpPAH TPEH/I.

Ha oxpehenom 6pojy OyHapa Koju mpumanajy oBoj
IPYITH, TPOIEC KOJIMHUPAhA CE MOXKE YCTIOPHUTH CIIPO-
BohemeM pereHeparmje, Maja je 00jeKTHBHO Opoj Ta-
KBUX oOOjekarta W3 TOAMHE y TOAWHY CBE MambH, a
e(heKTH CIpoBeIEHUX Mepa CBE IUCKPETHH]H.

VY nuiby aHalu3e pekMMa HUBOA M3JIaHW y 30HH
OyHapa ca XOpPH30HTAJHUM APEHOBHMAa, TIOTPEOHO je
pacnonararu onpehernm mHpOpMaIjama 0: cTamy
AKTHBHHUX JIPEHOBA, HUBOMMA BOJIa Y IIAXTOBHMA Oy-
Hapa, ocIuIaljaMa HUBOA TOI3eMHHUX BOJa Y OCMa-
TPaYKUM 00jeKTHMa aJIeKBaTHE KOHCTPYKIIH]jE 1 MO3H-
IIUje y OJTHOCY Ha JPEHOBE, OCHOBHUM IOKa3aTeJbuMa
XEMHjCKOT ¥ MHUKPOOHMOJIOINIKOT cacTaBa 3axBaheHWX
MOJI3EMHHUX BOJIA.

CrpoBeicHO UCTPaKUBALE j& yKa3allo J1a aHan3a
edekara pamga OyHapa ca XOPH30HTTHUM JPECHOBHUMA
y cMuciTy (GOpMHUpaHHUX HHBOA W3IaHU y HHHUXOBOM
HETIOCPEIHOM OKpYy)Kely Tpeba OMTH yTeMeJbeHa Ha
MEPMAHEHTHOM YBa)kKaBarby KapaKTEPUCTHYHE IPO-
CTOPHE XETEPOTCHOCTH JIUTOJIONIKOT cacTaBa U (ui-
TPAIMOHUX KapPaKTEPUCTHKA CEMMEHATa BOJOHOCHE
CpeIrHEe y KOjuMa ce OBH 00jeKTH H3BOJIE.

Wnentndukanyja U aHanam3a peXuMa HHBOA IOI-
3eMHHX BOJIa Y 30HH OyHapa ca XOpH30HTAIHUM Jipe-
HOBHMa TIPEJICTaBJba PENPE3CHTATHUBAH U PEJIATHBHO
jemHOCTaBaH MeXaHHW3aM KOjUM Ce, Ha HUBOY TIpeT-
XOJIOT carjienaBama, MOTy Ac(UHUCATH MOTCHIIH]jal
JIoKarje OyHapa y TOIJIeny PacIONIOKHUBUX KOJIH-
YMHA MMOJ3EMHHX BOJIA M YCJIOBH 3a MpaBWiiaH u300p
objekara koje je TOTpeOHO CaHWpaTH, Tj. W3BPIIUTH
3aMeHy OO0Tpajalux W HePYHKIIMOHATHUX CTapHuX
JPEHOBA aJICKBAaTHUM HOBHM J[PEHOBHMA.





