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 of such a state of affairs, well
discharge capacities vary over a broad range and groundwater levels in the capture zones differ
even when the rate of discharge is the same. Five characteristic groundwater level regimes are
identified and their origin 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 proposed for preliminary assessment of the aquifer potential at the well site
for providing the needed amount of groundwater.
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Amncrpakr. [IpumukoM aHamm3Mpama pexXuMa pana OyHapa ca XOPHU3OHTATHHM IPEHOBHMA,
yOYeHa je TojaBa Koja MpeicTaB/ba TOTOBO KOHCTAHTY Ha OEOTpaficCKOM HM3BOPHINTY MOA3EMHHX
BOAa, a TO je Oa ce HWBOM y OyHAapCKMM IIAaXTOBMMA Haja3e BEOMa HHCKO Yy OIHOCY Ha
JIyOMHY/KOTy YTUCHYTHX ApeHoBa. Kao pe3ynTaT oBakBOT CTama, KaalUTEeTH OyHapa BapHpajy y
IIMPOKOM [IHjalla3oHy, a y HEIOCPeTHOM OKpYXemy OyHapa ce (opMHpajy BeoMa pasIHIHTH
HUBOM TIOJ3EMHUX BOJAa, YaKk M IPH HCTOM Kamanurtery OyHapa. H3mBojeHO je et
KapaKTePHCTHYHUX PEeXKUMA HHBOA M3/IaHH, JOK CY YCIOBH IBHXOBOT ()OpMUpara aHAH3UPAHH Ha
IpHMepUMa penpe3eHTaTUBHUX OyHapa. IIpeacTaBibeHH cy OOMM M BpCTe MOAJTOra KojuMa je
HOTPeOHO pacHoyiaraTd y Wby HACHTH(HUKALMjEe PEXUMA M IPEATOXKEH je NMPUCTYI HErOBOT
TyMauema IIyTeM KOoT je Moryhe npenumMuHapHO JeduHHUCATH MOTEHIMjal BOJIOHOCHE CPEIHUHE Ha
Jokanuju OyHapa 3a o6e30eheme MoTpeOHUX KOIUYNHA TOI36MHHUX BOJA.

KJLy‘lHe peun: BOHOCHa6Z[eBaH>e, 6yHap Ca XOpHU3OHTAJHUM IOpPCHOBHMA, PCXKHUM HHUBOA

IIOA3C€MHHUX BOJA.

Introduction

Operation of radial collector wells is managed
by regulating water levels in the well caisson (i.e.
controlling 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 (Dimki¢ et al.
2011a, 2011b, 2012; Polom¢i¢ 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 collector wells has resulted in a broad range
of discharge capacities (from 3 to 150 1/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
collector well is a function of the number and
condition of active laterals, as well as the
hydrologic features of the site and aquifer recharge
conditions. As such, significant variations in the
rates of groundwater extraction between the wells
are indicative of large differences in the functional
condition of their groundwater capture components
and a pronounced heterogeneity of the lithologic
composition and filtration characteristics of the
porous medium in the near—well region.

Several characteristic — groundwater level
regimes can be identified with regard to the
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currently intensive operating mode (large well
drawdown), such that the wells are grouped

accordingly.

Figure 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. Its main natural feature is an extremely
heterogeneous lithostratigraphic composition and
diverse hydrogeologic properties of the sediments
(even in a very small space — within the capture
zone of the laterals 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, 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 (Tolji¢ 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 corroborates
the rule that regional changes in the geologic
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), whose lithologic
composition is comprised 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 and its tributaries.

At BGWS, groundwater is tapped from the
older Quaternary strata (previously known as the
“Makis layers” or “layers with Corbicula
fluminalis” and today as “layers with Pleistocene
Corbicula” — Gaudényi 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
sediments of floodplain deposits: clay, silty clay
and silt. With regard to groundwater extraction and
operation of the radial collector wells, the
hydrogeologic significance of these ultimate stages
of the sedimentation cycles (which are generally
referred to as a “semi—permeable interbed”) is
exceptional. Given that they are semi—permeable
rocks, they constitute a barrier for groundwater
flow to the laterals. As such, their presence limits
and impedes groundwater extraction and operation
of the wells.

In the contemporary Sava Valley, Holocene
sediments 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
fluvial deposits is currently explained most fully
by Shantser’s model of the constrative dynamic
phase of alluvium formation (Nenadi¢ et al. 2010),
along with the influence of tributaries from the
slopes that form the perimeter of the alluvial plain
(Knezevi¢ et al. 2012). However, sudden lateral
alternation of sediments 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 wvertical lithologic
stratification).

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
geological 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 regime 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 laterals, distinct spatial
irregularity of the groundwater levels in the zone

of influence of groundwater extraction, 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 discharge rate of some 20 /s (Fig. 2).
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Figure 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 Sewerage 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 significantly 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 simulated on the
hydrodynamic model (Bozovi¢ et al. 2015) as
having a screen length of 20 m. Detailed
calibration 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 differences (Fig. 3) reported
by these piezometers are substantial, which leads
to the conclusion that they are distinctly a function
of distance from the functional 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.

This groundwater level regime is determined by
modest filtration characteristics of the aquifer in
the area of the well. Specifically, the hydraulic



conductivity of the layer in which the laterals of
well RB—46 are emplaced is K=1-10"* m/s. There
is not much of the semi—permeable interbed in this
zone. The small difference between the pumping
level and the groundwater level at piezometer RB—
46/P-1, which is located adjacent to (or in
technical jargon “on”) lateral #8, indicates that this
lateral is not significantly colmated. This has been
corroborated by model testing (Bozovi¢ et al.
2015). The considerable aquifer drawdown in the
capture zone of the laterals suggests that the
filtration properties of the other lithostratigraphic
layers (not only those of the layer in which the
laterals are emplaced) are modest. As such, the
wells in this group cannot be expected to provide
substantial amounts of water. This was
corroborated by hydrodynamic analysis, which
examined the effectiveness of replacing the old
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laterals of this well by installing six new, 50 m
long laterals. Model simulations showed that the
discharge capacity of only 35 1/s was to be
anticipated (when the stages of the Sava River are
low and when the pumping level is 6 m above the
elevation of the laterals, according to Bozovi¢ 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—dimensional pattern
(Fig. 4). The discharge capacities of this group of
wells are modest even when the laterals are in
good condition.
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Figure 4: Water table in the zone of influence of well RB—46 (on 25 Oct. 2012, Bozovi¢ et al. 2015)



Regime 2: In this group of wells, when the
pumping 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 modest well
discharge capacity. The reason for this is
colmation 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
groundwater 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. 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.

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. 5).
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Figure 5: Discharge capacity of well RB—7m

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 re—starting
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.

In general, the groundwater levels in the
area of well RB—7m fluctuated between 67
and 70 m.a.s.l. (Fig. 6). At medium and low
stages of the Sava, the difference between the
groundwater level and the river stage was
about 3 m. It decreased with increasing stages,
such that at high stages (above 73 m.a.s.l.),
the groundwater level was close to the ground

surface, despite pumping.
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Figure 6: Groundwater levels in the zone of influence of well RB—7m
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The fact that at 20 I/s there is a practically
negligible 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 pumping rate and similar states
of the laterals), indicates that the capacity of the
site of well RB—7m is considerable. 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 (Bozovi¢ et al. 2016a).

Given that the laterals of this well, like on most
BGWS wells, are not installed in the layer that
features 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 Bozovi¢ et al. 2016b,
2016c¢). The results suggest that in such a case the
achievable rate of groundwater extraction is close
to 100 I/s (Bozovi¢ et al. 2016a).

Regime 3: In this case, maintenance of a low
pumping level results in a high discharge capacity
of the well. A high rate of groundwater extraction
at any site is coupled with a considerable
drawdown and is achievable only if the functional
condition of the laterals is good, if there are many
laterals, if they are long enough and if the
hydrogeological conditions are favorable. A 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
groundwater flow and extraction. The well features
the highest 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. 7).
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Figure 7: Discharge capacity of well RB-23

Neighboring wells RB-22 and RB-21, located
upstream and downstream from representative well
RB-23, are also high—capacity wells. In general,
this part of BGWS is a zone of a superior
mechanical composition, filtration characteristics
of the sediments and hydrochemical quality of the
groundwater, where average well discharges are
higher than in other parts of BGWS. A decline in
capacity of a single well (usually due to pumping
level increase) boosts the discharge capacity of the
neighboring 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.l. and six at 56.30 m.a.s.l. The lower laterals
were filmed 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 laterals tap
the layer that features the best filtration
characteristics (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 condition 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
conductivity 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 groundwater levels in the capture
zone of this well are low relative to the pumping
level, meaning that the groundwater 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 state of affairs therefore suggests that there
is something that causes additional drawdown in
the extended 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
clay, whose spread in this part of BGWS is
considerable (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 shallow 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 recorded by the “shallow”
piezometers respond more strongly 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
pronounced. 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., respectively. At the same time, the
groundwater level recorded 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.
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The plot of groundwater level fluctuation at the
piezometers (Fig. &) also corroborates a
considerable spread of the interbed. The lowest
groundwater level is registered by piezometer RB—
23/P-1, which is located “on” lateral #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 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 they are at a significant distance from
the caisson of well RB-23 (150 m and 200 m, Fig.
9). This is attributable to the presence of the semi—
permeable interbed, which causes the effect of
pumping to be transmitted 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.
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Figure 8: Groundwater levels in the zone of influence of well RB-23



Figure 9: Locations of observation wells in the zone of influence of production well RB-23

Regime 4: In this regime, the pumping levels
are low, the well discharge capacity is sound
(higher than 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 40-45 1/s (Fig. 10). The
pumping levels have been maintained at 51.75
m.a.s.l., on average. The laterals are located 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 state, 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 pipes 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 porous medium inside the
laterals. Only one lateral exhibits a significant
vertical displacement.
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Figure 10: Discharge capacity of well RB—41

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 screen length of the
new deep piezometers 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.

The groundwater levels recorded at the
observation wells fluctuate over a broad range, 60—
70 m.a.s.l. (Fig. 11). 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.



Sava
m RB-41/P-4

B RB-41/P-1

Ps - 41 -
76 + Ps 3

o RB-41/P-2d
% Ps-41-4

@ RB-41/P-2p -]

X Ps-41-11

RB - 41/P -3

74

= 72
@
g 70 |
E e8|
% 66 1 .
2 3
» 64 X x X X %
7} e X KRS
=1 "t = X o S, X X S
40 Se e g
g 62 W : ++#++¢%ﬁ+%§;éﬁ w—#&
T
60 -
g e Tl
g 58
56 Pumping level

54

o g

m m O

= e

2006 % T S
%é@m%@“ g Bl b

il L

.-‘- B %ﬂiﬂ . om g

I H.,,=51,75 m.a.s

E]

2005
2005
2005
2005
2005
2006
2006
2006
2006
2007
2007
2007
2007
2008
2008
2008
2008
2009
2009
2009
2009
2010

2010

2010

20101 =
2011
2011
2011
2011
2012
2012
2012 =
2012
2013
2013
2013
2013
2014
2014
2014
2014
2015
2015
2015
2015
2016
2016

01
01
01
29
29
29
28
26
26
26
25
23
23
22
21
19
19
19
18
16
16
16
15
13
13
13
12
10
10
09
08

=
3
o

06
06
06
05
03
03
03
02
31
30
28
30
28
27
25
26

Figure 11: Groundwater levels in the zone of influence of well RB—41

Piezometer RB—41/P—1 registers the lowest
groundwater 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.l., 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
colmation/deterioration of the laterals due to high
pumping 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 aquifer are sound. Additionally, it shows that
the groundwater 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 realistic 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
groundwater 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 synergy). 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 sedimentation
(iron concentrations in the groundwater are high,
although not evenly distributed over space), due to
specific geochemical, hydrochemical,
microbiological, lithologic and  grain—size

conditions of the geological setting and the
groundwater, as well as by products of bacterial
activity.

As a rule, a decline in well discharge capacity
due to biochemical or mechanical colmation is
manifested differently from that caused by
corrosion. Corrosion leads to degradation of the
material from which the screen pipes are made,
such that their physical characteristics are altered.
Corrosion is initially accompanied by gradual
filling of the pipe with aquifer material and once
structural integrity is lost, a part of or the entire
lateral 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 manifestations, but the final
outcome is the same (Polomci¢ 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 instantaneous, the well discharge
capacity changes/declines suddenly. Conversely,
colmation is a rather slow process and the decline
in discharge capacity generally 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/l 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. 12), even though
the pumping levels had not changed by much.
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Figure 12: Discharge capacity of well RB—42

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 beginning of the analyzed time
period, Fig. 13).

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

Sava " PRb-42-1

lowering the pumping 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
collapse of three functional laterals. Consequently,
the discharge capacity of this well can only be
increased by installing new laterals. A further
decline in discharge capacity, and the resulting
increase in groundwater levels in the capture zone
of this well, can be predicted from Figs. 12 and 13.
A total loss of the capture capability of the laterals
would equate the groundwater 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
colmation, at low pumping levels the discharge
capacity gradually declines over time. This decline
is manifested 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,
colmation can be slowed down by rehabilitation,
although such wells have been fewer from year to
year and the effects of rehabilitation less and less
notable.
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Figure 13: Groundwater levels in the zone of influence of well RB—42

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
collector wells on groundwater levels in their
immediate vicinity needs to be founded upon
recognition of the characteristic spatial
heterogeneity of the lithologic composition

Conclusion

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



and filtration characteristic of the aquifer layer
tapped by this type of wells (usually of
Quaternary age and alluvial origin).

In order to analyze the groundwater level
regime in the capture zones of radial collector
wells, certain information is needed about the
condition of the functional laterals, 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 simple method
for gaining insight into the well site potential
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

KapakTrepucTnunm pe:kuMHu HUBOA U31aHU
y 30HH OyHapa ca XOpPM30HTAJIHUM
JAPEHOBHMaA U 3HAYA] H-UXOBE

uiaeHTH pukanuje (MpuMepn GeorpagcKor
H3BOPHUILITA MOA3eMHHX BO/1A)

Vopaebambe pexuMoM paga OyHapa ca
XOPHU3OHTAJTHUM ApE€HOBHUMA BpLIA Cce
KOHTPOJIHCAHUM CHH)KEEEM HHBOA BOJE Y
BOJIOCaOMPHOM OyHapckoMm mmaxty. ObopeHH

pamHU  HUBOHW, 3ajeJHO ca CKPOMHHUM
IPOCEYHNM  KamamuTeToM OyHapa JaHac
NpPEACTaBbajy  NPENO3HATIBUBY  OJJTUKY
Oeorpa/ickor M3BOPHINTA MOA3EMHHX BOJA M
jacaH TOKasaTeJb CTamba BOJ03aXBAaTHHX
objekata W  pexXuMa  EKCIUIoaTaluje

MOA3EMHHX BOJa HA H-EMY.
YoueHo je na oap)kaBamke HUCKUX HHBOA
NOA3CMHHUX Boja y OyHapuma ¥Ma 3a
pe3ynTaT KamamuTeTe YHje Ce BPETHOCTH
kpehy y mupokom nujamazony, on 3 mo 150
I/s, kao u na ce y HemocpenHOj 30HU YTHUIIaja
OyHapa/ekciuioaranje  TMOJA3eMHUX  BOJa
(bopMupajy BeoMa pa3NUIUTH PEKUMH HHBOA
u3gand. Kamamurern OyHapa Cy CBakako
¢yHKIMja Opoja U cTamka aKTUBHUX JIPEHOBA,
Ka0 M XHIPOTEOJOMIKUX OJJIMKa M YCJIOBa
npuxpamuBamba BoJOHOCHE cpenune. Crora,
BEIMKE pa3iuke y KOJWYMHU 3axBaheHHX
noja3eMHUX Bojaa m3mely OyHapa ykasyjy Ha
BEJIUKE pa3iiKe y (YHKIMOHATHOM CTamby
BUXOBHX BOJIONIPUjEMHHX JIeIOBa, KAa0 W Ha
U3paKEHY XETEPOTreHOCT JIUTOJIOIIKOT CacTaBa
U (QUITPAIIMOHUX KAPAKTEPUCTUKA CPEIUHE Y
HETOCPETHOM OKpYKemy OyHapa.

VYmpaBo ce 3a IMPOCTOPHY XETEpPOTreHOCT
JUTOCTPATUTPaCKOT  cacTaBa CeIMMEHAaTa
(J4axk ¥ Ha CacBUM MAaJIOM MPOCTOPY — Y 30HH
Jerne3e JpeHoBa jemHor OyHapa) Moxke pehm
Ja TPENCTaB/ba OCHOBHY INPHPOAHY OIJIHKY
OeorpascKkor W3BOPHINTA MOI3EMHHX BOJA.
OBakBO CTame je pe3yiTaT KOMIUIEKCHUX
ycIoBa reHese, npema AKTYEITHUM
CXBaTalkbMa  Be3aHe  3a  HHTCH3UBHY
TEKTOHCKY aKTHBHOCT KOja C€ OJJBHjajia TOKOM
Kpaja IUTHOIIeHA M TOET IUICHCTOIICHA, Kao |
3a crneuupuyHe MAJCOKIMMATCKE YCIIOBE
TOKOM IIEJIOT TICUCTOLICHA.

Y oaHocy Ha mocrojehu WHTEH3WBaH
pexuM pama OyHapa, MOXeE ce TPENO3HATH U
W3JIBOJUTH  HEKOJHMKO  KapaKTePUCTUIHUX

peXrMa HHUBOA TIOI3EMHHX BoJia, 300T yera ce
u OyHapH MOTY CBPCTATH Y BHILE IpyTa.

ITpBY M30BOjEHN PEXUM HUBOA ITOJ3EMHHIX
BOJIa je MIPHUCYTaH KOJ OHUX OyHapa KO KOjuX
ce HHBO BOJ¢ Yy OyHapCKOM IIaXTy Hala3d Ha
Majoj BHCHHH U3HAJ JPEHOBA, INTO 3a
pe3ynTaT uMa 3HAYajHO CHIDKEEhEe HHUBOA
MOA3CMHHUX BOJA y W3JaHU Yy 30HH Jemese
JPEHOBA, H3Pa3UTO IMPOCTOPHO HEMpaBHIHE
HUBOC Yy 30HM YTHIAja EKCIUIOATalHuje |
CKpoMaH KamamureT OyHapa. Pasmor 3a
HACTaHAK OBAKBOI HHBOA M3IAHU Cy CKPOMHE
¢GuUATpaIioHe KapaKTEpPUCTUKE BOJOHOCHE
CpeluHE y HEMOCPETHOM OKpyKemy OyHapa.
OBa uynmeHHUIA yKaszyje Nla ce 00aBJbambeM
JIpeHoBa Ha OyHapHMa KOjH IPHIANAjy OBOj
TpyId HE MOXE OYEKHBAaTH 3aXBaTambe
3HAYajHUJUX KOJHYMHA IOJA3E6MHUX BOJIA.

Kon rpyne OyHapa xoju npunajajy Ipyrom
W3BOjEHOM pEKHMYy HHBOA W3HaHH, IPH
000OpeHOM HHBOY BOJEC y IIAXTy, HHBO
MOA3EMHHUX BOJAa Y 30HM OyHapa ocTaje
IUTATKO WCHOJ TIOBPIIMHE TEPeHa, OJHOCHO
BUCOKO W3HAN HHBOA Yy INAXTy, MITO
pe3ynTHpa CKpOMHHM KamaluTeToM OyHapa.
Pazjor oBakBor cTama je mpolec KOJIMUpamba
IpeHOBa  KOjU  IOBOOM 1O  CMamema
MOPO3HOCTH  (PUITEPCKE KOHCTPYKIHjE |
npuQuITepCKe  30HE, 4YUME  CIpedaBa
nHuITpanujy Boge <y  IpPEHOBE |
ocTBapuBame Beher kamamuTera IpEeHOBa, a
caMuM TUM H OyHapa. Y ciydajy kKama cy
JpeHOBH Ha OyHapuMa OBE TpyIe y JIOIIEM
(YHKIIMOHAIHOM ~ cTaky  (ca  KpYyIHHM
omrehemrmMa Ha (QUITEPCKO] KOHCTPYKIH)H,
3apylIeHH JeJIOM TI0YeTHE Ty KHUHE, 3aIyheHH
MaTepHjajJoM IOpPO3HE CPEIHHE), MEXaHHUKE
pereHepanyje  BHIIE  HHje  OIPABAAHO
W3BOJMTH, 300T dYera ce KamamureT OyHapa
MOXE MMOBPATHTH CAMO YTHCKHBAaHEM HOBHX
JPSHOBA.

Tpehoj rpynu npurnanajy onn OyHapu Ko
KOjUX OIp)KaBamkbe HUCKOT HHUBOA BOIE Y
[IaXTy WMa 3a PE3yJNTaT BHCOK KamaluTeT
OyHapa. ExcrinoaTtanyja 3HauajHUX KOJHMYMHA
MOJI3EMHUX BOJIa Ha OWJIO KOjOj JIOKallUju Ha
0eorpajJCKOM H3BOPHIITY yCIOB/bAaBA W
3HAYajHO CHUWXKEH-¢ HUBOA u3aanu. Moryhe jy

jé OocCTBapuTH caMO Yy clydajy mobpor
¢yHKUMOHAHOT cTama, Beher Opoja w
Iy KHHE JpEHOBA, y3 MIOBOJBHIj€

XUAPOTCOJIOMIKE YCIIOBE. Bucok xkamarnurer
ApC€HOBa 3Ha4Yu Ja CY OHHU XHUApAYJIUYKHU



OTBOPEHH, Tj. 1a HUCY KOJIMHpPAaHH, 300T yera
je pasnuka u3Mely HHBOa Bojae y OyHapCKOM
IaXTy ¥ HHUBOA Yy H3JaHH y 30HHU Jemese
JPCHOBA MaJa.

YeTBpTH KapaKTePHCTHYAH PEXKHUM HHBOA
MOA3EMHHX BOJIa je Be3aH 3a OHEe OyHape KOox
KOjUX C€ y YCJIOBMMA HHCKHX PaJHUX HUBOA
OCTBapyjy COJNMIHHM KamamureTd OyHapa
(M3Ha] MaHAIIBEr MPOCeKa), 0K j& CHIKEHE
HHBOA Yy 30HH JPEHOBA YMEPEHO, OTHOCHO
HHje 3HauajHHje m3pakeHo. Kao TakBo, OHO
yKazyje Ha COIIUIHE ¢dunrpanmone
KapaKTepUCTHKE BOJOHOCHE cpermuue. [lopexn
TOra, OHO yKa3yje Ja ce HHMBOM OCHM IIOJ
yTHIlajeM panga OyHapa Hamaze | O[T
yTHIajeM TPOMEHE BOJIOCTaja peKe Kao
TJIaBHOT HM3BOpa IMpUXparbHBama H3gaHu. U3
TOT pasjora ce CaHalljoM JpeHoBa Ha
OyHapuMma KOjU TpuUNagajy oOBOj Tpymu y
OJTHOCY Ha KapaKTCPHCTHYHH DPEXUM HHUBOA,
MOXXE€ OYEKHBATH OCTBApHBamE 3HAYAjHUJUX
KaraureTa.

Ilocnenwsy ox aHaIM3MpaHUX peXxUMa
HHMBOA U3/IaHH je MPUCYTaH KOJA OHUX OyHapa
Ha KOjUMa je TPHCYTaH MPOIeC KOIMHPAma
IpeHoBa. 3a pa3nuKy oJ OyHapa Jpyror
KapaKTePUCTHYHOT PEKUMa, OBJIC je OH jOLI
VBEK Y aKTHBHO] (a3u. Y ciyyajy OyHapa Ha
KOjUMa Cy CBHACHTHH e(eKTH Mpoleca
KOJIMUpama, TpPH HUCKOM HHBOY BOJE Y
[IaXTy TOKOM BpEMEHa eKcIUIoaTalyje 10Ia3u
JI0 TIOCTETICHOT CMamerha KaraureTra OyHapa.
CMameme KamalnureTa ce  MaHudecrtyje
KOHTHHYHPaHHM mpoMeHama HHUBOA
MOA3EMHUX BOJA Y 30HM JIPCHOBA, TaKO IITO
HUBO M3/1aHU 0JIaro U KOHCTAaHTHO PacTe.

VYenen crnennpuYHAX TEOXEMH]CKHX U
JWTOJOIIKNX YCJIOBA TEOJOUIKE CPEAWHE U
XCMHJCKOT W  MHKPOOHOJONIKOT  cacTaBa
MOJI3EMHUX BOAA, Ha OyHapmma Oeorpaickor
U3BOPHIITA j& YeCTO 3aCTYILUbEHO KOIMHUPAHE
W3a3BaHO TallokewmeM TrBoxha (umju je
caZpkaj y TOJ3EMHHUM BOJaMa HW3BOPHILTA
BHCOK, MajJa HpPOCTOPHO HEpPaBHOMEpaH) U
npoayKara akKTHBHOCTH ojpeljeHux BpcTa
Oakrepuja. Omnagame Kanamurera OyHapa
ycren  OMOXEMHJCKOT WM MEXaHHYKOT
KOJIMUpama JpeHOBa Cce IO MpaBHIly
pasmmyuTo  MaHH(ecTyje OX  Omamama
KaIaIuTeTa Koje ce JeIIaBa yclex Koposuje.

Edexru KOJIMHpamba ce MOTy
WICHTH(QHKOBATH aHaIN30M IIpOMEHE
Kamanurera OyHapa W OCHWIAIMja HUBOA

MOA3CMHHUX BOAA y IHETOBOj HEMOCPEITHO]
30HU. Kako ce 3apymaBame fena IpeHa ycien
Koposdje (UITepCKUX IIEBH JellaBa T'OTOBO
TPEHyTHO, TO C€ M KamamuTeT OyHapa Harjio
Mema, OJHOCHO cMamyje. Konmupame ce, ca
IpyTe CTpaHe, OJBHja PEaTUBHO CIIOPO, 300T
Yera omajame KaralureTa UMa TI'eHEepaHo
paBHOMEpaH TPEHI.

Ha onpehenom Opojy OyHapa koju
NPUITaAajy OBOj IPYIH, IPOLEC KOIMUPAEha Ce
MOXe yCIIOPUTH CIIpoBOhemeM pereHepariyje,
Maja je 00jeKTUBHO Opoj TakBHX O0jekaTta w3
TOAMHE Yy TOIAWHY CBE MamH, a e(eKTH
CIIPOBEICHUX MEPa CBE AUCKPETHU]H.

VY mwby aHanm3e pekuMa HUBOA U3aHH Y
30HM OyHapa ca XOPHU30HTAJIHHM JIPEHOBHMA,
noTpeOHO  je  pacnojaratu  oapeleHuM
nH(opMaIjamMa 0: cTarky aKTHBHHUX JPEHOBA,
HUBOMMa BOJa Yy IIaXToBUMa OyHapa,
ocImiandjaMa HHBOA IIOJ3EMHUX BOJa Yy
OocMaTpauyKuM o0jexTnMa aJleKBaTHe
KOHCTPYKLMje W TO3MLHUje y OAHOCY Ha
JIPEHOBE, OCHOBHHUM TOKa3aTesbuMa
XEMHJCKOT ¥ MHKPOOHOJOMIKOT — cacTaBa
3axBalieHHX OA3EMHHX BOJA.

CIpoBeIeHO HCTpaXXHBaWke je yKaszalo Ja
aHamm3za  edekara paga  OyHapa ca
XOPU30HTATHUM  JPEHOBHMA Yy  CMHCIY
(bopMHUpaHUX HHBOA W3NaHH Y HUXOBOM
HETIOCPEZHOM  OKpyXemy Tpeba  OuTH
yTeMeJbeHa Ha IIePMAaHEHTHOM YyBa)KaBamby
KapaKTePUCTHIHE MPOCTOPHE XETEPOTCHOCTH
JWTOJOIIKOT  cacTaBa ®  (HITPAIMOHUX
KapaKTepUCTHKAa  CEAMMCHATa  BOJOHOCHE
CpeIMHE Y KOojuMa ce OBH 00jeKTH U3BOJIC.

Unentudukanmja w aHaim3a pexuma
HHBOA ITOJ3€MHUX BOAA y 30HH OyHapa ca
XOpU30HTATHUM  JPCHOBHMA  IIPEICTaBIba
peIpe3eHTaTHBAaH W PENIATUBHO jEIHOCTaBaH
MeXaHn3aM KOjHM ce, Ha HHBOY IIPETXOJO0T
caryieiaBama, MOTy Ne()UHHUCATH MOTCHIIU]ja
JoKanyje OyHapa y TIOTJIEAy DPAaCIIOJOXKHUBHX
KOJIMYMHA TIOA3EMHUX BOJAa M YCIOBH 3a
npaBwiaH u30op oOjekara Koje je moTpedHO
CaHMPATH, Tj. U3BPIIUTH 3aMEHY A0TPajalinX U
He(yHKIMOHATTHAX CTapux JIpeHOBa
aJICKBaTHUM HOBUM JIPEHOBHMA.



