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Comparative assessment of radial collector well elements
with a new approach

MILENKO PUSIC! & MILAN DIMKIC?

Abstract. In radial collector well design or rehabilitation it is extremely important to define the
capacity of the location and the long-term sustainable discharge of the well. Where incrustation
occurs, groundwater entrance velocities at horizontal screens also need to be determined. At Bel-
grade Groundwater Source, maximum permissible screen entrance velocities are correlated with the
oxic state of the aquifer, expressed via the redox potential, and the concentration of bivalent iron in
the groundwater. The entrance velocities limit the rate of screen incrustation and are based on the
maximum permissible increase in local hydraulic resistance at the screens. This is a novel approach
on a global scale. In the case of anoxic groundwater, the derived permissible entrance velocities are
much lower than estimated by standard, commonly used methods. The new approach is believed to
be a significant contribution to well des1gn Jaroslav Cerni Institute for the Development of Water
Resources (JCI) has developed software for estimating 3D groundwater flow, which relatively eas-
ily and realistically simulates horizontal screens and riverbed configuration and conductivity. The
software is an effective tool for determining the capacity of the location and of the radial collector
well itself. It is especially useful where the aquifer system comprises a semi-permeable interbed
between the water-bearing layer, in which the screens are emplaced, and the overlying strata. A com-
parative hydrodynamic analysis of two wells at Belgrade Groundwater Source is presented in the
paper. One of the wells (RB-16) clearly reflects the presence of a semi-permeable interbed, where-
as the other (RB-46) does not.
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Ancrpakr. [IpuimkoM mpojekToBama, WM caHalyje OyHapa ca XOpWU30HTAJIHUM JPECHOBUMA,
3HAYajHO je Ja ce JeUHUIIe KalaluTeT JOoKaluje, Kao U TyroTpajHO OAPKUBU KamauuTeT OyHapa.
VY yciaoBuMa NPUCYTHOT KOJIMHUPama, OTPEOHO je OAPEeNUTH | yaazHe Op3uHe y GuiTpe IpeHoBa.
MakcumaiHo 103BOJbeHE ymasHe OpsuHE y JApeHoBe OyHapa Cy Ha 0OEOrpajckoM H3BOPHINTY
YTBphEHE PEKO 3aBUCHOCTH Ca CTCNCHOM OKCHYHOCTU aKBU(EPa, H3PAXKEHO] IIPEKO PELOKC MOTCH-
ujaia W cajapkaja JBOBaJeHTHOT rBoxkha. buma ce orpannvaBa Op3nHa KOIMHpama IPEHOBA,
IPEKO MaKCHMAJIHO J03BOJFCHOT TOAMIIIHET IOpacTa JOKAJTHOT XHAPAYINYKOTI OTIOpa Ha Jpe-
HoBUMa. OBO IIpe/ICTaB/ba HOBU MOCTYIAK Y CBETCKUM OKBHPHMA. 32 aHOKCHYHE YCIIOBE MO3EM-
HUX BOJa, J0OHWjajy ce 3HauyajHO Mame J03BOJhCHE YiIa3He Op3WHE, HETro paHHje CTaHIAapIHO
YCBOjEHOM METOOM, IITO j& Ol BEJIMKOT 3Hadaja 3a MpojeKToBame OyHapa. Y MHCTUTYTY 3a BOMO-
npuspey “Japocmas YepHu” je pasBujeH codTBep 3a npopadyH 3J1 crpyjama MoA3eMHHX BOJA,
KOJHUM je Moryhe ja ce peniaTMBHO JIAKO U BEPHO CHMYIHMpajy APCHOBH pajHjaiHuX OyHapa, Kao u
KOH(UTypalyja 1 IpOMyCHOCT pedHor aHa. OBakaB CO(PTBEp je yCrelIHa ajaTka 3a onpehusame
KarnanuTeTa JIOKalyje U3BOPHUIITAa U caMor OyHapa ca XOpU30HTaIHUM JApeHoBuMa. OBO je Hapo-
YUTO KOPHCHO Yy CiIy4ajy akBu(epa rae noctoju ciabonponycHu Mehycioj, Koju ce Hanaszu u3mehy
BOJIOHOCHOT CJI0ja Y KOM€ Cy APEHOBH OyHapa U TopmUX ciojeBa. CrpoBeeHa je ynopeaHa Xuapo-
JUHAMHUYKa aHaju3a Ha jaBa OyHapa Oeorpaickor usBopumTa. Kox jemnor (PB-16) je m3paxen
cmabomporycau mel)ycnoj, ok kox apyror (Pb-46) on m3ocraje.

Kibyune peun: 1oJ[3eMHE BOJIe, KarmanuTeT OyHapa, pojekroBame, Cpouja.
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Introduction

Radial collector wells are generally installed along
rivers, in shallow alluvial sediments. Horizontal screens,
which are sometimes longer than 50 m, enable high
rates of groundwater extraction, low screen entrance
velocities, low local hydraulic losses, and slower screen
incrustation compared to tube wells in the same setting
(WILLIAMS, 2005). At the design stage, much attention is
devoted to determining the structural characteristics of
horizontal screens (http://www.layne.com/en/solu-
tions/construction/ranney-collector-wells.aspx;
http://www.bhg-brechtel.com/ leistungen/horizontal-
brunnenbau/) and estimating total well capacity.

In view of their origin, alluvial sediments often
exhibit considerable differences over a relatively
small area. This makes it difficult to conduct a proper
and detailed analysis of the required well and screen
parameters. Moreover, the horizontal screen emplace-
ment technology does not enable full directional con-
trol during installation. As such, there is a high level
of uncertainty that the outcome of screen emplace-
ment will be favorable.

In the past, the characteristics of horizontal screens
have been based on the results of exploration boring in
the vicinity of future screens. Maintaining the filtration
stability of the water-bearing medium had been the main
sizing criterion (ABRAMOV, 1952; GAVRILKO, 1968;
JoHNsoON, 1972; Kovacs & UIrALUDI, 1983; VUKOVIC
& PUSIC, 1992). More recently, increasing use has been
made of the results of research of well ageing, largely
caused by iron incrustation (CULLIMORE, 1999; DIMKIC
& PusIC, 2014; DIMKIC et al., 2011b, 2011¢c; HOUBEN &
TRESKATIS, 2007; MANSUY, 1998; MCLAUGHLAN, 2002).

At Belgrade Groundwater Source (BGS), the max-
imum permissible screen entrance velocities have
been defined as a function of the given (desirable) rate
of incrustation. They are correlated with the oxic state
of the aquifer (expressed via the redox potential, Eh)
and the concentration of bivalent iron (DIMKIC et al.,
2011a, 2011b, 2011c, DimkiIC & Pusi¢, 2014). This
has resulted in screen entrance velocities that are
lower than those derived solely on the basis of the fil-
tration stability criterion, but which ensure slower
well ageing and longer-term preservation of initial
capacity (DivkIC & PUSIC, 2014).

Consistent with BGS well maintenance practices and
rehabilitation scheduling, a rate of increase in local
hydraulic resistance (KLHR) of 0.35 m/year has been
specified (DIMKIC et al., 2011a, 2011b, 2011¢, DiMKIC
& PuSIC, 2014). This criterion was used to derive max-
imum permissible screen entrance velocities, depend-
ing on the redox potential (£/4) and the concentration of
bivalent iron (Fe?") in the groundwater (Fig. 1).

Polycyclic sedimentation is a specific feature of the
BGS aquifer system, where each cycle is characterized
by a decreasing grain size along the vertical. Often the
final sequence of a cycle is dominated by fine-grain

silty to clay particles that form semi-permeable layers.
These layers, of local or extended spread, reduce well
discharge capacity and prolong bank filtration. In view
of their small thickness and because engineers had
largely focused on finding strata of superior filtration
properties, these layers often remained undetected.

Statement of the problem and methods

Two major problems have been identified after
decades of BGS monitoring: declining well discharge
and deteriorating condition of horizontal screens.
While the deterioration of horizontal screens is attri-
buted to corrosion due by poor-quality material, the
capacity decline is a far more complex problem (Dim-
KIC et al., 2007). Apart from structural characteristics
(number and length of horizontal screens, position
within the aquifer, type and size of screen slots, etc.),
the capacity of a well is defined by hydrogeological
conditions and capacity decline is largely a result of
incrustation processes.

Drawing on many years of experience, BGS re-
searchers and well designers follow an approach com-
prised of three stages:

Determining the potential of the well location

The potential capacity of a well location can be inter-
preted differently, depending on the way it is consid-
ered. In the present case, the potential capacity of a well
location is associated with actual BGS hydrogeological
conditions and the assessment of a well also takes into
account the actual operating mode. BGS wells are
located along the banks of the Sava River, such that a
certain part of the overbank “belongs” to each well. The
capacity of such a location is quantified using a so-
called “local” hydrodynamic model, which encompass-
es a part of the river, part of the overbank, and neigh-
boring wells. In addition to riverbed conductivity, it is
extremely important to identify the hydrogeological
features of the captured medium. Another important
factor is the presence of any semi-permeable inter-
bed(s), because it or they can limit the capacity of the
location to a significant extent. This identification is
neither easy nor simple, so whenever exploration dril-
ling indicates the existence of such a layer, a pair of
piezometers are installed whose screens are above and
below the interbed. Based on the piezometric head dif-
ference when the well is online, the filtration character-
istics and the hydraulic role of the interbed can be
determined with a relatively high degree of reliability.

Determining maximum permissible screen
entrance velocities and screen capacities

Variations in local losses at BGS wells have sys-
tematically been monitored since 2005. More than
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650 tests have been conducted, at virtually all the radi-
al collector wells. The maximum permissible entrance
velocities (expressed as Darcy velocity) have been
defined based on analyses of test results (Fig. 1), tak-
ing into account the oxic state and bivalent iron con-
centration in the groundwater (DivMKIC & PUSIC,
2014).

The correlations are BGS-specific and cannot be
generalized, but the approach itself is of universal sig-
nificance. The recommended BGS screen entrance
velocities are lower by a factor of 3 to 4 than the
velocities based solely on the filtration stability crite-
rion (at most of the wells, £k is ~ 75-125 mV and
bivalent iron concentration Fe2* ~ 0.7—-1.5 mg/L).
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ria (PUSIC et al., 2012). The specified water level in
the well caisson, which defines the capacity of the
well, is determined such that there is always a spare
water column in the well caisson above the horizontal
screens, which ensures long-term stable operation.
Based on many years of experience, an initial water
level in the well caisson of about 6 m above the hori-
zontal screens has been specified for BGS radial col-
lector wells.

Production programmed in this manner controls
well incrustation, which, for the same discharge,
requires lowering of the operating water level over
time. Screen rehabilitation is undertaken when the
water column falls below 3 m.
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Fig. 1. Permissible horizontal screen entrance velocities as a function of a) EA and b) Fe2* (DIMKIC & PUSIC, 2014), including data points
for wells RB-16 and RB-46, which defined the maximum screen entrance velocities.

Based on the maximum permissible entrance veloc-
ities, it is easy to compute the maximum permissible
capacity of a single horizontal screen. In the specific
case, it depends on the length and diameter of the
screen. At BGS, the standard screen length is 50 m
and the diameter 0.3 m.

Determining the hydraulic effect of well
operation

A detailed analysis of the configuration of a well
with new horizontal screens is conducted immediate-
ly after or in parallel with modeling of the capacity of
the location. The analysis includes the number, length,
position and elevation of emplacement of the horizon-
tal screens, and the well capacity that meets set crite-

A lack of suitable commercial software had hin-
dered complex hydrodynamic analyses of groundwa-
ter flow, as needed for the design of BGS wells. Con-
sequently, JCI has developed software for estimating
3D groundwater flow, which supports hydraulic quan-
tification of horizontal screen parameters (Kosic et al.,
2007; ViDovicC et al., 2014; DotLic, 2015). This soft-
ware relatively easily and realistically simulates hori-
zontal screens and riverbed configuration and conduc-
tivity.

Three-dimensional modeling to support the design
of BGS radial collector wells is comprised of several
steps.

The first step is the development and calibration of
a model of the analyzed well and the respective part of
the groundwater source (or aquifer system). Model
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development begins with the schematization of
aquifer layers, which is generally based on the results
of boring in the extended zone of the well. The model
is then calibrated by simulating periodic pumping
tests under BGS standard operating conditions. While
performing calibration, both boundary conditions
(flows in wells, river water level, piezometric levels
along the model boundaries in the coastal area) and
the adopted porous medium geometry have not been
altered. Calibration confirmation has been verified
using the obtained satisfactory congruence of calcu-
lated and measured groundwater level values (meas-
ured in the existing piezometers).

The horizontal screens and riverbed configuration
are specified in the model on the basis of in situ sur-
veys, including filming of horizontal screens by an
underwater camera; recording of screen length and
vertical and horizontal displacement; and detection of
the riverbed by an echo sounder or similar onboard
instrument designed for that specific purpose.

The second step in the application of the 3D model
is hydrodynamic analysis of the groundwater, under
actual and design conditions. The ultimate goal is to
define the capacity of the well and the natural and/or
artificial limiting factors.

In the final step the capacity of the well is verified
against or adjusted to permissible screen entrance
velocities according to the plots shown in Fig. 1.

The present paper discusses the results of hydrody-
namic analyses of two BGS wells whose characteris-
tics differ: (i) well RB-16, with a relatively stable
capacity of more than 80 L/s, even though there is a
semi-permeable interbed at its location, and (ii) well
RB-46, whose capacity is of the order of 20 L/s
despite no notable interbed.

Characteristics of well RB-16 and RB-46

Belgrade Groundwater Source (BGS) is located
along the lower course of the Sava River, ahead of its
confluence with the Danube. Well RB-16 is situated
near the edge of the river island Ada Ciganlija (Fig.
2), whereas well RB-46 is on the left bank of the Sava,
upstream from the former well (DIMKIC et al., 2007b).

In hydrogeological terms, the two wells differ to a
large extent, particularly with regard to the total thick-
ness of the water-bearing sediments and the range and
distribution of the aquifer grain sizes. Given that grain
size dq largely determines the filtration characteris-
tics, the situation with regard to wells RB-16 and RB-
46 is as follows: The average diameter of the d, frac-
tion at RB-16 is 0.2 mm and at RB-46 0.24 mm (Fig.
3). By considering only this information, the conclu-
sion would be that the filtration characteristics of well
RB-46 are better than those of RB-16. Corresponding
well discharges would also be expected. However,
they differ considerably; the discharge of well RB-16
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Fig. 2. Locations of Belgrade Groundwater Source and selected
wells RB-16 and RB-46.

is about four to five times higher (Fig. 4) and depends
on other factors as well. As such, additional informa-
tion is needed to examine the reasons.

Figure 3 shows that the range of d;, values at RB-
16 is much larger (generally from 0.014 mm to 2.5
mm) than at RB-46 (0.12 mm to 0.38 mm). Moreover,
the largest grains are found in the zone of well screens
(two samples, 1.6 and 2.5 mm, highlighted in Fig. 3).

At the two wells the thickness of the water-bearing
sequence also differs. This has influenced the depths
of the wells and the elevations of screen emplacement.
The difference is more than 6 m (46.3 m above sea
level at RB-16 and 52.4 m a.s.l. at RB-46).

Another difference between the two wells is that on
the location of well RB-16 there is a clearly defined
sequence of semi-permeable layers (final unit of the
sedimentation cycle), which were modeled as a single
semi-permeable interbed in the hydrodynamic analy-
sis. It is between 50 and 55 m a.s.l. (note dgs in this
zone). The interbed increases hydraulic resistances
during vertical groundwater filtration, as corroborated
by a piezometric head difference of about 10 meters
recorded by two relatively close piezometers, whose
screens are at different depths (Fig. 3). However, the
presence of this interbed over the extended area has
not been confirmed.

There is no such layering on the location of well
RB-46, or at least it is not as distinct.

The times of drilling and the initial capacities of the
two wells also differ (Fig. 4). Well RB-16 was built in
1967 and its initial capacity was greater than 200 L/s.
This capacity declined over time to about 50 L/s, such
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Fig. 3. Vertical sections of select grain-size fractions (dq(, d5q and dgs) in the areas of a) wells RB-16 and b) RB-46. The plot of well
RB-16 also shows two piezometers, one above and the other below the modeled semi-permeable interbed.
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Fig. 4. Measured capacities of wells a) RB-16 and b) RB-46 as a
function of time. The darker bars represent the number of active
horizontal screens after rehabilitation.

that four new horizontal screens were installed in
2007. Well RB-46 was drilled much later (1983) and

its initial capacity was modest compared to the former
well. Today, only four horizontal screens out of the
initial eight are active. The length of one of the
screens is about 40 m and of the other three 20 m. The
capacity of this well is about 20 L/s.

Yet another difference between the two wells per-
tains to well ageing, expressed via the increase in
hydraulic resistance (KLHR) at the horizontal screens.
The oxic state (redox potential) and bivalent iron con-
centrations also differ (Table 1). The data shown in the
table are indicative of the reasons for different dis-
charge capacities of the two wells.

Table 1. Parallel representation of several parameters of wells
RB-16 and RB-46.

Q |KLHR| Eh | [Fe"] | Number | Screen

of length
[L/s] | lm/y] | [mV]]| |mg/l] | screens | [m]
RB-16 | 81 0.1 137 137 4 179
RB-46 | 22 23 | 109 109 5 101

Calculation results

The capacity of each well location was assessed by
hydrodynamic analysis of groundwater flow using
“local” models of the two wells. The models encom-
passed relevant parts of BGS in the hydraulic sense
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and were bounded by neighboring wells and parts of
the left and right overbanks of the Sava River. Simu-
lations were undertaken for 4, 6 and 8 horizontal
screens, each 50 m long. The well caisson water level
was specified at 6 m above the elevation of emplace-
ment of new horizontal screens. The model was previ-
ously calibrated, but calibration does not fall within
the scope of this paper.

Location capacity, maximum permissible
screen entrance velocity, and well capacity

The elevation of the horizontal screens of well RB-
16 was set at 45 m a.s.l., so the operating water level
in the well caisson was 51 m asl. The resulting dis-
charges of 4, 6 and 8 horizontal screens were 150, 160
and 164 L/s, respectively.

The horizontal screens of well RB-46 were set at an
elevation of 52 m a.s.l. Scenarios with 4, 6 and 8
screens were simulated and the water level in the well
caisson was maintained at 58 m a.s.l. The resulting
well capacities were 30, 33 and 35 L/s, respectively.

The three screen scenarios were also used to calcu-
late well capacities at selected representative maxi-
mum permissible screen entrance velocities. The re-

Table 2. Resulting maximum permissible screen entrance veloci-
ties based on biochemical incrustation conditions (v min — select-
ed representative value).

Eh vV max. rFe'' vV max. v min.
perm. perm.
Well | (mV)| (M/s) [(mg/L)| (Ms) (M/s)
RB-16 137 [ 3.15E-04| 0.6 7.50E-04 | 3.15E-04
RB-46 109 [2.15E-04| 1.6 1.80E-04 | 1.80E-04

A RB-16

180
160
|
140 ]
»
=120 /-/
S
£ 100
e /-/
2 80
o
60 /T/
40 |
3 4 5

6 7 8 9 10
laterals

@ Location capacity

B Well discharge, based on max. allowed velocity

sults of the capacity simulation are shown in Fig. 5,
while those of the maximum permissible screen
velocity simulation are presented numerically in Table
2 and graphically in Fig. 1.

As a remark, it can be stated that the increase of
number of laterals above 8 does not contribute to the
capacity increase of the well location. It is obvious
that, in hydraulic sense, with the increase of number
of laterals, the radial well is becoming more like a
tubular well.

Based on Fig. 5, the capacity of the location of well
RB-16 appears to be about 165 L/s. However, it is also
apparent that this capacity exceeds by far the dis-
charges based on the maximum permissible velocity
criterion (where the maximum permissible discharge
of a single horizontal screen is about 15 L/s). Theoret-
ically, the capacity of the location could be reached by
installing ten new screens. But it is up to the engineer
to decide how to restore or improve the capacity of
this well and select the number of new laterals.

The maximum permissible entrance velocity crite-
rion was fulfilled by setting the operating water level
in the well caisson at 58 m a.s.l. The other required
well capacity characteristics were determined in par-
allel, including an average screen entrance velocity of
3-104 m/s and an average discharge per screen of
about 16 L/s. From a technical and economic perspec-
tive, the well can be reconstructed by installing 6 to 10
new horizontal screens, which would result in a well
capacity of 98 to about 160 L/s.

With regard to well RB-46 and biochemical crite-
ria, all calculation scenarios resulted in below-critical
entrance velocities, as shown in Fig. 5. Installation of
a large number of laterals in the case of this well is
questionable, given the low capacities and the differ-
ences between them. In the four 50 m-long screens
scenario, the average screen entrance velocity is
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Fig. 5. Capacities of wells a) RB-16 and b) RB-46 based on simulations of location capacity and maximum permissible screen entrance

velocities, as a function of the number of screens.
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1.6-104 m/s and the average discharge per screen
about 8 L/s. At the operating water level maintained at
58 m a.s.l., the discharge of the well with four screens
will be about 30 L/s. The capacity of the location of
well RB-46 is lower than that of well RB-16 because it
is shallower and cannot produce more than 36 L/s. Due
to poorer chemical and biochemical conditions, the
maximum permissible entrance velocities are much
lower. The analysis shows that this well hardly recom-
mends for rehabilitation because of insufficient capac-
ity of its location and poor biochemical conditions.

Flow distribution to the well, vertical travel
time, and impact of interbed on well capacity

Different aspects of groundwater flow were ana-
lyzed based on calculations using local models of the
two wells, primarily to assess the potential pollution
threat. The spatial distributions of the flow to the

wells are shown in Fig. 6. The lines represent the bo-
undaries of zones that reflect percent fluxes relative to
the total well discharge.

The different sizes and shapes of the flux zones of
the two wells are a result of several factors, including
overall hydrogeological (especially filtration) charac-
teristics of the aquifer, well capacity, and number and
positions of horizontal screens.

The travel time through the semi-permeable inter-
bed is one of the important drivers of pollutant trans-
formation on the way to the well. It is apparent from
the interpretation of the calculation results shown in
Fig. 7 that only the immediate vicinity of the well is
potentially threatened by pollutants prone to transfor-
mation and degradation (primarily organic pollu-
tants).

The assessment shows that a different approach to
sanitary protection zoning might be warranted, com-
pared to the method generally accepted in the past
(estimation of travel distance and residence time of a
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Fig. 7. Travel time (in months) through the semi-permeable interbed of the aquifer system: a) well RB-16, and b) well RB-46.
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potential pollutant by particle tracking, whereby cal-
culations assume that the pollutant is an ideal tracer).

The effect of the semi-permeable interbed was also
reflected in the piezometric head difference between
the upper and lower water-bearing layers. In the im-
mediate vicinity of well RB-16, the pair of piezome-
ters, with one screen above and the other below the
interbed, registered a piezometric head difference of
about 8 m. Model calibration yielded a vertical hydra-
ulic conductivity of 3-10-7 m/s. In order to analyze the
impact of different hydraulic conductivities of the
interbed on the groundwater flow pattern and well
capacity, the vertical hydraulic conductivity of the
semi-permeable layer was reduced by a factor of three
on the model (from 3-10-7 to 1-10-7 m/s). This result-
ed in a well discharge of 73 L/s (compared to the pre-
vious 98 L/s), whereby the piezometric head differ-
ence was increased by 1.5 m (largely attributed to the
layer above the interbed). This corroborated the fact
that the piezometric head above and below the in-
terbed was an excellent indicator of its filtration char-
acteristics. The conclusion was that the semi-perme-
able interbed in the zone of RB-16 provides excellent
protection from pathogens.

As in the case of well RB-16, there is a semi-per-
meable interbed in the vertical section at well RB-46,
but it does not constitute a distinct hydraulic barrier
for groundwater flow. The piezometric head differ-
ence between the layers above and below the interbed
is of the order of 1 m, even though its thickness in the
immediate zone of well RB-46 is from 10 to 13 m.

Conclusions

The case studies presented above, of two radial col-
lector wells in an alluvial anoxic setting, demonstrat-
ed that the design and long-term operation of a well
require that proper consideration be given to the
capacity of the well location and that maximum/criti-
cal screen entrance velocities (and thus their capacity)
be correctly defined.

Maximum/critical screen entrance velocities have
been defined here according to the previously deter-
mined increase of local hydraulic resistances in a
given wells, RB-16 and RB-46, bearing in mind the
oxicity and the content of ferrous iron in groundwater.

The analyses showed that at the same groundwater
source, the capacity of one well location (RB-16) was
4-5 times higher than that of another (RB-46). Also,
the maximum permissible horizontal screen entrance
velocities (per biochemical and hydraulic criteria)
were several times higher in the case of well RB-16.
This practically means that the analyses based on the
proposed approach convincingly and decisively deter-
mine whether reconstruction of the studied wells
would be justifiable. The same can be done for other
radial collector wells at Belgrade Groundwater Sour-

ce. The approach is also purposeful for other alluvial
water supply sources that rely on anoxic aquifers.
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Pe3nme

YnopeaHo nepuHucame ejeMeHara
paauMjajaHux OyHapa NPUMEHOM HOBe
MeTo/e

VY omHOCy Ha JOCaialllbd HAYWH TMPOjEKTOBAA
JIPEHOBa pajrjaHuX OyHapa Ha OeorpajckoM H3BO-
PUIITY, TPUKA3aH je OPUTHHATHH METOOJONIKH
MOCTYNAaK, KOjuUM ce AeQUHHINE KaramuTeT OyHapa.

OBUM TOCTYIIKOM, KOjUM C€ y CYIITHHHU JIMMHTHPA
BeJIMYMHA YITa3HUX Op3WHA MOJ3eMHUX Bojia y OyHap,
00e30elhyje ce myroTpajHOCT pana u CTaOUITHOCT Hhe-
roBor kamarmurera. [loctymak ce cactoju on Tpu Ie-
nuHe: 1) oxpehuBama MOTEHIMjaTHOT KararuTeTa
nmokanuje OyHapa, 2) onpelhnBama MaKCHMaHO JO-
3BOJbEHUX YyITa3HUX Op3WHA IMOJ3€MHUX BOJIA M Kara-
UTeTa ApeHoBa OyHapa, 3) MPOTHO3e XHUIPAYITHIKUX
edekara paga OyHapa y modeTHOM mepuoxay. Kanarmm-
TeT JOoKaIlje ce onpelyje 3a meonuIry peke u odane ca
3aneheM, KOju XHIpAyIHYKHd TPaBUTHpaA aHAIW3Hpa-
HOM OyHapy. On BenWKe BaKHOCTH j& ITO3HABAmbe
XHUJIPOTEONONIKUX, (DUITPAITMOHUX KapaKTEepPHCTHKA
MOPO3HE CpeIuHe, MPOIYCHOCTH PEYHOT JHA, MPH-
CycTBa CIabONPONYCHUX CII0jeBa, KA0 M TEXHUYKHX
KapakTepucTuka OyHapa. Ha ocHOBy aHamuze
mpoTHiaja OyHapa, KOJIMHpama IPEHOBAa W3a3BaHOT
MIPUCYTHUM TBOXHEM, Kao W CTeleHa OKCHYHOCTH
akBu(epa Ha OEOrpajCKOM H3BOPUINTY, AePUHICAHE
CYy MaKCHMAaJIHO JI03BOJbEHE yia3He Op3HWHE IO/3eM-
HUX BOjIa y ApeHoBe OyHapa. OBe Op3uHe 00e30elyjy
cTabuyaH KananuTeT OyHapa 3a YCBOjeHH KPUTEPHjyM
JI03BOJbEHE Op3WHE KOJIMHUpama apeHoBa. OBe Op3uHe
cy 2 1o 5 myTa Mame on Op3uHa, HeUHUCAHUX OIIp-
KamkbeM (QUITPAIMOHE CTAOMIOCTH NPHPHUITAPCKES
30He. JlyrorpajHOCT cTaOMITHOT KaraiuTera OyHapa ce
00e30el)yje 1 BeMMIrMHOM TIOYETHOT CTyOa Boze y Oy-
Hapy W3HAJ APEHOBA, KOjU 32 OEOTPaJICKO M3BOPHIITE
m3HocH 6 m. Ha ocHOBy oBako aeduHHCaHOT Kara-
nutera OyHapa, BpIIM Cc€ XUApaylTndKa aHaJIn3a
e(ekara pama OyHapa: MPOCTOPHO NepHHHUCAmE MTPO-
LEHTyaJTHOT ydYemrha JoTHIaja Boja y OyHap, Kao |
BpeM 3ajlpKaBarba TOKOM (QUITpaIldje Ooff peKe [0
Oynapa. OBa MeTOZOJIOTHja 3aXTeBa W OAroBapajyhm
codTBep 3a cupoBoheme MmpopadyHa, OTHOCHO MOJIe-
JTUpamke CTpyjama moa3eMHux Bona. IloceGHO je wH-
TEpecaHTHO MPOCTOPHO 3aJaBame APEeHOBa OyHapa |
MIpHUKa3 pe3yarara MpopadyHa IHje30METapCKuX HU-
BOa, Kao W pacriopesia J0TuIaja Iy mux. Ocum Tora
Moryhe je 3amaBame MPOCTOpHE TeoMeTpuje U (pui-
TPAIMOHUX KapaKTePHCTHKa KOPHUTAa PeKe W peaiHa
CUMYyJIaIFja ’EeHOT MPOCTHPamha Y 3aBUCHOCTH O] BO-
nocraja. Ha mpumepy y oBOM paay je mokas3aHo fJa ce
Ha MCTOM M3BOPHUIITY KalaluTeT JOKaIyje aBa OyHapa
pasmukyje u 4 1o 5 myta. CIMYHO je U ca BEINYHHOM
MaKCHMaJTHO J03BOJFEHHX YIIA3HUX Op3MHA KOje y3H-
Majy y 003up OHoxeMHjcKe KpuTeprjyMme. AHanm3a Ka-
manurera Ba OyHapa, OBJie MPUKAa3aHOM METO/IOJIOTH-
jOM, Ilaje oTpenesbemhe HIXOBE PEKOHCTPYKIIUjE, TITO
je IpUMEHJBHBO M Ha OcCTaje paaujanHe OyHape Oeo-
rpaackor um3Bopumra. llpukasana metoma je mpu-
MEHJPMBA W 3a JApyra H3BOPHINTA Y aTyBHjaTHUM
AQHOKCHYHUM YCJIOBHUMA HM3/IaHH.
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