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analyses, isotope ratios of δ34S/32S and δ18O/16O in
SO4

2– ion and δD in water have been investigated.

In 2005, the groundwater properties and qual-
ity in the area of Szczerców opencast have been

investigated. Samples of water from boreholes and
drains were taken and analyzed. It was found that
the groundwater was not polluted, its quality and
purity being in agreement with the approved
groundwater purity standards. The drain system
work forced the groundwater flow, this being the
reason for decreasing of tritium concentrations
(Table 1) (the water age is increasing) also the ra-
don-222 concentration is decreasing (Table 2) (this
being an effect of ascense flow through fissures in
the above-coal layer) [1,2]. The locally redox prop-
erties were changed (Fig.). Isotope ratios in SO4

2–

ion confirms that these processes are running in

the above-coal layers, without any contact with
atmospheric oxygen, causing simultaneous changes
in tritium activity (layer flow indicator).
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Table 2. Mean radon-222 concentration changes in ground-
water during investigated exploitation period.

Table 1. Changes of tritium concentration during investi-
gated exploitation period.

Fig. Relationship of δ34S and δ18O in SO4
2– ion concentration in groundwater in exploitation area.

Two river-tributary systems have been chosen for
the investigation of mixing processes. These are:

the Narew River-the Bug River-Zegrzynski Reser-
voir and the Bugo-Narew River-the Vistula River.
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Preliminary results of water isotope compositions
in each river exhibit a significant differences in δD
and δ18O. The observed differences were, an aver-
age in the measuring season (May-October), 0.5±0.1

and up to 6±0.5 for δ18O and δD, respectively.
Because the error/value ratio is better for δD mea-

surement, we decide to use this parameter (not
δ18O) as a tracer.

In both river systems, several profiles have been
selected down to the tributary confluent line (Fig.1).
The water samples have been taken 1.5 m below
the water table every 25 m across each profile. A

sampling pump was connected to the measuring
boat. Each sample position has been precisely de-
termined by means of GPS. Then, the δDi have

been measured in IRMS (isotope ratio mass spec-
troscopy). The δD distributions in selected pro-
files have been shown in Figs.2 and 3 for both in-
vestigated river systems.

On the basis of the obtained data the mixing
degree of river water has been calculated as

Fig.3. δD distribution as a function of distance from the
right Vistula River bank (13.07.2005).
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Table 1. Mixing degrees in the Bug River-Narew River system.

Table 2. Mixing degrees in the Bugo-Narew River-Vistula River system.

Fig.1. Localization of measuring profiles in the Vistula River down to the Bug-Narew confluence profile.

Fig.2. δD distribution as a function of distance from the
right bank of Zegrzynski Reservoir (down to Bug and
Narew rivers confluent line) (07.09.2004).
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where: M – mixing degree (1 means the entire mix-
ing across the profile); i=1, 2, 3…N; C

_
 – mean

value of Ci for given profile; Ci=∆δD0 – ∆δDi
(∆δD0=|δDM – δDT|, ∆δDi=|δDM – δDi|, δDi –
means isotope composition δ in the i point at mea-
suring profile).

δDM and δDT means isotope composition ex-
pressed as

for main river and tributary, respectively, where
(D/H)standard=SMOW (standard mean ocean water).

The values of mixing degrees calculated for
both investigating river systems have been shown
in Tables 1 and 2.

tion. The experimental and numerical RTD func-
tions were compared for different technological
parameters values of processes (apparatus geom-
etry, flow rate, location and construction of input
and output). Numerical RTD function was ob-
tained by DRW (discrete random walk) technique
– determination of residence times of many liquid
particles.

Two types of input flow organization in settling
tanks – immersed multitubing system and surface
overflow – are operating at industrial wastewater
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Two methods, residence time distributions (RTD)
and computational fluid dynamics (CFD) are most
effective for solid and wastewater phases investi-
gations of flow dynamics.

Many apparatus of wastewater treatment plants
such as equalizers, clarifiers, settlers, aeration tanks
and equalizer-mixers were investigated using the
tracer method with application of Br-82, Tc-99 and
fluoresceine as tracers. On the basis of measured
(in tracer experiment) RTD function, the model of
flow can be proposed for the unit under investiga-

Presented results will be applied for the verifi-
cation of the mathematical model for transport and
mixing in river systems. They could also be a basis
for forecasting a pollutant transport and for the
evaluation of ecological hazard, for example, for
potable water intakes localized in the area of their
interaction. Modeling and simulations of mixing and
transport processes will be supported by GAMBIT
software.
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Fig.1. Distribution of solids concentration in profiles at 7, 23, 38 m from the wastewater input as a function of depth and
in the axis of settler on the depth 1 and 2 m below water table – settling tank with immersed multitubing input
system.


