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I. Introduction
Within the DEEPWATER-CE project a transnational decision support toolbox on designating

potentially suitable MAR locations in Central Europe (output O.T2.1, DEEPWATER-CE, 2020b) was
developed. Based on this toolbox, pilot sites with applicable MAR types can be identified (deliverables
D.T3.3-6.1-5). Further a common methodological guidance for DEEPWATER-CE MAR pilot feasibility
studies (deliverable D.T3.2.5) was proposed which can be used in combination with the transnational
decision support toolbox to identify the potential of MAR application. The report on the desk analysis of the
pilot feasibility study for MAR deployment in porous aquifers located near industrial sites on contamination
of aquifers (D.T3.4.1) is giving an overview on existing data for the feasibility assessment of the
DEEPWATER-CE pilot site in Poland. Based on the existing data the further steps for determining missing data
for a comprehensive feasibility assessment is developed and documented in a pilot action design plan. Polish
pilot site is located in southern Poland, on the west side of the city of Tarnów and in its vicinity. The study
area was selected on the basis of the developed suitability maps for two MAR techniques, performed in
accordance with the developed methodology (output O.T2.1). The feasibility study will include infiltration
ditches and induced river and lake bank filtration.

II. Data availability and sources of data
The study site is relatively well recognised in terms of hydrogeological conditions and geological

formation. In order to obtain as much information as possible about the Polish pilot site, an extensive desk
study was carried out, including a review of publications in the field of water management, hydrogeology
and geology for the Tarnów area, various thematic maps were collected and a significant amount of basic
data (Table 1) was obtained for analysis. The findings were used to prepare the required data set and design
the necessary field, laboratory and modelling studies for the feasibility study of two types of MAR (induced
river bank filtration and infiltration ditches).
Table 1. Data availability and sources of data.

Data type The place where the data was
obtained

The form in which the
data was provided

Land use map https://clc.gios.gov.pl/ Shapefile
Topographic map https://www.geoportal.gov.pl/uslugi/u

sluga-przegladania-wms
WMS

Flood hazard and flood risk maps https://isok.gov.pl/hydroportal.html PDF
Geological maps https://geolog.pgi.gov.pl/ Shapefile / Raster

Borehole logs and locations http://geologia.pgi.gov.pl/ Shapefile
Hydrogeological map https://geolog.pgi.gov.pl/ Shapefile / Raster
Meteorological data https://dane.imgw.pl/datastore Text file
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III. Pilot site characterization based on existing data
3.1 Surface topography

The described area is located mainly within the mesoregion of the Nadwiślańska Lowland belonging
to the Sandomierz Basin, only in its southern part there is a distinctive fragment of the Ciężkowice Foothills
(Pogórze Ciężkowickie), belonging to the Central Beskids Foothills (Kondracki, 1998).

The Nadwiślańska Lowland is a fragment of the river valleys of the Dunajec and Biała Tarnowska
rivers, which covers the flood and alluvial terraces of both rivers. The average width of the Dunajec valley in
this section is about 1000 m, the Biała Tarnowska valley has an average width of about 300 m. In the area of
the Swierczków wellfield, the ordinates of the river terraces are 190-200 m.a.s.l. The land surface is
practically flat here, rising slightly in the southern part of the wellfield, where it reaches about 210 m.a.s.l.
Larger denivelations are of anthropogenic origin and include flood banks, gravel pits, drainage ditches and
landfills.

In the southern part of the described area in the region of Zbylitowska Góra, there is an upland of the
Ciężkowice Foothills mesoregion. The foothills are made up of flysch deposits of the Silesian and Sub-Silesian
Nappe with Ciężkowice sandstones. The highlands of the Ciężkowice Foothills rises here at the level of 230-
260 m.a.s.l.

3.2 Climatic conditions
Tarnów is located in south-eastern Poland (50,03 N, 20,98 E, 209 m.a.s.l.) in the Lesser Poland

Province, upon the river Dunajec, at the mouth of the Biała Tarnowska river and represents the Southern
Lesser Poland climatic region according to A. Woś (2010) classification. The weather of the area is mostly
shaped by polar maritime air masses which occur with an annual frequency of 66%. The frequency of other air
masses is much lower, reaching 18% for arctic air masses) and 14% for polar continental air masses. The warm
tropical air masses are noted during ca. 2-3% of days a year. Another factor having an important impact on
the weather are weather fronts that mark the transition zone between two air masses and lead to weather
change and precipitation. The warm front crosses the region during ca. 66% of days a year with the maximum
in January (8.3%). The annual frequency of cold fronts is higher – 126% a year – and the peak of their
occurrence falls in November and December (c.a. 12% in both months).

Based on long-term weather observations for Tarnów (1966-2019), the following are described trends
in air temperature and related indices, calculated with the least square method and tested with a t-student
test. Trends in precipitation and related indices were calculated with Sen’s slope and tested with Mann-
Kendal non-parametric test which requires no conditions as to the statistical distribution of the data.
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Table 2. Average values and trends (change per decade) in mean air temperature (Tavg), the number of
days with maximum air temperature ≥25ᵒC (Tmx25), ≥30ᵒC (Tmx25), ≥35ᵒC (Tmx25), and in the number of
days with mean air temperature <0ᵒC (Tavg<0), Tarnów 1966-2019, p – statistical significance: * α ≤0.05, ** α
≤0.01, *** α ≤0.001.
Month Tavg[ᵒC] Tr p Tmx25[days] Tr p Tmx30[days] Tr p Tmx35[days] Tr Tavg<0[days] Tr p

Jan -1.8 +0.4 0 - 0 - 0 - 17.1 -0.8Feb -0.2 +0.2 0 - 0 - 0 - 13.3 -0.3Mar 3.7 +0.2 0 - 0 - 0 - 6.2 -0.4Apr 9.1 +0.5 *** 0.9 +0.3 0.0 - 0 - 0.3 0May 14.1 +0.3 * 5.3 +0.7 * 0.3 +0.1 ** 0 - 0 –
Jun 17.1 +0.6 *** 10.0 +1.6 *** 1.6 +0.7 *** 0 - 0 -Jul 18.8 +0.6 *** 14.7 +2.0 *** 3.5 +1.4 *** 0.2 - 0 -Aug 18.3 +0.6 *** 13.8 +2.2 *** 3.4 +0.3 *** 0.2 - 0 -Sep 13.9 +0.2 3.8 +0.6 * 0.2 +0.1 * 0 - 0 -Oct 9.3 +0.1 0.3 0 0 - 0 - 0.4 -0.1Nov 4.4 +0.3 0 - 0 - 0 - 5.5 -0.3Dec 0.1 +0.4 0 - 0 - 0 - 13.7 -0.9MAM 8.9 +0.4 *** 6.2 +1.0 * 0.3 +3.7 *** 0 - 6.5 -0.3JJA 18.1 +0.6 *** 38.5 +0.8 *** 8.4 +0.2 * 0.4 - 0 -SON 9.2 +0.2 * 4.1 +0.6 * 0.2 +3.4 *** 0 - 5.9 -0.4DJF -0.5 +0.4 * 0 - 0 +0.1 * 0 - 43.5 -2.7Annual 8.9 +0.4 *** 48.8 +7.4 *** 8.9 +3.6 *** 0.4 - 56.5 -2.8

The climate of Tarnów is of a continental type. The mean annual air temperature is 8.9ᵒC (1966-
2019) and it has been significantly rising since 1966 with the rate of 0.4ᵒC per decade (Figure. 1). July and
January are the warmest and the coldest months, respectively (Table 2). All trends in monthly air
temperature were positive, however, the warming was significant between May and September with the
maximum rate in summer months (Table 2). The general increase in mean air temperature is related to an
increase in high air temperatures rather than to changes in air temperatures below the freezing point.
Significant trends calculated for the number of summer and heat days that occur between April and October,
were in summer months and in May and September. The extremely hot days are very rare in Poland,
therefore trends in their series were not calculated. However, it is interesting that in the entire research
period there were 21 such days noted in Tarnów, 19 of which occurred after 2000. No significant trend was
found in the frequency of days with Tavg < 0ᵒC.

Tarnów annually receives ca. 725 mm of precipitation (1966-2019). The annual course of
precipitation in Tarnów is typically continental with a clear maximum in the summer months (July) and
minimum in winter (February). Unlike air temperature, most trends in precipitation were insignificant and of
various directions depending on the month and season. The only significant trends were those in August and
December (Table. 3).

An increase in air temperature influences the long-term trend in potential evapotranspiration (PET)
on an annual scale and in JJA (both seasonal and monthly series, Table 2). All these trends were positive and
statistically significant at 0.001 level.

The long-term variability in annual precipitation totals presented in Figure 3 shows three phases
varying in the short-term precipitation tendency. From the beginning of the research period to the end of the
1970s, annual precipitation was higher than the long-term average with no particular trend, since the
beginning of the 1980s until the end of the 2010s there was an increase in annual totals and then
precipitation showed a decreasing tendency.

The frequency of days with precipitation (≥0.1 mm) does not change vividly throughout a year. Such
days are the most frequent in winter (December, January) and the least frequent between August and
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October (12-13 days). Trends in the indices of precipitation frequency calculated for the entire research
period were sporadically significant and negative – if significant. These significant decreases concerned the
number of days with precipitation ≥0.1mm in August and December, the number of wet days in June,
December and JJA and the number of days with precipitation ≥10mm in August and JJA are shown in Table 4.

Fig. 1. Long-term variability in annual and summer (JJA) air temperature and the numbers of summer
(≥25ᵒC) and heat (≥30ᵒC) days in Tarnów, 1966-2018.
Table 3. Mean values and trends (change per decade) in the indices of precipitation frequency, P –
precipitation totals, PET – potential, p – statistical significance: * α ≤0.05, ** α ≤0.01, *** α ≤0.001.

P[mm] Tr p PET[mm] Tr p CWB[mm] Tr p
Jan 36.2 +0.2 1.5 0 +34.7 0.1Feb 32.3 -0.5 3.6 0 +28.7 -0.8Mar 37.6 -0.2 16.7 +0.3 +20.9 -0.7Apr 53.5 -0.9 48.1 +1.6 * +5.3 -2.8May 86.7 +1.5 89.4 +0.6 -2.7 0.6Jun 102 -7.9 115.5 +2.8 *** -13.6 -9.9 *Jul 108 -1.9 127.3 +3.2 *** -19.3 -5.8Aug 79.8 -10.5 * 111.9 +3.1 *** -32.1 -13.1 **Sep 64.6 +2.0 70.2 +0.2 -5.7 2.8Oct 47.7 +0.4 39.7 -0.4 +8.0 0.7Nov 39.9 -1.8 0.5 0 +39.4 -1.8Dec 37.2 -3.4 * 3.1 +0.1 +34.1 -4.0 *MAM 178 +2.7 154.3 +2.1 23.5 -0.3JJA 290 -16.4 354.6 +8.7 *** -65.0 -26.3 *SON 152 +3.8 110.4 -0.3 41.8 4.2DJF 104 -3.3 8.0 +0.6 95.6 -5.0Annual 725 -13.6 627.5 +12.0 *** 97.7 -25.4 *
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Fig. 2. Long-term variability in the indices of precipitation frequency, Tarnów 1966-2019, P1, P10, P20 and
P30 – number of days with precipitation ≥1.0 mm, ≥10 mm, ≥20 mm, ≥30 mm.

Fig. 3. Long-term variability in Annual values of Climatic Water Balance (CWB), precipitation totals and
potential evapotranspiration (PET) in Tarnów for 1966-2019.
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Table 4. Average values and trends (change per decade) in the number of days with precipitation ≥0.1 mm,
≥1.0 mm (P1), ≥10 mm (P10), ≥20 mm (P20), ≥30 mm (P30) Tarnów 1966-2019 (trends in P20 and P30 were
not calculated due to their low frequency), p – statistical significance: * α ≤0.05, ** α ≤0.01, *** α ≤0.001.

P01[mm] Tr p P1[mm] Tr p P10[mm] Tr p P20[mm] P30[mm]
Jan 17 0.5 9 0.3 0.4 0 0.1 0Feb 14 0 7 0.0 0.5 0 0.1 0Mar 15 -0.3 9 0.0 0.5 0 0.1 0Apr 14 0 9 0.0 1.5 0 0.3 0.1May 15 0 10 0.0 2.8 0 0.8 0.4Jun 15 -0.5 11 -0.8 * 3.1 -0.2 1.2 0.6Jul 15 0 11 0.0 3.3 0 1.2 0.6Aug 12 -0.5 9 -0.4 2.6 -0.3 * 1.1 0.3Sep 13 0 9 0.0 1.9 0 0.7 0.2Oct 13 0 8 -0.4 1.4 0 0.3 0Nov 14 -0.7 * 8 -0.4 1.0 0 0.1 0Dec 17 -1.1 ** 10 -0.8 * 0.4 0 0.0 0
MAM 43 0 28 0.0 4.7 0 1.2 0.5JJA 43 -0.8 32 -1.3 * 9.0 -1.0 ** 3.5 1.4SON 39 -0.5 24 -0.7 4.2 0.3 1.1 0.3DJF 48 -0.8 26 -0.5 1.2 0 0.1 0Annual 173 -2.0 110 -2.6 19.2 -0.6 6.0 2.2

Although trends in the frequency of precipitation above the selected thresholds were not significant,
their long-term variabilities illustrated in Figure 2 clearly show a decrease in the frequency of wet days and
days with precipitation ≥10 mm since the end of 1990. The extreme precipitation above the daily total of 30
mm in the same period occurred more frequently (Figure. 3).
Summing up, the climate of Tarnów has experienced significant warming and an increase in
evapotranspiration, which depends on air temperature. The most intense warming was recorded in summer.
Precipitation indices did not reveal any long-term significant changes but short-term tendencies were
obvious.

3.3 Land use and potential sources of surface and
groundwater contamination | historical development
The city of Tarnów was established in the area of the knightly village of Tarnów Wielki, mentioned

for the first time in 1309 (in The Life of Blessed Kinga by Jan Długosz). Obviously, more current events are
more important for the subject of the report, such as the “industrial revolution” and the establishment of
Grupa Azoty S.A. The decision to build the first factory was made in 1927 at the request of Ignacy Mościcki.
The area of 670 ha, included in the villages of Świerczków and Dąbrówka Infułacka, purchased from Prince
Roman Władysław Sanguszko for 210 000 American dollars, were used to build the factory with a housing
estate. The official opening of the State Factory of Nitrogen Compounds took place in January 1930. The
State Factory of Nitrogen Compounds was one of the largest investments of the 1920s in Poland during the
Second Polish Republic, and one of the most modern factories in Europe. The factory ran its own farm with a
vegetable garden of 6 hectares and experimental plots. After the war, the factory resumed operations in
1948 (https://www.it.tarnow.pl/). In 2012, “Zakłady Azotowe in Tarnów” signed a consolidation agreement
with “Zakłady Azotowe in Puławy”, the result of which was to create Grupa Azoty S.A (the company changed
its name in April 2013).
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Tarnów is an industrial centre with a dominant chemical industry (the aforementioned Grupa Azoty,
Becker Farby Przemysłowe Sp. z o.o., Summit Packaging Polska Sp. z o.o.) and electromechanical industry
(Zakłady Mechaniczne Tarnów, Ośrodek Badawczo-Rozwojowy Sprzętu Mechanicznego Sp. z o.o., Fabryka
Silników Elektrycznych "Tamel", Lenze Tarnów Sp. z o.o., Fabryka Maszyn Tarnów). There are also other
plants and enterprises, including those from the fuel and energy industry (GAZ-SYSTEM branch, Tauron-
Dystrybucja branch, Tauron Dystrybucja Pomiary), food industry (Zakłady Mięsne "Mięstar" which is part of
the Sokołów Group, Zakłady Mleczarskie "Mlektar", Zakłady Przemysłu Chłodniczego "Fritar"), concrete
production (Bruk-Bet), clothing (Spółdzielnia "Tarnowska Odzież ", Tarnospin) and glass production (Huta
Szkła Gospodarczego Tarnów, part of the Krosno S.A. Group). The Logistics Center of TC Dębica and
Goodyear as well as the reloading and storage center for DHL wheeled transport operate in Tarnów.

108 117 people, 57 048 women and 51 129 men are registered in Tarnów (as of June 30, 2020;
demografia.stat.gov.pl). Also, according to statistical data (Niemiec et al., 2020), at the end of 2019 Tarnów
had 108,400 inhabitants (i.e. 3.2% of the population of the Małopolskie voivodship). The largest population in
Tarnów was in 1996: 122 359 inhabitants (Statistics Poland). Since then, the number of inhabitants of the city
has decreased (by approx. 12 thousand in the last 20 years). It is related to the negative population growth
(−1.7 ‰ in the first half of 2016), migration and emigration. The balance of migration for permanent
residence in the years 2014–2015 is −5.3 per 1000 inhabitants. The demographic forecast of the Central
Statistical Office shows that in 2027 the number of inhabitants of the city will fall below 100 000, and in 2050
Tarnów will be inhabited by 72 500 people (https://gazetakrakowska.pl/). At the end of 2019, the registered
unemployment rate was 4.2% (Niemiec et al., 2020).

The main land use type of the study area (47%) are anthropogenic areas - terrains related to "urban
fabric" and the widely understood industry of the city of Tarnów. The second largest type is agriculture
(39%). The remaining 14% are natural vegetation (e.g. forests) and water areas (Fig. 4).The land use types
were derived from the CLC (CORINE Land Cover) 2018 database. Their detailed breakdown is presented in
the Table 5 below.

Table 5. Detailed distribution of land use in the analysed area (CLC 2018).

Presented below is the land use map of the groundwater model area, with an orthophoto of the
region used as a background. In addition to the FEFLOW groundwater model boundaries, the map also shows
the border of the "Świerczków" wellfield.
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The highest concentration of pollution sources occurs in the northern part of the study area (Fig. 5).
The main source of groundwater pollution is the EU's number two manufacturer of nitrogen and compound
fertilizers: Grupa Azoty S.A. The nitrogen plant is situated in close proximity to the Świerczków wellfield and
its facilities include i.a.: the sector where nitrogen fertilizers are produced, a pig farm, industrial areas
located west of Chemiczna Street, the ECII heat and power plant and coal storage facilities around the heat
and power plant. Świerczków site is also surrounded by two reclaimed ash landfills (sectors A and B), as well
as the toxic waste reservoir (Wojtal et al., 2009; Treichel et al., 2015).

Fig. 4. Land use map of the study area.
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Fig. 5. Potential pollution sources in the northern part of the study area (Treichel et al., 2015).

Other important source of water pollution, especially surface water, but also groundwater, since the
water table occurs at shallow depth are: roads, the busiest of which are no. 94 and 973 as well as railway
lines no.115 and 91 pass through the northern part of the area. Another water pollution source is agriculture
(39% of the area) which is directly related to the use of fertilizers that can degrade the quality of surface
water and groundwater. Also, despite the fact that people's awareness is increasing, illegal landfills (mostly
in forests) and illegal discharges of sewage into surface waters remain an important source of water pollution
in anthropogenic areas, such as the analysed region. These illeagal acts leading to pollutions sources are
difficult to quantify.
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Fig. 6. Topographic map of the study area.
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3.4 Hydrology
The study area lies in the Baltic Sea watershed, in the Vistula river basin, in the Upper Vistula water

region within the Cracow Regional Water Management. It is located at the fork of the Dunajec and Biała
Tarnowska rivers and lies within the range of 2 surface water bodies:

- the Dunajec river from the Czchów reservoir to the estuary, with the status of heavily modified
water (Polish: SZCW) - (Polish: JCWP)- PLRW20001921499

- the Biała river from Rostówka to the estuary - with natural water status (Polish: NAT) - the water
body code - PLRW200014214899.

Apart from the Dunajec and Biała Tarnowska rivers, there is the Świerczkowski Ditch running across
the study area, which is a drainage ditch (Fig. 7) that periodically dries out. Until 2007, the ditch received
the treated effluents from the local treatment plant at the Penitentiary in Świerczków. In the northern part
of the area there is a local network of drainage ditches draining rainwater from the extreme northern part of
the industrial area of the Grupa Azoty S.A. (Tarnów nitrogen plant) (Fig. 7). In addition to the
aforementioned watercourses, there are surface water bodies of various sizes in the area. These are mainly
artificial reservoirs, including:

- small water reservoirs south of the "Świerczków" wellfield area, which are the remains of former
gravel mining activities,
- infiltration ditches in the "Świerczków" wellfield area,
- settling tanks (sedimentation tanks) of the GA S.A. surface intake,
- tanks for hazardous substances, the so called AN,
- GA S.A. wastewater treatment plant settling tanks (Fig. 7).
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Fig. 7. Hydrographic map of the study area (Wojtal, 2013).

Hydrological profile of the Dunajec river
The source section of the Dunajec river (second-order catchment) is the Black Dunajec bordering the

Black Sea catchment. At 199.2 km near Nowy Targ, the Czarny Dunajec joins the Bialy Dunajec and from this
point the Dunajec river begins. The Czorsztyn - Niedzica reservoir, put into operation in July 1997, together
with the reservoir in Sromowce Wyżne completed a few years earlier, have had a major impact on the water
management conditions of the river by equalizing flow rates and retaining a significant portion of the
dragged and floating material (Rybicki & Rybicki, 1999). At the 86,4 km from its estuary the Rożnowski
Reservoir starts. A few kilometers below the dam in Rożnów there is the backwater of the Czchów reservoir,
whose dam is located at 67 + 500 km.

The Czchów Reservoir was originally planned as a facility compensating the outflow from the
Rożnów Reservoir. The Czchow reservoir has a significant impact on the flow characteristics of the lower
Dunajec river, and thus also on the operation of surface and infiltration intakes located in close proximity to
this river. Below the dam in Czchow, the Dunajec river flows across areas used mainly as agricultural land, to
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a lesser extent as recreational areas. There are also small industrial plants located in the area which has as a
well-developed water supply network but much less developed sewage network.

In the section from the Czchów dam to the Zbylitowska Góra wellfield area, the Dunajec river does
not receive significant inflows; the watercourses flowing into it in this section carry negligible amounts of
water, which is confirmed by the small difference in the river’s water flow rate between the rate at the
outflow from the Czchów reservoir and the flow rate at the water gauge station in Zgłobice (Wojtal, 2013).

The lowest flow rate below the dam in Czchów was determined in the water management
documentation for this facility as 17 m3/s (danepubliczne.imgw.pl). In practice, the minimum flow rates in
recent years have not been lower than 20 m3/s. For about 60% of the days of the year, flows in the Dunajec
river have been twice the guaranteed minimum flow rate (Rybicki & Rybicki, 1999).

Table 6 shows the typical flow rates of the Dunajec river at the Zgłobice water gauge station, located
at km 38+560 of the river's course, from 1981-2017.

Table 6. Typical flow rates of the Dunajec river in the section of the Zgłobice water gauge station from the
hydrological period 1981-2017 (danepubliczne.imgw.pl).

Flow rates Flow rate [m3/s]
Lowest(date) 8.80(10-10-2002)

Medium low 18.7
Average of annual averages 77.4

Medium High 882
Highest
(date)

2510
(07-10-1997)

In the last 5 years (2016-2020), the extreme flow rates in the analysed water gauge station were
noted in 2017 and 2018. The lowest flow rate was 20.8 m3/s and was recorded on 19/08/2017, while the
highest rate was 1030 m3/s and was recorded on 29/07/2018. The average flow rate for this period was 80.07
m3/s. The extreme flow rates remained within the range given in the table for the multi-year period 1981-
2017.

The calculated base flow rate for the five-year period 2016 -2020 ranged from 20.8 m3/s
(19/08/2017) to 124 m3/s (21/05/2019) with a mean value of 40.44 m3/s (danepubliczne.imgw.pl).

In the whole period of observations at the water gauge station Zgłobice, the flow rate in the Dunajec
river varied within a very wide range from 3.3 m3/s (in 1947) to 4000 m3/s (in 1934).

According to the classification of ecological and chemical status/potential of surface waters, the
Dunajec river from Czchów reservoir to the estuary (the heavily modified water code - PLRW20001921499) is
currently classified as a good quality surface water body (including good and above good ecological status
and good chemical status) (apgw.gov.pl).

Hydrological profile of the Biała (Biała Tarnowska, Biała Dunajcowa) river
The Biała river (third-order catchment), is the right-bank tributary of the Dunajec river (second-

order catchment), a tributary of the Vistula river. The total length of the Biała river is 101.8 km. It flows into
the Dunajec river at 30.3 km of its course. The river starts in the Beskid Niski at an altitude of about 900 m
above sea level. Along its course, the river receives a number of right- and left-bank tributaries, such as the
Kąśnianka, Zborowianka, Szwedka streams. At km 7.6 it receives the right-bank tributary Wątok before
flowing into the Dunajec river, at 2+000 km, below it receives wastewater from the Tarnów treatment plant
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and below it receives waters of the Chyszowski Trench (at 1+945 km), at 1+180 km it receives industrial
wastewater from GA S.A. (Fig. 7). At the mouth of the Dunajec river, the catchment area of the Biała river is
983.3 km2.

The Biała basin in its upper and middle courses has an agricultural and recreational character, while
in its lower course it is an industrial area.

Along its course, the Biała river receives wastewater from more than a dozen wastewater treatment
plants that augment its flow rates. The waters of Biała river are also taken for supplying Ciężkowice and
Tuchowo (intake in Lubaszowa).

In the analysed section of the Biała river there is a close connection of the river water with the
Quaternary aquifer; depending on the water level in the river it can have a draining or infiltrating character.

The flow rates in the Biala river varies greatly. Based on the multi-year data (1971-2013) from the
IMiGW Koszyce water gauge station located above the sewage outlet (i.e., above 2+000 km in the Biała
Tarnowska section), the typical flow rate in this river are as follows (according to Cygan M, 2015):

 the highest observed flow rate - 836 m3/s 04.06.2010
 average annual flow rate - 9,36 m3/s 1971 – 2013
 minimal flow rate - 0,60 m3/s 19.01.1984
 medium low flow rate - 1,38 m3/s 1971 -2013
 medium high flow rate - 282 m3/s 1971-2013

In the last 5 years (2016-2020) extreme flow rates at the analysed Koszyce water gauge station were
observed in 2019 and 2020. The lowest flow rate was 0.92 m3/s, recorded on 24.09.2020, while the highest
flow rate was 270 m3/s, recorded on 24.05.2019. The average flow rate for this period was 7.68 m3/s. The
extreme flow rates were within the range given above for the multi-year period 1971-2013.

The calculated base flow rate for the five-year period 2016-2020 ranged from 0.92 m3/s (24.09.2020)
to 13.8 m3/s (24.05.2019) with a mean value of 3.68 m3/s (danepubliczne.imgw.pl)

According to the classification of ecological and chemical status/potential of surface waters, the
Biała river from Rostówka to the estuary (JCWP-PLRW200014214899) is currently classified as a surface
water body of poor quality (including poor ecological status and good chemical status) (apgw.gov.pl).

The Świerczkowski Ditch
The Świerczkowski Ditch should be treated as a drainage ditch whose estuary to the Dunajec river is

located about 0.5 km below the "Świerczków" wellfield area. It is a receiver of rainwater and infiltration
water from areas located in the western part of the GA S.A. It begins in Zbylitowska Góra, then flows through
Kępa Bogumiłowicka and further on crosses the Tarnów city, including the industrial areas of GA S.A. and
industrial plants located in the vicinity of GA S.A. The total length of the ditch is approximately 5.2 km.
There is a 1.5 km section of the ditch connected to a sewage network. In its lower course the Świerczkowski
Ditch runs through the "Świerczków" wellfield area. During longer rainless periods, the ditch practically dries
out. Until 2007, the ditch in question was a receiver of sewage from a treatment plant located on the
premises of the Świerczków Penitentiary. As the plant did not meet environmental protection requirements,
the sewage from the Penitentiary is currently discharged into the municipal sewage system (Wojtal, 2013).
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3.4.1. Flood hazard and flood risk maps
Legal basis
Flood hazard maps (FHMs, Polish abbreviation: “MZP”) and flood risk maps (FRMs, Polish

abbreviation: “MRP”) for the area of Poland are prepared on the basis of the following legal acts:
1. Directive 2007/60/EC of the European Parliament and of the Council of 23 October 2007 on the

assessment and management of flood risks (Flood Directive);
2. Water Law Act (Journal of Laws of 2020, item 310, as amended);
3. Regulation of the Minister of Marine Economy and Inland Navigation of 4 October 2018 on the

development of flood hazard maps and flood risk maps (Journal of Laws of 2018, item 2031).

The State Water Holding Polish Waters is responsible for the preparation of FHMs and FRMs projects.
The minister responsible for water management authorizes FHMs and FRMs and submits them to the
authorities specified in the Water Law. Flood hazard maps are prepared for the areas of potential significant
flood risk (APSFR) indicated in the preliminary flood risk assessment (Polish abbreviation: “WORP”).

WORP was developed as part of the project "IT System for the Protection of the Country against
Extraordinary Hazards" (ISOK) financed by the European Regional Development Fund under the Innovative
Economy Operational Program. The project was implemented by the Institute of Meteorology and Water
Management - National Research Institute (IMGW-PIB) in consortium with the National Water Management
Authority (KZGW), the Main Office of Geodesy and Cartography (GUGiK), the Government Centre for Security
(RCB) and the Institute of Telecommunications.
Significant historical floods as well as floods that may occur in the future (the so-called probable floods) have
been identified as part of the WORP. They constitute the basis for designating flood-prone areas. On
December 22, 2013, the flood hazard maps and the flood risk maps were published on the “Hydroportal”
(https://wody.isok.gov.pl/imap_kzgw/?gpmap=gpPDF).

The flood hazard maps and flood risk maps are to be reviewed and, if necessary, updated every 6
years. The Water Law Act of 20 July 2017, which entered into force on 1 January 2018, upholds the validity of
flood hazard maps and flood risk maps prepared during the 1st planning cycle and orders their review and
update, if necessary, by 22 December 2019.
The Water Law Act (art. 169-170) specifies the general scope of FHMs and FRMs. However, the specific scope
and requirements for the development of flood hazard maps and flood risk maps, as well as the scale, are
determined by the Regulation.

The scope of flood hazard maps and flood risk maps
Flood hazard maps include areas with a specified probability of flooding such as:

– areas where the probability of flooding is low, which corresponds to 0.2% (once every 500
years), or extreme event scenario;

– areas where the probability of flooding is medium, which corresponds to 1% (once per 100
years);

– areas where the probability of flooding is high, which corresponds to 10% (once per 10 years);
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– areas exposed to flooding in the event of:
 a flood embankment failure - estimated for the flow with the 1% probability of occurrence;
 a dam failure.

In addition, flood hazard maps shall include:
– water depths;
– the flow velocity and direction of water flow (for voivodship capitals and cities with the

poviat status and other cities with a population exceeding 100 000.);
in the classes defining the level of risk for people and the way of impact on buildings, in accordance
with the Regulation:
water depths:

 h ≤ 0.5 m – low hazard to people and buildings;
 0.5 m < h ≤ 2 m – medium hazard to people (possibility of evacuation to upper floors of

buildings), but high damage;
 2 m < h ≤ 4 m – high hazard to people and very high damage;
 h > 4 m – very high hazard to people and very high or total damage;

flow velocity:
 v ≤ 0,5 m/s – low velocity; water has a small impact on buildings;
 5 m/s < v ≤ 1 m/s – medium velocity; water has a moderate impact on buildings, poses a

threat to people;
 1 m/s < v ≤ 2 m/s – high velocity; water has a big impact on buildings, poses a serious threat

to people;
 v > 2.0 m/s – very high velocity; water has a very big impact on buildings, may damage

structures of static objects, poses a very serious threat to people.

In accordance with the regulation, cartographic versions of flood hazard maps are prepared separately for
each scenario in two thematic sets:

– Flood hazard maps with water depths;
– Flood hazard maps with flow velocity (for the areas designated in the Regulation).

What deserves special attention here is the fact that FHMs do not show the historical floods extent,
but present areas with a specified probability of flooding. To determine flood hazard areas, the maximum
flow with a given probability of occurrence is used (calculated on the basis of maximum annual flows from
the period of at least 30 years). The 1% probability of flooding means that statistically such a flood may occur
once every 100 years. However, it should be noted that this is a statistical value - based on historical data,
with the beginning of measurements in 1951 (Vistula basin) - and does not mean that flooding with the
probability of 1% occurs at 100 years intervals.
Flood hazard areas are determined by using geographic information systems, on the basis of water surface
elevation calculated with the hydraulic model. The digital terrain model (DTM) and the digital land cover
model are used to determine flood hazard areas. DTM comes from airborne laser scanning (LIDAR), with the
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vertical accuracy of <20 cm and spatial resolution of 1 m. For the purposes of mapping, hydrological data
that take into account the maximum flows that occurred during the flood in 2010 has been developed.

Flood risk maps are prepared for areas included in flood hazard maps. They show the potential
adverse consequences of flooding for human health and life, the environment, cultural heritage and
economic activity. Flood risk maps present objects important from the point of view of flood protection and
information necessary to assess flood risk and potential consequences of flooding, in line with the objectives
of the Floods Directive.
For this purpose, flood risk maps include:

 Indicative number of inhabitants potentially affected;
 Residential buildings and objects of social importance in the flood hazard area. For each building

there is an estimation of the average depth of flooding, separately for each flood scenario and
classified within two ranges: water depth <2m and >2m;

 Types of economic activities in flood hazard areas are defined by land use classes;
 Cultural heritage areas and buildings;
 Installations that, in the event of floods, may cause significant pollution to some parts of the

environment or the environment as a whole (IED);
 Protected areas (water intakes, protection zones for water intakes, bathing areas, nature protection

areas);
 Other potential sources of water pollution in the case of flooding including wastewater treatment

plants, industrial factories, wastewater pumping stations, landfills, cemeteries;
 The value of potential flood losses for land use classes (i.e. residential areas, industrial areas,

communication areas, forests, recreation and leisure areas, arable lands, water).

In accordance with the Regulation, cartographic versions of flood risk maps are prepared separately for each
flood scenario in two thematic sets:

 Flood risk map – potential adverse consequences for human health and life and the values of
potential flood damage,

 Flood risk map – potential adverse consequences for the environment, cultural heritage and
economic activity.

For the purposes of this document, the authors have prepared four selected maps (Fig. 8 - Fig. 11),
showing the region of the planned groundwater model FEFLOW (vicinity of Tarnów):

 Flood hazard map with water depths: areas where the probability of flooding is medium, which
corresponds to 1% (once per 100 years);

 Flood hazard map with water depths: areas where the probability of flooding is high, which
corresponds to 10% (once per 10 years).

 Flood risk map: the potential adverse consequences for human health and life as well as values of
potential flood losses - areas where the probability of flooding is medium, which corresponds to 1%
(once per 100 years);



Page 21

 Flood risk map: the potential adverse consequences for human health and life as well as values of
potential flood losses - areas where the probability of flooding is high, which corresponds to 10%
(once per 10 years);

The maps are created in the scale of 1:40 000.

The use of flood risk maps and flood hazard maps
Flood hazard maps and flood risk maps constitute the basis for the development of flood risk

management plans, including a sets of technical and non-technical measures, which aim to reduce the
adverse consequences of flooding. As one can see on the presented maps, PP4’s pilot site (the Świerczków
wellfield) is located in the area of high flooding probability.

Knowing the flood hazard and flood risk data is extremely important as it contributes to the proper
spatial planning and development and to the reduction of the adverse consequences of flooding. Flood
hazard areas presented on FHMs are taken into account in spatial planning documents. As a result, residents
and local authorities are informed and make responsible decisions concerning the location of investments.

The scope of data contained in the maps is also an element supporting the introduction of norms
defining methods of insuring people and fixed assets in flood risk areas.
Maps can be a starting point for further analyses needed to implement different administrative tasks,
including crisis management in case of flooding. These maps will also be an effective tool for obtaining data,
setting priorities and making technical, financial and political decisions on flood risk management.

The above mentioned information was obtained from the official government website:
https://powodz.gov.pl/en.
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Fig. 8. Flood hazard map with water depths: areas where the probability of flooding
is medium, which corresponds to 1% (once per 100 years).
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Fig. 9. Flood hazard map with water depths: areas where the probability of
flooding is high, which corresponds to 10% (once per 10 years).


