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Groundwater abstraction noticeably reduces
the flow of some watercourses during

the dry season
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ABSTRACT

The paper highlights the fact that some significant watercourses dry up
during periods of minimal flows due to groundwater abstraction. It provides
a summary of the most affected significant watercourses in the Czech Republic.
Large concentrated groundwater abstraction has a considerable impact on
small and medium-sized watercourses.

To select the most significant effects of abstraction on stream flows, we used
the ratio of abstraction to 355-day flows from 1931-1960. Watercourses excee-
ding 30 % were selected. In half of the selected cases the following relation-
ship was confirmed: the 355-day flow from 1931-1960, reduced by the abstrac-
tion rate, is approximately equal to the 355-day flow from 1991-2020. The cases
where this relationship does not apply can be explained by changes in abstrac-
tion volumes, declining groundwater levels and flows in the wider area due to
groundwater collection and the use of static groundwater reserves. The effect
of climate change is unlikely to be present in the baseflow in the cases studied.

Our analysis identified 13 cases where groundwater abstraction is seve-
rely affecting the flow of significant watercourses. In about half of these cases,
there is an alternative source of water that should be used when the flow
of the watercourse is at a minimum. Another option to protect water resources
is to apply the minimum groundwater level or minimum residual flow under
the Water Act.

A comparison of the 13 sites most affected by groundwater abstraction
showed the consequences of groundwater overexploitation. In the catchments
of the Dédina, Doubrava, Béla, Libéchovka, Ustécky stream, Blsanka, and
Jevitka, groundwater abstraction is significant, but the hydrological regime has
not yet been completely changed. In other cases, the situation is more serious,
with substantial depletion over a wider area. Decreases in stream flows and
groundwater levels are often felt in neighbouring catchments. According to
our findings groundwater abstraction in the catchment areas of the Bechyrisky
stream, Rakovnicky stream, PSovka, Blata, Romze, and Svitava had the most sig-
nificant impact on the hydrological regime.

INTRODUCTION

A manifestation of climate change in the Czech Republic is a steady incre-
ase in average air temperature over the last 50 years, while average precipi-
tation totals have not changed much. Due to higher temperature (if there is
enough precipitation), there is greater terrestrial evaporation, which leads to

more pronounced aridity in the soil and in surface water and groundwater.
Adaptation to drought is carried out through long-term plans and measures, as
well as draft measures for the immediate solution of water shortage, which are
part of the so-called drought plans according to Section 87b of the Water Act.
Surface and groundwater resources are limited, which requires coordination
of their use during drought. One of the long-term adaptation measures is to
enable substitutability of water resources. Larger cities (consumers) often have
more substitutable resources, but it is not the rule.
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Fig. 1. Natural spring emerging from the Cretaceous sandstones of the Kokofinsko
region forming part of the Libéchovka flow



Surface water abstraction undoubtedly reduces flows in watercourses in rea-
ches of different lengths depending on the remoteness of the abstraction site
and the discharge of used (waste) water. The influence of surface water abstrac-
tion on water quality is also obvious and, with low flows, quite significant.
In the case of groundwater abstraction, the effect on stream flow is not so direct,
but it is similar. Depletion of flows occurs in several ways. This is obvious when
collecting springs that form or formed part of a watercourse flow. The depletion
of watercourses also occurs through groundwater withdrawal using boreholes
and wells; in fact part of groundwater forming springs (Figs. T and 2) at the site
of the drainage base of the water-bearing system or inflows of groundwater
into watercourses and reservoirs is abstracted. The yield of the springs decre-
ases as a result of extraction from boreholes; sometimes they disappear com-
pletely, which is described, for example, in the Hfensko intake area [1]. Similarly,
there is a decrease in groundwater discharge below the levels of watercourses
and reservoirs. Another way of reducing a watercourse flow is the groundwater
withdrawal in a floodplain using bank infiltration.

Fig. 2. St. Vojtéch spring in the Cretaceous sandstones of the Kokofinsko region forming
part of the Libéchovka flow
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METHODOLOGY

From the recorded groundwater abstraction for 2021 in the Czech Republic [2],
the largest abstractions were selected and compared with the flows in water-
courses that they may have an influence on. Only significant watercourses were
monitored,based on Decree No.178/2012 Coll. During the comparison, the 355-day
flow (Q355d) was considered, which represents the status of low flows. With
regard to the affection of stream flows by the abstractions themselves, but also
by operations on the reservoirs or wastewater discharge, the values of Q355d
from 1931-1960 [3] were used. Groundwater abstraction on a massive scale
began to be carried out from the 1970s. Within the basin of one watercourse
with a known Q355d, abstractions were combined and their values added
up. As a rule, there are no significant fluctuations in water supply abstrac-
tion during the year. Annual groundwater abstraction was recalculated to
the average instantaneous abstraction. By dividing the average groundwater
abstraction and Q355d from 1931-1960, we get an idea of a possible reduction
of a watercourse flow due to abstraction. The choice of a watercourse profile
was limited by available data, so it may not be ideal for objective assessment
of the influence of the abstraction on the flow. Naturally, the greatest influence
of abstraction on flows occurs in cases of large abstraction and small water-
courses. Tab. 1 shows groundwater abstraction where the amount abstracted is
more than 30 % of the Q355d flow of the respective watercourse. The influence
of surface water abstraction, wastewater discharge, and operations on reser-
voirs on the flows of selected watercourses, was assessed and found to be
negligible.

Natural and hydrogeological conditions of selected
watercourses in connection with respective abstractions

Thirteen watercourses were selected in the manner described above. These
watercourses lie at lower altitudes in the wider central part of the Czech Republic,
from Usti nad Labem to Olomouc and South Moravian Regions. The largest
number of these watercourses is in the Central Bohemian Region. The areas
of hydrological basins of the selected watercourses range from 51 to 384 km?.

From a hydrogeological point of view, the selected groundwater abstrac-
tions are mainly located in permeable Cretaceous and Quaternary sediments.
In contrast, the most widespread hydrogeological environment in the Czech
Republic is completely absent here - the hydrogeological massif, which usua-
lly does not allow concentrated abstraction of higher groundwater discharge.
From the point of view of the affected hydrogeological zones, the zones
in the Czech Cretaceous basin predominate. There are nine selected reaches
of the Dédina, Doubrava, B&la, Psovka, Libéchovka, Ustécky stream, Bldanka,
Jevicka, and Svitava watercourses.

RESULTS

Among groundwater abstraction affecting the flow of watercourses, abstrac-
tion for treating drinking water for public water supply systems of large towns
predominates in the vast majority. Water abstraction for large towns is often
concentrated on abundantwater resources, where depletion is not so funda-
mental; however, an adequate level of use must be maintained with regard to
watercourses and groundwater reserves at the abstraction site and the surroun-
ding area.

Tab. 1lists 13 sites in the Czech Republic where groundwater abstraction sig-
nificantly affects the flow of medium-sized or small watercourses during low
flow periods. In most cases, the abstracted groundwater travels to distant con-
sumers in other basins. Only in two cases (Rakovnicky stream and Romze) is
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Fig. 3. Significant impacts of groundwater abstraction on stream flows have been identified at 13 locations in the Czech Republic; the map shows each affected watercourse section

with the corresponding abstraction sites.

the majority of the abstracted groundwater returned to the stream by dischar-
ging wastewater at a short distance of about 5 km below the abstraction point.

Percentage evaluation of the degree of influence of abstraction on flow,
as shown in Tab. 1, provides a general summary of the significance of abstrac-
tion in individual locations, but also depends on the location of the profile on
the watercourse. Profiles with available Q355d values were used for assessment.
Selected watercourses and groundwater abstraction sites that influence their
flow rates are shown in the map in Fig. 3.

For further analyses, 355-day flows derived from observations of influenced
flows in 1991-2020 were also used. In half of the cases, we can see the rela-
tionship between the average abstraction, Q355d from 1991-2020 and Q355d
from 1931-1960. The sum of the average abstraction and Q355d (1991-2020)
in these cases approximately corresponds to Q355d (1931-1960) for the Dédina,
Doubrava, Bél4, Rakovnicky stream, Libéchovka, Ustécky stream, and Jevicka,
as shown in the graph in Fig. 4. The 355-day flow can be regarded as an appro-
ximate level of baseflow in the dry season. Thus, the decrease in Q355d from
1991-2020 compared to Q355d from 1931-1960 roughly corresponds to the size
of the respective groundwater abstraction.

Why is this not true in all cases? Why is abstraction in some cases greater
than the original baseflow? There are several reasons:

1. Groundwater abstraction already took place to a lesser extent in 1931-1960.
An example is the Bfezova nad Svitavou intake area, where groundwater
collection by the First Bfezovsky Water Supply System for Brno started in 1914
and, by 1975, about 300 I/s was abstracted [4, 5]. The 355-day flow in Svitava
from 1931-1960 is therefore not uninfluenced. Similar cases are: Smrzice intake
area, near Prostéjov, in the Romze basin, which has been used since 1906;
Holede¢ intake area, near the Blsanka, with a water treatment plant from
1933 supplying water to Zatec district; Vrutice intake area, supplying water
to Litoméfice since 1903; and Rakovnicky stream intake area, which became
the main source of water for Rakovnik in 1944.

2. Collecting groundwater also depletes resources in the wider area

in the basin of other watercourses, reducing their flow. Examples are

the intake areas of Mélnicka Vrutice, Holede¢, Dolni Bukovsko, and the intake
area in the Blata basin. Water collection can cause a change in the direction
of groundwater flow, thereby increasing the extent of the area from which
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Fig. 4. Comparison of 355-day flows, past and present. The reduction in 355-day flows corresponds to the amount of groundwater abstracted in the selected catchments. Cases

of abstraction affecting larger areas across catchment boundaries are not shown.

groundwater flows to the collection points. In the case of deeper boreholes,
deeper aquifers may be affected, often draining at a great distance from
the point of abstraction into distant watercourses.

3. Groundwater can also be temporarily pumped from static reserves, which
is described in the cases of the Mélnicka Vrutice [6], Dolni Bukovsko [7],
and Rakovnicky stream [8] intake areas.

4. Groundwater abstraction from 1991-2020 was, in some cases, less than
in 2021, which was used for the analysis. In the case of abstraction in the Bél4,
Blata, Romze, and Jevicka basins, the increase in the amount of abstracted
water (up to 20 %) probably caused a slight discrepancy. With the slightly
reduced abstraction values in these four cases, the sum of abstraction and
Q355d (1991-2020) is closer to that of Q355d (1931-1960).

5. Groundwater abstraction from 1991-2020 was, in some cases, greater than
in 2021. The slight decrease in the amount abstracted explains the slight
discrepancy in the values in the Dédina basin on the same principle as stated
in point 4. The decrease in abstraction for Malesov water treatment plant
contributes to the explanation of the discrepancy at the Ustecky stream.

6. The influence of climate change can also play a role. By comparing
the 355-day flows from 1931-1960 and 1991-2020 in watercourses not significantly
influenced by surface water abstraction, discharge, and operations on reservoirs,
we find that there has been a decrease in some of the watercourses (Fig. 5).
Higher temperatures in the later period caused more evapotranspiration from
the catchment if water is available in the surface layer; therefore, runoff from
the catchment may be lower. Minor changes in precipitation totals in some
parts of the Czech Republic do not have a major effect on Q355d.

7. Values of 355-day flows may be affected by errors in observation, evaluation,
and derivation of flows.

It was quite surprising to find that the difference between the current Q355d
and the historical Q355d from 1931-1960 can be explained in all cases examined
by the size of current abstraction and the reasons 1-5 mentioned above. Based
on our findings, climate change does not play a significant role here. The reason
may also be the fact that 1931-1960 is one of the drier periods.

Weakening of baseflow from Cretaceous aquifers as a result of climate
change probably does not occur for the reason that the replenishment
of the aquifers takes place mainly from winter precipitation, which is not redu-
ced in quantity, and from watercourses in their loss reaches (e.g. at the out-
crops of aquifers). Water resources in the Cretaceous sandstone aquifers are
large and provide year-round continuous replenishment of the watercour-
ses. Total annual runoff for most watercourses is reduced due to climate
change [9]. The reason is mainly the weakening of subsurface runoff (inter-
flow) in the growing season, when evapotranspiration is higher due to higher
air temperature.

Reduction of watercourse flows and groundwater levels caused by groun-
dwater abstraction has been observed in many locations in the Czech Republic
over the recent decades. One of the tools for rectifying such conditions is
the minimum groundwater level and minimum residual flow under the Water
Act, which have been applied successfully in several cases. For example,
in the past, groundwater abstraction in the PodlaZice intake area greatly influen-
ced the flow of the Zejbro in the Chrudimka basin, until it dried up. A mini-
mum groundwater level was introduced for the intake area with four groun-
dwater levels in the monitoring borehole, according to which the maximum
possible amount of groundwater abstraction is governed. Given that there are
other sources of drinking water in the area (e.g. Se¢ and Kfizanovice reservoirs
on Chrudimka), the Zejbro has not dried up since the introduction of the mini-
mum groundwater level.

Of the 13 groundwater abstraction sites that are the subject of our analy-
sis, the minimum groundwater level is applied in the intake areas of Litd, Dolnf{
Bukovsko, Mélnicka Vrutice, and Bfezova. Moreover, for the Dolni Bukovsko
intake area, there is a minimum residual flow of 50 I/s in the Bechyrisky stream.
For the Litd intake area, restriction of groundwater pumping to protect marsh
communities only applies from 21 March to 15 July. The introduction of these
limits has improved the status slightly; however, due to the long period of time
for which groundwater abstraction has been carried out, the natural state of sur-
face water and groundwater is not well known; not many people remember it,
and therefore it is not enforced. The determination of the value of minimum
groundwater level itself does not always correspond to the definition provided
in Section 37 of the Water Act: “The minimum groundwater level is the level that
still allows sustainable use of water resources and that ensures achievement of good
ecological status of related surface water bodies and excludes significant damage
to terrestrial ecosystems.” Further application of the aforementioned minimum
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Tab. 1. Groundwater abstraction in 2021 that greatly affected watercourses (in hydrological order)
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piedmont in the Orlice (291 km?) -
X ces of the VSVC
River catchment
Studenec 4320 Dlouhd mez - y
southern part Havlicktv Brod, Doubrava - below
VYS - Chotébof, Zdirec, 71 Cerhovka (101 km?) 55 120 59 VN Hamry
Kladruby, Lhéita 4330 Dlouha mez - Pribyslav, Hlinsko
northern part
‘i . 4410 Cretaceous .
Be\a‘pod Bezdezgm STC  of the Jizera River, right- Miada Boleslay 147 Béla-mouth (158 km?) 150 280 52 None
and its surroundings and surroundings
-bank part
o Jindfichdv Hradec, L
Dolnf Bukovsko JHC 2151 Trebon Basin - Veselin. L, Tyn 97 Bechynsky str:eam N 68 110 88  Partially VN Rimov
northern part Vit mouth (128 km?)
Rakovnik and its Rakovnicky stream —
) STC 5131 Rakovnik Basin Rakovnik 54 above LiSansky stream 15 60 90  None
suroundings 2
(164 km?)
4522 Cretaceous MélInik, Neratovice, . ) -
Mélnicka Vrutice STC  of the Libéchovka Kralupy, Kladno, 344  PSovka -mouth - 190 gy FertalyVNSvihoy,
L i (158 km?) VN Klicava
and P3ovka Streams Slany
L Litoméfice (Vrutice and Malesov,
Pavlicky LBK 4522 Cretaceous . . B . '
of the Libéchovka (VS Zernoseky) 60 :']I?;E:g;’ka mouth 131 190 32 Mocidla)
Tupadly and Libéchov ~ STC ~ and PSovka Streams Mélnik a okoli (Mélnicka Vrutice)
4523 Cretaceous Litoméfice Ustécky stream —
Vrutice and Malesov ULK  of the Obrtka and Ustécky 5 119 y 5 200 330 36 (Pavlicky, Mocidla)
(VS Zernoseky) mouth (217 km?)
Streams
Blsanka - above
Holede¢ ULK 4550 Holede¢ Zatec 26 Klucecky stream 65 70 37 VN Zlutice
(384 km?)
) . 4280 Cretaceous ) Jevicka - below VN Boskovice (unused
Velke Opatovice JAM of the Velké Opatovice area Boskavice 3 Uhficky stream (51 km?) 3 60 >9 backup resource)
Sources of the group
Seni ol water supply
enice oLk 1623 Plio-Pleistocene omouc gs  Blata—Klopotovice = 45 197 inthe Morava
of the Blata River (296 km?) floodplain
Dubany and Hrdibotice Prostéjov None
1624 Quaternary Romze — above
Smrzice OLK  of the Valovd, Romze Prostéjov 47 . 5 - 40 118  None
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Abbreviations: Q355d = 355-day flow; VN = reservoir; VSVC = Water supply system of Eastern Bohemia; Number derived from own data are in italic
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Fig. 5. Change in 355-day flow in stream profiles; coloured points show the ratio between Q355d from 1991-2020 and Q355d from 1931-1960

groundwater level and minimum residual flow is appropriate in cases of ove-
rexploitation of water resources, the most significant cases are listed in Tab. 1.

Tab. 1also contains information on urban areas supplied from assessed sour-
ces. Only larger towns that consume vast majority of water are listed. In the last
column of Tab. 1, possible alternative water sources for the given consump-
tion facilities are proposed. These are often reservoirs that have sufficient capa-
city. Some sources are normally used, others are only supplementary due to
the higher price of abstraction and surface water treatment, and others are shut
down (Boskovice reservoir). In some cases, no other major source is connected
to the water supply system, it can be a risk for reliable water supply in gene-
ral, but also for watercourses and water-dependent ecosystems, which can be
damaged or destroyed during drought due to large irreplaceable abstraction.

Sufficient groundwater reserves, which are often claimed by water supply
operators, do not always go hand in hand with sufficient water in rivers, as
was shown at the 13 surveyed locations. For the sake of interest, we can men-
tion the opposite situation, when pumped groundwater flows after use into
a watercourse, which is not the drainage base of the aquifer from which it was
pumped. It therefore has an improving effect for flow rate in the watercourse
and this is appreciated during drought.

DISCUSSION

In the works of Prchalova [10] and Venera [11], groundwater abstraction is com-
pared with natural groundwater resources, or with the exploitable amount
of groundwater on the scale of hydrogeological zones. This paper compares
groundwater abstraction with dry season stream flows consisting predomi-
nantly of baseflow at the scale of 51to 384 km? catchments. Based on the results
of the studies [10, 11] and this article, areas of excessive groundwater extrac-
tion, unsurprisingly, coincide in many cases. Due to the different investigated
sources (groundwater and watercourses), there is no agreement if the drain-
age base of the “affected” hydrogeological zone is a large watercourse. Its flow
will not be affected by groundwater pumping in a significant way, despite
the fact that groundwater reserves are overexploited. Furthermore, there is
understandably no agreement in cases where the basin of the examined water-
course only forms a small part of the hydrogeological zone (HGR). In contrast
to previous works [10, 11], a significant influence of groundwater abstraction
in the Béla basin was identified in HGR 4410 Cretaceous of the Jizera River, right-
-bank part, where groundwater resources are plentiful; however, the 355-day
flow of the Béla at the confluence with the Jizera is currently roughly half that
of the period before building a group water supply system for Mlada Boleslav.
In addition to the influence of increased abstraction in recent years, the method
of determining exploitable reserves for HGR 4410 in the “Rebalancing of groun-
dwater reserves” project, which is the basis of the Venera publication [11], also
plays a role here.
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The relationship between groundwater abstraction and watercourse flows is
also dealt with by individual River Basin Authorities. In a report from the Vltava
River Basin Authority [12], it is stated that the main drainage stream for HGR 2151
is Bechynsky stream, and the baseflow here is significantly influenced by
the abstraction of groundwater in Dolni Bukovsko. In HGR 5131 Rakovnik Basin,
the pumping of a large amount of groundwater reserves, which then cannot
flow away by gravity to their natural drainage bases — the Rakovnicky stream
and its tributaries, can be seen in the vicinity of Rakovnik [8].

The P3ovka, Libéchovka, Ustécky stream, and Bl3anka watercourses are
investigated within the territorial scope of the Ohfe River Basin Authority. It
is these watercourses that periodically experience a stressed water manage-
ment balance [13], i.e. the average monthly flows fall below the Q355d value.
Among other things, excessive groundwater abstraction by waterworks contri-
butes to the decrease in flow rates of some of these watercourses [13]. The grea-
test negative impact is recorded on the PSovka, whose part has been drying
up completely in the summer months [14]. Furthermore, the BlSanka water
bearing is significantly affected by groundwater abstraction from the Holede¢
intake area [11] in HGR 4550 Holede¢, from which the groundwater is dra-
ined into the Blsanka through numerous fractures [14]. The Libéchovka flow is
dealt with in the final report of the “Rebalancing of groundwater reserves” pro-
ject [6], within which measurements of gradual profile flows were carried
out. In the reach of the Libéchovka between Chudolazy and Zelizy, where
the Tupadly intake area is located (Fig. 6), the Libéchovka flow decreased by
around 30 I/s in October 2013 and June 2014. The average monthly abstraction
in the Tupadly intake area was 33 I/s in October 2013 and 37 I/s in June 2014.
The annual average abstraction in 2021 and 2022 was 37 and 44 |/s.

The Morava River Basin Authority manages the investigated watercourses
Jevicka, Blata, Romze, and Svitava. On the Blata watercourse, a stressed balance
status has appeared repeatedly since 2009. One of the reasons is the abstraction
of groundwater in the floodplain between the Morava, Blata, and Romze [15].
Similarly, a stressed balance status is very common on the Svitava. The main rea-
son is the significant volumes of groundwater abstraction for First and Second
Biezovsky Water Supply Systems [15]. Compensation for the amount of water
abstracted is provided by Letovice reservoir on the Kretinka which flows into
the Svitava at river km 19, below the Bfezova intake area. The balance status
of the Jevicka and Romze is not assessed; however, the influence of abstrac-
tion on the Romze in the Smrzice intake area is evident because the collec-
tion system is based on bank infiltration from RomZe. Two weirs have been
built on the Romze in order to store water for the Smrzice intake area, where
seven collection points are excavated along the Romze [16]. In Velké Opatovice,
the Zdmecké springs (which feed the Jevicka) are captured. The groundwater
of aquifer B is exploited by a syphoning the natural springs as well as by a series
of boreholes [17].

In relation to groundwater abstraction in hydrogeological zones 4222 and
4410, the report of the Labe River Basin Authority [18] states that abstraction
in the Dédina (HGR 4222) and Béla (HGR 4410) basins do not cause a reduction
in static groundwater reserves. Whether or not the mentioned abstraction
reduces the flows in the Dédina and Béla has not been assessed. Furthermore,
the report [18] states that groundwater abstraction in the Doubrava
basin (HGR 4320 and 4330) cannot fundamentally threaten the natural resour-
ces of the groundwater body, and the reduction in flow in the Doubrava caused
by abstraction is compensated by PafiZov reservoir. Based on our knowledge,
improvement of the Doubrava flow rate during drought is not expected due to
the complete emptying of the reservoir active storage in the past drought peri-
ods. The main purpose of Pafizov reservoir is to mitigate the passage of floods
and, among other things, to produce electricity.

Comparison of M-daily flows for 1981-2010 and 1991-2020 is provided
in the article by Kukla [19]. Decreases in 355-day flows amount to an average
of 13.4 % in a set of 304 water gauging stations in the Czech Republic. Kukla notes

10

that, in general, there was more water in 1981-1990 than 2011-2020. Prolonged
periods of minimum flows were observed during 2014-2019 when there were
long periods without precipitation. This explains the difference between
the 355-day flow values in the compared periods. Our comparison of 355-day
flows from 1931-1960 and 1991-2020 at 129 water gauging stations shows an ave-
rage decrease of 3 %; stations with little influence on flows by human acti-
vity were selected. Considering the inaccuracies of the observed and derived
values, a decrease of 3 % can be considered insignificant. The CSN 75 1400 stan-
dard gives an indicative value of the probable error of the 355-day flow values
of 20 %.

s

Fig. 6. Groundwater abstraction facility at Tupadly in the Libéchovka catchment

CONCLUSION

The result of our analysis is the identification of 13 locations where the amount
of groundwater abstraction exceeds 30 % of a watercourse flow in the dry sea-
son. This article deals only with major groundwater abstraction and its impact
on important watercourses. Lower groundwater abstraction has a similar effect
on smaller watercourses of local importance. The drying up of watercour-
ses is already observed in the driest regions in the Czech Republic. However,
in the cases of watercourses considered in this article, the cause of severely
depleted flows is water abstraction. Controlling the rate of abstraction from sur-
face and groundwater sources is influenced, among other things, by the level
of fees for abstracted water, which manifests itself in greater pressure on
groundwater, which in this respect is significantly cheaper than surface water.
Within water supply systems, there are often sources of surface water, the grea-
ter use of which is possible and would be supported by the equalization of fees
for the abstraction of groundwater and surface water. These are mainly reser-
voirs intended for water supply. Another positive effect of most of these reser-
voirs is the improvement of flows in watercourses during dry periods.

In the future, climate change will bring with it a further rise in temperatures,
which will be most evident in watercourses where the situation is already stre-
ssed and drying up is underway. It is necessary to prepare for issues and use or
look for other sources of water. We should ensure the possibility of using existing
unused reservoirs for water supply purposes and to consider the construction
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of new reservoirs. The advantage of reservoirs is that, unlike groundwater aqui-
fers, the outflow of the retained water can be regulated. Another contribution
to the increase of groundwater reserves, i.e. the flow of watercourses in the dry
season, is the support of rainwater infiltration into the rock environment, for
example by means of infiltration features. It is also important to protect signifi-
cant infiltration areas from construction and pollution. Flows in dry periods can
also be enhanced by removing inappropriate drainage facilities on both agri-
cultural and forest land. If long-term conceptual measures are missing, water
authorities must take measures in dry periods to limit water consumption by
households, which are the main consumers of groundwater.
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Explanation of terms used

355-day flow — flow that is reached or exceeded on a long-term average for
355 days a year.

Aquifer — an underground layer of water-bearing material.

Baseflow — part of stream flow maintained by groundwater discharge, usually
keeping at least some water in the stream even during extended dry periods;
it is one of the three components of the total runoff, with the others being sur-
face runoff and subsurface runoff.

Drainage base — the place where groundwater from the water-bearing system
flows to the earth’s surface under the influence of gravity

Dynamic groundwater reserves — the amount of groundwater flowing from aqui-
fers to waterways or other aquifers; in natural conditions, they correspond
(in the long-term) to natural groundwater resources and form baseflow.
Evapotranspiration — the combination of water evaporation and plant transpira-
tion, i.e. water vapour from the surface of the earth and release of water vapour
through the surface of plants.

Groundwater body — volume of groundwater within an aquifer.

Groundwater collector — a permeable rock environment with the ability to accu-
mulate water.

Hydrogeological zone — area with similar hydrogeological conditions, type
of aquifer, and groundwater circulation.

Natural (renewable) groundwater resources — the amount of water under natural
conditions replenished in the long term by infiltration into an aquifer or water-
-bearing system (definition from Annex No. 8 of Decree No. 369/2004 Coll.).
Natural resources are usually determined as the value of uninfluenced base-
flow from the hydrogeological structure. Baseflow naturally changes over time
depending on the season and the weather in the previous period. The charac-
teristic value for the given period can then be median or average baseflow.
Bank infiltration — interaction between surface water and groundwater; taking
water from a watercourse caused by the difference in levels in the stream and
at the place of groundwater collection objects in the floodplain.

Static groundwater reserves — the amount of groundwater that does not flow
from aquifers to waterways or other aquifers (if they are pumped, there may be
a permanent drop in the groundwater level).

Uninfluenced flow — natural flow that is not influenced by reservoirs, abstraction,
and discharge.

Exploitable amount of groundwater — the amount of groundwater that can actu-
ally be used from an aquifer or water-bearing system without negatively affec-
ting groundwater or the surrounding environment (definition from Annex
No. 8 of Decree No. 369/2004 Coll.).
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