9.3. Komentarz do zasiegu stref wrazliwych
na zanieczyszczenie azotanami

Poréwnanie prognozowanych stezen azotanéw w plytkich wodach podziemnych dla
scenariusza Il, ze stezeniami rejestrowanymi w punktach obserwacyjnych w wybranej
do pordwnania zlewni Raby (Paszkiewicz, 2009) wskazuje na podobny rzad wielkos$ci
stezen, odpowiadajacych sredniemu aktualnemu poziomowi nawozenia (rys. 22).

Rysunek 22. Mapa prognozowanych stezen azotanéw w strumieniu zasilajgcym plytkie systemy
wodonosne w wybranej zlewni Raby dla scenariusza Il, wraz z wynikami badan monitoringowych
zrealizowanych w roku 2007

Taka zgodno$¢ w przypadku zlewni Raby moze by¢ zwigzana z charakterem samej
zlewni i jej zagospodarowaniem. Jest to w znacznej czeSci zlewnia gérska i pokryta
lasami, dla ktorych przyjete tadunki azotu sg niewielkie. Dodatkowo obszar zlewni
w catosci znajduje sie na obszarze wojewo6dztwa matopolskiego, gdzie Srednie zuzycie
nawozoéw azotowych jest o okoto 30% nizsze od warto$ci Sredniej dla Polski (tab. 12).
Poréwnania bardziej szczeg6towe nie s3 jednak uprawnione ze wzgledu na przyjecie
$redniego poziomu nawozenia na wszystkich obszarach gruntéw rolnych. Wtasciwe;j
oceny mozna dokona¢ po wzbogaceniu bazy o przestrzenng zmienno$¢ nawozenia,
cho¢by w skali gminy. Mozliwe jest daleko idace uszczegdétowienie zadawanych 1a-
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dunkdéw zanieczyszczenia, gdyz baza danych Mapy pozwala na réznicowanie informa-
cji z doktadnoscia do 1 ha.

Przyjmujac, ze za strefy wrazliwe na zanieczyszczenie azotanami traktuje sie obszary,
gdzie spodziewane stezenia azotandw sa wyzsze niz 50 mg NO3/dm3 wida¢, ze stano-
wig one, przy przyjetych zatozeniach, znaczny odsetek powierzchni Polski (rys. 19
i 20). Dla scenariusza I dopuszczajacego maksymalne dopuszczalne zuzycie nawozéw
azotowych, strefy te obejmuja praktycznie wiekszo$¢ powierzchni kraju. W przypadku
scenariusza Il wida¢ wyraznie, Ze obszary te sg ograniczone do terenéw rolniczych w
wojewddztwach o najwyzszym zuzyciu nawozéw azotowych. Uzyskany w wyniku
przedstawionych obliczen obraz bardzo wyraznie kontrastuje z zasiegami tych stref
widocznymi na Mapie obszardéw szczegélnie narazonych, w ktérych odptyw azotu ze
zrédet rolniczych nalezy ograniczy¢ (rys. 23 i24). OSN wyznaczone w latach 2004-
2008 (rys. 23) zostaly niedawno ograniczone i aktualnie, czyli w latach 2008-2012
obowigzujg inne OSN (rys. 24).

SUAI APy B2 EFD
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Rysunek 23. Mapa Polski z obszarami szczegdlnie narazonymi, w ktérych odptyw azotu ze Zrddet
rolniczych nalezy ograniczy¢, zatwierdzonymi w grudniu 2003 (www.azotany.pl)
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Tendencja ograniczenia powierzchni obszaréw narazonych na zanieczyszczenie
zwigzkami azotu z rolniczych ognisk zanieczyszczen jest odwrotna od wyraznego
trendu wzrostowego zuzycia nawozow azotowych. Wedtug GUS (2009) Srednie zuzy-
cie sztucznych nawozow azotowych w Polsce w sezonie 1999/2000 wynosito 48,4 kg
N/(ha-rok), natomiast w sezonie 2007/08 wynosito juz 70,7 kg N/(ha-rok). W woje-
wédztwach o najwiekszym zuzyciu nawozdédw, czyli wielkopolskim i kujawsko-
pomorskim, aktualne zuzycie nawozéw przekroczyto 140 kg N/(ha-rok) i wykazuje
tendencje wzrostowa, przyblizajgc sie do wartosci dopuszczalnej 170 kg N/(ha-rok).
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Rysunek 24. Mapa Polski z obszarami narazonymi na zanieczyszczenie zwigzkami azotu z rolni-
czych ognisk zanieczyszczen (OSN) obowiqzujgcymi w okresie 2008-2012
(http://www.rdw.org.pl/materialy/_upload/image/mapa4c_osn.jpg)

W zwigzku z powyzszym, konieczne s3 legislacyjne prace nowelizujace oficjalnie zale-
cang metodyke regionalnej oceny tfadunku azotanéw wymywanego do wod podziem-
nych (Rozporzadzenie MS, 2002a), poniewaz obecnie zalecane prawnie formuty obli-
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czeniowe sg zbyt uproszczone i nie uwzgledniaja kryteriéw hydrogeologicznych (Zu-
rek i in.,, 2004). Najistotniejszym zagadnieniem wydaje sie by¢ bardziej wiarygodna
ocena wielko$ci tadunku azotu wymywanego do wdéd podziemnych i ustalenie réz-
nych wskaznikdbw wymycia w zalezno$ci o dawki nawozu, charakteru uprawy i wa-
runkéw glebowych.

Obliczone stezenia i/lub fadunki mozna bilansowac nie tylko w skali catego kraju, ale
réwniez w obszarach zlewni rzecznych. Mozna w ten sposéb uzyska¢ przyblizony
tadunek azotan6w wnoszonych z wodami podziemnymi do rzek, czy tez stezenia azo-
tanow w rzekach, ktére beda wystepowac przy przeptywach niskich, kiedy rzeki sg
zasilane praktycznie wylacznie przez odptyw podziemny. Jest to szczegdlnie istotne,
poniewaz przeplywy niskie w rzekach wystepuja przez wieksza cze$¢é czasu. Uzyskane
wartos$ci beda wiarygodne dla systemoéw krazenia lokalnego, zwigzanego z drenazem
ptytkich woéd podziemnych, a zatem najbardziej narazonych na zanieczyszczenia an-
tropogeniczne.

Na podstawie planszy 1, czyli Mapy podatnosci ptytkich wéd podziemnych, wyrazonej
poprzez czas pionowej migracji zanieczyszczen konserwatywnych przez glebe i strefe
aeracji, mozliwa jest przybliZzona ocena opéZnienia reakcji systemu krazenia ptytkich
wod podziemnych na zmiane poziomu nawozenia. Z kolei opdZnienie zwigzane
z czasem lateralnego, tzn. zblizonego do poziomego, przeptywu wdéd podziemnych do
rzek mozna oszacowac¢ na podstawie strzatek pokazujgcych na tej planszy, zaréwno
kierunki, jak i czasy przeptywu.
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Zalacznik 1

Lista GZWP, ktore w 2011 r. zostang udokumentowane w skali szczegétowej 1:50 000

lub ktérych dokumentacja w skali szczegdtowej bedzie weryfikowana w ramach reali-
zacji Programu wyznaczania obszaréw ochronnych gtéwnych zbiornikéw waéd podziem-
nych dla potrzeb planowania i gospodarowania wodami w obszarach dorzeczy (Herbich

iin, 2009).
Lp. Numer Nazwa GZWP, Pietro lub poziom
GZWP ktorego dokumentacja szczegétowa wodonos$ny
bedzie weryfikowana w 2011 r.
1 117 Zbiornik Bytow Q
2 122 Zbiornik Szczecin Q
3 123 Zbiornik Stargard - Goleniow Q
4 142 Zbiornik Inowroctaw - Dgbrowa Q
5 210 Zbiornik [tawski Q
6 216 Sandr Kurpie Q
7 218 Pradolina rzeki Suprasl Q
8 223 Zbiornik rzeki gérny Liwiec Q
9 319 Subzbiornik Prochowice - Sroda Tr
10 322 Zbiornik Olesnica Q
11 330 Zbiornik Gliwice T2
12 346 Zbiornik Pszczyna - Zory Q
13 408 Niecka Miechowska (cze$¢ NW) Cr3
14 425 Zbiornik Debica - Stalowa Wola - Rzeszéw Q
15 428 Zbiornik Bitgoraj - Lubaczéw Q
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Lp. Numer Nazwa GZWP, Pietro lub poziom
GZWP ktory bedzie udokumentowany w 2011 r. wodonosny

1 120 Zbiornik Bobolice Q

2 125 Zbiornik Watcz - Pita Q

3 126 Zbiornik Szczecinek QTr

4 129 Dolina rzeki dolna Osa Q

5 131 Zbiornik Chetmno Q

6 134 Zbiornik Debno Q Tr

7 144 Dolina kopalna Wielkopolska Q

8 145 Dolina kopalna Szamotuty - Duszniki Q

9 148 Sandr Pliszki Q

10 | 150 Pradolina Warszawa - Berlin (cz. Koto - Odra) | Q

11 | 208 Zbiornik Biskupiec Q

12 | 217 Pradolina rzeki Biebrzy Q

13 | 219 Zbiornik gérna Lydynia Q

14 | 225 Zbiornik Chodcza- Lanieta Q

15 | 226 Zbiornik Krosniewice - Kutno J3

16 | 303 Pradolina Barycz - Gtogow Q

17 | 304 Zbiornik Zbaszyn Q

18 | 306 Zbiornik Wschowa Q

19 | 308 Zbiornik rzeki Kani Q

20 | 310 Dolina Kopalna rzeki Otobok Q

21 | 328 Dolina kopalna rzeki Mata Panew (cze$c¢ E) Q

22 | 334 Dolina kopalna rzeki Mata Panew (cze$¢ W) Q

23 | 337 Dolina kopalna Lasy Niemodlinskie Q

24 | 405 Niecka Radomska Cr3

25 | 410 Zbiornik Opoczno I3

26 | 416 Matogoszcz J3

27 | 418 Zbiornik Gatezice - Bolechowice - Borkow D23

28 | 440 Dolina kopalna Nowy Targ Q

29 | 451 Zbiornik Bogucice Tr
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Groundwater Vulnerability
to Pollution in Poland — Summary

1. Introduction

The book presents the methodology of quantitative evaluation of intrinsic vulnerabili-
ty of shallow groundwater applied at the Groundwater Vulnerability Map of Poland in
scale 1:500,000. The methodology of intrinsic vulnerability evaluation of shallow
groundwater applied to elaboration of the Groundwater Vulnerability Map of Poland
was described by Witczak et al. (2007). The approach assumes that vertical travel
time of conservative contaminants through the vadose zone is the most important
factor of the risk assessment. Depending on the assumed effects of selected contami-
nants or of land-use planning, it is possible to predict a specific vulnerability or pre-
pare risk scenarios. To start with, the authors propose the delineation of the areas
vulnerable to contamination with agriculture-related nitrate.

The concept of groundwater pollution vulnerability mapped at a scale of 1:500,000
assumes a multilayer system with superposition of aquifers and simultaneously fol-
lows the requirements of current European (WFD, 2000; GWD, 2006) and Polish legis-
lation. Preparation of the Groundwater Vulnerability Map includes:

B assessment of the vulnerability of groundwater interacting with surface waters
and those terrestrial ecosystems which status depends on the quantity and
quality of groundwater i.e. wetlands, peat-bogs, parts of forest ecosystems;

B assessment of the vulnerability of aquifers essential for the provision of
drinking water, i.e. the Major Groundwater Basins (MGWB); the following ba-
sic criteria are used to classify MGWBs: the presence of at least one well hav-
ing a yield greater than 70 m3/hour, total groundwater abstraction greater
than 10,000 m3/day, transmissivity greater than 240 m2/day, and water very
high quality (Kleczkowski et al., 1990; Witczak et al., 2010).

The final map will be only of a general and strategic importance. Any further protec-
tion planning with respect to watersheds requires detailed maps, the best being at the
scale of 1:50,000 or larger.

2. Definition of Groundwater Vulnerability

Groundwater vulnerability is a complicated issue and this is reflected in the various
definitions and methodologies for its assessment that have been published. Methodolog-
ical problems pertaining to vulnerability assessment depend on the complexity and
variability of recharge and groundwater flow conditions in various hydrogeological
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media: porous, fissured-porous and fissured-karstic. Evaluation of groundwater vulne-
rability can be carried out using a range of different methods (Aller et al.,, 1987; Foster,
1987; Foster et al., 2002; Robins et al., 1994; Vrba, Zaporozec, 1994; Holting et al., 1995;
Doerfliger et al., 1999; Gogu, Dassargues, 2000; Daly et al,, 2002; Witczak et al.,, 2007).

Groundwater pollution vulnerability is a natural property of a water-bearing system
defining a risk of migration of harmful substances from the surface to the aquifer.
Intrinsic vulnerability (also called natural vulnerability) is controlled exclusively by
geological structure and hydrogeological conditions, while specific vulnerability in-
cludes, besides the former parameters, consideration of the type of a contaminant and
the character of a contamination source (Vrba, Zaporozec, 1994). The methodology
described below refers to the determination of the intrinsic (natural) vulnerability,
referred to hereafter as vulnerability.

3. Methodological Assumptions

No unified methodology of vulnerability assessment has been accepted in Poland,
although the problem has been presented in several papers (e.g. Kleczkowski et al,,
1990; Witkowski et al., 2002; Krogulec, 2004). For this reason, when developing the
current concept for the groundwater vulnerability map of Poland, the authors based it
not only on their own experience (e.g. Zurek et al.,, 2002; Witczak et al., 2007) but also
made use of concepts published abroad.

In selecting the methodology for the vulnerability assessment and map preparation,
particular attention was focused on elements of mutual interaction of quality and
quantity between groundwater and surface waters within the watershed. The follow-
ing three essential assumptions have been made:

m The flow of groundwater is 3-D. Therefore, it has been necessary to consider
multi-layer systems and superposition of aquifers, and to propose the con-
struction of the map in the form of separate sheets.

B The quality of surface waters depends on the quality of groundwater. For the
majority of the year groundwater baseflow forms 80-90% of the surface wa-
ter flow (Duda et al,, 1996). As a consequence, groundwater quality controls
the quality of surface waters and the degree of dilution of effluents and
wastewaters.

Surface waters are recharged not only by the groundwater coming from the
useful groundwater horizons or highly water-bearing horizons, but also by
groundwater flowing from shallow systems not belonging to the category of
the useful groundwater horizons. As a consequence, these shallow aquifers of
lesser capacity are usually omitted from the groundwater mapping, although
the real outflow from such shallow systems may be up to 30% of the total
stream-flow (Witczak et al., 2003). European Community policy has enforced
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a new approach to areas with low groundwater capacity (Dillon, Simmers,
1998; Identification, 2003) because vulnerability maps provide one of the
fundamental tools for land-use planning and construction of programs for the
prevention of contamination of surface waters, including their eutrophication.
Thus, the first sheet of the vulnerability map concerns the shallow groundwa-
ter interacting with surface waters and terrestrial ecosystems.

The travel time of groundwater in active exchange zone is long-term, several
tens of years on the average. Long-term transport of contaminants in
groundwater results, in turn, in a retarded reaction of surface waters to quali-
ty changes in groundwater baseflow. As a result, several years or even several
tens of years following cessation of emissions, the concentration of the con-
taminants carried in the groundwater baseflow into rivers may only be halved
(Duda et al., 1996). Typical lag time of river system to changes in pollutant
load on watershed area could take several decades (Duffy, Lee, 1992; Kania et
al,, 2006). It should be noted that this retardation refers only to conservative
contaminants, while absorbed contaminants will migrate for much longer pe-
riods. Therefore, the transport time of conservative contaminants is one of
the essential elements of the vulnerability assessment and mapping.

In the assessment of groundwater vulnerability to contamination from agri-
culture-related nitrate the fact that the current nitrogen load carried by
groundwater baseflow is a result of intensive fertilization in the past, should
be taken into account. In this situation, a proper approach to delineate zones
sensitive to nitrate contamination will have to include a correlation between
retardation associated with a travel time, i.e. with the age of groundwater,
and concentrations of nitrate in groundwater observed during current moni-
toring (Stockmarr, 2001).

General Characteristics of
the Groundwater Vulnerability Map of Poland

The Groundwater Vulnerability Map of Poland (GVM) was elaborated according to
order of the Ministry of Environment with support from the National Fund for Envi-
ronmental Protection and Water Management. GVM have been issued in scale
1:500,000 based on GIS database using ArcGIS software. The calculation was done in

sequence of maps (data layers) in each one of individual pixels with size 100x100 m,

that is 1 hectare in reality.

The proposed methodology of vulnerability assessment and mapping is presented as the
description of individual information layers with their cartographic visualization on the
map. These information layers have been selected through a consideration of the pos-
sibilities of their being processed using GIS to obtain synthetic information on vulne-
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rability. The map proposed is not only a graphic visualization in the form of two sheets
but primarily represents a database with all the information layers selected. The data-
base can easily be extended in the future to include any additional data required for
specific scenarios or situations.

The map is composed of two sheets representing the vulnerability assessment:

B shallow groundwater interacting with surface water and terrestrial ecosys-
tems dependent on the shallow groundwater;

B Major Groundwater Basins (MGWBs).

5. Vulnerability of Shallow Groundwater Interacting with
Surface Waters —Sheet 1

For shallow and therefore the most vulnerable groundwater, the soil protective prop-
erties based on soil maps of Poland and hydrogeological properties of the vadose zone
are considered. The classes of groundwater vulnerability are based on Foster et al.
(2002) modified referring to the vertical travel times of conservative contaminants
through the vadose zone. The directions and the travel times of lateral groundwater
flow in the saturation zone are well visualized by a system of arrows.

Polish experience indicates that the downward travel time trough the vadose zone, in
other words mean residence time (MRT), can be used as one synthetic and quantita-
tive indicator of the intrinsic vulnerability. MRT of a conservative solute is based on
the piston-flow model, i.e. total water column in the soil profile divided by recharge
rate, gives the possibility to classify vulnerability according to chosen classes of time-
scale. Combined use of the Foster’s classification (2002) and time scale based on wa-
ter exchange in the profile seems to be a good solution in this situation (tab. 1). The
classes of groundwater vulnerability to pollution are presented in colour following the
IAH scale (Vrba, Zaporozec, 1994).

In any assessment of intrinsic vulnerability to infiltrating contaminants, their vertical
transport time through the vadose zone is the most important factor. It depends main-
ly on the thickness and hydrogeological properties of the strata of the vadose zone.
For shallow, and therefore the most vulnerable groundwater, the thickness of the
vadose zone is measured as the depth to the water table.

128



Table 1. Classes of aquifer pollution vulnerability after Foster et al. (2002) modified by the authors,
and mean resident times (MRT) of conservative contaminants to aquifer

Vulnerability Definition MRTY
Class [years]

Very high Aquifer vulnerable to most water pollutants with rapid impact <5
in many pollution scenarios

High Aquifer vulnerable to many pollutants, except those strongly 5-25
absorbed or readily transformed, in many pollution scenarios

Moderate Aquifer vulnerable to some pollutants, but only when 25-50
continuously discharged or leached

Low and very |Aquifer only vulnerable to conservative pollutants in the long >50

low term when continuously and widely discharged or leached.

Aquifer confining beds present with no significant vertical
groundwater leakage

1 in fissured, fissured-karstic and fissured-porous rocks a faster transport of the part of contami-
nation (generally <10%) is possible by preferential flow paths in period of intensive precipitation.
It should be included in detailed risk assessment scenarios. Such rock types abundance is presented
in data layer D (Lithotypes), see fig. 8.

MRT or the water exchange time (t.) may be described by the following equation,
assuming the piston flow model:

;=M XW,
¢ R
where:
my — thickness of the vadose zone [m];
w, — average volumetric water content of the strata in the vadose zone [-];
R — mean annual recharge [mm/a];
R = P-; where P — mean annual precipitation [mm/a] and ®; — effective infiltration
coefficient [-].

MRT practically means travel time of dissolved in water conservative contaminants
from the land surface to the aquifer, in other words to groundwater bodies (GWB). It
should be pointed out, that the travel time estimated for GVM is related to water ex-
change in natural hydrological cycle, with mean annual infiltration assumed. In case of
considerable increasing of infiltration, e.g. as a result of agricultural irrigation, sludge
outflow etc, the time will be proportionally shorten. It should be included on scenario
maps which assess the groundwater contamination risk from existing or potential
pollution sources.
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Shallow groundwater vulnerability classes on GVM are assessed on the basis of ex-
change time of volumetric water content of soil (MRTs) and rock vadose zone’s
(MRT1+ MRT3) due to recharge by infiltration:

MRT = MRTs + MRT; + MRT;
where:

MRT — total time of water exchange (volumetric water content in soil and vadose
zone of rocks) due to infiltration [years];

MRTs — water exchange time in soil profile [years];
MRT; — water exchange time in vadose zone of permeable rocks [years];

MRT, — water exchange time in low permeable and confining rocks in vadose zone
profile [years].

The MRT calculation and sequence of necessary information layers are shown at fig. 8.
Sequence of information layers necessary for MRT calculation:

B A — volumetric water content in soil profile (1.5 m) weg [-];

B B —recharge R [mm/year];

m C — depth to the shallow aquifer my4 [m];

]

D — volumetric water content in main lithotypes of the aquifer permeable
cover w, [-];

E — ratio of low permeable rocks in the aquifer cover Sp [-];

m F — shallow groundwater vulnerability based on MRT calculation [years].

Intensity of groundwater recharging by infiltration

The recharge was evaluated by superposition of current information pertaining to
precipitation, soil lithological character, land-use, topography of the area and depth to
the groundwater.

Characteristics of soil protective properties

On the basis of the details contained on numerical soil map, four generalized classes of
soil profiles with different values of the volumetric water contents can be distin-
guished (tab. 2, fig. 9).
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Table 2. Soil protective capacity and the vertical transport times of conservative contaminants
through 1m of the soil profile

Soil Grain-size distribution Volumetric Vertical travel time
protective groups of soils water content | through 1m of the soil
capacity [-1 profilel [years]
Very weak | Sand: loose, loose silty, 0.12 1.2
weakly loamy, weakly silty
Weak Sand: light loamy, light silty; 0.17 1.7
sandy silt
Moderate Loam: light and silty, medium 0.24 2.4
and silty; loamy silt; loess
Good Loam: heavy and silty; clayey 0.36 3.6
silt and silty clay

1) Calculated for the mean annual recharge equal to 100 mm/year, assuming the piston flow model.

Depth to the shallow aquifer

This information is also not being plotted on the map but is present in the database and
is used in GIS data processing, depending on the risk scenario accepted (e.g. land-use
character, the presence of a specific contaminant). It represents the depth from the ter-
rain surface to the first groundwater aquifer, the depth being expressed on the contour
map in five ranges: <2 m, 2-5 m, 5-10 m, 10-20 m and >20 m (fig. 13). Such aquifers are
important for terrestrial ecosystems dependent on groundwater (wetlands, sensitive
forest habitats, etc.) and their vulnerability assessment is required by the WFD (2000).

Times and directions of the groundwater flow within the shallow aquifer

The directions and the travel times of groundwater flow between the recharge areas
where the contaminant load is introduced and the drainage areas (surface waters)
that are vulnerable to eutrophication, are well visualized by a system of arrows (tab. 3,
fig. 7). The length and description (years) of the arrows characterize the time in which
conservative contaminants migrate over a marked distance.

Table 3. Transport times and velocities of conservative contaminants within shallow aquifers.

Symbol Transport time of Real flow velocity Transport velocity
on the map conservative substances [m/year] of conservative
[years] substances
10, <10 >300 Very fast
20, 10-30 100-300 Fast
S0, 30-100 30-100 Medium fast
m >100 <30 Slow and very slow
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This symbol also helps assess the retardation of the surface water reaction to the
change of the contamination load introduced into groundwater. The values of the
arrows are calculated for characteristic points of the watershed area with representa-
tive hydrogeological parameters (hydraulic conductivity, active porosity) using the
following sources: groundwater contour map and/or the topographic map, hydrogeo-
logical database, and regional reports.

Groundwater quality of the shallow aquifer

The concentration of nitrates as an indicator of current chemical status of shallow
groundwater and is point-visualized in the form of graphic symbol, based on data
from the state and regional groundwater quality monitoring. Five quality classes of
groundwater are distinguished as follows:

B <10 mgNO3z/dm?3 =1 class;

B 10-25mgNO3/dm3 =1l class;

B 25-50 mg NOz/dm3=1II class;

m 50-100 mg NO3z/dm3 = IV class;

m >100 mg NO3/dm?3 =V class.

The classes [, Il and III have good chemical status, and classes IV and V have bad chem-
ical status.

Terrestrial ecosystems whose status depends on shallow groundwater

The two following terrestrial ecosystems have been distinguished and marked with
hatching on the basis of the CORINE land cover map (CLC 2006):

B forests situated in the zones, where the first water table is situated not deeper
than 2 m from the land surface; the soils and habitats of such areas are
strongly affected by groundwater;

B wetlands and peat-bogs.

The risk of qualitative and quantitative changes of groundwater and surface
waters mutually affecting each other

This information layer is presented in linear form on the map and includes the following:

B river sections with infiltrating character, i.e. those in the natural situation, in
the areas of infiltration intakes, within depression cones of groundwater in-
takes, within depression cones of mining dewatering systems;

m the range of impact of mining dewatering systems.
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6. Vulnerability of the Major Groundwater Basins — Sheet 2

This sheet will be marked with colours on the basis of the intrinsic vulnerability of the
basin to contamination from the surface. The level of the intrinsic vulnerability of the
MGWB is expressed as the total of the vertical travel time of conservative contami-
nants from the surface to the basin and the horizontal transport time of these conta-
minants to the basin borders within the limits of its watershed area. Accepting the
piston flow model of migration, conservative contaminants migrate in groundwater at
the rate of the intrinstic flow velocity of groundwater.

The vulnerability of the MGWBs and their recharge areas
The vulnerability of the MGWBs and their recharge areas can be classified as follows:

B extremely vulnerable and highly vulnerable = travel time shorter than 5 years;
the basin and its recharge area are very highly vulnerable or highly vulnerable
and require extreme protection, the so called Maximum Protection Area (MPA);

m moderately vulnerable = travel time 5-25 years; the basin and its recharge
area are moderately vulnerable and require high protection, the so called
High Protection Area (HPA);

B low and very low vulnerable = travel time longer than 25 years; the basin is of
low vulnerability (25 < t < 50 years) or very low vulnerability (t > 50 years).

The borders of the protection areas and the areas of the MGWBs for which detailed
reports at 1:50,000 have not yet been prepared are taken from the MGWBs map
(Kleczkowski et al., 1990). For the basins for which detailed reports are available, the
borders of both the basin themselves and their protection areas are taken from these
reports. The MPA and the HPA are equivalents of highly vulnerable and moderately
vulnerable MGWB areas. In some cases, the borders of these vulnerability classes have
been extended beyond the hydrogeological borders of the MGWB, into their recharge
areas, to obtain the total transport times of conservative contaminant from the surface
to the borders of the MGWB equal to 25 years.

This sheet, being a part of the vulnerability map, is to represent one of the essential
factors in updating land-use plans. The location of potential, industrial and agricultur-
al contamination sources within the protection areas of the MGWBs, from which con-
taminants may migrate from the surface to the basin borders in less than 25 years
should be limited or prohibited (Witczak et al., 2010).

The qualitative status of groundwater

The qualitative status of groundwater in the MGWBs will be point-visualized with
graphic symbols on the basis of the quality classification of groundwater, similarly to
described above.
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7. Example of GVM as a tool for approximate evaluation
of nitrate vulnerable zones verification

Groundwater is being contaminated via infiltrating waters, which percolate through
the soil profile and leach nitrogen compounds, mainly nitrates that are generally non-
absorbed. These chemicals originate from mineralization of the organic matter of the
soil and directly from mineral and organic fertilizers, while their additional load
comes from infiltrating rainwater.

Delineation of the zones vulnerable to leaching of nitrates into groundwater should be
based on evaluation of the concentration of nitrates in infiltrating water. The possibili-
ty of nitrate vulnerable zones (NVZ) delineation are shown on the basis of “recharge
rate” data layer from the GVM and assumed or estimated nitrogen loads. The retarda-
tion of shallow groundwater flow system response on changes of contamination level,
e.g. due to fertilization, could be approximately assess on the base of the GVM, where
downward travel time of conservative contaminants through the soil and vadose zone
(MTR) is presented (fig. 8).

Different scenarios of groundwater contamination for nitrates could be considered.
Nitrate loads could be differentiate by accepting mean fertilizers spend in particular
administrative units, river watersheds or GWB, including different kind of agricultural
cultivate, e.g. arable areas, pasture-lands and soils spatial variability.

In the first scenario (fig. 20) is shown theoretical maximum possible risk of groundwa-
ter pollution due to fertilization. In this scenario assumed:

B nitrates loads Ly for agricultural areas according to CORINE map (CLC, 2006)
Ly =0.15-170 kg N/(ha-year) = 25.5 kg N/(ha-year),

where 170 kg N/(ha-year) is a maximum permissible fertilizers load in Euro-
pean Union; coefficient 0,15 approximately illustrates percent of fertilizers
load leached from the soil to groundwater;

B for forest areas, i.e. forests, natural ecosystems and wetlands according to
CORINE
Ly = 0.5 kg N/(ha-year).

It is a load responding to the average nitrates concentration 2 mg NO3/dm3 in
the shallow groundwater under forests in Poland, which vary from 0,05 to 6
mg NO3/dm?3 and assumed mean recharge 100 mm/year;

B for the others areas, e.g. anthropogenic according to CORINE
Ly = 2.3 kg N/(ha-year) or 4.6 kg N/(ha-year).
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It is a load responding to assumed average nitrates concentration 10 mg NO3/dm3 in
the shallow groundwater under urbanized areas with sewer and 20 mg NO3/dm?3 un-
der urbanized areas without sewer in Poland.

The final map (fig. 20) illustrating nitrates concentrations spatial distribution in
groundwater recharging shallow groundwater flow system. Concentrations over
50 mg NO3/dm3 mean poor groundwater quality status (WFD, 2000) and delineate
vulnerable zones to nitrates contamination (GWD, 2006).

In the second scenario (fig. 21) is shown possible risk of groundwater pollution due to
fertilization on the level of years 2006-2008. In this scenario assumed nitrates loads
Ly for agricultural areas in Poland according to CORINE map, which vary from Ly min to

LN max:
Ly min = 0.15-59.7 kg N/(ha-year) = 9.0 kg N/(ha-year),
LN max = 0.15-145.2 kg N/(ha-year) = 21.8 kg N/(ha-year),

where coefficient 0,15 approximately illustrates percent of fertilizers load leached
from the soil to groundwater; other assumptions as in the first scenario.

Calculated nitrate concentration are compared with monitoring results in year 2007
(fig. 22). The compare show that monitored values are generally equal with simulated.

8. Conclusions

Maps of both intrinsic (natural) and specific vulnerabilities of groundwater are re-
quired for implementation of the WFD (2000) and GWD (2006). MRT of a conserva-
tive solute, based on the piston-flow model (total water column divided by recharge
rate) gives the possibility to classify vulnerability according to chosen classes of time-
scale. Combined use of the Foster’s classification (2002) and time scale based on wa-
ter exchange in the profile seems to be a good solution.

The data acquired during preparation of the GVM should form a nucleus of hydrogeo-
logical and environmental database that can be enlarged during preparation of maps
with different risk scenarios. Taking into account its regional scale, the map is of gen-
eral and strategic importance for groundwater resources management. Further pro-
tection planning with respect to groundwater bodies requires detailed maps at the
scale 1:50,000 or larger.
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