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Fig. 3. Hydrogeological map of Albania at a sca-
le of 1:200,000 based on map published in 1975.
Magnified are details of the map related to Mat
basin and Shashica area.
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Gently inclined or slightly Folded strata
folded strata

Permeability
l. in porous (commonly unconsolidated) rocks
generallyihigh a Extensive and highly productive aquifers
Qaat _ | Gravelly to sandy fluviatile deposits, with aluvial fans
04042 | - ‘, Gravelly to sandy fluviatile, deposits covered by less permeable layers
There is a hydrauli b surface water and groundwater. The mean values of
transm:ss:bllity range about 2000-4000 m?/d, but values hlgher than 8000 m?/d can be reached.
Groundwater generally is fresh and of low hard grou resources are very

important and can be managed generally by wells. The expected yield of wells vary from about
10 to 100 Ifs or more.

. b Local to discontinuous moderately or differently productive aquifers

01-37 Q301,041 Proluvial deposits, gravels to sand, boulders
03ak _.| Moraines, course grained lithologicaly different materials
Q-3¢ | Slope debris often cemented, breccia
UI-J,D|-33'_D; ; Mainly fluviatile deposits, boulders, gravels to sands and clays, locally cemented

There is not a good hydrauli connectran v sun’ace water and groundwater Transmrss/brf ity
is variabl ly is frssh {Iow i Ii and of low hard| le resources
of g dwat lly can be rtant or even very rtant. G dwater can be d

by springs and only in fluvial deposits and alluvial fans dug or dnlled wells could be used too.

1. in jointed rocks, including karst aquifers, as well as in porous-fissured

aquifers
[/ tly high . . .
é,efﬁ%le'g Cl a Extensive and highly productive, mainly karstic aquifers
2
pl32 Conglomeratic limestone, generrally jointed and karstified
DR
Pg1-Pgz Pgz-Pu; - | stratified limestones, jointed and karstified
0rlr2* P2Pyz |11 1| Limestones, dolomitic limestones and dolomites, jointed and karstified
Gr2 Stratified limestones, jointed
Cr : : r~: .| stratified and massive limestones, generally strongly karstified

Stratified limestones and marly or clayey limestones, jointed and karstified

et

Cr -{ }—
] —9: i Limestones, limestones with siliceous rocks, dolomites and stratified siliceous rocks,
—_‘1 [ - jointed and karstified

’z-Cr k‘ Limestones, siliceous limestones, marlstones and siliceous rocks, jointed
T3 m\ Dolomites, jointed
=
Tpdn T3-d1 i Limestones, limestones with siliceous rocks, dolomites, jointed and strongly karstified
=
T3 Il Limestones with siliceous rocks and slates, dolomites, jointed and strongly karstified
1] Limestones and marbles
P-T |01 | Gypsum
AAANN
'nvere are many abundant karst gr ) reservoirs draining mainly as strong springs with variable
. The mean coefficient of efficient infiltration in karst areas is about 0.6.

Where the karst rocks crop out on the surface without any cover the groundwater generally is fresh, but
where these rocks ere d:pped and covered by flysch molasses deposits (in Adriatic and Tirana basins)
theg is brackish or sally, freq i | and rich in hydrogen sulfide or methane
gases. It is very difficult to forecast the yields of the wells b of the wide heterogeneity of the
aquifers. Groundwater can be generally managed by springs, but the wells located at low elevation and
near the springs are usually productive.

High 1o variabie cy b Extensive and moderately to low productive aquifers

| Conglomearates and sandstones, intercalated with calyes and siltstones,
Nar Rrogozhina Formation
N%, Nf: e Sandstones, clays and siltstones
Nf 1 | Limestones, conglomerates, sandstones and siltstones
Nit Conglomeartes, sandstones and siltstones

N2z Conglomerate with few layers of sandstones and siltstones

Niay s Sandstones and claystones

qu 5 Conglomerates with few layers of sandstones, siltstones and claystone
it Stratified limestones with interlayers of slates
T‘ Slates and sandstones, conglomerates and limestone layers

Fig. 4a. Hydrogeological map of Albania sc. 1:200,000; hydrogeological classification of the rocks — first part.
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Fissured and porous-fissured aquifers with variable groundwater resources. The median values of
transmissibility of different aquifers range from 1 to 50 m?/day, but values about 200 m?/d are present in
aquifers of Rrogozhina Formation. The groundwater at all the aquifers is confined and on broad territories
the wells are artesian, free flowing. The capacity of wells varies from 0.2 /s to about 4 Ifs, and occasionaly
to about 10 Ifs. To a depth of 300-400 m the groundwater is fresh and hard to very hard. At great depths
(particularly in lonian and Kruja zones) the groundwater is brackish or salty, frequently thermomineral,

rich in bromide, lodide and hydrogen sulfide of methane gases. Groundwater can be generally managed
by wells and subordinately by springs.

Ill. Only local occurrence of groundwater in fissured and porous rocks or
areas without groundwater resources worth mentioning

o 7 a Locally aquiferous rocks with limited groundwater resources, but in fractured
zones importan groundwater resources could be found

6J2-3 Ultrabasic intrusive rocks
VP1,vJ2-3 - | Basic intrusive rocks
eP-Th¥J3, YLy Acide and intermediate intrusive rocks

The yields of wells show great variations accordingly to the fracturing of the rocks. The tectonic fault
zones have distinctly higher productivity. The median yield for wells penetrating marked fault zones is
about 2 I/s, and the highest yield of wells may reach about 10 I/s, while the highest yields from mine
workings can reach 70-100 I/s. Groundwater generally is fresh and soft and can be managed by springs

or wells.
low to very low ‘ rv—l b Locally aquiferous fissured and porose rocks, low productive
N2, 04 s Conglomerates and sandstones poorly consolidated and clays
N“;"lz'/N i". N2 Sandstones and conglomerates, partially poorly consolidated clays
N ,zh Sandstones, clays and siltstones
Nio Sandstones, conglomerates, limestones, maristones and siltstones

Pay P 2'3P 3
92,703 Y F03 Conglomerates, sandstones, limestones and maristones

T1.T23, Bd2- 3 3ef-s Basic and intermediate effusive rocks and pyroclastites

The productivity of the rocks is variable being generally low. The median yield of the wells for all the
aquiferous rocks is less than 0.3 Ifs. The groundwater generally is fresh and low hard.

very low ; c No groundwater resources worth mentioning

040,04,01-3

Niay No,Nah
R

1

Py 3, Pa3
C'2IH-PD1-2,PQI-2,PO§'3

] Clayes to sands and accasiaonally gravels

Siltstones and claystones, subordinately sandstones

a - Claystone, siltstone, b - Claystones, siltstones and maristones

) Claystones, siltstones, sandstones (flysch)

' Siltstones, sandstones, maristones, subordinately limestones (flysch)

Cr1~rn,Pg\.2,Pg§ Claystones, sandstones, limestones (flysch)

J3-Cry J3t-Cracem
P-T1
Pz,P-Ty,Th

Sandstones, marlstones, conglomerates, shales and gravels of variable grain size

Conglomerates and sandstones, metamorphised

| Slates, subordinately sandstones, conglomerates, limestones and effusive rocks

The productivity of the rocks is very low, there are only very small springs with a discharge generally less
than of 0.1 Ifs. The wells practically are not productive.

Fig. 4b. Hydrogeological map of Albania sc. 1:200,000; hydrogeological classification of the rocks — second part.
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IV Groundwater and springs
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Contour lines of groundwater table of Quaternary gravelly aquifer in m relative to Sea level

Main direction of groundwater flow

Direction between karstic loss and resurgence
a) proven, b) inferred

Limit of area with confined groundwater

Limit of area of artesian flow (the index of the aquifer inside the artesian area)

Isolines of equal groundwater salinity of Quaternary gravelly aquifer in gr/l

Area of sea water intrusion

a) Spring b) Karst spring perennially flowing
less than 1 I/s average discharge
1-10 I/s average discharge

10-100 I/s average discharge
100-1000 I/s average discharge
1000-10000 I/s average discharge

more than 10.000 |I/s average discharge

Submarine karst spring
less than 1000 |I/s discharge

more than 1000 I/s dischage

Temporary spring
0 - less than 1000 I/s discharge

0 - more than 1000 I/s discharge

Line of springs

Brackish water a) spring and b) karst spring
less than 10 |/s average discharge

10-100 I/s average discharge

more than 100 I/s average discharge

i o | and the indexes of main chemicl

o
T G elements and the temperature in C

V Surface water and karst hydrography

0}

I

750

perennial stream
Intermittent stream

part of a stream with intermittent runoff caused by the infiltration
of surface waters in the river bed gravelly deposits

Karstic loss in river valley
a) seasonal flow downstream
b) no flow downstream

natural karst well or cave filled with water

Limit of very intensive karst area

Average annual infiltration in karst areas, in mm
Main surface water divide

Secondary surface water divide

Flow gauging station
mean annual rate and monthly minimum rate of runoff in I/s/km?
catchment area, km?

The river drains intensively the groundwater

The river recharges intensively the groundwater
Freshwater lake

Lagoon or lake with salt water or brackish water
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VI Artificial works for water management

®

$ Borehole with confined groundwater
& Artesian well flowing

XX}

Cl-Na (H;S)
@ 56

elements and temperature in°C

Groundwater pumping station

10 - 100 I/s average discharge of pumping
100 - 500 I/s average discharge of pumping

[lO0oo

Discharge from mine workings
Less than 10 I/s average discharge

10-100 I/s average discharge

¢4

more than 100 I/s average discharge

River intake

¢

less than 1000 I/s average discharge
1000-5000 I/s average discharge

more than 5000 I/s average discharge

<

Other works
dam, and volume in million m3

line of water supply main
drainage pumping station

16

u

VIl Geological signs

geological or hydrogeological boundaries

fault a) certain, b) supposed

Overthrust a) certain b) suposed

Fig. 6. Hydrogeological map of Albania sc. 1:200,000 — Geologically signs.

tional Legend (Karrenberg et al., 1974; UNESCO, 1970,
1983; IHME, 1970-1981). So, in section III of the hydro-
geological map of Albania, an additional class is added,
enabling to better distinguish the locally aquiferous rocks,
showing a fairly wide distribution and high-water bearing
variability. For each class of aquifers and rocks of HMA
sc. 1:200,000, a short text of hydrogeological character-
istics is given, missing in most of the maps, but helping
the map user in better and more rapid understanding of the
map content.

b) Special signs
This part of the legend includes the fourth and fifth
chapter of the hydrogeological map legend, respectively:

Borehole or dug well with phreatic groundwater

Borehole of deep aquifers below the ground surface sedimentes

Thermomineral water well and the indexes of main chemicla

Less than 10 |I/s average discharge of pumping

more than 500 |/s average discharge of pumping

gravity block
W 50
e 1, Strike and deep of beds a) normal b) overturned
\fo\ Isopachs of Quaternary deposits, in m
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Chapter IV — Groundwater and springs
and Chapter V — Groundwater and
karst hydrography (Fig. 5).

Chapter IV of the legend con-
tains signs reflecting some point or
areal data characterizing the groun-
dwater occurrence and its properties.
More in detail are characterized the
Quaternary intergranular, mainly
gravelly aquifers, through isolines of
groundwater levels (hydroisohypses),
the directions of groundwater flow
movement, the arecas with unconfi-
ned, confined and those with artesian
flow, isolines of groundwater salinity
in the ranges of 0.5, 1 and 3 g/l etc.
The fresh water springs classified ac-
cording to their mean discharges are
presented in detail in the following
ranges: up to 1 1/s, 1-101/s, 10-100 1/s,
100-1000 1/s, 1000-10,000 1/s and
more than 10,000 I/s; Among the
springs, the karst springs, temporary
springs, submarine springs, as well
as the linear springs are also distin-
guished by the use of special signs.
Brackish water springs, cold mineral
springs (water temperature below
20 °C, as well as hot thermal springs
(water temperature above 20 °C), are
also shown. In the coastal karst areas,
the sea water intrusion is shown by
a special sign.

Chapter V summarizes hydro-
logical data, starting with the relation
of surface water and groundwater.
Various symbols are applied for dif-
ferent phenomena, such as the parts
of river beds temporarily dry due to
the loss of surface water into gravelly
deposits, parts of rivers which serve as intensive ground-
water drains (gaining steams), or — in opposite — parts of
the rivers which are intensively recharging groundwater
resources (losing streams). Important hydrometric data
for the main rivers at selected gauging stations, are also
given. In karst areas, the limits of intensive rocks’ karstifi-
cation are identified, together with swallow holes (ponors),
natural wells (groundwater windows), directions of veri-
fied or possible karst water flows, as well as for many karst
areas annual values of effective precipitation / recharge are
shown in [mm]. The effective precipitation (infiltration)
values were calculated using the Turc (1954) formula, but
applied only in karst areas without surface runoff (the ef-
fective precipitation is considered as the unevaporated part
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of precipitation, which directly infiltrates into the subsoil
and subsequently recharges groundwater resources).

In the Chapter VI of the legend, the artificial human
interventions in water management practices are presented
(Fig. 6). In addition to the boreholes, where respective signs
differ according to the hydraulic character of the tapped
aquifers, deep wells with thermo-mineral groundwater
and some key physic-chemical parameters are also
given. Discharges of the mining works (mine shafts and
mine adits) are shown, classified in the ranges of up to
10 I/s, 10-100 /s and over 100 I/s. Groundwater pumping
stations (groundwater intakes) are distinguished according
to the discharges as follows: up to 10 1/s, 10-100 1/s,
100-500 1/s and over 500 I/s. Pumping stations, in the case
of springs, represent their capture structure, while in the
case of drilling works, these mostly represent the central
pumping station collecting water from several drilling
wells, and only in particular cases these represent a single
pumped borehole. The lines of water supply mains are also
shown on the map, as well as river water intakes (mainly
for irrigation), which according to their capacities are
classified into three groups: up to 1000 I/s, 1000-5000 I/s
and more than 5000 I/s.

Geological features are presented in the Chapter VII
of the legend (Fig. 6). Here, in addition to the signs of
geological boundaries, tectonic contacts, strike and deep of
beds, also isolines of the Quaternary deposits thicknesses
(isopaches) are also shown, practically marking the
maximal effective depths of water wells in these deposits.

Discussion and Conclusions

The hydrogeological map of Albania at a scale of
1:200,000 is a general hydrogeological map and based
on the hydrogeological classification of rocks that can be
considered as a key element of the map. Such a principle
of hydrogeological map compilation is of the same nature
as the one used for the compilation of the International
Hydrogeological Map of Europe (IHME) at a scale of
1:1,500,000, but another details were further on developed
and enriched by additional original signs, particularly those
related to groundwater chemistry (Eftimi at al., 2013). In
general, respective geological situation represents the
background of the map, while hydrogeological features
are shown through seven areal colours representing the
hydrogeological classification of the aquifers, aquitards
and aquicludes formed by the rock environment.

In the HMA sc. 1:200,000, together 46 “lithological-
stratigraphical-hydrogeological units” were distinguished,
and these were subsequently classified into three “groups
of rocks” within which a total of seven “classes” were
differed. Comparing with the IHME, an additional class was
added, enabling better classification of the local aquifers,
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which have a fairly wide distribution in Albania and high-
water bearing variability. For each class of aquifers and
less-permeable rocks, a short text of hydrogeological
characteristics was given, missing in majority of similar
hydrogeological maps, but helpful in better and quick
understanding of the content.

The principles applied in the process of construction of
the Hydrogeological map of Albania at a scale of 1:200,000
can therefore provide important information about loca-
tion of the aquifers and less-permeable rocks, groundwater
resources and their quality, groundwater dynamics, the re-
lationship between surface water and groundwater and the
location of important springs and groundwater pumping
stations. This map is sufficiently rich in details, so it can
be used not only for planning of groundwater exploitation,
but even for solving many practical problems of ground-
water use and its protection.

The HMA sc. 1:200,000 was published in 1985 and by
any doubt it reflects the scale of knowledge in the time
of its publication, nonetheless the basic principles of the
compilation of the map are adequate even today and it can
be considered both as a document of hard work in uneasy
times, but still preserving its scientific and practical value
(Malik et al., 2015; Duscher et al., 2015).
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Hydrogeologicka mapa Albanska v mierke 1 : 200 000, principy jej zostavenia
a obsah — dokument priekopnickeho pristupu k hydrogeologickému prieskumu
v Albansku od Sest'desiatych rokov minulého storocia

Koordinovany hydrogeologicky vyskum v Albansku
(obr. 1) sa zacal v roku 1959. V rokoch 1963 — 1974
celostatny prieskum na tomto uzemi (obr. 2) vyustil do
zostavenia Hydrogeologickej mapy Albanska v mierke
1 : 200 000. Tato mapa bola publikovana v roku 1975
(obr. 3). Spinala kritéria, ktoré definovala Medzinarod-
na asociacia hydrogeoléogov a UNESCO v roku 1970
pre generalne hydrogeologické mapy. Tieto kritéria sa
ale pri zostavovani mapy d’alej zdokonalovali d’alSimi
origindlnymi pristupmi (obr. 4A, B, 5 a 6), tykajucimi sa
predovsetkym chemického zlozenia podzemnej vody (Ef-
timi et al., 2013). Hydrogeologicka klasifikdcia hornin je
vyjadrend siedmimi farbami, ¢o reprezentuje zdokonale-
nie dovtedy pouzivanej kvantitativnej klasifikacie zvod-
nencov. Hydrogeologicka klasifikacia hornin predstavuje
zakladny a inovativny prvok mapy. Zakladné chemické
prvky zobrazené na mape reprezentuju bazu na vyclenenie
hydrogeologickych jednotick. Na mape je zobrazenych
celkovo 46 | litologicko-stratigraficko-hydrogeologic-
kych* jednotiek. Tie st nasledne klasifikované do troch
skupin hornin, v ramci ktorych je definovanych sedem
tried. Na rozdiel od Medzindrodnej hydrogeologickej
mapy Eurdpy v mierke 1 : 500 000 bola na Hydrogeolo-
gickej mape Albanska v mierke 1 : 200 000 pridana d’al$ia
trieda. Umoznila lepSiu klasifikaciu lokalnych hydrogeo-
logickych kolektorov a izoldtorov, ktoré maju v Albansku
vel'ké rozsirenie a maju zna¢nu variabilitu hydraulickych
vlastnosti. Pri kazdej triede zvodnencov a menej priepust-
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nych hornin je na mape pridany kratky vysvetlujici text
o ich hydrogeologickej charakteristike. Napriek tomu, ze
tento vysvetl'ujuci text je vel'mi uzitoény na l'ahké a rychle
pochopenie regionalnych hydrogeologickych pomerov, na
zahrani¢nych hydrogeologickych mapach spravidla chyba.

Geologicku stavbu tizemia reprezentuje na mape
spodna vrstva, pricom jednotlivé litologické jednotky sa
vzajomne odliSuji Srafovanim zelenej farby. Na mape
su zvyraznené aj rozdielne zvodnence a identifikované
hydrogeologické Struktiry a vyznacené aj vyznamnejSie
vodarenské zdroje a hydrogeologicky produktivne vrty.
Mapa poskytuje informdacie o kvalite vod, termalnych pra-
meinioch, oblastiach ovplyviiovanych prenikanim morske;j
vody a vyjadruje vztah medzi povrchovou a podzemnou
vodou

Hydrogeologicka mapa Albanska v mierke 1 : 200 000
publikovana v roku 1975 odzrkadl'uje nielen rozsah vte-
dajsich hydrogeologickych poznatkov. Zakladné principy
jej zostavovania su aktudlne aj v sicasnosti a vyjadruju
mnozstvo kvalitnej zrealizovanej prace a vtedajsi vedecky
potencial, ktory bol vyuzity pri zostavovani mapy (Malik
et al., 2015; Duscher et al., 2015). Tato mapa sa stale vy-
uziva predovsetkym na ucely planovania a ako pomodcka
pri rieSeni mnohych praktickych hydrogeologickych prob-
1émov.
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