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Protection and Sustainable Use of the Dinaric Karst Transboundary Aquifer System

CLASSICAL DINARIC KARST AQUIFER - AN
OVERVIEW OF ITS PAST AND FUTURE

- Working Group 1: Zelimir Pekas', Boban Jolovié2, Dragan Radojevié3 & Arben Pambuku#

" Croatian Waters, Zagreb, Croatia; °Geological Survey of Republic of Srpska, Zvornik, Bosnia &
Herzegovina, 3Geological Survey of Montenegro, Podgorica, Montenegro, *Albanian Geological
Survey, Tirana, Albania

and Zoran Stevanovic, Regional Consultant University of Belgrade - Faculty of Mining &
Geology, Department of Hydrogeology, Belgrade, Serbia
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Task of Working group G 1

1. Defined at project document and specified in details in 2011.

2. GIS produced Hydrogeology map in print scale 1:500.000. Source:
data from maps1:100.000-500.000 of former YU and Albania

3. Delineation of study area, link with neighbour countries, problem to
synchronizing coordinate systems, content and legend, GIS expert
support

4. Characterization of Dinaric karst aquifer system -Regional
b. Selection of TB aquifers - criteria,c_l.;m.:acterization,e.valuation
- o g
. From TDA to SAR. Priority actions =
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Jovan Cvijic - founder of karstology and karst hydrogeology
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Doctoral Degree

Certificate, Vienna, 1893

Professors and graduates, Vienna University, 1893
‘I was not aware of great importance that this work would
have. | got only several printed copies, while the others were
sent by Mr.Penck to those whom he usually sends

“Geographische  Abhandlungen”. | first realized the
considerable impression made by “Karstphdnomen” by letters
that | started to receive from abroad...

. So young as | was at that time, | was pleased and
additionally motivated when | realized that | was considered a
recognized scientist. This was even more emphasized by my

new works” -« .
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Cviji¢ exploration, Rila Mt., Bulgaria, 1894
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Geological and tectonic sketch of
Balkan peninsula designed by Cvijic
=i T




ZONE

T T e —

1l ZONE

i A —ar -,é}i', -% -
ZONE /\_ 7= .
- - = = . —— - e T e = e TTIITR

‘ aquiclude (impermeable zone)

Figure 3. - Schematic hydrogeological cross-section of the karstic aquifer
which lies on the aquilude substratum; the superposition hidrogeologic
zones (after Cvijic hypothesis )

1. Dry zone - The karstic surface characterized by total absence of water,

the cave and karstic chanels are also dry. During rain periode only

vertical water percolation exists.

2. Transition zone - This zone has two characteristics: first permanent, second -
periodical. In this caves and chanels exists transit of water flows to lower zone -
karst aquifer

3. Karst aquifer zone - This zone represent the fully water reservoir hke
“Grundwaser” after A Grund, the permanent grounwater flow with the
ascendent flows along the bottom of of karstic poljes are posible.
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* Cviji¢ established the regional

name ‘karst’ as the generic name
for solutional landforms and caves.

 Edouard Martel wanted to name
it ‘causse’.

* It is now adopted worldwide
but...

From Derek Ford presentation on
IAH conf. KARST 2005
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Cviji¢’ Medals
Gold medal of American

geographical Society, New York,
1924
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Geographical and geological boundaries of Dinaric karst
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The Dinaric system (Dinarides) is
a long, NW-SE oriented orogenic
belt, parallel to the Adriatic Sea,
with numerous intermountain
depressions, large karst poljes,
and valleys created by perennial
and sinking streams.

Its NW fringe is the Carso area
around Trieste in Italy while the
SW part continues deep into
Albania. In between, it extends
over the territories of six countries
of former Yugoslavia: Slovenia,
Croatia, Bosnia and Herzegovina,
Montenegro, Serbia, and FYR of
Macedonia.

Boundaries has been extended in
Albania to the southern direction.
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Abundant but variable water resources

Taken from
Elsevier’s book
Grounadwater Hydrology of Springs

(eds. Kresic & Stevanovic)
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Tapping karstic springs - Traditional way of
water supply since Roman time

« An ancient art in the area. We all learn from Roman time
experiences

« 11 long aqueducts delivered more than 13 m3/s of water to Rome
from distances ranging from 16-91 km.

« Several water supply systems from that time are completely
reconstructed but still use the same springs and pipeline routes.
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» Along with alluvial groundwater and
surface water from the reservoirs, the
water from the karstic springs is the
main source of water supply in the

« Tapping large springs is the traditional
method of water supply in the region but
the main concern is their unstable
discharge regime.

« There are several large cities with
populations of over a half of million that
depend on karst aquifers and their
discharge regimes. Among them are
the five capitals of SEE: Vienna, Tirana,
Skopje, Sarajevo, and Podgorica.

e Some areas, such as southern
Montenegro characterized by a very
Intensive water balance: average h o Y
specific yield is over 40 I/s/km?. R E
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Climate, hydrography, hydrology
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Geology and tectonics classification

[T, -

wH™= N -

Major tectonic areas of Yugoslavia (Herak, 1972).
1 = Outer Dinaric units (Adriatic and high karst); 2 = inner Dinaric and south Alpine units;
3 = Pannonian Basin; 4 = eastern Alps; 5 = Serbo-Macedonian Belt; 6 = Carpatho-Balkanian Belt.
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Karstification and morphological features

- Cimmerian, Laramian, Pyrenean phases... =1 )
* Recent glaciaton (Pleistocene) =
 Karstification intensity and depth

« Features: karren (lapies), dolines, ponors

- dry valleys, pits (jamas), caves and caverns
uvalas, poljes and karst plains as large forms
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Chart Title 1‘”{%’:&_ =

Groundwater flow directions

« Two main catchments: The first, of the External (Outer) Dinarides, is the
Adriatic / lonian Sea catchment, while the Internal (Inner) Dinarides drains
into the Danube (Sava) i.e. the Black Sea catchment.

 The main river basins in the Adriatic/lonian catchment area are the Vjosa,
Seman, Drini, Buna (Bojana), Zeta, Neretva, Cetina, Krka, Zrmanja and
Soca.

« Karstic groundwater from the river basins of the Tara, Piva, Vrbas, Pliva,
Sana, Una, the upper course of the Kupa River and the Krka (in Slovenia)
gravitates to the Black Sea catchment area.

* In eastern Herzegovina alone, 281 localities were surveyed by tracer
experiments; in the catchment area of the Cetina River, 99 localities; and in
the Skadarsko Lake catchment area, 77 localities.
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Groundwater flow directions

* Milanovi¢ P. (1976) and A. Magdalenic¢ (1971) found that based on 380
conducted experiments, the frequency of fictive groundwater velocities in
Dinaric karst is as follows: in 70% of cases from 0 to 5 cm/s; in 20% of
cases 5to 10 cm/s; and in 10% of cases more than 10 cm/s.

Vf. In Eastern Herzegovina 0.002 to 55.2 cm/s.
(Milanovic, 2000); in Prespa Lake connected
with Ohrid Lake the maximal values in the test
in 2002 were 19 and 80 cm/s (Amataj 2005).

Difference in velocities: High / Low waters
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Groundwater flow directions

Connections between ponors and springs in
South Dinaric region confirmed by dye tests (Milanovi¢ P. 2005)
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Recharge/Discharge of karst aquifer

* Roughly, it can be assessed that the average infiltration rate is 60% of
precipitation.

« Some authors stated that in the Dinaric region of ex-Yugoslavia there are
230 springs with a minimal discharge over 100 I/s, while about 100 springs
have minimal discharge over 500 |/s

* In Albanian karst there are roughly about 110 springs with average
discharge exceedlng 100 l/s. Of these 17 have discharges exceeding 1000
I/s (Eftimi, 2010). ¥ 4 FEa
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TDA

ding activity, 1e knowledge of the

¥

. ‘and provide a basis for the so- d Strategic Alan (SAP).
"he main TDA activ |e§ are 1. Reglonal hydrogeological charact ization, 2.
Regional environmental and s onomical assessment, 3. Regional
assessment of legal and instituti and policies, 4. Synthesis and
finalization of the Transboundary Diagnostic

activities/Case Studies
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One of the main
results of the
regional
hydrogeological
characterization is
the GIS based
digital
Hydrogeological
map of the Dinaric
Karst region. Its
creation involved
harmonization of
data, classifications
methodologies,
reference systems,
projections,

semantics.

Ll W e 5

—_— Hidrogealogical Map of Dinaric Karst, Scale 1:2 500000
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Legend

Administrative Boundaries GW Intake or Well Field, Qav (I/5)

State Boundary 10-100
Disputed State Boundary  + 100-1000
=—=—= Dinaric Karst = =1000
~——— Diktas Boundary Intermittent Karst Speings, Qav (Us)
[ transboundary Aquiters  * 10100
Towns (population) + 100-1000
= 15000 - 100000 ¢ =1000
@ 100001 - 250000 The Other Water Objects and Symbols
® 250001 - 500000 ~  Submarine spring
@ 500001 - 1000000 '~ Estavelle
. >1000000 *  Permanent brackish spring
Rivers and Lakes * Thermal spring

B
il ¢




Hydrogeological Units
Hydrageological Description

Symbal

Karst aguifers of high parmeability. Intensively karstified
KA terrains with karstic type of porosity, high transmissivity
and turbubent water regime of groundwater flow.

Karst aquifers of moderate parmeability, karst-fissure type of
porosity and medium level of transmissivity.

Fissurad aquifers, fissure type of porosity and mainly
low permeability and yielding .

Porous agquifers, intergranular type of porosity
and good permaability.
Porous aquifers, intergranular type of porosity and

moderate parmaeability.

Tesrains mainly without aguifers; practically imparmeable
racks,

Age
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Prevalent Lithology

Limestones, massive and beddad, occasicnally with dolomitas

Marly limastones, thin bedded; Marbles; Allernating limstones
and dolomites; Dolomites and dolomitic limstones;
Calcirudites and breccias; Limestones interbedded with
sandsiones

Sandstones, marly mestones and imestones; Thinly
bedded limastones, maris, marly limastones, conglomerates,
gabbroides

Gravel and sands, alluvial deposits (a-covered by loess of
Ioess-like deposits); Gravel and sands, alluvial deposiis,
occasionally ciayey; Alluvial sands occasionally clayey

Sands, mainly fine-grained, occasionally clayey; Fine-grained
sands; Eolian sands; Loess and sandy loess; Loass-like
deposits, Deluvial deposits;, Glaciofluwiatile deposits; Sands
interbedded with clays, marls and coal, Altemating maris,
sand and gravetls; Clays, sands, gravels sandslones,
conglomerates, marls and limestones

Terra rossa with calcareous fragments, aluvium; Clays, marly
clays, sandy and gravelly clays, somea sands; Maris, shales,
marly limastones, Conglomarates, sandsiones, breccias,
shales, maris and marty limestones in allemation; Massive
dolomites; Dacites, andesites, porphynites, basalls and
diabases; Gramtes and granodiontes; Grean-schists and
amphibalites; Serpantinites and perdotites; Andesile-charty
and porphyrite-charty formation; Diabase-cherly formation;
Gabbros, disbases, basalls; Sandstones and
conglomerates; Slates, phylites, sandstones and
conglomerates
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Database - Attribute: Caves
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Selected TBAS

In total, eight TBA are selected

for detailed analyses: Una,
Krka, Cetina, Neretva,
Trebisnjica (all shared by CRO
and B&H), Bilecko Lake and
Piva (B&H and MNE) and
Cijevna/Cemi (MNE and ALB).
Six of these TBAs belong to
the Adriatic Sea catchment
area and only two (Una,Piva)
are part of the Black Sea basin.
The TBAs comprise of in total a
surface area of 12,000 km?,
which is around 10% of the
entire study area. The surface |, mm.-

area of individual TBA varies
from 668 km? (Krka) to 3,455

km? (Cetina).
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Selected TBAs - CRO/B&H
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TRANSBOUNDARY.AQUIFER B&H -CROATIA

of groundwater

5 | aquifer name between flow
ﬁ N ™ ’ Una B&H, Croatia From ;;?: Hate

: = ’ Krka B&H, Croatia Frog:ol?;ti: 0

3 Cetina B&H, Croatia Frogoztil: 0
e ——

4 Neretva B&H, Croatia Frogoztil: 0
e P ——

5 Trebisnjica B&H, Croatia Frog:ol?;ti: ¥

-All relevant documents are used in process of delineation of TBA: geological and
hydrogeological maps, studies, national water management strategies, RBC Reports-e.g.
Cetina, RBMP e.g.Trebisnjica-Neretva and Sava etc.

-Results : -delineateded TBA between B&H and Croatia

-base for characterisation of TBA cg: M @



DIKTAS

Table for Evaluating Impact of
Transboundary Aquifer
(WG 1, April 2012, Podgorica)

Test area

Shaning between the countries

-

m——

HYDROGEOLOGY

| Tetal surface area (km®)

Surface res in Country 1 [em®)

Surface ares of karst in Country
]

Surface anes of noe-karst in
Country 1. [lom?)

The main catchment (1) and sub-
cotchments (2.3 jin Country 1.
(i) (River and main tributaries |

L () )
Z temh ()
]

Main tprings (T, NT) and ther

1 " 08/0.25/0055)

country 1 (in 100 m? f g)

many gy min dizcharges in 1 (NT){0.45/0.15/0.03)
Country 1

Mgin rairdall gauging station in 1 (22 mm)

Country 1 (av. annual sum in 1 ([TE0mmj

mm| and ictal average sum I (Bl0mm)equvalenttc .. x10° m"/an
Surface ares in Country 2. [len®}

Surface ares of karst in Country

2. [em?)

Surface sres of RoR-karst iR

Country 2 (o)

The main catchment |1} and sub- 1 [ ()
catchments {13 jin Country 2 T (lew?) (...
(lrm®) {Biver #nd main tribuanies | 1 | wwm

Main springs (T, NT) and their I (M) (G&/0.35/0055)
i gy min discharges i 1 (NT)(045/015/0.03)
Conantry 2

Mgin rainfail gauging station in 1 (BXImm)

Country 2 {av, anmal tum in 2 (750 mm)

mim) and total sverage som I [Bi0mm)eguvalentto _ 210 m®fan
General assessmert of

Erounch ater reserves in kBrst in

DIRTAS

Nl

blain orties in ftudy area and
papulation (1n 0001 in Courtry 1.

Malncities in adjacent area and
population (in 000 {depenasnt
Of wistEf resources) in Country 1

Lol o o | b o

Main actiwthes in study ares of
Country 1

Blain reglatered water pollutants
i Country 1

Water demands per jectors in
Country 1 (inm'/s)

Dirirking
Small induatry

Crthars | specify]

Wates demand) of dependernt
eco=gystems in country 1 (In 10°
m!

Miain OTiEE i STLdy anea and
papulation (in DOO] in Country 2.

Main citled in pdjacent ares and
population (in 000], [ dependent

0n witer resowrces) in Country 2.

R S

Mlain actrerthes in study area of
Country 1

Btain registered water pollutarts
by Courtry 2

Water demants per Sectors in
Cowntry Jjin m'/s)

Drinking
Seall industry

Cithers |pecify]

Water demanas of dependent
eco ~syEtems in country 2 {in 10°

rn".l'mp

B

General assessment of total
rounchw BEET febeTeed iR LBFST iR
cousntry 1 [n 108 m! / go

Genera! asreisment of aveiable
Erounchweater reserves in karst in
country 1 (in 10°m® / gp) totei-

LOER.REg- fystenms)

Genersl assessment of total
Erourdw BLEr neteTees in kargt in
counery 2 (in 10F m® / gog

Gererl mpsessment of peilstie
Proundhw stef federeel in ket in
country ¥ (in 30 m?® / aa) [totai-

9e8 e5svstems)

IMimin concerns [list)




TRANSBOUNDARY AQUIFERS - TABLE FOR EVALUATING IMPACT
— TBA UNA (CROATIA-B&H)

GEOGRAPHY AND HD mg S

OF TRANSBOUNDARYAQUIFE
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DIKTAS

Table for Evaluating Impact of Tramsboundary Sguifer

Test area: UMNA
Sharing between the countries: 1.Bosnda and Herzegovina
2.Croatia

GEOGRAPHY AND

HYDROGEOLDGY

Total surface area [km?) 1750

Surface area in Country 1. (km?} 168

Surface area of karst in Country 1. | 136

{km?}

Surface area of nonbarstin 32

Country 1. (km?)

The main catchment (1 ) and sub- 1. Una

catchments (2,3...] in Country 1. 2. Ostrovica

;ltll'll:l {River and main tributaries) 3. Elokot

Main springs (T, MT | and their 1. (T)Hokot (4.4/14/70)

manSav/min dizcharges in Country 2. (T)Ostrowica (0. T89/3.71/12)

1 {im3/s) 3. (ThPrivilica (0.03/-/2)
4. (Th Teplica-lisa (0.06/-/1}
5. (NT)Dobrenica{0.23/0.61/5)
G (NT) Mijiéawrelo (&.1/-/-)
7. INT) Panjak {0.005/-/0.4]
8. (NT) Bistrica [0.015/-/0.1}
9, (T} Legar (0.006/-/1)

10. {NT) Bakulin-Leskun (0.18/-/4.8}
11, {NT) Crnoc-Mebljusi {1.2/-/-]
12, {NT) Draga {0.03/-/0.5)

Main rainfall gauging station in
Country 1 {av. annual sum in mm})
and total average sum

1. Bihat {1308 mm)
L 1308 mm equivalent to 220« 10 m*/ an.
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TRANSBOUNDARY AQUIFERS — TABLE FOR EVALUATING IMPACT
OF TRANSBOUNDARY AQUIFERS - TBA UNA (CROATIA-B&H)
PRESSURES AND WATER RESOURCE AVAILABILITY

PRESZURES

Main citigs in study arga and L. Bikac (T}
pepulation {in 8040} in Country 1
Main citias in adjacent area and
pepulation {in 000} (dependant -
on water resources) in Country 1
Main activities in shedy area of L. Industry
Counftry 1 2. Farestry
Main registered water pollutants L. Dastroyed military iretallations
In Country 1 2. Wastewaters
3. Unregulated waste disposals
4. Traffics
Watar da mands per sectors in Drinkimgz .5
Country L (i w3k Seneall induistry: 0.00
Agrii-
Orthars: | spacifylz-
Watar damands of depeandant aco | 230
~systems in country 1 fin 105 m?
anj:
WATER RESOURCES AVAILABILITY
Ganeral assessmant of total 170
grounducater reserves in karst in
country 1 {in 10* m*/ an)
Ganaral assessmant of availabla Sdi

groundveater reserves in karst in
country 1 {in 10* m!/ an) (total-
dep.eco-systams|

General assessment of total
groundveatar reserves in karst in
country 2 {in 105 m? ) ani

Ganaral assessmant of availabla
greunduwater reserves in karst in
country £ {in 10* m? / an) (total-
d-rp.tl:o-:ﬂhms'r
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Main concams (list)
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TRANSBOUNDARY AQUIFERS — TABLE FOR EVALUATING IMPACT
OF TRANSBOUNDARY AQUIFERS - TBA CETINA (CROATIA-B&H)

GEOGRAPHY AND HYDROGEOLOGY

_,_ -

| — .

|Legend
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DIKTAS

Table for Evaluating Impact of Transboundary Acquifer

Test aleas CETINA
'\-‘hqllng betwaen the countiies; | Bosma and H-qr:ggpvln:
2. Croatia
GEOGRAPHY AND
HYDROGEOLOGY
Total surfare area (km] 342
Surface area In Country 1. {lom®) 2450
Surface ares of karstin Countey 1. | 1741
{km?)
Surface ares of nen-karst in Tha
Country 1. (lan)
The maln catchment (1§ and sub- 1. Cetina (2340 km®)
ratchments {2.3...} in Country 1 2 Sulca (730 kmi)
[} {River and main tributaries ) 3 Bistrica
4. Sturba
g 2ablfsl
6. Filina
7. Miilad
8. larugs
Main springs (T, NT}) and their L. (T} Duman (0.600/3.60/24.13)
max/ay/min dischargas in Country 2. (Ty Zabliak [0.040/2.06/4.96)
1 imis) 3. (NT) Sturba (0,94 48/9.50)
4 [NT)V. Strianj (074
5 (NT) M, Stlang (0/</-]
6. [NT) Volarica (G11r-/-)

[ - 4-5+pmh 11

gy 4+526=2.2%

(Th Ostepdac (0.04/0.21/-)
{NT} Hifina (D/9/=60}

Main rsnfall gauging station in
Country 1 (av. annual sum in mm)
wnd fotal sverage sum

Glamed (1420 mm)
Livne {1140)
Tmrr!}h.'\.-g“r ad [1285)
Kugpres (1204)

o b=

B (1265 mm) equivalent ta 3100 « 10° m? )/ an.
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TRANSBOUNDARY AQUIFER CETINA
GROUNDWATER BODIES IN B&H

DIKTAS

Table for Evaluating Impact of Trarnsboundary Aquifer

Test ales CETINA
'ﬂ'u,rlng betwaen the countries: | Bosma and quhg;pvln:
2. Croatis
GEOGRAPHY AND
HYDROGEOLOGY
Total surfare area (km] 3442
Surface area In Country L. {lm?} 2450
Surface ares of karstin Country 1. | 1741
{km?)
Surface area of non-karet in T
Country 1. (lon?)
The maln catchment (1) and sulb- 1. Cetina (2340 km®)
ratchments {2,3...) in Country 1 2. Sulca (730 ki)
[km®} {River and main tributaries ) 3 Bistiica
4. Surka
5 Zabljsl
6. Filina
7. Miital
8. larugs
Main springs (T, NT) and their L. (T} Duman (0.600/3.60/24.13)
miax/ay/min discharges in Country 2. (T Zablak (0.140/2.06/4.96)
1 im®rs) 3. (NT) Sturba (0,94 4875 50}
4. (NT}V. Strian] (0/-/-)
5. (NT)M. Strkang (074

@

(NT) Velarca (G.01/-/-)
Clpnen 4=5+5=0,11

Oy 425=6=2.29

iT) Qsteadas (0.04/0,217
{NT} Ridina (0/5/-60}

Main renfall gauging station in
Country 1 {#v. annual swm inomm}
wod fotal average sum

o pa =

B (1265 men) equivalent ta 3100« 10% m? / an.

Glamo {1420 mm)
Livne {1140)
Tomizlavgrad (1295)
Kapres {1.204)

&
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Cetina case example

» The majority of data on spring yields is from the period before 1990. These
data generally consist of minimum and maximum spring yield data based on
investigators’ estimates during different investigation works and of a
relatively small number of occasional measurements in springs.

« There is no monitoring of groundwater level fluctuations in the area of this
transboundary aquifer.

* Only three springs on the territory of Croatia are included in the national
groundwater quality monitoring network.

 The estimated surface of the TBA Cetina is 3454 km?2, of which 2462 km?2
(71.3 %) located in Bosnia-Herzegovina and, and 992 km? in Croatia.

« Tapped amount of groundwater for water supply in B&H is 0.2 m3/sec and
about 0.27 m3/sec (without tapped surface water from Cetina) in Croatia.

* |In general, it can be stated that the available groundwater reserves within
the TBA Cetina are very large in relation to the current needs.

http://diktas.iwlearn.org D IETAS 'ﬁ I O e



Neretva TB aquifer

« The estimated surface of the TBA Neretva is 638 km?, of which 354 km? (55.5%) is located in
Bosnia-Herzegovina and 284 km?2 in Croatia.

«  The available groundwater reserves are approximately 11 m3/s. The ecologically minimum
acceptable flow is taken as the minimum spring discharge. Its values for the springs are the total
of 3.82 m¥/s.

«  The tapped amount of groundwater for water supply in Bosnia-Herzegovina is 0 m3/s and about
0.43 m3/s in Croatia (maximum allowed amount of tapped water under the concession contracts is
0.63 m3/s). ' :

. The total amount of tapped groundwater within the TBA Neretva is
about 2% of the groundwater reserves considering the average spri
in comparison with the minimum spring discharges.

Q Tapped Ratio Q.- Tapped Ratio
(m%\fér) groundwater | Qavaill Qtapped ( mg‘/';) groundwater | Qmin/Qtapped
(m°/s) (%) (m°/s) (%)
11 0.43 3.9 3.82 0.43 11.25

http://diktas.iwlearn.org
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TRANSBOUNDARY AQUIFER TREBISNJICA
GROUNDWATER BODIES AND ESTIMATED AVERAGE
TRANSBOUNDARY GROUNDWATER FLOW FROM B&H TO CROATIA

Grounstwarer Balance and Reserves of Ombla
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Il TRANSBOUNDARY AQUIFER B&H - MONTENEGRO

DIKTAS
Table for Evaluating Impact of Transhboundary Aquifer]
Testanea: BILECND LAKE

SREMnG DETwSan The COuUMTEs 1 Montenegro

Toral swrface area (om”)

Surface area of karst in Country

656
Surfacearsa inCountry 1 (bm®) | 540
508
L i
4

Surface grea of non-karst in
Country 1. [lon?}

The main cxizhment (1) and sub- 1 TrebEngo {540}
catchment= (2.3 ) in Country 1 2 Edicai?s
[k} [River and main tributaries)

Miain springs (T, NT] and thesr L
miz/ g/ min dscharges in
Country 1 (m%s)

Magin rainfail gauging STationin
Courmry 1{&v. ammual sum in
mm | @nd Tl average sum

(7?7 mm)
{777 mm)

(277 mm) eguivalentto P7? a1 m*fan

e

Surface area inCountry 2 (lm®) | 156
Surfece srea of karst in Country 124
2 [em?®)
Surface arcs of non-karst in
Country 2. [lomf)
The main catchment {1) and sub- 1 Trebifnjica (129 km®)
catchments (2.3 in Country 2 2 Subicy (27 kem)
{lm®) {River and main ibutaries)
Mazinspnngs (T, NT) and thesr 1 mMm = submerged
max) g/ min discharges in 1 Mikicks wreia (NT) - submerges
Country 2 3 Cepefica (NT)—submerged
G, 1:2=2.0; Gawv 1+2+3=41; Q. > 600
4  Dig (T1—submerged (0.5/4/20)
Main rainfail gauging sation in 1 Bileta {1550 mm)
Country 2 (#. annual sum in 2 Trebinge (1780 mm])
i) and 1otsl BvETEEE Lum I (1665 mm) eguivalent to 260 x 10°m® [ sn
Generai 3ssessmen of

Eroundwater reserees in i@arstin | 1419
courtry 1 (in 10°m® [ g




OUTPUT 7 A Strategic Action Program (SAP) for the

DIKTAS, and National Implementation Plans,
elaborated and adopted by the country at

high ministerial level

ACTIVITIES

The Strategic Action Program is a regional,
non binding document crystallizing the
commitment of the four countries to
undertake a series of agreed actions. The SAP
will be translated into SAP National
Implementation Plans (NIPs).

DIRTAS TR =°



PRIORITY ACTION - Harmonisation of sanitary
protection zones

B&H
ZONE CROATIA® . — MONTENEGRO |  ALBANIA"
Re p. of Srpska Federation
1A min 10m 7 days min 25m . imme diate
| - ) min 10 m )
IB flooding zone (min 50 m) (extremely 10 m) protection area
areafrom
innerpartofthe which )
I 1 day >3cm/s | catchmentarea 90days 1 day extremely pollutioncan close protection
o (min 250 m) >25km/day h th area2
(hydrological) reachtne
source?
main part of the 180d t | | et remote
I 1-10days | 1-3 cm/s 1 s 1-10days | Crrremely compiete ,
catchmentarea J{min 200m out of zone 1- 2.5km/dayflcatchmentareal protection area
10-20 days (<
01/s) v compl ete |
v 20-40 days |extremely: catchment o complete o o
(20-1001/s) | <1lcm/s ) catchmentarea
40-50 days area
(>100 I/s)
RESERVATION zone of accumulation and retention no no no nocriteria
& s

http://diktas.iwlearn.org
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PRIORITY ACTION - Remediation - example TBA
Una

During the war period numerous civil and military facilities, with polychlorinated
biphenyls (PCB), had been destroyed. One of these facilities is the former
military airport Zeljava, located at the border between Croatia and Bosnia and
Herzegovina (north-western part of Bosnia and Herzegovina). The destroyed
former military airport Zeljava is built on and within (underground facilities) very
karstified limestones of the Cretaceous age. Connections between numerous
swallow holes located in wider area of the airport and springs in Bihac area
(the most important spring is Klokot) are certainly proved by humerous dye
tests in the past. B

http://diktas.iwlearn.org D WAS ﬁ I O e
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PRIORITY ACTION - GW Monitoring (Weak point )

* Croatia: Characterization of GW bodies completed; Monitoring is
taking place in accordance with EU WFD (Hrvatske Vode
responsible).

 B&H: Characterization of GW bodies is on-going; no defined
methodology for GW status/risk assessment.

« Albania: Preliminary characterization of GW bodies performed
within CEMSA project. Currently, characterization undertaken by
Albanian geological Survey (scale 1:200 000).

* Montenegro: Characterization of GW bodies firstly made in
2005 (ICPDR), a new one is taking place; Not yet established
methodology for GW status/risk assessment.

http://diktas.iwlearn.org D IETAS 'ﬁ I O e



Monitoring is crucial for GW
sustainable use and
managemen
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Recommendations for GW monitoring

 The WFD does not specify the minimum duration or frequency of
surveillance monitoring. Operational monitoring, however, must be
conducted at least once a year, during the interval between
surveillance monitoring cycles.

WEFD the following core set of determinants must be monitored on all
GW bodies: dissolved oxygen, pH-value, electrical conductivity,
nitrate, ammonium,

« As for the transboundary groundwater bodies, beside the core set of
parameters they shall also be monitored for those parameters which
are relevant for the protection of all of the uses supported by the
groundwater flow.

« |CPDR recommends that temperature and a set of major (trace) ions
should also be monitored.

0

B
- ¢

http://diktas.iwlearn.org D |ﬁ [AS gef I



TRANSBOUNDARY AQUIFER - CIJEVNA
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 PRIORITY ACTION -- Managing

Aquifer Recharge and Discharge Montenegro coastal springs
Q min:max 1:100.000 ?!

Main Objective of MAR: Managing aquifer
recharge (MAR) of certain selected sources
will arise awareness of local water managers
and communities of advantages of aquifer
control and sustainable utilization of tapped

groundwater. DIRTAS



Baza karstifikacije
(Base of karstification)

« Natural groundwater reserves of karst aquifer — dynamic & static
(case with ascending spring Q1 and underground discharge Q2)

DIRTAS A



Exploitable reserves as total dynamic and part of static
reserves but with controlled and limited usage:

Qexp = Qdyn+nx Qst/T-WL

Temporary use of static waters is justifiable if replenishment potential
is sufficient !

Q (m 3/s)

Rechargeble potential

Tme

DIRTAS

Contrary to arid areas where
such approach often lead to
aquifer over-exploitation, in SEE
region the climatic and
hydrogeological preconditions
provide an adequate
replenishment potential

ﬂ' 0o e
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Vadose zone

&

Discharge [ma.n's]

GW extracion

Dynamic reserves

Supportive GW loan

Static reserves

Deficit - pumping FE;W
=7

&
Jrdd RS0 ME) - AFBI  MeBE  JivE JudD  Aggpll ek Cod0  He B DosEl

Manth
The temporal loan of stored water when water demands are higher than natural discharge
does not lead to over-extraction if sufficient replenishment potential exists. The issue of safe
yield has been discussed in similar way in articles of Custodio (1992) or Burke & Moench
(2000).
If Qexpl = Quyns and

Qexpl - Qdyn T Qst”loan” > then

Qst”loan” - Qexpl - Qdyn

where,
Q.1 — Exploitation request, water demands; Q,,,, — Dynamic groundwater reserves; Qe
— Static groundwater reserves for periodic loan (equal to difference between demands and

natural flow).

DifTAS g = °



A successful project -
New intake for Montenegro coast

« Sub lacustrian spring Bolje
sestre in Skadar basin

¢« Q,,=-2.3m3/s

* The total pipeline length is 140
km.

« The system is planned for a
maximum capacity of 1.5 m3/s
In two stages.

 The water discharges through
several registered points near
the shore.

* Order: Avoid mixture of water
(fresh groundwater and lake)

iy,

DIRTAS S =9



Complex investigation programme
included: hydrology, geophysical survey
(geoelectric tomography and
electromagnetic VLF method),drilling,
tracing tests, hydrogeological mapping,
diving, permanent sampling and analyses
of the water quality (biological, chemical,
radiological).

DIRTAS




Specific intake - The concrete elliptical coffer dam covers
an area of some 300 m?and has a rubber gate spillway

Compressor room Oipen-hole shaft
R“bbﬂ' galﬂ' | Karstic nquifer Bedje sestre, M-ullnq.-.ng;m | L

@ % TG !"."'| chamE | Trehimud dala equipiverd i
=
u Free— - .
By L T o b
L B
"

Comprassor room Spillway Gabions ™

— ...'-llll

Reserve gate |

Bottom oullel |

Main gate I'\-"I
|}

Gabions
profection
R ol

Lake

. 4
Bottom rocks E ] " ]




It confirmed a very small influence resulting
in @ maximum decrease in the level of the
lake of less than 1cm under the extraction
of 1.5 m3/s (Stevanovic et al. 2008)

“FihiRTAS o =



SAP - Priority action 5 MAR

« To achieve the main objective the following activities should be undertaken:

« A. 1. Preliminary selection. The list of potentially suitable sites in Dinaric karst and in
selected studied TB aquifers is provided by experts of WG1. The proposals come out
after consultation with national authorities and other DIKTAS experts.

« A. 2 Research. Geological and hydrogeological surveys are carried out aiming at
define catchment areas, thickness of the saturated zone of proposed sources, assess
aquifer properties and above all aquifer's regime and storativity.

A 3. Feasibility and initial design. Out of all proposed sources, selection of two or
three the most promising sources for engineering intervention is made and feasibility
study and initial design of intake are prepared.

« A 4. Implementation. Construction work, test and establishment of groundwater
monitoring station (quantity and quality) including installation of an Early Warning
System for prevention from pollution and guarantee of eco-flow.

« A 5 Publicity. To minimize any negative effects of the proposed interventions along
with undertaken survey and optimization of technical solutions, very careful
explanation of the tasks and of the benefits to the local water managers and
consumers is provided.

http://diktas.iwlearn.org D I,fL_rAS ﬁ I O e



Local and international capacity building

International Course
Characterization and Engineering of Karst Aquifers
Trebinje, Bosnia & Herzegovina,

3-10 June, 2014

This course is supported by:

Trebinje , June 2014

DIRTAS SH = 9



- Department of Hydrogeology and Centre for Karst Hydrogeology of
the University of Belgrade - The Faculty of Mining & Geology
(http://www.karstedu.rs)

- The Geological Survey of the Republic of Srpska, Zvornik (Bosnia &
Herzegovina) (http://www.geozavodrs.com)

Department of Geological Sciences, The University of Texas at Austin, USA
(http://www.geotexas.edu)

Karst Commission of the IAH (International Association of Hydrogeologists
(http://www.iah.org/karst)

The Jaroslav Cerni Institute for the Development of Water Resources (JCI)
and its UNESCOQO'’s Category 2 Centre, Serbia (http://www.jcerni.orq)

IGRAC (International Groundwater Resources Assessment Centre), Delft,
The Netherlands (http://www.un-igrac.org)

Edwards Aquifer Authority, San Antonio, Texas, USA
(www.edwardsaquifer.org)

Speleological club “Zelena brda” (Green Fields), Trebinje, Bosnia &
Herzegovina (http://www.24casa.com/zelenabrda/contact. php

D IIL_I-AS gef I A




Curricilum

UNIVERSITY OF BELGRADE-
FACULTY OF MINING AND GEOLOGY (FMG)

Republic of Serbia, Belgrade 11000, Djusina 7

Department : HYDROGEOLOGY

Level of Certified Studies: Master Study (MS in Hydrogeology)

Course: Characterization and Engineering of Karst Aquifers

Responsible Teacher / Assistant: Dr Zoran Stevanovic, Prof. / Dr Sasa Milanovic, Res. Ass.

Other lecturers: Other staff members of FMG, visiting professors and experts from country and abroad

Course status: Optional

Usually offered: Spring Semester

Typical structure: 2 hours lecture, 2 hours practical exercise, discussion and workin the field

ESTC (credits as per European system): 6 (out of 30 per semester)

Prerequisite(s): Courses on undergraduate level

Grading: Regular : 6 (51-60 points),7 (61-70), 8 (71-80), 9 (81-90), 10 (91-100)

(Maximal points 100)

Pre-exam activities Max. Points Final Exam MoeHa
Lectures/Discussion 10 Test/ 50
Practical work 10 Oral

Colloquium / 30

Seminars

DIRTAS < B 62




Why Trebinje ?
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Lecturers for the year 2014.

Dr Zoran Stevanovic, prof. FMG, University of Belgrade, Serbia

Dr Neven Kresi¢, ex-prof. AMEC, USA

Dr Petar Milanovi¢, prof. ret., University of Mostar, Enregoproject, HET, Serbia
Dr Ognjen Bonacci, prof. emeritus, University of Split, Croatia

Dr Bartolome Navarro, prof. University of Malaga, Spain

Dr Francesco Fiorillo, prof. University Sannio, Benevento, ltaly

Dr Neno Kukuri¢, UN-IGRAC, the Netherlands

Dr Dragan Milovanovi¢, prof. FMG, University of Belgrade, Serbia

Dr Vesna Risti¢ Vakanjac, assoc. prof. FMG, University of Belgrade, Serbia
Dr Sasa Milanovic, res. assoc. FMG, University of Belgrade, Serbia
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21 participants from 11 countries

University of Belgrade - Faculty of Mining & Geology, Belgrade
f. | Centre for Karst Hydrogeology of the Department of Hydrogeology

in cooperation with

Geolpgical Survey of Republic of Srpska, Zvornik
UNESCO
GEF Project DIKTAS
The Hydro-Energy System of Trebisnfica HET, Trebinje

/ days of teaching and field works

13 students examined
10 teachers from 6 countries

Certificate of Attendance and
Completion of the International Course

Characterization and Engineering of Karst Aquifers

o

Prafl fvan Obradovic,

Prof Zoran Sievanovie,
Dt o thve Faculty of Mining & Geslogy

Head of de Contrra for Karsi Hydrogeslogy

held in FPrebimie, Boguia & Hersegpovimg, 3-10June, 2014
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Conclusions

« Although the Dinaric region has the most intensive water budget in
all of Europe, there are numerous problems for sustainable
utilization of GW. The main problem is the great annual variation of
natural flows and the vulnerability of aquifers to pollution which
comes mostly from still unregulated waste water discharges and
solid wastes improper deposition.

* Tasks:

» to quantify the water reserves of transboundary aquifers,

» to apply engineering solutions to regulate aquifer discharges,

» to ensure ecological flows,

» to eliminate sources of pollution,

« to improve the quality of water, and

* to establish proper water monitoring systems,

* to learn more on karst and raise awareness of its resource importance!
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Thank you!
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