Project MIKAS
(Most Important Karst Alj dzA ¥

e
M()él' IMPORTANT KARST AQUIFER SPRINGS

John Gunn, School of Geography, Earth and Environmental Science

UNIVERSITYOF ¢
BIRMINGHAM §

B2 Ny {0SOFIYy20A6Z tNRFTD wSUPdP / SYGNBE F2NJ YI N
Augusto Auler, Instituto do Carste / Carste Ciéncia e Meio Ambiente, Belo Horizonte, MG, Brazil
Avihu Burg, Geological Survey of Israel, Jerusalem, Israel
Seifu Kebede, School of Agri. Earth and Environ.Sciences, Univ. of KwidZtdl) South Africa
Neven Kresic, Independent Consultant and Director, Karst Waters Institute, Warrenton, VA, USA
Peter Malik, Geological Survey of Slovakia, Bratislava, Slovakia
Junbing Pu, School of Geography and Tourism, Chongging Normal University, P.R.China
Benjamin TobinNational Cave and Karst Research Institu@arlsbad, NM, USA



Karst springs: Importance and threats

A Stevanovic (2019) estimated that 9.2% of the global population, some 678 million people, are karst water consumers.

A Much of that water is obtained from springs, with the remainder from boreholes, most of which tap into groundwater
that would naturally have been discharged by springs.

A Consequently, there is an extensive literature on hydrogeological aspects of karst springs and on the protection of kar:
groundwater.

A Despite this there is a global problem of springs drying up or suffering from severely reduced flow due to groundwater
abstraction, which may be exacerbated by climate change.

A In addition, karst springs are particularly susceptible to pollution because groundwater can traveltiloamgters
underground and karst springs commonly have both local and distal catchments




Table 5.9 Discharges of some of the world’s largest karst springs

Spring

Discharge (m3s—1)

Maximum

Minimum

Basin area

(km?)

Reference

Tobio, Papua New Guinea
Matali, Papua New Guinea
Trebisnjica,Herzegovina
Bussento, Italy

Dumanli, Turkey*
Galowe, Papua New Guinea
Ljubljanica, Slovenia
Ras-el-Ain, Syria

Disu, China

Stella, Italy

Chingshui, China

Spring Creek, Florida, USA
Oluk Képril, Turkey
Timavo, Italy

Frio, Mexico

Ombla, Croatia

Yedi Miyarlar, Turkey
Mchishta, Georgia

Coy, Mexico

Buna, Herzegovina
Liulongdong, China
Kirkgozler, Turkey

Silver, Florida,USA
Rainbow, Florida, USA
Vaucluse, France

Sinjac (Piva), Yugoslavia
Bunica, Herzegovina
Grab-Ruda, Croatia
Trollosen, Spitzbergen
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117
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1140
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1100

1050

1040
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1900
= 1500
1115
500
510
390

Maire 1981c

Maire 1981b

Milanovié 2000

Bakalowicz 1973

Karanjac and Gunay 1980
Maire 1981a

Gospodari¢ and Habic 1976
Burdon and Safadi 1963
Yuan 1981

Burdon and Safadi 1963
Yuan 1981

Smart and Worthington 2004
Smart and Worthington 2004

Smart and Worthington 2004,

Fish 1977

Bonacci 1995, Bonacci 2001
Smart and Worthington 2004
Smart and Worthington 2004
Fish 1977

Smart and Worthington 2004
Yuan 1981

Smart and Worthington 2004
Faulkner 1976

Smart and Worthington 2004
Blavoux er al. 1992

Smart and Worthington 2004
Smart and Worthington 2004
Smart and Worthington 2004
Smart and Worthington 2004

TABLE 1 Some representative large karst springs excluding the United States

Spring
Tobio
Matali
Dumanli
Buna
Ljubljanica
Ras el Ain
Chingshui
Vaucluse
Frio

Coy
Timava
Niangziguan
Aachquelle
Blautopf

Data from various sources, especially Ford and Williams (2007) and Kresic and Stevanovic (2010). All flow measurements in m*/sec.

Location
New Guinea
New Guinea
Turkey
Bosnia
Slovenia
Syria

China
France
Mexico
Mexico

Italy

China
Germany

Germany

Maximum flow

=240

440
132

390
200
515
200
138

15.8

241

26.1

Mean flow

85-115

90
50
40
39
39
33
29
28
24

17.4

121

8.2
2.2

Minimum flow

20
25
2
4.2

0.35

*Dumanli spring is the largest of a group of Manavgat River springs that collectively yield a mean flow of 125-130m" s
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TABLE 2 A selection of large karst springs in the United States

Spring

Silver Spring
Rainbow Sp.
Wakulla Spring
Comal Springs
San Marcos Sp.
Big Spring
Greer Spring
Maramec Sp.
Alley Spring
Davis Spring

Data from various sources. All flow measurements in m*/sec.

Location
Florida
Florida
Florida
Texas
Texas
Missouri
Missouri
Missouri
Missouri

West Virginia

Maximum flow
36.3

289

54.1

15.1

8.5

36.8

25.5

18.4

28.3

Mean flow
23.0
19.8
11.1
L
4.2
12.1
9.4
4.2
3.6
3.1

Minimum flow
15.3

13.8

0.71

23

6.7

219

1.6

1.5

0.6



SCIENTIFIC D ATA:-

M) Check for updates

OPEN: Global karst springs hydrograph

DATA DESCRIPTOR - dataset for research and
“management of the world’s fastest-
flowing groundwater

Tunde Olarinoye et al.*

Selected karst water sources and caves

Karst springs
1D Name Low [mY/s}] | High [mYs] 0 Name
A1 |White Spray Spring 25 nd. B32 PleSngursprung
A4 |Maligne 15.2 40 B34 | Livenza Group
A8 'Big Spring 5 7 B36 i Timavo
A10 {McGill Spring 0.2 0.4 B37 :Kamniska Bislrica
A11 [Swallow Canyon Spring 01 3 B38 | Ljubljanica
A12 | Hot Creek Spring 0.03 06 840 |Rijegina
A14 |Cascade Springs. 05 n.d. B43 Crno vrelo
A17 |Spring Creek Springs 15 nd. B44 Plva
A18 |Ottawa River Caves 10 nd. BAS Jadro
A21 |San Solomon Springs 09 2 BA7 Klokun
A22 Comanche Springs 03 3 B4S Buna
A23 | Goodenough Springs 41 nd. B49 Vrelo Bosne
Las Moras Springs 03 3 B50 |Ombla
Leona Springs 03 3 B51 Glava Zele Spring
A27 | Salado Springs 003 03 853 | Bolje Sestre Spring
A28 | Barton Springs 18 ng. 854 |Nera Springs
A30 [Comai Springs 0.01 14 B55 Peschiera
A31 |Roaring River Spring 02 5 857 |Gari Group
A32 |Bennett Spring 25 B60 'Uji Fiohte
A34 IBig Spring 67 37 B61 Bistrica
A35 Maramec Spring 18 18 862 StNaum
A39 | Tuscumbia Speing 0.2 0.8 BB3 | Aravissos
A40 [Huntsville Spring 0.01 03 B66 | Tapolcafd Spring
A42 | Cave Springs 06 12 568 ‘Lazee
A44 | Coldwater Spring 02 nd. 169 | Blekitne Zrodla
A45 |Buffalo Spring 03 07 873 | Jtsvals Spring
A47 |Morrell Speing 03 09 B74 New Well Miskolctapolca
A48 |Lacust Creek Spring 0.03 06 B75 lzbdnaly
AB0 |Culverson Creek Springs 13 nd. smlmm
AS52 !Lacey Spring 01 08 B79 | Vrelo Miave
A53 | Opequon Spring 03 04 B81 Ratka
A54 [Gilmors Spring 02 nd. B82 jRadavac {Beti Drim)
AS5 | Rock Springs 04 nd. BBA |Iskreta Spring
A58 | Osewichee Spring 01 0.5 B85 Glava Panega
AT |Radium Spring 05 4 886 [Kummnn
A58 | sackson Blue Spring 16 8 889 |Amyros
AB0 [Nutall River Rise 102 10 B92 Karasu-Bashi
A61 |Alapaha River Rise 144 20 B93 Atzgara
AB3 |Sitver Speings Main 153 37 B95  Goluboe Czero
AB4 Spring 138 35 c2 iKnkguz
ABS Volusia Blue Spring 1.8 6 C3 'Dumanli
AT72 |Nacimiento de Rio Frio 06 515 C4 | Munzur
A73|El Zacaton 041 5 c5 |{Gokova
AT4 |Nacimiento del Rio Mante 13 343 ©6  Gdkpinar
ATS |Nacimiento det Rlo Choy 15 100 c7 IKMbourRBlelAIn
AT76 |Nacimiento del Rio Coy 13 238 C8 | Zarka Spring
AT7 |Grutas de Tolantongo 34 nd ce iF"'" Spring
AB1 |Boiling Hole 07 7 €10 Jordan River Sources
AS2 lChql.lhul Spring 2 nd. ©11, Rosh Ma'ayin Springs
ABT 'Siburua 04 nd. C13 Mehishta
AB9 Timbuj Spring 4 nd. C14 | Gall Shirana
A31 |Negro River Spring 15 nd. C15 | Saruchawa
A93 |Chiflonkhakha 0.5 nd. c17 ,s«umr
A98 | Séo Bernardo 5 nd. €22 'Chehel cheshmeh
A100| Jaguara 06 08 C25 Bobrovaya
A101|Aguas Quentes 02 2 ©26 |Panzethnag
A04|Caicayen 0.01 0.03 C27 ‘Bolshaja lrel
B1 [Cong Springs 5 nd. c28 iwlu
B5 [Cheddar Springs 1 nd. €29 " Shentouquan
B8 'Paderquellen 3 9 £32 | Niangziguan
B9 . Rhumequelle 2 8 €23 Jinanquan
B11 |Pazo Azul Spring 0.03 47 G35 Yanzibang
B12 |Muziel Spring 008 0.97 csslvomi
B13 | Ses Fonts Ufanes Spring ad. 70 €38 . Chexinwan
B16 | Touvre 3 0 ca0 Iww
818 [Ouysse 06 200 C41 ‘Yunpan
B21 |Fontaine de Vaucluse 4 150 C44 Bangiao
823 Source de FAreuse 07 39 €48 Xincun
B24 |Source de I'Orbe 2 80 C47 Znijindaquan
B27 | Aschquelle 11 2 48| Wangjiadaiing

|Lowims) Highfms] 1D Neme __Low{m's] High [m¥s)
22 . 4 €49 Dalongiing 02 nd
N - 51 Daxiadfing 47 ag
io302 nd. €53 'Walmengtang 66 nd.
21 83 €54 Luofan 84 nd.
15 120 €55 |Dagengoun 7 nd
0 150 C56 | Fuwucyn 08 nd.
45 nd. €57 Disu 49 nd.
8 nd. C58 Lingshui 4 nd.
22 29 59 | Zuodeng 213 nd.
as 19 CB1 |Liulangdong 232 nd.
3 380 CB2 |Nandong | 9.5 i nd.
15 18 ©63 |Baishiyan ! 348 | na
4 138 CB4 |Zhongzhai 372 nd.
2w 65 [Nam La Spring l 08 i 53
23 6 C68 |Krem Mahabon 13 nd.
15 nd. C74 /Gua Basar 22 | nd
18 nd. 05 | Siwa Springs ! 001 | nd
18 nd D7 {Ain El Gudeirat |00 nd.
18 4 €2 [Tovio Lo | oee
12 % E3 |Te Waikoropupu Spring 58 ' 21
25 15 E4 |Cave Craek Springs | 3 \ kL]
09 3 ES |Biuo Waterholes 017 22
03 13
03 14 Submarine karst springs
04 08 D |Name ' Low [m¥s] ' High [m?is]
01 7 AB2 | Crescent Beach | a0 nd.
0.3 2 AB6 Biscayne Bay © o ond nd.
0.05 4 AB3 | Puerto Morelos | nd . nd
1 a A89 | Celestun Lagoon I nd. | nd
02 17 B19 |Source de la Vise . 05 ' nd
08 7 526 |Moriota Springs | ne | na
09 21 846 |Vndja Bay L nd nd.
0.0 55 BS56 'Fondi Lake I 2 | nd
04 3 858 Presiciana Y 2 )
05 3 B59 |Chidro .25 | nd
23 30 B87 Kivesi Springs | na | ne
01 39 B88 Stoupa 'oad nd.
15 5 €71 Santiago Island “ na. nd.
05 2 C76 | Pantai Ngrenehan 8 nd.
71 63 04 |Ayn Zayanah i 5 . nd
38 50 E{ |Guam I nd | nd
8.9 0
102 14 Thermal karst springs
62 15 10 Name Im[m'ml High [ms]
386 nd. AT Banff Hot Springs 01 nd.
69 24 A8 |Faitmont Hot Springs | 00e | na
25 13 66 |Bath Springs 002 1 na
159 nd B65 Heviz Lake Spring [ o3 06
64 nd. B8¢ [Devnya Spring 23 4
y 95 197 ©34 |Tangquan i 0 . na
18 3 C43 | Zhougongshan | 01 | nd
18 8 €45 |Muaijing 0.01 nd.
08 7
19 nd. Water abstraction structures in karst aquifer
15 3 10 Name Lw[m‘h] High [m¥s]
22 3 829 | Buchbrunnencuelie 15
12 nd. B33 | Kiatterquelie 0.4 £
15 nd. B71|Zakopane-Banska PGP-1 02 ©  nd.
68 nd Bg1 |Cigmea 1 [ 16 ! nd.
85 nd C19 |Sasan 1.1 ad
35 4 20 |Margoon Watertal Fa [ 5
086 nd. €21 |Masarm 17 nd.
3 ad. €23 Tirebagh [ a2 ¢ 2
28 nd €24 Bonsb A
06 nd €30 {Liulinquan | 28 nd.
3 nd €31/ Lancunguan nd. nd.
41 nd. €52 | Huanghou 04 nd.
48 nd D6 |Ain EI Gabal ! 05 nd.
04 nd. D8 |Borama L 02 05
13 nd. D9 |Jiiiga | o2 | o4




Toimprove knowledgethe MIKASproject waslaunchedat
the annual meeting of the of
the in
June 2022 during the EUROKARSJonference held in
Malaga

Theaimsare:

(1) to createthe first list of the globally most important
karst springs (Somecountrieswhere there are many
karst springs are also compiling lists of nationally
Important karstsprings NIKAS)

(2) to advancea Codeof Practicefor the utilisation and
protection of thesesprings

(3) to promotethesespringsby on-site interpretationand
internet publicity

The MIKAS LINE 2 Si®© Grand by an
and




Organizational setup

Project and AB
approved by the KC IARMalaga, 24.06.2022

Project Coordinator (Team Leaded2 N vy  { U S gk

AB memberg Regional Coordinators:

A Western Europe, Australia and Oceanilnhn Gunn
A Southeastern and Eastern Europg,2 NI v { G S @
A Asia,Junbing Pu
A North America,Neven Kresic
A South AmericaAugusto Auler
A Africa, Seifu Kebede

+CoChairsof the IAHKC Peter Malik,Avi Burg,Ben Tobin



Our maiin Continentah|dspansorss

MOST IMPORTANT KARST AQUIFER SPRINGS

North America

The International Research Centre on Karst (IRCK) forms a IEKARST WATERS INSTITUTE

= 3 Tl part of the Chinese Institute of Geological Sciences and is
i I [ S [ I A\ located in Guilin, China. The IRCK works closely with
= N d| UNESCO, the Karst Dynamics Laboratory (below) and the

Karst Waters Institute is a non-profit institution aiming to improve the fundamental understanding
T of karst water systems, for professionals and the public. The Institute is governed by Board of
Educational, Scientificand . IAH Karst Commission. The IRCK organises every year the Directors who come from various institutions all across USA. Institute activities include the initiation,
CRROmiEin - course for young professionals and students with different coordination, and conduct of research, the sponsorship of conferences and workshops, and
topics. http://en.irck.org.cn/yrzx_en/index.html occasional publication of scientific works. KWI supports these activities by acting as a coordinating
agency for funding and personnel http://www.karstwaters.org/

South America
The Karst Research Institute in Postojna, Slovenia, is one of the most traditional
institutes working on karst, located in a classical karst region. Institute's

researchers come from various backgrounds including geology, geography, ’ ( H
physics, chemistry, biology and microbiology, thus enabling a multidisciplinary ‘ l nstl tUtO d O Ca rSte

approach. The Institute regularly organises international schools “Classical Founded by a group of researchers and technicians working in different areas, the Karst Institute with

Karst”. http://kras.zrc-sazu.si/ head office in Bairro Santa Lucia, Belo Horizonte — Brasil, a non-profit association, has as its main

mission to carry out research and preservation actions in Brazilian karst areas.
Karst Research Institute https://institutodocarste.org.br fsite/




Our first task was to agree Selection Criteria and the following were chose

The artesian boil at th&eWaikoropupuSprings.
Photo by Paul Williams

AHistoricvalue(H)

A Aestheticvalue(A)
AEconomiwalue(E)
A Scientificvalue(S)
AEcologicaValue(EQ

In the initial stage of the project a proposal was |
made to weight each value and to establish an
algorithm which could make the selection
process more objective.

......

However, to facilitate the work of the NEs, it
was decided at an AB meeting to apply a
simpler procedure, ile.Ex per t 0,5 QOp |
instead of assigning a numerical value, =
although this remains an option.
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Historic value (H)

There are numerous springs in the world that ha™ =
historic and/or cultural significance. They have ¥
been the foundation for the establishment of mafy
permanent settlement, both at the springhead a "

nearby.




Aesthetic value (A)

The aesthetic criterion is always problematic becauseW 6 S ligliziitBe eye of the 0 S K 2 thi&k & Bj¥ing

depositingtufa (PamukaleTurkey)a springfed waterfall (Plitvice,Croatia)and a springemergingfrom alarge
cave(SofOmar,Ethiopia)are all examples




Economic value (E)

The economicvalue relates primarily to the a LINJAagtideuae Springwater can be used directly (for example potable water supply,
irrigation, or in industry) or indirectly (for examplein generatinghydropoweror for health and recreation) In addition, water from karst
springscommonlymaintainsthe baseflowof important riversor isimpoundedin reservoirs
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Scientific value (S)

The scientific value primarily relatesto hydrogeologialfactors suchas discharge(length of record, peak flow,
periodicity, gas bubbling, water quality, especiallyin coastal areas (fresh, brackish and saline), depth of
circulationandbedrocklithology

Fontaine de Vaucluse, France. Spring flow: monthly mean since 1887, daily mean since 1967; hourly mean since :
Numerous chemical and isotopic data since 1981.

: ',,HAA

Fontaine de Vaucluse during g flood (left. 58. 7 m’/s, photo C A AEmblanch) and low
flow stage (right. Courtesy from Syndicat Mixte du Bassin des Sorgues).
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oRhume Spring

RhumequelleGermany

Blockbild der geologischen Situation
an der Rhumequelle
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Quelle: Versindert nach HARTWIG, A. (1991): Mitt Arbeit inschaft fur de Harz e.V. Heft 1 S.49




Ecological value=Q

Water from karst springscommonly sustainssensitiveecosystemsgspeciallythose with endangeredspecies
Many springs supply streams that flow through environments of significant ecological interest including

protectedareas,suchasRamsassites




Ecological value=Q

Comal Springs (left) and San Marcos Springs (right), near San Antonio is Texas, USA are both home to 10 threaten
endangered federally listed species. They are part of the Edwards Aquifer Habitat Conservation Plan which was approv
U.S. Fish and Wildlife Service in 2013

Both springsare also used farecreation and by industry on the Comal and Guadalupe River.




Spring Survey
Instructions for filling

1) Spring Location and Hydrogeological Information

' Project MIKAS — Most Important Karst Aquifers’ Springs

l 3) References and source

*/ in casc of spring tapped

2) Spring Importance / Criteria

Criterion ' Justification / Facts Criteria order




Inventory and selection
Create proposals

: Selection of National Experts : $
Advisory Board | peveiop criteria and Guicelines | National Experts
Action plan for in situ
® labeling and protecting
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- Albania

MIKAS springs:
1. Blue eye (Syri i Kalter)

View more details

Bosnia &
% Herzegovina
MIKAS springs:

1. Buna (Vrelo Bune)
2.Vrelo Bosne

View more details

Ecuador

MIKAS springs:
1. Jumandy Cave

View more details

India

MIKAS springs:
1. Achabalnag
2. Kokernag

3. Verinag

View more details

: Jordan

MIKAS springs:
1. Tanour Spring

Austria

MIKAS springs:

1. Furstenbrunner Quelle

2. Klafferquellen (Klaffer spring)
3. PieRling-Ursprung

4. Kaiserbrunnen

View more details

MIKAS springs:
1. Baia Bonita
2. Jodo Baio
3. Pratinha

View more details

- Estonia

MIKAS springs:
1. Lavi

View more details

[ Iran

MIKAS springs:
1. Sasan
2. Sheshpeer

View more details

Latvia

MIKAS springs:
1. Barbeles sulfur spring

I I Belgium

MIKAS springs:
1. Eprave

View more details

- Bulgaria

MIKAS springs:

1. Devnya

2. Iskrets (Peshta)
3. Musina

View more details

—
I
B Greece

MIKAS springs:
1. Almyros

2. Aggitis river Springs (Maaras

cave)

View more details

I I Ireland

MIKAS springs:
1. Cong Spring
2. Shannon Pot

View more details

; Lebanon

MIKAS springs:
1. Afga Spring

L
ﬁ Bolivia

MIKAS springs:
1. Chiflonqaga

View more details

- Colombia

MIKAS springs:
1. Manantial de Cafiaverales
2.Ventanas de Tisquizoque

View more details

I
Hungary

MIKAS springs:

1. Heviz Thermal Lake Spring

2. Jésva Spring (group of Medence,
Taré and Csé springs)

3. Boltiv Spring

4. Spring of the Gellért Spa
(Gsforras)

View more details

X:X Israel

MIKAS springs:
1. Banias
2.Dan

3. Gihon

View more details

- Lithuania

MIKAS springs:
1. Smardonés




- Montenegro

New Zaeland sg North Macedonia - Poland

MIKAS springs: MIKAS springs: MIKAS springs: MIKAS springs:
1. Bolje Sestre 1. Waikoropupu 1. Rashche spring (Rasce) 1. Goryczkowe (Wywierzysko
2. Mareza 2. St. Naum Goryczkowe)

2. Zygmunt spring (Zrédto
Zygmunt)

View more details

; . 4 g % i
“ Serbia - Slovenia \\.:,’," South Korea Spain

View more details View more details View more details

MIKAS springs: MIKAS springs: MIKAS springs: MIKAS springs:
1. Vrelo Mlave 1. Hubelj 1. Sohan cave 1. Gato Cave spring
2. Peruéac 2. Unica 2.Lagunas de Ruidera

3. Vrelo Raske 3. Nacedero de Arteta
4. Uelhs deth Joéu

5. Mundo River spring

of

View more details

: : I N L
Switzerland * % Syria ‘United Kingdom EUSA
I 7 N

View more details View more details View more details

MIKAS springs: MIKAS springs: MIKAS springs: MIKAS springs:
1. Source de 'Areuse 1. Figeh Spring 1. Bath Hot Springs For the full list click below:
2. Source de I'Orbe 2. Bedhampton and Havant

3. Castleton spring group
4. Wookey Hole spring

View more details

Vietnam

MIKAS springs:
1. Lenin's spring

View more details View more details View more details

View more details



ASIA

National experts
and
completed

MIKAS forms
as of end of July 2024

ASIA unbingPu
EasternAsia [ |

Kazakhstan Oleg Podolny
Alexey Dudashvil

Southern Asia

outan———Jzoranstevanovie__——|
nda — eromeren |
Nepal eomepemn
pastan—Joufamussan |

erome Perrin

Men Ratana

Philippines Ross Dominic Darang Agot
Thailand Chaiporn Siripornpibul
Nguyen Xuan Nam

poenre |

srael  |AvihuBurg JosephGuttman
lebanon  |Joanna Doummar

Amer Marei

Joanna Doummar, Alexy Bahnan







