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Karst: A Major Global Terrain

The first draft of the World Karst Map was shown on this 
slide, but it is not ready for public distribution and has 
been deleted from this distributed version. Apologies! 
Please watch for the final version to be published inPlease watch for the final version to be published in 
2016!

www.nckri.org



Why Should I Care About Caves and Karst?

•• Critical water supply Critical water supply pp ypp y

About 41 million 
people in the USA 
depend on karst 
aquifers as their only 
or primary source of p y
water

www.nckri.org



What is Karst?!

Karst is a landscape, Karst is a landscape, 
formed primarily by 
dissolution of the dissolution of the 
bedrock, typically:

• limestone
d l it• dolomite

• marble
• gypsum
• halite

www.nckri.org



How do Karst Aquifers Form?

Fractures capture water Fractures capture water 
and are enlarged into 
conduits

www.nckri.org
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How do Karst Aquifers Form?

Fractures capture water Fractures capture water 
and are enlarged into 
conduits

As conduits enlarge,
they capture water
from surroundingfrom surrounding
fractures and enlarge
at ever-increasing rates

When the conduit 
becomes large enough 
f  h  t  it i  for human entry, it is 
called a “cave”

www.nckri.org



Permeability of Karst Aquifers

Karst is comparable 
to sand and less to sand and less 
permeable than 
gravel?

“Typical” range of 
karst permeability

Adapted from: Freeze and Cherry (1979)

www.nckri.org



Permeability of Karst Aquifers

Which sinking stream is more permeable?

www.nckri.org



Triple-Permeability Flows in Karst Aquifers

Diffuse flowDiffuse flow
L i  d  l  Laminar and very slow 
groundwater movement 
within small voids of 
primary and secondary 
porosity, excluding conduit 
and fracture flow; ;
“intergranular” flow. 

www.nckri.org



Triple-Permeability Flows in Karst Aquifers

Fracture flowFracture flow
G d t  t Groundwater movement 
along fractures and 
bedding planes that 
usually have been 
enlarged by solution. Flow 
is laminar to turbulent, and ,
generally constitutes a 
moderate to large volume 
of groundwater in karst of groundwater in karst 
aquifers.

www.nckri.org



Triple-Permeability Flows in Karst Aquifers

Conduit flowConduit flow
G d t  t Groundwater movement 
along conduits; usually 
rapid and turbulent.
Conduit: Subsurface 
bedrock channel formed 
by solution to transmit y
groundwater; often 
synonymous with cave and 
passage  but generally passage, but generally 
refers to channels either 
too small for human entry 
and >5 10 mm in widthand >5-10 mm in width.

www.nckri.org



Triple-Permeability Flows in Karst Aquifers

Groundwater problems: sampling biasGroundwater problems: sampling bias

From: ASTM (1998)

www.nckri.org



Triple-Permeability Flows in Karst Aquifers

Well Well vs. spring vs. spring datadata
W ll  W ll  i  i  itit ifi  d tifi  d t•• Wells Wells give give sitesite--specific dataspecific data

•• High variability exists between adjacent wellsHigh variability exists between adjacent wells
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Triple-Permeability Flows in Karst Aquifers

Well Well vs. spring vs. spring datadata
S i  S i  i  i  d i  b i  d td i  b i  d t•• Springs Springs give give drainage basin datadrainage basin data

From: Ray and Currens (2001)

www.nckri.org
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Permeability and Groundwater Storage

Storage of groundwater in conduits vs. diffuse and fracturesStorage of groundwater in conduits vs. diffuse and fractures
H  h t  • How much waters occurs
in conduits?
Conduits store ~6%
Conduits move ~99%

www.nckri.org



Environmental Implications of Karstic Permeability

Groundwater problems: Groundwater problems: contaminationcontamination
R id h  dR id h  d•• Rapid recharge andRapid recharge and
groundwater travel groundwater travel timetime

•• Effectively no filtrationEffectively no filtration

www.nckri.org



Environmental Implications of Karstic Permeability

Groundwater problems: Groundwater problems: contaminationcontamination
K t h  ll  K t h  ll  •• Karst recharge allows Karst recharge allows 
groundwater contaminationgroundwater contamination
from solid wastefrom solid waste

www.nckri.org



Environmental Implications of Karstic Permeability

Groundwater problems: Groundwater problems: contaminationcontamination
C d it C d it i  i  t i  i  t •• Conduit Conduit size is not asize is not a
factor in preventingfactor in preventing
contaminationcontamination

Map adaptation by Bob Richards, courtesy of Edwards Aquifer Authority

www.nckri.org

Map adaptation by Bob Richards, courtesy of Edwards Aquifer Authority



Environmental Implications of Karstic Permeability

Groundwater problems: Groundwater problems: contaminationcontamination
C d it C d it i  i  t i  i  t •• Conduit Conduit size is not asize is not a
factor in preventingfactor in preventing
contaminationcontamination
Neither is theNeither is the•• Neither is theNeither is the
absence of cavesabsence of caves
and sinkholesand sinkholes

RechargeRecharge raterate::
22 L/minuteL/minute

TotalTotal rechargerecharge::TotalTotal rechargerecharge::
8686,,400400 LL
((2222,,810810 gallons)gallons)

www.nckri.org



Environmental Implications of Karstic Permeability

Groundwater problems: Groundwater problems: contaminationcontamination
C d it C d it i  i  t i  i  t •• Conduit Conduit size is not asize is not a
factor in preventingfactor in preventing
contaminationcontamination
Neither is theNeither is the

720 hour travel 
•• Neither is theNeither is the

absence of cavesabsence of caves
and sinkholesand sinkholes

time
from MODFLOW

E. Coli

5 hour travel time
from tracer test

contamination,
Walkerton,
Ontario,
Canada,
May 20007 dead 2 300 ill y7 dead, 2,300 ill

www.nckri.org



For more examples, come to…
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Environmental Implications of Karstic Permeability

Monitoring contaminant Monitoring contaminant movementmovement
T i l t i t it i  i   di  ifT i l t i t it i  i   di  if•• Typical contaminant monitoring in porous media aquifersTypical contaminant monitoring in porous media aquifers

www.nckri.org



Environmental Implications of Karstic Permeability

Monitoring contaminant movementMonitoring contaminant movement
N  N  t  l  i  k t ift  l  i  k t if•• No No true plumes in karst aquiferstrue plumes in karst aquifers

•• Spring and conduit monitoring is necessarySpring and conduit monitoring is necessary

Adapted from: Missouri Department of Natural Resources

www.nckri.org



Environmental Implications of Karstic Permeability

Monitoring contaminant movementMonitoring contaminant movement
V i bl  t d di   hi h fl thV i bl  t d di   hi h fl th•• Variable movement depending on which flowpathsVariable movement depending on which flowpaths
the contaminants move and are storedthe contaminants move and are stored

Flood stage

www.nckri.org



Environmental Implications of Karstic Permeability

Monitoring contaminant movementMonitoring contaminant movement
V i bl  t d di   hi h fl thV i bl  t d di   hi h fl th•• Variable movement depending on which flowpathsVariable movement depending on which flowpaths
the contaminants move and are storedthe contaminants move and are stored

Fracture and
bedding planebedding plane

storage

Base flow

www.nckri.org



Environmental Implications of Karstic Permeability

Groundwater problems: water quantityGroundwater problems: water quantity
K t if  h   hi h it  f  id hK t if  h   hi h it  f  id h•• Karst aquifers have a high capacity for rapid rechargeKarst aquifers have a high capacity for rapid recharge
and rapid dischargeand rapid discharge

www.nckri.org



Environmental Implications of Karstic Permeability

Groundwater problems: water quantityGroundwater problems: water quantity
Fi di  tFi di  t•• Finding waterFinding water

•• Dry Dry wellswells
•• Water table??Water table??

From: Edwards Underground Water
District & Edwards Aquifer Research
and Data Center, 1981

www.nckri.org



Environmental Implications of Karstic Permeability

Groundwater problems: water quantityGroundwater problems: water quantity
K t fl diK t fl di•• Karst floodingKarst flooding

Photo and figure: Engineers Without Borders (2010)

www.nckri.org



Environmental Implications of Karstic Permeability

Groundwater problems: water quantityGroundwater problems: water quantity
K t fl diK t fl di•• Karst floodingKarst flooding

•• SedimentationSedimentation
•• Increased Increased runoffrunoff

D d i kh lD d i kh l•• Decreased sinkholeDecreased sinkhole
volumevolume

www.nckri.org



Environmental Implications of Karstic Permeability

Groundwater Groundwater problems: water quantityproblems: water quantity
K t fl diK t fl di•• Karst floodingKarst flooding
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•• UpgradientUpgradient
stormwaterstormwater injectioninjectionstormwaterstormwater injectioninjection

From: Living with Karst
(Veni and DuChene, 2001)
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Environmental Implications of Karstic Permeability

Land management problems: sinkhole collapseLand management problems: sinkhole collapse
N t lN t l•• NaturalNatural

•• InducedInduced

Winter Park Sinkhole, Florida, USA.
Source: unknown, worldwide web

www.nckri.org



Environmental Implications of Karstic Permeability

Land management problems: sinkhole collapseLand management problems: sinkhole collapse
I d dI d d•• InducedInduced

Cover Cover collapsecollapse

Induced recharge

Fluctuating water table

Adapted from: Geomorphology &
hydrology of karst terrains (White, 1988)

www.nckri.org
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Curious about karst groundwater and…

www.nckri.org



Then for that and more, we’ll see you at…

J i tl  i d ith th  MGWA
55--9 October 20159 October 2015

R h t  Mi tR h t  Mi t

Jointly organized with the MGWA

Rochester, MinnesotaRochester, Minnesota
www.sinkholeconference.comwww.sinkholeconference.com

www.nckri.org


