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Remediation in Karst

OTV Image of a void in Frederick 
Formation limestone, Maryland 
(depths in feet)

A Battle Against Conduits

Unpredictable 
hydraulic influence or 

injectate behavior 

The challenges:

Extreme transmissivity 
range

A self-organized 
permeability structure

All the complications of 
a porous fractured 

media
The result:
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How about Vapor Extraction? 

• Many karst aquifers have significant 
vadose zone porosity

• Source mass is often trapped in the 
surficial zone (epikarst)

• Conduits create highly efficient vapor 
pathways 

• Capturing and treating vapors can be 
easier than groundwater
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The Sometimes-Copious Karst Vadose Zone
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Modified from Runkel & Others 2003 Friends of the Lost River, Inc.   
(www.lostrivercave.org)

Anatomy of Sinkhole-Plain 
Karst Aquifer System

Lost River Cave, Bowling Green, KY



Bowling Green Toxic Fumes Incident 1983-1985
Park City Daily News, March 18, 1983

• Toxic and explosive 
vapors found in two 
schools and over 50 
homes

• Vapors found to be 
migrating up from 
cave system below

• EPA rushes to map 
caverns and identify 
sources
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The Response

Atlanta Journal & Constitution May 12, 1985

Park City Daily News, March 28, 1985EPA Journal  July/August 1985

• Ad hoc ventilation 
pipes attached to 
bedrock crevices at 
effected buildings

• Vapors “easily” 
controlled to protect 
receptors

• Identifying and 
addressing sources 
took years
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Networked Karst Drainage “Plume” Zones
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Near Source
“Pseudo Plume”

End of Path
Spring

Mid-Field
“Spotty Plume”

Far-Field
“Ghost Plume”

Modified from 
Parker & Others 
2012

Plan 
View



A Karst Remediation Approach
Not as easy as 1, 2, 3

Plan 
View

Eliminate 
Exposure 
Pathways

Address 
Source 
Zones

12 3 MNA + Risk 
Management

Near Source
“Pseudo Plume”

End of Path
Spring

Mid-Field
“Spotty Plume”

Far-Field
“Ghost Plume”
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The Epikarst Sponge
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Where the source resides

The Burren, Ireland

Kentucky

• A zone in the uppermost portion of the 
bedrock

• Often a “swiss cheese” of voids

• Developed on bedding planes, vertical 
joints, and other fractures

• The voids are complexly interconnected 
to each other; some are often sediment 
filled

• Connected to the deeper bedrock at 
discrete points

often^



Karst Aquifer Storage Zones
Saturated Epikarst Vadose Epikarst

A vapor-phase 
remedial opportunity!

The domain of 
challenging hydraulic 

remedies
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Addressing a TCE Pseudoplume
Industrial facility in Midwest, United States

500 FT

Shallow Zone 
Monitoring Well

TCE Isopleth 
(µg/L)

Example Case 1
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200 FT

SSDS as Prelude to Vapor Extraction 
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SSDS Performance

No. Suction Points 15

Ave. Total Airflow 580 SCFM

Ave. Inlet Vacuum 20 in. W.C.

Average Mass Removed 10 lb/month TCE
Failed Soil 
Vapor Point

Initial Conditions
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Vapor Extraction Pilot Test

200 FT

V1

V2

V4

V3

V5

V6

V7

• Extraction & observation wells 
installed at 7 locations, each to 
approximately 50 ft bgs

• Pilot tests completed at each 
well individually (3 HP blower, 
8-12 hours)

• Highly variable results 
underscore heterogeneity of 
epikarst

LOW FLOW & 
HIGH VAC

LOW VAC & 
HIGH FLOW

Airflow in Standard Cubic Feet per Minute (SCFM) 
Applied Vacuum in inches of water column (in. WC) 
TCE at end of test in micrograms per cubic meter (µg/m3) 

Flow 63 SCFM
Vac. 10 in-W.C.
TCE 1,500,000 µg/m3 

Flow 42 SCFM
Vac. 41 in-W.C.
TCE 270,000 µg/m3 

Flow 39 SCFM
Vac. 52 in-W.C.
TCE >600,000 µg/m3 

Flow 8 SCFM
Vac. 116 in-W.C.
TCE 19,000,000 µg/m3 
Flow 10 SCFM
Vac. 111 in-W.C.
TCE 500 µg/m3 

Flow 11 SCFM
Vac. 112 in-W.C.
TCE 1,900 µg/m3 

Perched water 
at 14 ft bgs
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Vapor Extraction – Going Full Scale

200 FT

V2

V4
V3

V5

V6

V7

V1

~1 in. 
vacuum

• Radii of influence estimated using 
porous media approach (3 percent 
porosity, 2 daily pore-exchanges)

ROI’s ~ 
45-50 ft

ROI’s ~ 
90-130 ft

• Calculations only so useful...

• Northern points each connected 
within networked epikarst 
compartment

Hypothetical 
Epikarst 

Compartment

• Southern area to be addressed 
more conventionally

• Rotating extraction among points 
expected to flush pathways
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Rapid Response to a Tank Failure
Petroleum storage facility in Bermuda

Example Case 2

• 3/17/2017 – gasket failure released 
17,200 gallons of gasoline to the surface

• Gasoline seeped into the bedrock; 
reaching the water table in <48 hours 

• Vac deployed initially to extract vapors 
from existing well

• Six vapor extraction wells installed and 
robust extraction system started 1 month 
after release
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50’

LNAPL Conceptual Model
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Vapor Extraction System

• Six “open-hole” vapor extraction wells

• Terminate 5 feet into water table; 
installed depths range from 40’ to 60’

• 15 HP regenerative blower and 
air/water separator

• Full system operated at approximately 
350-480 SCFM, with only 1 to 4 in WC 
wellhead vacuum

• Area of influence estimated to span the 
entire Tank #8 area and extend to the 
southeast, including most of the facility 
office building

• LNAPL skimming at OW-6 and AEW-1

AEW-1
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Vapor Extraction Performance
Startup Month 4 Month 7 Month 10

• System operated for 18 months
• Recovery rates up to 30 lbs/hr in early months
• Gasoline mass removed calculated to be equivalent to 

6,500+ gallons
• Active system shut down in July 2018
• After one further year of monitoring, site granted NFA
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Vapor Extraction in Karst: The Takeaways

• Performance will not conform 
to traditional SVE models

• A powerful tool to reduce 
source mass, if conditions are 
right 

• Lower in cost and 
complications than nearly all 
other remedial options
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Arcadis. Improving quality of life.

Thank you!

Michael Cobb
Technical Expert/Hydrogeologist
michael.cobb@arcadis.com

Questions?  Please reach out to:

Keith White
Technical Expert/Hydrogeologist
keith.white@arcadis.com

Also catch:

Eating the Elephant
Development of a Remedial Strategy in a 
Complex Karst Bedrock Setting

Monday 3:55
Whitney Sauvé, Arcadis U.S., Inc.

A2. Challenges and Lessons Learned in 
Remediating Sites with Complex Geology

Breaking the Uncertainty Logjam
Leveraging CSMs to Make Remedial 
Progress in Bedrock Aquifers
Urvi Tulsiani, Arcadis U.S., Inc.

Tuesday 12:10 A5. Process-Based Conceptual Site 
Models (CSMs) for Informing Remediation
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