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Why a “standard” practice?
 Jurisdictions have increasingly embraced the 

value of pre-development karst assessments, 
however…

 These assessments range from things as 
simplistic as sinkhole inventories or stand-alone 
geophysical surveys, to detailed, highly technical 
investigations that are veritably unintelligible to a 
non-technical reader.







Development of Linear Infrastructure Sites in Karst 
– Who decides?

 For VA highways, a preliminary design is prepared and reviewed by 
all stakeholders in the project, such as affected property owners and 
local governments.

 For pipelines and power lines, the Federal Energy Regulatory 
Commission (FERC) has overall permitting power, however state 
agencies such as VDCR and VDEQ also issue necessary permits.

 In either case, the developer will hire environmental experts in fields 
such as biology, noise, air quality, archaeology, architecture and 
wildlife identify environmental requirements and issues to address in 
the planning, development, construction and maintenance of the 
highway system…but often karst is not considered.



The Dillemma for Local Jurisdictions

Most areas of karst terrain occur in 
jurisdictions that are partially to completely 
rural, and therefore may have a limited 
revenue stream. As a consequence they 
often do NOT have a full time engineering 
staff or engineer, and will contract the 
services of an on-call firm to evaluate a 
proposal.



But…the on-call consultant is usually from a civil 
engineering firm, most of who usually do not employ 
any geotechnical engineers or geologists.



Thus…
The planning board and their chosen technical reviewer 
may not be qualified to either interpret or understand the 
findings of a pre-development scoping assessment…



…if any karst assessment was even 
performed or required!!



So…Who Should Perform a Karst  
Assessment?

Qualified Individual – A certified professional 
geologist, licensed geologist or licensed civil 
engineer, with specific experience in karst 
terrain characterization, risk assessment and 
mitigation.















Case Study (Public Utility Survey)
Karst Assessment in support of the Habitat Conservation 
Plan (HCP) for the Madison Cave Isopod (Antrolana lira)

•Centimeter long, free-swimming 
stygobitic crustacean

•Endemic to Phreatic waters in the 
carbonate aquifer of the Great Valley 
(Shenandoah Valley and extended)

•Most closely related to marine 
isopods, yet now completely land-
locked, possibly since the Paleogene 
or Late Cretaceous

•Originally thought limited to the type 
locality, Madison Cave in Augusta 
County, VA.



Habitat Protection Efforts
 The habitat of A. lira is connected to the surface through the 

epikarst network of solution-enlarged conduits, in particular 
caves and “open-throat” sinkholes, which allow the unfiltered 
incursion of surface water into the phreatic aquifer.

 The connectivity and extent of the epikarst and phreatic zones is 
poorly understood within the range of A. lira, and effective survey 
methods have not been developed for the taxon or its habitat. 

 The USFWS assumes the presence of the isopod if any project is 
within suitable habitat, and requires the delineation of karst 
terrain to develop population estimates, and minimize impact to 
the threatened species 



Karst Terrain intercepted by the Pipeline

The survey area would 
encompass approximately 
127 square miles of karst 
terrain, with the potential 
for hundreds of surface 
karst features that would 
require documentation!

A Daunting Task…



Data Review and Remote Sensing Phase

• The Area of Interest (AOI) for the assessment comprised an 
area of “Covered Lands” encompassing ½-mile on either side 
of the pipeline in sections that crossed potential or suspect 
MCI habitat. Within the “covered lands” was the pipeline 
Right of Way (ROW), also referred to as the “Impact Area”.

• As the AOI covered approximately 76-linear miles and 127 
square miles of karst terrain, it was most expedient to identify 
potential karst features remotely, and then confirm their 
actual presence in the field. This process significantly reduced 
the amount of time spent in actual field location and survey 
tasks.  



DR-RSP First Step – Inventory of known karst 
features located within the AOI

• Caves of Virginia (Douglas, 1964);
• The Cave Database of the Virginia Speleological Survey 

(proprietary);
• Maps of selected karst features (sinkholes, caves, springs) 

available from the Virginia Division of Mines and Mineral 
Resources and the United State Geological Survey;

• Two-foot and four-foot contour interval maps for the 
counties containing AOIs (to determine the presence of 
surface karst features not included in the above listed 
databases based on the presence of closed, descending 
contours or other suspect karst “fingerprint” features);

• Aerial photographs (both recent and historical);
• USGS Topographic 7.5-minute topographic quadrangles;
• LIDAR Data (where available). 

Resources Utilized:





















Field Reconnaissance Phase (FRP)

• Any suspect closed-depression or cave entrance that was 
intercepted by or appeared to receive drainage from the ROW 
was to be examined, regardless of whether there was a 
significant karst swarm in the area or not;

• The ROW was to be examined by direct observation in any area 
where there was a significant concentration or “swarm” of karst 
features identified during the RSP, regardless of whether they 
intercepted the ROW.

Upon completion of the DR-RSP, we commenced the field 
reconnaissance phase. Field reconnaissance was based on two principle 
criteria:



Field Survey

• The actual field survey was performed by walking the ROW, 
observing and noting any suspect surface karst features such 
as depressions, sinkholes, subsidence areas or cave 
entrances. 

• Any feature noted within the examined area was recorded 
using a hand-held sub-meter accuracy GPS unit. 

• Cave entrances were recorded as points, and depressions or 
sinkholes were recorded as vertex-bounded polygons. 

• If a cave entrance was located within a sinkhole or 
depression, then the boundary of the sinkhole was mapped 
as a polygon. 



Field geologist mapping 
the trash-filled sinkhole 
entrance to Getz’s Cave 
using hand-held GPS







Finalized Survey Product, showing labeled closed depressions (polygons) 
and cave entrances (red triangles)



Recommended Scope for 
Pre-Development Surveys

 Site description, terrain analysis and delineation of major surface drainages;

 Description of published soils and underlying bedrock;

 Location and delineation of major karst features and drainages including: 
 sinkholes (both active and incipient), 
 caves, 
 insurgences (swallow sinkholes), 
 resurgences (springs), 
 losing streams, and,
 potential for “covered” karst (i.e. sinkholes lying beneath soils cover); 
 Inferred locations of shallow bedrock (based on evidence from rock 

outcrops)

 Environmental assessment (Phase I ESA) should be conducted in concert 
with the Karst Assessment.



Findings and Opinions…
 The assessment should be conducted on raw land (no evidence of 

grading).

 The assessment should include a summary of findings, with any 
recommendations made by the investigator for additional studies 
which may include electrical resistivity studies, seismic studies, 
subsurface borings, or any other appropriate method to determine if 
the proposed development may have negative impact on human 
health, safety, property or the environment.

 The investigation should be completed and reported to the client 
and/or county engineering staff prior to any briefings or public 
hearings on the parcel in question.



Findings: No Karst Features

If the investigator finds that the site is not 
underlain by soluble bedrock, or there is 
no evidence of karst features, they shall so 
indicate in a written report provided to the 
client. 



Findings: Karst features will not be 
impacted by planned development

 If karst terrain is present, but no known karst 
features are to be affected by the planned 
development, the applicant need not submit a 
stand alone karst management plan.

 A statement should be included in the Karst Site 
Assessment certifying that no features will be 
impacted.



Findings: Karst Features will be 
impacted  by development

 In cases where the investigator finds evidence of karst features 
which would be impacted by development, detailed subsurface 
investigations shall be required within a 100-foot radius of all areas 
where karst features were identified, and along any linear trend of 
three or more aligned features. 

 For sinkholes, the 100-foot radius shall be measured from their 
discernable edge (parapet) usually the most external closed terrain 
contour from the low point of the structure.

 At the completion of the investigation the client or applicant shall 
submit a Karst Management Plan to the jurisdictional planner(s) 
and follow the specific recommendation embodied therein.  



Subsurface Exploration
 Geophysical investigations are extremely valuable, but 

need to be supported by invasive procedures (i.e. 
coring,air track drilling, etc.)

 All air-track drilling operations used to determine the 
depth of overburden and continuity of the bedrock should 
be monitored full-time by a PG, PE or other qualified 
individual as defined by local ordinances.

 For any tests requiring boreholes, such as air track 
drilling or rock coring, the boreholes should be grouted 
upon completion.



Subsurface Characterization 
Techniques…

 Electrical Resistivity Survey-
 Seismic Survey-
 Air-track drill-
 Rock coring-
 GPR is typically not used due to 

interferences from clay-rich soil.



Karst Management Plan

A karst management plan should be prepared 
for any sites where there is evidence of karst 
features (i.e. sites upon which karst features are 
fully or partially located, and/or which drain to 
offsite sinkholes), that are currently being 
impacted or may be impacted by future 
development. 



Elements of a Management Plan
 A karst inventory showing the areal extent of each structure, and a 

100-foot radius area around the feature

 A topographic map prepared at a maximum 2-foot contour interval, 
with spot elevations sufficient to determine low points or discernable 
edges

 A plan prepared by a Geotechnical Engineer to ensure structural 
stability of principal structures proposed within 100 feet radius of 
significant karst features. The plan shall identify tests that will be 
completed to determine subsurface conditions. 

 Mitigation recommendations for each karst feature requiring this 
action.

 Stormwater management recommendations, especially if the site is 
internally drained. 



Recommended Requirements and 
Restrictions: Mitigation

 All sinkholes identified prior to construction should be either 
mitigated or separated from construction.

 Mitigation should be carried out under the direction of a qualified 
individual as defined in jurisdictional statutes. 

 Mitigation shall be carried out according to the State or Local 
Sinkhole Management Guidance Documents (or other applicable 
standard as recommended by the PG or PE) and approved by the 
County Engineer.

 Measures to permanently protect karst features that have not been 
mitigated shall be identified on the site plan. These measures may 
include fencing, cave gates, and/or signage. 



Stormwater
 Stormwater discharge into a karst feature shall not exceed the pre-

development rate. 

 Stormwater runoff from structures or paved areas directed into a 
mitigated sinkhole or other karst features shall first be routed 
through approved vegetative filters or other filtration or sediment-
removal structures.

 Stormwater directed to a karst feature will require USEPA Class V 
Injection Well notification.

 Stormwater basins in karst areas should be assessed prior to 
construction by a thorough subsurface investigation. All basins 
should be fitted with either an impermeable liner or a sedimentation 
fore bay.



In Closing…
 It is our hope that the new VDCR Karst Assessment 

Guidance Document may serve as a template to assist 
investigators in conducting comprehensive preliminary 
karst assessments, and help jurisdictional regulators, 
engineers and legislators in determining the minimum 
elements that should be expected in a site evaluation.
www.dcr.virginia.gov/natural-heritage/document/karst-assessment-
guidelines.pdf

 Nevertheless, it must be emphasized that the protocols 
embodied in the guidance document are not intended to 
serve as a substitute for detailed subsurface 
investigations, or to supersede any existing karst 
regulations or codified protocols.



“It’s only a little hole! 
I mean…how much grout can it take?”



This is going take a
lot more grout than

we thought…
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