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What is a sinkhole?





A sinkhole is a localized land subsidence, generally, a funnel-shaped or steep-sloped depression caused by the dissolution of underlying carbonate rocks or the subsidence of the land surface into a subterranean passage, cavity, or cave.  Sinkholes are formed by the underground removal of soil and rock material.





The presence of sinkholes and solution channels occur in a  topography known as karst, characterized by sinkholes, closed depressions, caves, solution channels, internal drainage, and irregular bedrock surfaces.





How Sinkhole Areas were Formed:





Karst landscapes are a type of topography that consists of any terrain based on a layer of soluble bedrock, usually, though not always, of carbonate rocks.  





Karst topography forms when rainwater picks up carbon dioxide from the air and decaying debris in the soil, then percolates through cracks dissolving the rock.	





Groundwater tends to flow into these bedrock openings and sometimes carries with it some of the overlying soil.  


�Gradually, a void forms over the surface opening into the bedrock.  A sinkhole collapse of the soil covering the hole may be sudden or gradual. 





Although the formation of sinkholes is a natural on-going process, in karst areas, human induced modifications to the hydrology of these areas commonly results in the acceleration of this natural process.  For example, the pumping and removal of groundwater in karst areas can accelerate the formation of sinkholes.  The loss of water, which affords a more stable foundation frequently results in collapse.





Pollution Potential:





The honeycombed nature of the karst terrain results in a very high pollution potential.  Streams and surface runoff entering sinkholes or caves bypass natural filtration through the soil.  Cracks, fissures and caves provide direct conduits for contamination of groundwater in karst landscapes.





Generally, many karst areas have shallow soil, and do not retain large amounts of water volume (allowing soil water to percolate into the groundwater). 


�Flow times are often rapid in karst areas, with very little opportunity for natural cleansing of polluted or sediment-laden groundwaters.  There is a high probability for pathogenic organisms to survive the travel times to streams, lakes and estuaries.  





The source of the pollution may be located far away from a polluted well or spring but can still have devastating impacts on water quality.





Need to Protect Groundwater in Sinkhole Areas:	





Due to the fact that sinkholes are direct conduits to the groundwater for pollutants on the surface, special protection efforts are necessary in groundwater recharge areas.  These efforts are also necessary in communities that depend on groundwater as a source of water supply. 





Watershed management for municipal officials in sinkhole areas:





Delineation of special protection areas requires direct action by local governments.  This can be difficult to accomplish.  On the other hand, special protection efforts can be accomplished through education of the public and implemented individual actions.





Watershed protection strategies for karst areas include:





Minimize land disturbance and soil erosion through the application of “Best Management Practices”.





Reduce peak stormwater runoff by installing individual or combinations of  “Best Management Practices”.





Minimize high density development through zoning controls for environmentally sensitive areas, such as steep slopes, wetlands, and flood plains.


�Do not remove groundwater in a karst area without proper management strategies, such as limiting withdrawal rates	





Assess vulnerability  through mapping and evaluation of the potential sources of pollution.  And, then, develop regulations, ordinances or bylaws as well as public education methodologies.





Properly seal abandoned wells and cisterns, since they can be direct conduits to the groundwater.





Test wells for coliform bacteria, nitrates, and other harmful compounds, perhaps, through local health departments.





Require site assessments in sinkhole areas where household sewage disposal systems and stormwater systems are proposed.





Some Suggested Goals for Land Managers in Sinkhole Areas:





Encourage tree planting and preservation of existing trees in karst areas.


 


Land managers should identify the total watershed area and be sensitive to the potential impact of any land development activities.





Landscape companies should be aware of the use of fertilizers and pesticides in karst areas and their relative leaching potentials. 





Apply fertilizers,  pesticides and manures on landscapes only at rates that plants can utilize them.  Application rates should be based on soil and plant tissue samples.





In agricultural areas promote proper grazing and cropland management.





Establish vegetative filters and/or buffers around sinkholes in the vicinity of potential pollutants.





In both the agricultural and urban/suburban communities, sinkholes should not be used as dump sites.  They may look like a convenient place to dump trash, animal carcasses, engine oil, and empty agricultural containers, but disposing of these materials in sinkholes will pollute the  groundwater.  Clean out existing dump sites in accordance with state and local codes.





Educate land owners on proper sinkhole management practices.		


In agricultural areas, land managers should identify sinkhole locations on their conservation plan map with the assistance from the United States Department of Agriculture, Natural Resources Conservation Service.





Considerations for Land Developers, Designers and Contractors:  





Follow design and construction techniques recommended for use in karst terrain for roadways, pipelines, foundations, underground storage tanks, and other structures that have the potential to contaminate groundwater if its integrity is compromised.





Work with a qualified geologist and/or structural engineer to assist with a geotechnical study.





Design erosion and sediment control and stormwater management facilities so that they do not drain into sinkholes.  Such precautions will preclude the formation of additional sinkholes.


�Locate underground storage tanks or household sewage disposal systems only on areas identified as having a very low risk of sinkhole development.





Construction debris should be taken to a landfill and not to a sinkhole.  Do not permit burial of  construction debris in karst terrain.





Sinkhole Management Considerations:





When considering sinkhole management alternatives consider a systems approach, such as, treating both the sinkhole and its contributing drainage area.





Prior to implementing any sinkhole management alternative, a geotechnical investigation should be conducted. The  depth and type of soil above the bedrock must be determined. Efforts should be made to determine the lateral extent of sinkhole prone areas.  





Depending on the size of the tributary drainage area, the runoff water quality, and the difficulty of establishing an alternate outlet, sinkholes may need to continue accepting some or as much water as in the past.  A filtering system design is necessary to prevent lateral erosion while allowing water to pass.





In other cases, the crevice or sinkhole should be sealed completely.  





Planning a sinkhole management program in both rural and urban/suburban communities should give consideration to the following:





Existing and planned land use and management.





The sinkhole contributing drainage area.





Dimensions of the sinkhole opening.


Provision for a safe outlet for diverted surface water.





Provision of a environmentally safe disposal site for sinkhole “clean out” material.





Provision for safety of equipment operators and laborers during practice installation.





Additional Concerns:





The nature of karst areas permits many activities that contribute to groundwater pollution as well as affect the quality of many individuals’ water supplies. Consequently, all residents of these areas need to consider the sensitive nature of karst areas when performing  everyday activities and take measures necessary to avoid groundwater contamination.


�There are several site investigative approaches to ascertain the presence of sinkholes in a given landscape.  These include:





Geologic map


Aerial photography.


Site visits for field truthing


Test pits.


Test probes.


Geophysical methods.





Some options for local governments include participation in feedlot pollution control programs; regulations governing household sewage disposal systems;  development of stormwater management guidelines, adoption of planning and zoning regulations for development activity in karst areas;  development and implementation of waste recovery, recycling, or disposal plans; expanded well water testing and abandoned well identification and sealing programs; and sinkhole protection guidelines and a managed pumping plan.





In conclusion, it is essential that all land use activities be carefully managed to preclude groundwater contamination and maintain a safe environment.�
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