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Day 1: Environmental problems and research methods in karst areas.

ENVIRONMENTAL PROBLEMS IN KARST AREAS

I. General Principals 


A. Environmental problems:


Result from excessive consumption, contamination, and modification of a resource


B. Environmental solutions:



Require balance, identifying sustainability and carrying capacity




-- How much is too much?


C. Management realities: scientific, societal, faith
II. Karst-Specific Groundwater and Land Management Problems


A. Groundwater problems



1. Water quantity




a. finding water/dry wells




b. perched vs. water table wells/shallow vs. deep aquifers




c. recharge vs. discharge; high potential for both



2. Sinkhole flooding




a. by increased runoff




b. by decreasing sinkholes and size




c. by sediment clogging conduits




d. by upstream stormwater injection



3. Groundwater contamination




a. rapid recharge and travel, with no filtration




b. complex “unpredictable” flow paths.





-- Bowling Green slides




c. bathtub ring effect in conduits and fractures, slower cleansing 





than would be expected


B. Land management problems



1. Sinkhole collapse




a. by increased local/point recharge




b. by fluctuating water table




c. by structural instability due to construction over caves 



d. solution mining



2. Leaking dams 


3. Agriculture: slash, sediments, soil erosion



4. Destruction of caves (roads, buildings, quarries)



a. Loss of archaeological/paleontological materials




b. Loss of cavernicole habitat  




c. Loss of recharge, research, and monitoring of aquifer.

HYDROGEOLOGIC RESEARCH METHODS FOR KARST AQUIFERS

I. Geomorphological survey and assessment

A. Determine if a database of caves and karst features exists for the project area. 

B. Conduct a field survey for karst features:

evaluate surface and subsurface features, and excavate as needed
C. Geologically evaluate the karst features.

Distinguish between karst and non-karst features

D. Analyze the karst feature database

Lithologic analysis

Structural analysis

Hydrologic analysis



Epikarst analysis

E. Create an evolutionary model of cave and karst development
in order to create a conceptual groundwater model.

II. Potentiometric mapping

A. Create a map (illustrate a flow net)

 
B. Karst misbehaving (illustrate deviations from flow net)

C. Groundwater troughs – there are water tables in karst!

III. Hydrographs


A. Identify flow regimes



1. Characteristics of conduit/fissure/diffuse hydrographs



2. Separation of baseflow and quickflow 



3. Multiple pulses



4. Flat-topped flood peaks: overflow


B. Storage, transmissivity, etc.



1. Well tests vs. spring hydrographs



2. Flat hydrograph recession curves



3. Diurnal changes related to pumping

IV. Hydrochemistry


A. Identify aquifer chemistry (stiff plots, etc.): differences likely from K and over time


B. Time series sampling/chemograph to ID differences from K and time

C. Contaminant geochemistry:



1. Generally no plumes



2. Well monitoring inadequate or potentially misleading;




 need to monitor springs and conduits where possible


D. Drainage basin delineation/isochem mapping
V. GIS and Remote sensing 


A. Cave mapping 



1. Morphologic analysis



2. Enhances tracer tests and other analytical methods



3. No-brainers: demonstrate that caves extend into sensitive areas


B. Aerial photography



1. Limited use in topographically subdued karst.

2. Lineament analysis



3. Thermal infrared mapping: good for springs, possibly too much dispersion for air

C. Void detection



1. Electrical resistivity



2. Electro-magnetics

3. Microgravity

4. Ground-penetrating radar



5. Natural potential



6. Seismic



7. Magnetotellurics



8. InSAR



9. Combine techniques


D. Down-hole cameras

VI. Tracer testing


A. Three primary types: contaminants, isotopes, and dyes


B. Characteristics of a good tracer:



1. low toxicity



2. low background



3. distinctive, easy to identify and measure



4. cheap and easy to acquire


C. Injection (emphasis on fluorescent dyes)



1. Conduit or solution feature is best but not necessary


2. Water: into underground stream is best, otherwise pre-flush then flush with lots of
water (use knowledge of local caves and depth to water table to estimate

pre-flush and flush volumes)


3. Amount: Worthington equation


4. Person injecting should not be involved with detection



5. Repeat the trace during different aquifer conditions to measure variation in




aquifer behavior and to detect alternate flowpaths


D. Detection: use an experienced laboratory


1. Where to look: conduct a survey



a. wells/water tanks/toilets



b. springs/estavelles



c. cave streams/karst windows


2. How to look



a. visual




b. bugs: activated charcoal and cotton; gumdrops



c. automatic water samplers, multiple bugs




d. fluorometers, spectrafluorophotometers, etc.

E. Analysis of results



1. Aquifer flow routes:

a. curve to potentiometric surface




b. flood tests for overflow routing



2. Aquifer parameters:




a. Time of travel




b. Time of travel at different potentiometric conditions




c. Dye recovery:

i. dispersion: loss to unknown locations





ii. dilution: groundwater volume


F. Accidental and new tracers:


1. Point source pollutants: absinth, chicken heads, gasoline, sewage, etc.



2. Biota: species distribution, DNA mapping

VII. Computer modeling


A. “One well-designed tracer test, properly done, and correctly interpreted, is



worth 1000 expert opinions… or 100 computer simulations of groundwater

flow.” James Francis Quinlan


B. Models work best in karst at large scales and in deep, high storage aquifers.

Day 2: Karst management strategies. 

KARST AND CAVE MANAGEMENT (actually managing people, not karst and caves)
I. Resource and issue analysis

A. Define the limiting factors for the karst area’s land use and development. 

B. Define critical areas. 

C. Determine if the karst area’s carrying capacity is known.

D. Manage impacts to the limits of the carrying capacity,

buffered based on potential for accidents and uncertainty.

II. Water resource management: a drainage basin approach

A. Why?



1. Addresses total water use and pollutant loading: 




manageable and effective level for sustainable usage



2. Often defines or is related to regulatory authorities



3. Often defines or is related to cultural/economic needs



4. Often defines boundaries of karst ecosystems


B. Vulnerability mapping/critical area delineation (per yesterday’s tracing/hydro info)



1. ASTM/EPA approach



2. European approach



3. Morphological approach



4. GIS 



5. Warning: “Less vulnerable” does not equal “not vulnerable”

C. Water quality solutions



1. Prevent or restrict contaminants from karst




a. Ban hazardous materials, landfills, sewage facilities, stockfarms, & USTs




b. Double to triple containment with interstitial monitoring for




pipelines, sewers, USTs/ASTs, and storage facilities.




c. Regular monitoring to assure effectiveness



d. Deed restrictions on activities (pesticides, etc.)



2. Restrict remaining contaminants from critical areas (prohibitions, berms, etc.)


3. Minimize soil erosion at the source:

* heavy movers vs bulldozers.




* minimize roadcuts




* seed ASAP, etc.



4. Mitigation measures (“BMPs”): sedimentation basins, vegetative swales, etc. 




* better than nothing (slightly)



* different efficiency on different contaminants



* don’t build them on sinkholes


5. When to curb and when not to curb


6. Limit impervious cover to 15%



* base 15% on drainage basin, not ownership boundaries



7. Purchase critical areas



* purchases per regulatory required mitigation, and not trading outside of





drainage basin




* purchases though government programs (imminent domain) and citizen





initiative (tax bonds)


D. Water quantity solutions


1. Balanced water usage: establish and meet sustainable water budget (conserve, reuse)



* define “sustainable” (for aquifer users? downstream users? ecosystems?) 



2. Recharge dams: two types



* good for deep, slow flow aquifers, not for shallow, high velocity aquifers



3. Augmentation: spring, stream, and aquifer



4. Cloudseeding: gaining in effectiveness

* not yet reliable for exceeding natural water budget
* similar limitations as recharge dams
III. Solutions to engineering problems


A. Engineering solutions are not always solutions, but they are improving

B. Foundations and grouting



1. Beams and piers on bedrock (precede by epikarst and possible geophysical study)



2. Grouting in conduits: air and water-filled



3. Grouting in sediments and restoring subsidence



4. Grouting for dams




(ex. Amistad: 3850 grout holes on U.S. side, as close as 0.8 m,




required 17,414 m3 of grout, and still leaks; 32% gain at San Felipe)


C. Sinkhole collapse solutions


1. Dig collapse to drain, then graded backfill



2. Dig to drain, install drainage well, grout base of well, graded backfill.




* Use only if aquifer is not public water supply or if injection water is clean



3. Preventive methods (such as geotech fencing in roads, graded fill in drainage




channels) in sinkhole prone areas

IV. Habitat conservation plans: habitats aren’t just for animals!


A. Drainage basin approach for water management



-- Often defines or is related to ranges of endangered or important ecosystems


B. Define the issue, then see what fits



Ex.: SA & Austin endangered cave species probability mapping



1. Good for OUR environment



2. Good for business too


C. Limited benefit if the fauna and its distribution is not well studied.
V. Cave management: requires entering the cave!

A. Identify cave’s carrying capacity relative to:



1. Water resources



2. Ecosystem



3. Cultural and paleontological materials



4. Aesthetics



5. Safety


B. Develop management plan addressing:


1. Reasons for entry


2. Qualifications (scientific and safety)



3. Number of people per entry and frequency



4. Sampling and traveling protocols



5. “Leave no trace” goals in travel and modifications


C. Public education: balance resource protection with public access to gain public support.


D. Show caves



1. Guiding principles should be:




* cave protection is the first priority; without it, the business fails




* develop the cave in a way so if the business closes, the infrastructure can be





easily removed to restore the cave to a natural state.



2. In addition to the above guidelines, special needs include:



* lampenflora




* restrooms and concessions, in and above the cave




* visitor numbers: CO2 and heat




* visitation type: guided, self-guided, wheelchair, wild, children and animals




* lint 




* trail construction: geography and materials




* utilities: location and accessibility (wells?)



3. ISCA membership?

CLOSING COMMENTS

