Karst Hydrogeology & Groundwater Susceptibility

Background:
This document is drawn from Karst Landscapes and Groundwater Susceptibility: A Survey of
Crawford County, a current (2016-present) scientific literature review compiled by Crawford
Stewardship Project, in partnership with Professor Emeritus Kelvin Rodolfo, and Legion GIS.
This survey was created as a tool to help the county and local municipalities, farmers, and other
businesses and landowners/renters make sound decisions about their land, water, fertilizer,
chemical, and waste use and disposal.
According to survey data from the Crawford County Comprehensive Plan 2009-2029, Crawford
County residents see groundwater as the most important resource to protect and enhance. The
second most important resource is rivers and streams, and these are closely linked in a karst
landscape.
Crawford County has formally re-confirmed this, and the importance of county and municipal
action based on this information, in passing the CAFO Moratorium December 2019. This built
off the 2018 unanimous passage of the Resolution Urging the State to Recognize Local
Sensitivities, Local Control, and Improve Oversight of WPDES Permitting Process, in which it,
“Urges the state to respect local control and flexibility by allowing for county and municipal
ordinances which take science-based measures beyond state standards to protect our sensitive
water resources”.
Understanding the complex hydrogeology of this area is critical to protecting public health and
safety, and is central to the Crawford County CAFO Study Committee’s work.

Summary of findings:
- Crawford County is highly karstic, and will continue to develop more and larger fracture
patterns, cavities, and channels.
- Karst hydrogeology like that found in Crawford Co contains many rapid and direct conduits
from surface- to ground-water and visa versa
- The Rountree clay “formation” is not protective of groundwater
- The layers of ancient carbonate and sandstone bedrock underlying Crawford County make
our aquifer extremely susceptible to groundwater contamination
- The Jordan aquifer, from which most Crawford County residents drink, is a high quality
aquifer, but once polluted, it will remain so for generations.
- The karstic uplands have high permeability, yet low porosity, meaning flow-rate is high, but
they hold little water, and over-drawing from a well can cause significant drops in the local
water table & impacts to private wells.
- While detailed mapping for Crawford County bedrock layers, soil depth to bedrock, karst
features (at the surface and underground) is lacking, there is sufficient research and data to
establish these basic conclusions.

Citations & Data:
Bedrock Layers
(WI Geological & Natural History Survey, 2006)
(Mountain Press, 2004)

(Frolking, 1978) P10
The Driftless Area lies chiefly on the southwestern flank of the
Wisconsin Arch and is composed of mildly deformed south-sloping Paleozoics
of Cambrian, Ordovician, and Silurian age that outcrop progressively as
crescentic bands southward from the Central Highlands (Martin, 1916). These
strata formed as the result of five transgressive-regressive cycles of
marine sedimentation and are dominated by arenaceous and carbonate
lithotopes (Ostrom, 1970).
(Day and Bindl, 2010)
Carbonate rocks cover approximately 6000 km2 in the Driftless Area of southwestern Wisconsin,
occupying much of the upland in western Sauk, Richland, Crawford, Vernon, Grant, Lafayette and Iowa
counties (Day et al., 1989) (Figure 1). Although understated and localized, the karst terrain contains
many distinctive karst landform assemblages, including sinkholes or dolines, dry or under-drained
valleys, caves and springs (Day et al., 1989).
North of the Wisconsin River, the karst is formed predominantly within the early Ordovician-aged Prairie
du Chien Formation, which is dominated by carbonate rocks of variable purity, increasingly dolomitic
towards the east and increasingly sandy or shaley approaching the upper and lower geologic contacts
with the St. Peter and Jordan Formations respectively. The carbonates are essentially medium-textured,
gray to buff dolostones, from 12 to 73 meters in thickness, locally sandy, cherty and shaley and with a
porosity of about 10% (Heyl et al., 1970; Day, 1984). Compressive strength, as measured by Schmidt
Hammer hardness, is highly variable but averages about 31 (Day, 1984).
...

Karstification also extends vertically into the underlying Jordan Sandstone (Reeder, 1992; Reeder and
Day, 1993, 1994), and also into units of the St. Lawrence and Tunnel City Formations (Day, 2008).

(Agnew, 1863)
The St. Peter is a very clean quartz sandstone that is generally well sorted and averages 50 feet in
thickness. Where rock that resembles St. Peter sandstone occupies part of the Prairie du Chien interval,
as at the well localities cited above, the thickness of the St. Peter sandstone, or at least of sandstone like
the St. Peter, ranges from 138 to 320 feet.
(Eric Carson, WGNHS, 2018 Riverway Symposium)
There are 250-300 feet of highly permeable sand and gravel filling the Wisconsin River Valley in places.
(Mauel, S., and Day, M., 2009)
The carbonates were folded and fractured during the Paleozoic and the initial structures have been
accentuated by subsequent dissolution and slumping. (Hedges and Alexander, 1985). Karst formation
may have commenced in the Paleozoic (Hedges and Alexander, 1985) and hydrothermal activity affected
the carbonates around the same time (Heyl et al., 1970). The dolostones have undergone extensive and
complex diagenesis and there is a considerable paleokarstic legacy (Smith and Simo, 1997).
…
There are well over 200 individual carbonate caves in southwestern Wisconsin but most are shallow and
small, and all are less than 1000 m in length. Their dimensions are constrained by slow dissolution rates,
thin bedding and the dismemberment of networks and reduction in catchment areas produced by valley
incision (Day et al., 1989).
...
The contact with the underlying Jordan Sandstone effectively delimits the karst that is developed within
the overlying Prairie du Chien Formation. At the base of the Prairie du Chien is the Oneota dolostone
which is a very pale brown to light brownish gray, fine to medium grained, locally sandy dolostone
(Clayton and Attig, 1990). By contrast, the Jordan Sandstone is a white or brown-stained,
medium-textured quartz sandstone, although it varies considerably in grain size and degree of
cementation (Ostrom, 1965; Ostrom et al., 1970). In fresh sections the Oneota/Jordan boundary is clear
and conspicuous although elsewhere it may be obscured by regolith and vegetation. Although karst
development is most pronounced within the Prairie du Chien, upper horizons of the Jordan are also at
least partially karstified (Reeder, 1992; Reeder and Day, 1993) and the Oneota/Jordan contact is itself a
locus for cave development (Day and Kueny, 1999).
...
Regional dip of the Jordan and Prairie du Chien formations in the study area is towards the southwest at
approximately 0.1 m/km (Runkel, 2007).
...
The uppermost Jordan formation exhibits evidence of subaerial erosion, indicated by weathered
material and local variation in the contact with the overlying Oneota dolostone
(Rodolfo, 2012)
One of the greatest environmental threats to the Driftless Area is the dangerous claim that its deep
groundwater aquifers, on which everyone depends, are protected from contamination by a thick surface
layer of red clay.
...
A formation, in addition to having a distinct age and position in the stratigraphic column, is supposed to
be a “mappable” unit, its outcrops easily outlined on geologic maps. After two decades, no such map

exists, because this formation is not very thick anywhere. Frolking described its distribution as “patchy”;
it is entirely missing over large areas.
…
Most thick deposits (several meters) occur in isolated sink holes or other solution cavities. Elsewhere,
the Rountree Formation is relatively thin (<2-3 m), and it commonly is very thin or nearly absent on
sandstone bedrock units and on carbonate units lacking chert." This is largely true for the study area.
Dr. Donald H. Campbell, a geologist with much experience in the Driftless who runs DBA Campbell
Petrographics in Dodgeville, wrote me (e-mail 3 May 2010): “To suggest that the Rountree is an
extensive regional barrier to groundwater movement depends on demonstration of its existence and
testing. From what I have read and seen, the Rountree is not an extensive stratigraphic unit.
...
Dr. Michael J. Day, Professor of Geography at UW-Madison, is a prominent authority on karst in general
and the Driftless Area in particular since the 1970s. I can only agree with his assessment (e-mail to Ms.
Edie Ehlert, 5 January 2011): “... the Rountree Formation in no way mitigates karst hydrogeology in SW
Wisconsin. The Rountree is spatially very variable in thickness, and this actually accentuates the focusing
of surface drainage on certain points/areas. ... Moreover, the Rountree is actually in large part a product
of the weathering of the limestone itself, which is what produces the clay, so it is actually evidence of
the karst development process.”
(Frolking, 1978)
Red clays are highly susceptible to erosion without protection such as from bedrock concavities or
coarse lag materials. The clays are generally absent on slopes greater than five percent. Clays
accumulate in bedrock depressions, solution pores and cracks, and tubes that result from differential
dissolution of the dolomites.
…
Karst features are most extensive in the chert-rich, thickly bedded lower Galena and lower Prairie du
Chien dolomites.
(Frolking, Jackson, and Knox, 1983)
Buried reddish-brown clays discontinuously mantle the dolomite uplands of southwestern Wisconsin.
...
The Preorian loess thins from >300 to < 40cm with distance from the Mississippi River or on
progressively steeper slopes
...
Chert pebbles and cobbles are often present within the clay matrix and concentrated as stonelines at
the boundary with the overlying loess.
...
Localized mixing of clay with the sandy dolomite and penetration of clays into dolomite pores and cracks
are common
…
Clay bodies also occur many meters below the bedrock surface. The clay bodies, upon drying and
wetting, filter clays from percolating waters, which, through their exchange acidity, promote further
dissolution of dolomite.
...
dolomite dissolution is favored at the periphery of the clay pods and tubes, which therefore enlarge over
time

Hydrology & Groundwater Susceptibility
(Veni et al, 2005)
Karst areas are among the world’s most diverse, fascinating, resource-rich, yet problematic terrains.
...
They contain the largest springs and most productive groundwater supplies on Earth. They provide
unique subsurface habitat to rare animals, and their caves preserve fragile prehistoric material for
millennia. They are also the landscapes most vulnerable to environmental impacts. Their groundwater is
the most easily polluted. Water in their wells and springs can dramatically and rapidly fluctuate in
response to surface events. Sinkholes located miles away from rivers can flood homes and businesses.
...
Following storms, droughts, and changes in land use, new sinkholes can form suddenly, collapsing to
swallow buildings, roads, and pastures.
...
Unlike other terrains where most processes occur and can be observed at the surface, many critical
processes in karst occur underground, requiring monitoring of groundwater flow and exploration and
study of caves.
Rather than being mere geologic curiosities, caves are now recognized as subsurface extensions of karst
landscapes, serving vital roles in the evolution of the landscapes, and in defining the environmental
resources and problems that exist in those areas.
…
The danger of collapse increases when water is drained from the cave and its buoyant force is not
present to help support ceilings.
...
in karst, the continual removal of material into the subsurface allows high, sustained rates of erosion.
....
Unlike other landscapes, groundwater recharge into karst aquifers carries substantial amounts of
dissolved and suspended earth materials underground. First, the water contains ions that are produced
naturally as the rock is dissolved. Second, water conveys particles that range in size from submicroscopic
clay particles to boulders.
...
In areas where groundwater in karst flows through open conduits, the aquifers respond very quickly to
surface events such as storms and stream flooding. This response is typically many times greater and
faster than would occur in non-karst aquifers. Therefore, interactions between surface and groundwater
processes are greatly enhanced in karst.
...
Potential problems and environmental concerns include sinkhole flooding, sinkhole collapse, and easily
polluted groundwater supplies, where contaminants move rapidly to wells and springs.
(Veni et al, 2005)
Most caves form at or just below the water table, and consequently cave passages are generally
horizontal. In cross section, these cave passages are elliptical tubes usually developed in soluble beds of
rock (Fig. 3). In contrast, passages formed above the water table are canyon-like corridors that have

been formed by dissolution and physical erosion as water cut down through the rock.
…
Some collapse sinkholes develop where collapse of the cave roof reaches the surface of the Earth (Fig.
9). More commonly, they develop when soil collapses after deeper soils wash into underlying caves.
…
Karst areas commonly lack surface water and have numerous stream beds that are dry except during
periods of high runoff. These regions have internal drainage; streams flow into the closed depressions
called sinkholes where there is no surface outlet. A typical sinkhole is bowl shaped, with one or more
low spots along its bottom. In some cases a swallow hole, or swallet, may be present at the bottom of
the sinkhole where surface water flows underground into fractures or caves (Fig. 10). Water may also
enter a karst aquifer along streams that flow over karst areas and disappear from the surface. A stream
of this type is known as a sinking stream and in some cases it may lose water along a substantial part of
its length. In the subsurface, the storage and flow of groundwater is controlled by the porosity and
permeability of the rock.
...
In most limestones, the primary porosity and permeability, or hydrologic characteristics created as the
rock formed, are generally low. However in karst areas, large cavernous porosities and high permeability
are common.
These hydrologic characteristics, including fractures and openings enlarged by solution, are almost
always secondary or tertiary features that were created or enhanced after the rock was formed.
...
In areas where groundwater in karst flows through open conduits, the aquifers respond very quickly to
surface events such as storms and stream flooding. This response is typically many times greater and
faster than would occur in non-karst aquifers. Therefore, interactions between surface and groundwater
processes are greatly enhanced in karst.
(Runkel et al, 2003)
All three of these matrix components contain secondary pores such as systematic fractures,
dissolution features, and nonsystematic fractures, but they are most abundant in "shallow" bedrock
conditions—areas where Paleozoic strata are within about 200 feet of the bedrock surface.
…
In deeper bedrock conditions, secondary pores such as systematic and bedding-plane fractures
are known to occur, but their distribution and abundance is poorly understood. They appear
to be concentrated along a few discrete stratigraphic intervals, separated from one another by
strata with few secondary pores.
(Kaufmann and Braun, 2000)
the geometry of the preexisting fractures largely controls the speed of the karstification process.
...
Calcite is dissolved in the system CO2-H20-CaCO3, with CO2 the carbon dioxide, H20 the water, and
CaCO3 the calcite.
In this system, CO2 can vary over several orders of magnitude, depending on atmospheric pressure and
organic materials in the soil.

(Liu et al, 2005)
limestone rates of dissolution are 1.6 mm per year to 14mm per year depending on the flow passing
through, (.05mm/year to 4.7mm/year for dolomite)
(Gotkowitz and Gaffield, 2006)
Fractures provide a direct and rapid pathway for contaminants to reach saturated bedrock. Natural
attenuation of contaminants, which typically occurs in unsaturated materials above the water table, may
not take place where fractures provide a pathway for rapid contaminant migration.
...
shallow aquifers in karst terrain, such as the Silurian, are among the most susceptible aquifers to
contamination.
...
Because groundwater originates from precipitation that percolates down from the land surface, any
water-soluble material or liquid that meets the percolating water has the potential to be transported to
the uppermost aquifer. Common groundwater pollutants include constituents of gasoline and other
fuels from surface spills or underground storage tanks. Nitrogen and herbicides from agricultural
sources, residential septic systems, or lawn-care products may also affect groundwater quality.
...
Aquifers that do not have overlying aquitards (that is, unconfined aquifers) are particularly susceptible
to groundwater contamination. Other settings in which aquifers are highly vulnerable to contamination
include regions of coarse, sandy soils where the water table is shallow and regions where very porous or
fractured bedrock is close to the ground surface.
Once a contaminant reaches the water table, it has the potential to move with groundwater and
discharge to wells or surface-water bodies far from the source of contamination. Groundwater
contamination that occurs today may not become evident for several years because groundwater can
move as slowly as an inch per year though thick, clayey deposits. In contrast, because groundwater flow
rates may be extremely rapid in fractured rock, contaminant transport from the ground surface to a
water well completed in fractured rock (such as the Silurian dolomite in Calumet County) can occur as
quickly as weeks to months.
The processes of dilution, adsorption onto fine-grained particles, and chemical or biological breakdown
can reduce groundwater contamination in the saturated zone. However, once contaminated,
groundwater remediation is a difficult engineering challenge that is usually expensive and can take many
decades to complete. Preventing contamination is a more cost-effective approach to preserving
groundwater quality than remediation.
Naturally occurring constituents, such as iron, sulfate, and chloride, represent another class of
compounds affecting groundwater quality. These compounds originate in rocks and minerals, and they
dissolve in the groundwater.
...
Many factors, such as topography, vegetation, rainfall intensity, and soil and rock type, affect the
amount of precipitation that reaches the groundwater system.
...

Groundwater flows through aquifers from recharge to discharge areas. The uplands, where the
water-table elevation is higher, tend to be areas where water infiltrates the ground and recharges
groundwater. In Wisconsin and other parts of the Midwest, surface-water bodies such as lowland
streams, lakes, and wetlands are typically areas of groundwater discharge. Such discharge occurs when
the nearby water-table elevation is higher than the elevation of the surface-water body, and
groundwater flows into the surface water. Most rivers and streams have some water flowing in them
even during extended periods of drought because they are fed by groundwater.
...
Groundwater can travel at rates up to several feet per day through porous sandstone aquifers
...
Fractured dolomite transmits water easily and rapidly (at rates up to tens of feet per day), and well
yields may be high where wells intersect fractures. However, where there are only a few poorly
connected fractures, dolomite transmits little water and yields small volumes of groundwater.

-

(Ken Wade: Hydrology of the LWSR at 9/16 LWSR Symposium)
- Most groundwater in the Driftless area comes from within 3 miles
Groundwater Recharge roughly 5'/yr in uplands, 10’/year in Riverway

Crawford County is a high sinkhole density area
Crawford Stewardship Project’s Karst Landscapes and Groundwater Susceptibility Survey identified 262
“probable” and 190 “possible” sinkholes of over 2 ft in depth. A total of 452.
Crawford Co = 599sq.m = 1551.4sq.km
452 sinkholes / 1551.4 sq.km. = 29.1 sinkholes/100sq.km. (or 75.5sinkholes/100sq. mile)
This qualifies Crawford county as a whole as a “high sinkhole density” area (Lindsey et al, 2009), even
before counting the hundreds or thousands of sinkholes of less than 2’ in depth or those missed by the
LiDAR & aerial photography analysis.
Well construction report analysis found that 28% of wells that penetrated any amount of carbonate
bedrock in Crawford County indicated karstic features such as caves, crevices, crumbled limestone, loss
of drilling pressure due to underground openings, etc.
(Gao, Alexander, and Barnes, 2015)
The statistical results, along with the sinkhole density distribution, indicate that sinkholes tend to form
in highly concentrated zones instead of scattered individuals.
…
almost all sinkholes occur in the overlapped areas underlain by carbonate bedrock and areas where
depth to bedrock is less than 15 m (50 feet).
(Muldoon, 2010)
Groundwater recharge takes place along ridge tops and hillslopes in the Driftless Area, and local flow
systems with short flow paths are common in the shallow bedrock aquifers. Perched water tables and
local aquitards also occur throughout the region.
In this complex setting, the relationship of springs to the groundwater flow system is often poorly
understood (Krohelski et al., 2000; Hunt et al., 2003). Groundwater is generally thought to flow
preferentially along bedding plane fractures or along lithologic contacts between units with differences
in hydraulic conductivity. Where these features are intersected by stream valleys, groundwater
discharges at contact springs. Swanson et al. (2009) found that springs are associated with every major
stratigraphic unit in Iowa County, Wisconsin (Figure 1); however, most of the springs are found near the
upper contact of the Cambrian sandstones, near the upper contact of the St. Peter sandstone, or in
association with the heavily fractured Sinnipee Group rocks (Platteville, Decorah, and Galena
Formations). De Geoffroy et al. (1967; 1970) similarly note that many of the springs in the historic
lead-zinc mining district of southwest Wisconsin emanate from fractures and along zones of contrasting
permeability in the Platteville, Decorah, and Galena Formations.
(Lindsey, Katz, Berndt, Ardis, and Skach, 2009)
Higher cave density and spring discharge in Pennsylvania also support the concept that the high sinkhole
density areas are dominated by conduit-flow systems. Concentrations of nitrate-N were significantly
higher (p\0.05) in areas with high and medium sinkhole density than in low sinkhole-density areas; when
accounting for the variations in land use near the sampling sites, the high sinkhole-density area still had
higher concentrations of nitrate-N than the low sinkhole density area. Detection frequencies of atrazine,
simazine, metolachlor, prometon, and the atrazine degradate deethylatrazine indicated a pattern similar
to nitrate; highest pesticide detections were associated with high sinkhole-density areas.

(Lindsey et al, 2009)
Carbonate aquifers are the largest source of water supply of any bedrock aquifer in the United States
(Maupin and Barber 2005).
...
Sinkholes can serve as sites of focused groundwater recharge, which can allow surface water to rapidly
enter the underlying carbonate aquifer. This accelerated input of water into an aquifer provides little
time for the natural filtration and biogeochemical processes that naturally occur in non-karst aquifer
systems (White 1988; Drew and Ho¨tzl 1993). Closed drainage systems, also common in karst terrain,
can direct flow containing contaminants toward a sinkhole or swallet (Trommer 1987).
...
Sinkhole Density for these aquifers was grouped into high ([25 sinkholes/
100 km2), medium (1–25 sinkholes/100 km2), or low (<1 sinkhole/100 km2)
...
Mitchem et al. (1988) found that nitrate-N concentrations in groundwater were highest in areas where
sinkholes were present in a karst area of northeastern Iowa, but similarly high and somewhat lower
concentrations were found in areas without sinkholes and without a protective cover. In a 600-km2 area
in central-west Florida, Chen et al. (1995a, b) found that the number of karst features per unit area was
relatively highly correlated with concentrations of nitrate and total dissolved solids (TDS).
...
Although sinkholes represent only one aspect of karst development, areas with a higher density of
sinkholes would likely also have greater conduit development, more rapid flow velocities, and broader
dispersion that combine to make well-developed karst aquifers highly sensitive to contamination (Ray et
al. 1993).
...
Nitrate is the most commonly detected contaminant in karstic aquifers (Katz 2004) and many non-karst
aquifer systems (Nolan et al. 2002).
Pesticides selected included atrazine, deethylatrazine, simazine, metolachlor, and prometon. These
pesticides, along with nitrate, represent the six most frequently occurring anthropogenic contaminants
from available data for these areas.
...
nitrate concentration was higher in high sinkhole density areas (median concentration 2.3 mg/L) and
medium sinkhole-density areas (1.3 mg/L) than in low sinkhole-density areas (0.1 mg/L) (p\0.05) (Fig. 3).
...
Statistically significant positive relations between the sinkhole density categories and detections of
atrazine (sb = 0.16), deethylatrazine (sb = 0.18), simazine (sb = 0.17), metolachlor (sb = 0.18), and
prometon (sb = 0.18).
...
Another major challenge with quantifying the occurrence and density of sinkholes is that many are not
exposed at the land surface.
...

Although some large-scale compilations of sinkhole data are determined from topographic maps, one
study showed that up to ten times more features could be identified by field reconnaissance than were
identified on 6-m contour topographic maps (Hubbard 2003).
...
Brinkmann et al. (2008) also demonstrated that continual development of sinkholes occurred in the 40
years following the development of the original sinkhole database
...
(due to less redox reactions…), in areas of high sinkhole density, a given contaminant is more likely to be
introduced into the aquifer and less likely to undergo attenuation.
(Runkel et al, 2003)
The coarse clastic [sandstone] aquifers typically have a bulk horizontal conductivity between 5 and 60
feet per day in deep bedrock conditions. The carbonate rock aquifers are much more variable in
hydraulic conductivity, and typically consist internally of relatively narrow intervals of high to very high
conductivity (tens to thousands of feet per day) separated by thick intervals of tight carbonate rock that
is orders of magnitude lower in conductivity.
...
A karst system is an integrated mass-transfer system in soluble rocks with a permeability structure
dominated by conduits dissolved from the rock and organized to facilitate the circulation of fluid
(Klimchouk and Ford, 2000). Southeastern Minnesota karst systems are composed of
carbonate-dominated strata where they lie in shallow bedrock conditions. Each karst system is
characterized by relatively abundant secondary pores that include large cavities and
dissolution-enlarged systematic and nonsystematic fractures, and rapid, direct connections between
surface and ground water. The karst aquifers are of particular importance to ground-water management
because the ground-water movement through conduits can be rapid and difficult to predict
...
The greater development of secondary porosity in shallow bedrock conditions compared to deep
conditions is the result of several processes. Uplift, unloading of younger bedrock, and weathering in
shallow conditions opens the apertures of systematic planes of weakness
...
The carbonate rock component can have conductivity values commonly as high as hundreds of feet per
day, and dye traces through locally deep bedrock settings demonstrate flow speeds as rapid as miles per
day along discrete intervals where well-developed conduit systems are present
…
Packer tests of Ordovician and Silurian carbonate rock and shale in northern Illinois demonstrated that
the highest conductivities were consistently within the uppermost 100 feet of the bedrock surface
(Kempton and others, 1987). The same study indicated that bedrock strata within the uppermost 40 feet
of the bedrock surface are on average 100 times more permeable than the rocks below
(Mauel and Day, 2009)
Springs are primarily free-draining or gravity springs which discharge water at the base of valley sides,
particularly in proximity to the base of the carbonate rocks.

(Day, Reader, and Oh, 1989)
vertical and inclined joints are traceable for up to 90m vertically and 3km horizontally (Agnew. 1963).
The carbonate aquifers are dominantly of the diffuse flow type
…
Portions of the Prairie du Chien aquifer appear to be of the free flow type
...
Even during stormflow there is considerable loss of discharge Into stream beds; during an August 1982
storm an ephemeral stream In a valley tributary to Tainter Creek In Crawford county lost 20% Of its
discharge (1.1 cfs or 5OO gpm) Into the stream bed over a distance of only 200m.
WI Waterborne Disease Map (UW Stevens Point WEAL Data compiled by Clean Wisconsin 2019):

Recommendations
(Gotkowitz and Gaffield, 2006)
if a land-use activity that has the potential to release contaminants is proposed within an area of high
groundwater susceptibility, a higher level of planning, safeguards, and monitoring may be useful.
(Lindsey, et al., 2009)
it is evident that all carbonate aquifers, regardless of the development of observable sinkholes, are
vulnerable to contamination if a contaminant source is present. Greater sinkhole density may increase
that vulnerability, but lack of sinkholes does not indicate that the aquifer is safe from contamination.
Because of the interaction of sinkhole density, redox conditions, and land use, it is difficult to determine
the individual effect of each of these factors on the resulting concentrations of nitrate; however, it is
evident that these factors are all positively correlated with contaminant occurrence, and that the effects
are compounding.
The groundwater flow direction commonly does not mirror the surface topography in karst areas,
adding to the difficulty of determining flow directions. Even if a well is generally downgradient from a
sinkhole, it may not be connected to the same fractures or conduits that receive water from the
sinkhole.
(Muldoon, WGNHS Presentation, 2016)
Summary conclusions:
- Current codes are not protective and are based on a sand column study that does not represent field
conditions
- Farmers believe that if they “follow the rules” they won’t cause groundwater contamination
- NE WI Karst Force vulnerability rankings have been supported by subsequent research
<5 ft = extreme vulnerability
5-15 ft = high vulnerability
(Veni et al, 2005)
Karst regions require special care to prevent contamination of vulnerable groundwater supplies and to avoid
building in geologically hazardous areas.
Living in karst environments may result in:
- Urban pollution of groundwater by sewage, runoff containing petrochemicals derived from paved areas,
domestic and industrial chemicals, and trash;
- Rural groundwater pollution from sewage, fertilizers, pesticides, herbicides, dead livestock, and trash;
- Destabilization of the delicate equilibrium between surface and underground components of karst resulting
in alteration of drainage patterns and increasing incidents of catastrophic sinkhole collapse, particularly in
areas of unplanned urban growth;
- Construction problems, particularly the clearing and stabilization of land for buildings and roads;
- Challenges to water-supply development;
- Challenges to mine dewatering and excavation.

Data limitations, further study, and needed research
-

-

-

Depth to bedrock data beyond 168cm
Improved springs identification and mapping
Improved bedrock mapping
Well testing/groundwater quality data
Well placement adjustments
Potential groundwater hazard points mapping (manure lagoons, septics, dumps, wastewater
treatment plants, underground storage tanks, etc.)
More thorough sinkhole mapping
- Ground-truthing mapped points
- Aerial/LiDAR ID of sinkholes of less than 2 feet in depth
Determination of sinkhole susceptibility zones
Sinkhole-to-springs connections (dye tracing)
Water table levels and fluctuations
- Pump tests and analysis
- Ongoing groundwater level monitoring
Cave identification and mapping
Correlation of well sample information with karst geology
Mapping recharge areas, groundwater contour mapping
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