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Abstract:	
 
Blackacre State Nature Preserve is a 270 acre greenspace in southeastern Jefferson 

County, Kentucky.  The surrounding community has experienced rapid growth in recent 

years in the residential, industrial, and commercial sectors.  This has increased the 

impermeable surfaces and forced more overland flow onto Blackacre’s land; thereby 

enhancing the need for a detailed view of the hydrology of the property.  The Formations 

in this area are part of the Laurel Dolomite, Osgood and Brassfield Formations and are 

early Silurian in age (440 mya).  Consisting primarily of dolostone and shale layers, these 

formations are slightly affected by the up-warping from the Cincinnati Arch which 

encourages groundwater flow in a southwesterly direction.  The dissolution of the 

dolostone has allowed for sinks and subterranean drainage to occur on the property.  With 

the influx of impermeable landscapes surrounding Blackacre and karst terrain on the 

property, distinguishing the relationship between surface runoff and groundwater is 

important to ascertain drainage patterns on Blackacre.  Soil and water samples were taken 

at several locations to determine the possible contamination of petroleum hydrocarbons 

from streets adjacent to the property.  A dye trace was conducted in order to evaluate this 

interaction, and confirm flow direction.  The dye trace also verified if water percolates 

from the Blueline into ponds on the Preserve.  Many of the conduits present are from 

karsting and reduce filtration time, this in turn allows run off and possible contaminants 

from adjacent properties to enter the ponds and streams more quickly.   
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Introduction	and	Background:	
 

The Formations in this area are part of the Laurel Dolomite, Osgood and 

Brassfield Formations and are early Silurian in age (440 mya).  They consist primarily of 

dolostone and shale layers (Mineral Resources, 1988), with the dolostone becoming more 

magnesium rich as the formation descends on the property.  These formations are slightly 

affected by the up-warping from the Cincinnati Arch which encourages groundwater flow 

in a southwesterly direction (McDowell, 2001).   

The soils throughout the vadose zone on Blackacre are comprised of silt and loam 

or silt, clay and loam (USDA, 2011).  The finer particles slow the process of filtration 

and work to clean the groundwater.  The karsting processes that occur on the property 

have produced conduits in the form of fractures in the rock, even minute ones that 

connect overland flow to the groundwater.  Many of these conduits reduce filtration time, 

which allows runoff and possible contaminants from adjacent properties to enter the 

groundwater, ponds, and streams more quickly.  It was also conducted to assess possible 

routes for contaminants, and to address flow direction from different entry points on the 

property.  These sites include a sink on the northeast portion of the property and the 

headwaters of the Blueline, near a fracture in the bedrock allowing spring water to flow 

into the stream.   

Previous water quality research has found that increases in the volume of water 

entering Cattail Pond has resulted in siltation and habitat alteration.  Increased turbidity 

has also recently been observed in Spring House Pond and Dragonfly Pond indicating a 

surge in sediment deposition.  Determination of the increased sediment deposition was 

made through analysis of aerial photographs of Blackacre and surrounding properties 
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along with examining the runoff areas and ponds.  The significance of this study was to 

define how water travels through and interacts with Blackacre State Nature Preserve and 

isolate areas that could act as conduits for contaminants. 

Field	Method	and	Techniques:		
 
 The 270 acres utilized during the study of the property (170 acres belonging to the 

Preserve and an additional 100 acres adjacent belonging to Blackacre Conservancy) are 

located in southeastern Jefferson County, KY.  The recent growth surrounding the 

property has resulted in an increase in impervious surfaces including parking lots and 

roadways (the extension of Blankenbaker Pkwy).  These surfaces allow for the possible 

pollution of petroleum hydrocarbons on the Preserve through means of runoff.  Water and 

soil samples were taken from Cattail and Jackson’s Pond for total petroleum hydrocarbon 

(TPH) analysis on October 16 and November 20, 2011.  These were taken to Louisville 

Testing Laboratory, INC.; proper procedures were followed during the collection and 

transportation of the samples.  The laboratory had the capabilities to run TPH testing on 

the samples; however the equipment did not allow for differentiating between the types 

of hydrocarbons in the samples.  This type of testing solely shows if petroleum 

hydrocarbons are present in the samples (Toxicological, 1999). 

 In order to determine the increased siltation of Cattail and Pasture Pond, aerial 

photographs obtained through Google imagery were utilized to evaluate changes on and 

around Blackacre.  Assessments were also made by walking the runoff areas into the 

ponds and boundaries of the property.  This allowed for closer examination of possible 

sources from adjacent properties northeast of the Preserve.  The deed for the property 

owned by Bradford Commons was filed in early 2007 (Jefferson County Clerk, 2012) and 
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amended several times over the next few years as a result additional lots were added and 

construction began on the condominiums northeast of Blackacre.  The final phases of 

construction on the condominiums appear to be schedule for completion in August, 2012.    

A thorough background analysis of the property was completed to assess proper 

locations for placement of charcoal receptors and injection points for the dye trace.  This 

was accomplished through examination of the watershed and sub-watershed, retrieving 

several rock samples for calcite (CaCO₃) determination, and mapping the property using 

ArcGIS software.  The rock samples were collected from an outcrop on the property 

created by erosion from the Blueline stream.  The samples taken were from several layers 

including the capstone, 1.5m (5ft) from the base, then along the base.  Hydrochloric acid 

(HCl) was used to determine the reactivity of calcium carbonate (CaCO₃) in the rocks.  

The rocks became less reactive with each step down the outcrop, indicating a limier 

dolomite in the upper layers to a more magnesium rich dolomite in the lower layers on 

the property.  The eastern boundary of the sub-watershed was determined to be located 

just east of the property along Tucker Station Road and the northern and western 

boundaries are much further from the property.   

Locations for dye receptors were chosen based on topography as well as the 

presence of natural springs on and around the property.  Once selected, the receptors were 

placed for the first round of background data; after a duration of one week they were 

exchanged for the second set.  The majority of the receptors were attached to rocks with 

rubber bands with a couple being attached using fishing line and sticks.  The receptors 

were then sent to the Kentucky Division of Water for analysis.  The lab uses a 

spectrofluorophotometer to look for fluorescent dyes which can be detected at a 
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sensitivity of parts-per-trillion.  The fluorescence of the Fluorescein is detected around 

516.5nm and the Rhodamine WT spikes near 568.5nm, and a positive result is 

determined to be 4x the background.  This meant cross contamination was a concern 

during both placement and retrieval of dye receptors.  To prevent this, gloves were worn 

and changed at every exchange.   

The injection sites were chosen for several reasons.  The injection into the 

headwaters of the Blueline (DI-2:  38° 11' 45.6"N | 85° 31' 37.2" W) was selected for the 

natural spring supplying water to the stream, the elevation of the injection point, and its 

orientation to several of the ponds on the property.  The injection into the sink hole was 

also chosen based on its topographical location and position on the property (DI-1:  38° 

12' 0"N | 85° 32' 9.6" W).  This site was utilized due to its proximity to Rehl Road, sink 

hole injection sites require additional water when pouring the dye.  Its nearness to the 

road allowed for easy access with trucks and 50 gallon water barrels to augment the dye 

injection.  Precipitation also played a role in lubricating the soils to allow for flow of the 

dye. 

 Two background analyses were conducted to insure nothing interfered with the 

trace.  These were done in week long intervals, exchanging the receptors after the first 

week (placement of first receptors occurred 2/12/12, exchange 2/19/12, pull second 

background receptors 2/26/12).  The dye trace took place on 3/4/12 with the dye 

receptors being placed the day prior, the receptors stayed in place for two weeks 

(3/18/12) and were taken to the Kentucky Division of Water’s laboratory for analysis.  

Two additional dye receptors were place on 3/18/12 in order to obtain more information 
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regarding the flow of these locations.  These receptors were retrieved on 3/27/12 and 

taken to the laboratory the following day.    

Results:	
 

The first sample collected October 16, 2011 was a water sample from Cattail 

Pond taken close to the runoff entrance from the above hill feeding the pond.  The second 

was a soil sample retrieved from the culvert northeast of Jackson’s Pond.  Both samples 

resulted in analyzed values less than 5.0 ppm.  The samples collected November 20, 2011 

were taken again from Cattail Pond (a water sample from the same location in the pond) 

and the culvert above Jackson’s Pond (water sample- large rain occurred several days 

prior).  The results from the lab were valued at 4.0 ppm indicating the presence of 

petroleum hydrocarbons in both locations. 

The influx in siltation affecting Cattail Pond can be dated back to June 2010.  

Over the last few years different phases of construction on an adjacent property located at 

2706 Bradford Commons Drive, #101 Louisville, KY 40299 has been occurring.  This 

property is located northeast of Blackacre and topographically higher, while researching 

possible sites of siltation it became the most logical source.  Mounds of unconsolidated 

soil and rock were observed during several visits to Bradford Commons during the fall of 

2011 and spring of 2012.  It is improbable that Springhouse and Dragonfly Pond were 

also affected by the construction taking place near Blackacre.  These ponds have 

experienced habitat changes and turbidity from siltation picked up on the property by 

runoff due to the increased impervious surfaces surrounding Blackacre which has 

augmented the overland flow. 
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The two background analyses were cleared of possible interferences that could 

alter the results of the dye trace.  Dye receptors DR-5 (background 1-512.2nm and 86.479 

intensity, background 2-514.0nm and 111.215 intensity) and DR-10 (background 1-

513.4nm and 973.305 intensity, background 2-512.0nm and 324.915 intensity) showed 

low levels of Uranine, the active ingredient in Fluorescein; however these results did not 

hinder the dye trace.   

Fluorescein was detected in several of the receptors placed for the trace, DR-2 

(515.0nm and 1015.66 intensity), DR-10 (511.0nm and 175.068 intensity), DR-11 

(547.0nm and 1015.66 intensity- Figure 11), and DR-13 (528.0nm and 1015.66 

intensity).  Considering the background detection, the spike in DR-10 was most likely 

due to an exposure to Uranine as opposed to the dye.  Rhodamine WT was only found in 

an inconclusive amount in DR-6 (566.0nm and 399.0 intensity).  New receptors were 

then replaced in the DR-6 and DR-13 locations for an additional week.  The analysis of 

the new DR-6 showed an increased spike in Rhodamine WT which was concluded to be a 

positive result against the two background receptors and the first inconclusive DR-6 (DR-

6(2) 566.0nm and 405.287 intensity-Figure 12).  Two water samples were taken on DR-6 

as well: one at the time of dye receptor replacement on 3/21/12, and one on 3/27/12 when 

the dye receptor was collected.  Neither of these showed signs of either dye used in the 

trace.  DR-13 again showed the presence of Fluorescein and no Rhodamine WT 

(513.0nm and 61.829 intensity). 
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Discussion:	
 
 The TPH testing done on the samples collected in November, 2011 showed 

positive results in both locations for petroleum hydrocarbons, although these are below 

the laboratories minimum detection limit.  The influx in overland flow as a result of the 

increased precipitation between collection dates in October and November are attributed 

to the positive results in the latter samples.  Precipitation had been much lower prior to 

collection of the October samples, which were negative for petroleum hydrocarbons.  It 

should be noted that although these findings are important in recognizing the 

anthropogenic impact on Blackacre from the surrounding community, TPH results are 

broad and nonspecific (Toxicology, 1999).  The results of the November testing do not 

indicate any current problems with petroleum hydrocarbons on Blackacre State Nature 

Preserve.   

The subterranean drainage on the property is not as advanced as initially 

suspected because the dye trace showed only one receptor picked up trace amounts of the 

Rhodamine WT.  If it were more advanced, the Rhodamine would have met less 

resistance and flowed more easily through the soil and the fractures in the bedrock 

allowing it to fluoresce in a larger amount in DR-6.  The potential for positive 

Rhodamine results in DR-2 and DR-13 (due to the flow of the Blueline) would have been 

greater as well.  This slow movement is typical in an immature karst environment or one 

where conduits are obstructed by the soil.  The lack of Fluorescein in the dye receptors in 

Dragonfly, Springhouse, and Sunset ponds indicates they are spring fed and receive a 

great deal of their water from overland flow also.   
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Runoff will be a primary concern for ponds along the outer portion of the 

property, including Cattail, Jackson’s and Sunrise ponds.  Runoff from adjacent 

properties and roads has the least distance to travel before reaching these ponds.  The 

inner ponds on the property (Springhouse, Dragonfly, and Sunset) are also faced with the 

potential to be affected by runoff from the community garden (located southeast of the 

property) and contaminants draining in from the surrounding community.  

The rapid growth around Blackacre is likely to continue, so the overland flow will 

increase as the impervious surfaces surrounding the property increase.  This will 

encourage further scouring of the channels leading into the streams and ponds and the 

threat of contamination will continue and likely increase.  Slow fracture flow capacity 

and the potential for soil plugged conduits will continue to impede the flow of 

groundwater across the property until dissolution processes augment the current 

subterranean drainage.  This will prove to be beneficial as the slow fracture flow will 

assist in the filtration process of possible contaminants as they wash in from adjacent 

properties.   

Recommendations:			
 
 As Jefferson County, KY further develops itself growth will inevitably ensue in 

areas further from downtown, as seen in the situation in recent years around Blackacre.  

This growth enhances the need for greenspaces.  These areas are important for a number 

of reasons such as filtration for groundwater, community, and education.  With data  

of direction of flow across the property, and locations for possible contaminant entry 

points it is suggested to monitor these areas in the future at regular intervals.  Water 

quality testing is advised as a means to maintain a healthy habitat for life on the Property 
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and indicate if any changes are occurring.  The recommended intervals for this are, spring 

for E. coli and fall for nutrients and turbidity.  During both testing periods, conductivity, 

pH, dissolved oxygen, and temperature can be checked.  It would be beneficial to monitor 

the degradation of the gullies formed from overland flow; this will allow the Preserve to 

observe any large increases in flow.  In turn, it can then be determined if this is from 

community growth or surges in rainfall.  General observations regarding turbidity of the 

ponds can be made visually; these can be done periodically by walking the property 

followed by testing depending on how the ponds appear.  The test for total petroleum 

hydrocarbons was beneficial for this study because it showed that Blackacre is currently 

not being affected negatively by the roads surrounding the property.  The suggestion 

would be to use the initial TPH tests as a starting point being that they are nonspecific.  

More quantifiable petroleum hydrocarbon testing would differentiate the types present 

and amounts more specifically.  It would be beneficial to assess the property in multiple 

places beginning along the boundaries and moving inward, as well as collecting samples 

before and after heavy precipitation events.  This will give a better view of possible 

problem areas to watch and which, if any, roadways may be a concern.  This should be 

done if in the future the potential for these types of pollutants becomes a concern for the 

property.    
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Figure 1: Soil Map of Blackacre State Nature Preserve and Map Legend, (USDA, 2011). 
  

Symbol  Name % of Slope 

BeC  Beasley silt loam 6 to 12 

BeD  Beasley silt loam 12 to 25 

Bo  Boonewood Silt loam

CaB2  Caneyville silt loam 2 to 6 

CrA  Crider silt loam 6 to 12 

CrB  Crider silt loam 0 to 2 

FeC3  Faywood silty clay loam 2 to 6 

FeD3  Faywood silty clay loam 6 to 12 

FsF  Faywood‐Shrouts‐Beasly comples 25 to 50 

NnB  Nicholson silt loam 2 to 6 

SaB  Sandview silt loam 2 to 6 

ShC3  Shrouts silt loam 6 to 12 

ShD3  Shrouts silt loam 12 to 25 

UahC  Urban land‐ Udorthents complex 0 to 12 

UakF  Urban land‐ Udorthents complex 0 to 50 

UiC  Urban land‐ Alfic Udarents complex 0 to 12 

UjC  Urban land‐ Alfic Udarents complex 0 to 12 

UkC  Urban land‐ Alfic Udarents‐Beasley complex 0 to 12 

UmC  Urban land‐ Alfic Udarents‐ Crider complex 0 to 12 

W  Water
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Figures 2 and 3: Lab Results for TPH testing, October and November 2011. 
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Figure 4: Precipitation Values for October 2011 (TPH). 
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Figure 5: Precipitation Values for November 2011 (TPH).  
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Figure 6: Dye Trace Map of Blackacre State Nature Preserve, 2012. 
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Dye Trace Results: 
 

 
Figure 7: DR-5 baseline (round 1). 

 

 
Figure 8: DR-10 baseline (round 1). 

 

 



Blackacre State Nature Preserve: L. Osterhoudt, T. Winlock – June, 2012                                                    20  
 

 
Figure 9: DR-5 baseline (round 2). 

 

 
Figure 10: DR-10 baseline (round 2). 

 



Blackacre State Nature Preserve: L. Osterhoudt, T. Winlock – June, 2012                                                    21  
 

 
Figure 11: DR-2 test. 
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Figure 12: DR-10 test. 

 
Figure 13: DR-11 test (diluted). 
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Figure 14: DR-6 test (round one). 

 

 
Figure 15: DR-6 test (round two). 
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Figure 16: DR-13 test (round one). 

 

 
Figure 17: DR-13 test (round two). 
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Figure 18: Precipitation Values for February 2012 (Dye Trace).  
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Figure 19: Precipitation Values for March 2012.  
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Figure 20: Blackacre State Nature Preserve and Surrounding Properties.  

 

 
Figure 21: Bradford Commons. 


