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GROUND WATER (DYE) TRACING IN MURFREESBORO FOR 

PLANNING BEST MANAGEMENT PRACTICES FOR STORMWATER 

RUNOFF, PREDICTING SINKHOLE FLOODING PROBLEMS, AND TO AID IN 

CHEMICAL SPILL RESPONSE: 

RESULTS OF YEAR 2 OF THE INVESTIGATION 

 

EXECUTIVE SUMMARY 

A total of 10 ground water (dye) traces were conducted during the investigation in which 

5 showed positive results proving a hydrologic connection between the injection points and the 

monitored springs.  Two traces were conducted to York Spring along the West Fork of the 

Stones River.  No tracing had ever been conducted to this sizeable spring.  The traces were 

helpful in determining the approximate location of a suspected sewer line leak or septic tank 

discharge that had tainted the water in a cave stream that was traced to the spring.  Discharge 

measurements made along Sinking Creek documented a 15% loss which likely moves through 

the York Spring Drainage basin.  Two other successful traces were conducted to Bushman 

Spring via a stream in Foreign Car Cave.  One of the traces extends the length of the Bushman 

Spring drainage basin to nearly six miles making it one of the largest in the county.  Finally, one 

successful trace was conducted from a newly formed sinkhole in “Little Ditch” to Garrison 

Spring.  This trace provided important evidence on why a former trace failed and toward 

invalidating a questionable trace conducted during last year’s investigation.  Two of this year’s 

failed traces were likely the result of the extraordinarily dry later winter and spring conditions.  

These unusual dry conditions made it a difficult year to conduct dye tracing. 

 

At the end of the investigation, Josh Upham and Bruce Ross discovered two large springs 

along the upper reaches of the West Fork of the Stones River west of Barfield Crescent Park.  No 

tracing has been conducted to these springs.  They likely drain a large area west and northwest of 

the park.  All of this suspected drainage area is within the Murfreesboro Urban Growth 

Boundary.  Therefore, it is recommended that this work be continued in the next fiscal year to 

provide more information for the City with the area just described being the focus of the 

investigation.  Also, the recharge area for Black Fox Spring still largely remains a mystery.  If 

future funding is provided, a trace will be conducted during the summer months when Lytle 

Creek sinks to discover if it is a significant portion of the spring’s discharge.     

 

INTRODUCTION AND PURPOSE 

 

Rutherford County is underlain by cavernous rock in which rain waters and contaminants 

rapidly enter the ground through sinkholes with little or no filtration.  Murfreesboro has been 

experiencing unprecedented growth that has led to increasing amounts of storm water runoff that 

is often laden with chemicals applied to yards and fluids that leak from cars.  In addition, the 

increased growth has resulted in more trucks carrying hazardous chemicals and gasoline that if 

spilled, would quickly disappear into a sinkhole without any prior knowledge as to which spring 



the chemicals are going to emerge.  This would result in killing of aquatic species in our surface 

streams and endangering our water supplies (Percy Priest Lake).  Ground water tracing from 

sinkholes to springs using non-toxic dyes enables the delineation of surface watersheds that 

provide water to the subterranean streams that feed springs. Therefore, the primary purpose for 

conducting the ground water tracing was to determine the surface drainage basins of several 

springs that have elevated levels of e-coli to help ascertain potential sources of the 

contamination.   

 

The secondary purpose for the ground water tracing was to aid in the development of best 

management practices for storm water runoff to lessen its impact on spring and surface water 

quality.  These same results will enable rapid response to a hazardous waste or substance spills 

along highways or an underground storage tank leak.  Most spilled or leaked contaminants are 

petroleum products that float on water.  If it is known which spring is hydrologically connected 

to the spill site, the chemicals can be readily absorbed by floating absorption tubes set up around 

the spring orifice.  Finally, the ground water tracing results will enable city personnel to 

determine the elevation difference between the sinkhole bottom and the spring to which it drains.  

If the bottom is close to the spring elevation, the water table simply rises quickly from the 

bottom of sinkholes during large storms.  If there is approximately 25 feet of difference between 

a sinkhole bottom and spring, flooding can likely be prevented by the construction of drainage 

wells in sinkholes that do not drain quickly.    

 

STUDY AREA 

 

The study area is located largely within the Murfreesboro Urban Growth Boundary in the 

upper Stones River watershed.  Figures 1 through 5 show the location of the springs involved in 

the study and the tracing results.  Traces conducted for this study are shown in yellow and past 

traces are shown in red.  York Spring (Figure 1) enters into the West Fork of the Stones River 

immediately upstream of where the river goes under the bridge on Thompson Lane.  Garrison 

Spring is located in Garrison Creek near its confluence with “Little Ditch” which parallels the 

Lascassas Highway.  This drainage then enters Bushman Creek where it crosses under the 

Lascassas Highway.  Bushman Spring forms the head of Bushman Creek which flows into the 



East Fork of the Stones River.  A major subterranean branch of the Bushman Spring drainage 

occurs in Foreign Car Cave which is located next to the Honeywell factory on the south side of 

the John Bragg Highway.  Two of the traces were detected in the cave stream.  Black Fox Spring 

was monitored at the same time as Foreign Car Cave because it was uncertain to which of the 

springs the injected dyes would be detected.  Two other traces were conducted in what is 

believed to be the Black Fox Spring drainage basin, but the dyes were never detected, likely due 

to lack of rainfall the month after the injections.   
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HYDROGEOLOGIC SETTING 

 

 Rutherford County is located in the Central Basin physiographic province, which is 

underlain by limestones of Ordovician age that have been gently upwarped to form the Nashville 

Dome.  The first detailed geologic map of Rutherford County was made by Galloway in 1919.  

Detailed geology maps now exist for the entire County.  The oldest rocks exposed in Rutherford 

County are those of the Murfreesboro Limestone Formation, which is approximately 400 feet 

thick.  Above the Murfreesboro Limestone is the Pierce Formation (Figure 6), a shaly, thin-

bedded limestone that confines water beneath it in the Murfreesboro Aquifer and perches water 

above it in the Ridley Limestone.  The Ridley Limestone underlies most of the area of 

investigation, and it is the most karstic (cavernous) limestone in Rutherford County.  Proprietary 

files of the Tennessee Cave Survey show that a majority of the 124 caves discovered and 

explored in Rutherford County occur in the Ridley Limestone aquifer.  Snail Shell Cave near 

Rockvale is the largest with over nine miles of passage.  All of the springs involved in this study 

are believed to emerge near the contact between the impermeable Pierce Formation and the 

overlying Ridley Limestone or the upper Ridley Limestone and the underlying Lower Ridley 

Confining Unit. 

  The first documented dye tracing in the Rutherford County occurred in the area of Snail 

Shell Cave as part of the State's proposal for the Superconducting Super Collider (Crawford, 

1988). Crawford conducted two traces in the study area as part of his investigation.   Since then, 

approximately 110 ground water traces have been conducted in the County by the author of this 

report.  Five previously funded projects by the Rutherford County Planning Commission, two 

grants from the City of Murfreesboro, four MTSU Faculty Research Grants, and a grant from the 

Rutherford County Board of Education have enabled important discoveries to be made regarding 

ground water flow directions, causes for sinkhole flooding, and potential sources of spring water 

contamination.  This research has resulted in a number of publications (Ogden and Scott, 1997; 

Ogden et.al., 1998; Ogden et.al., 1999; Ogden and Powell, 1999; Ogden, 2000; Ogden et.al., 

2001; Ogden et.al., 2002, Ogden, et.al., 2003, James, et.al, 2004, Ogden, et.al., 2006, and James, 

et.al, 2006, Ogden et. al., 2012).  Josh Upham, of Murfreesboro’s Water and Sewer Department, 

has diligently updated the statewide GIS ground water tracing database he and the author created  

 



Figure 5.  Ground water tracing results and new dye injection points
		for Black Fox Spring.



for TDEC-Ground Water Management Section in 2003. The author has conducted 

approximately 30 new traces in Rutherford County since 2003. 

 

GROUND WATER TRACING METHODS 

 

The ground water tracing was performed using three fluorescent dyes: 

sulphorhodamine B (SRB), eosine, and fluorescein.  These tracing agents are non-toxic 

and routinely approved for use by various divisions of the Tennessee Department of 

Environment and Conservation.  Prior to conducting the traces, the Tennessee 

Underground Injection Control Program was notified in writing as required for their dye 

tracing registration program (see Appendix A).  The injected tracing agents were detected 

by using activated charcoal packets that absorb and concentrate the dye levels in the 

water.  The charcoal packets, called "traps", were suspended in the waters expected to 

receive the dyes on a stiff wire connected to a concrete base.  Prior to tracing, some of the 

traps were placed in the spring waters for approximately a week to test for background 

concentrations.  The dyes are common coloring agents and frequently found as 

"contaminants" in the ground water.  Once background levels were determined, new 

packets were set out immediately prior to injection.  After injection of the tracing agents, 

the packets were changed at approximately seven day intervals and sent to the laboratory 

for analysis.  Crawford Hydrology Lab, located at Western Kentucky University, was 

used to perform the analyses, which were done by a scanning spectrofluorophotometer. 

    

GROUND WATER TRACING RESULTS 

 

 A total of ten traces were conducted for this project of which five were successful.  

The following is a discussion of the results by spring basin.  Past traces were conducted 

by the author to one of the springs. These are shown on the figures in red to provide a 

better overview of the springs’ watersheds.  Appendix B provides the results from the 

laboratory and Appendix C presents the Material Safety Data Sheets for the dyes utilized 

for tracing. 

 

 



York Spring and the Sinking Creek Drainage Basin 

 

 A significant portion of the City in which no dye tracing had been conducted prior 

to this investigation lies west of Sinking Creek and north of Northfield Boulevard.  

Several deep sinkholes and two caves were known to exist between Jones Boulevard and 

Battleground Drive.  These sinkholes and others in the area follow a northwest linear 

trend along the trough of a syncline.  Prior tracing by the author has discovered that most 

of the springs in the county occur where a synclinal trough intersects one of the branches 

of the Stones River, generally at the contact between the lower Ridley Limestone and the 

impermeable Pierce Formation.  A canoeing trip in January at the expected spring 

location found only a small spring 

which was called York Spring 

(Photograph 1).  This was deemed 

too small to be the spring of 

interest.  A large spring, called 

Battleground Spring, was 

discovered along Sinking Creek by 

Upham and Ross soon after the 

canoeing trip.  In preparation for 

the first dye trace, a trip was made 

into an unnamed cave along 

Crystal Court.  A large stream was 

discovered in the cave and 

appeared to contain a significant 

amount of raw sewage based on the 

smell and discoloration of the 

water.  Since this indicated a 

broken sewer line or septic tank discharge an immediate trace was conducted to narrow 

down the source of contamination. 

 



 On January 25
th

, one pound of fluorescein dye was injected in the deep sinkhole 

along Jones Boulevard which contained a flowing stream at the time (Photograph 2).  A 

dye detector packet was placed in 

the unnamed cave, Battleground 

Spring, and two locations in Sinking 

Creek near its confluence with the 

West Fork.  The dye was detected in 

the cave, but nowhere else.  Since 

the flowing stream in the Jones 

Boulevard sink did not have the 

appearance or smell of sewage, it 

was concluded that the source of 

contamination must occur between 

the injection point and the cave.  

Due to near drought conditions 

during the late winter and early 

spring, the West Fork of the Stones 

River had very low flow.  Therefore, 

another canoeing trip was conducted 

in late March in hopes of finding a spring that may have been under water during the first 

float.  With the river level down two to three feet, it was discovered that York Spring 

actually had significant flow discharging at several points along a bedding plane.  

Detectors were placed at the spring, and one pound of fluorescein dye was injected into a 

deep sink along Hillmont Drive (Photograph 3).  This sinkhole is very close to the 

unnamed cave along Crystal Court and in a down-gradient direction of the cave.  The dye 

was detected at York Spring a few days after injection. 

 

 Maney Spring is located on the property of the historic Oakland Mansion.  The 

spring forms the beginning of Sinking Creek.  The author has previously performed four 

traces to this spring.  These four traces have made it possible to delineate with significant 

accuracy the entire watershed that provides recharge to the spring.  This includes much of 

 



the MTSU campus, Evergreen Cemetery by the former hospital, sinkholes near the Slick 

Pig restaurant, and the area just north of Greenland Drive and west of  Old Lascassas 

Road.  It has often puzzled the author how 

Sinking Creek gets its name since 

discussions with people living in the 

Murfreesboro area all their lives have never 

seen it sink.  As part of this year’s 

investigation, vintage 1938 stereo, aerial, 

black and white photographs were 

reviewed of the study area.  The 

photographs clearly showed that Sinking 

Creek sank in its bed a few hundred yards 

upstream from where it crosses Sulphur 

Springs Road.  Some of the streambed 

below the sinkpoint was totally vegetated 

indicating no significant downstream flow 

in many years.  Even though it was 

abnormally dry during the spring of the present investigation, Sinking Stream did not 

sink.  In an attempt to 

document some stream loss, 

discharge measurements 

where made with a flow 

meter at three locations above 

the 1938 sinkpoint 

(Photograph 4).  The results 

showed a gradual loss of 

approximately 40 gpm or 

15% of the creek’s flow at the 

time.  It is believed that this 

water moves through the 

bottom of Jones Boulevard Sink, then through the unnamed cave along Crystal Court, 

 

 



and onward to York Spring.  During higher flow conditions, the loss is likely much 

greater.  

 

 

Garrison Spring 

 

 A sinkhole opened up in the bottom of the Little Ditch near the intersection of 

Rutherford Boulevard and the New Lascassas Road.  During storm events, the sinkhole 

took nearly all the stormwater runoff along the New Lascassas Road.  It was thought that 

this drainage would go to Bear Branch Spring located at the head of Bear Branch because 

of a former trace conducted to the spring from Scotland Acres Subdivision.  Charcoal dye 

detectors were placed at the spring, as well as, in Little Ditch immediately below it 

confluence with Garrison Creek in which Garrison Spring occurs.  Surprisingly, the dye 

was detected at Garrison Spring, not Bear Branch Spring.  

 

These results now explain why a trace last year from a sinkhole located near the 

upper reaches of the Little Ditch failed.  Garrison Spring had not yet been discovered and 

was therefore not monitored.  Repeating that former failed trace would almost certainly 

lead to a positive result.  Also, the results now put into question the dye trace conducted 

the previous year from a sinkhole in Scotland Acres subdivision.  The lab results of this 

former trace to Bear Branch Spring and Lufkin Spring showed only 10 times background 

level of the dye which is the minimum necessary to call a trace positive.  The author 

prefers to have dye levels 50 times or more above background before calling a trace 

positive.  For this trace to have been positive, the dye would have had to move under the 

subterranean pathway of Garrison Spring which is very unlikely.  Repeating this failed 

trace would almost certainly show a hydrologic connection to Garrison Spring.  

 

Bushman Spring/Black Fox Spring 

 

 Bushman Springs forms the head of Bushman Creek (Figure 4 and Photograph 5) 

and is one of the largest springs in the County.  Based on many previous dye traces by the 

author, the spring basin has a large drainage area including portions of Bradyville Pike in 

the vicinity of Mt. Herman Church, sinkholes and karst windows along Flat Rock Road, 



subdivisions and businesses located along Halls Hill Pike east of Rutherford Blvd., and 

most of the area directly east of 

MTSU.  The recharge area for 

Black Fox Spring has been 

somewhat of a mystery.  The 

author has conducted only one 

trace to the spring.  In an attempt 

to further delineate the spring’s 

watershed, two pounds of 

fluorescein dye were injected on 

February 22
nd

 into a sinking 

stream located about a 1000 feet 

down-gradient of the Rutherford County waste disposal center located on Bradyville 

Pike.  Charcoal dye absorption packets were placed at Black Fox Spring and in the large 

stream in Foreign Car Cave.  The dye was 

detected in the cave stream which had been 

previously traced to Bushman Spring.  Then, on 

March 22
nd

, one pound of fluorescein dye was 

injected into a sinkhole located along Veals Road.   

This dye was also detected in the cave stream.  In 

hopes of obtaining a positive trace to Black Fox 

Spring, one pound of sulphorhodamine B was 

placed in a sinking stream near the Dilton 

Crossroads on March 2
nd

.  The sulphorhodamine 

B was never detected.  Then, on March 22
nd

, two 

pounds of eosine were injected into a sinkhole 

located near the intersection of Wilson Overall Road and Lytle Creek Road.  The dye was 

flushed with only 10 gallons of water carried to the sinkhole.  It was hoped that the dye 

would be flushed into the subterranean drainage by the forecasted storm that night, but no 

significant amount of rain occurred.  No other significant rainfall occurred during the 

next month and a half with is the likely reason for the trace to have been a failure.  It is 

 

 



believed that some of the discharge of Black Fox Spring is from Lytle Creek which sinks 

during the summer months.  It is hoped that a dye trace can be performed at that point 

this summer to help solve the mystery of the recharge area of Black Fox Spring. 

 

SUMMARY AND CONCLUSIONS 

 
The purpose of this investigation was to delineate surface basins that provide 

recharge to some of the springs within Murfreesboro’s Urban Growth Boundary to help 

locate potential sources of elevated levels of e-coli contamination in the springs.  A total 

of ten ground water (dye) traces were conducted for this project although only five of the 

traces were successful.  At least two of the five failures were likely due to the 

extraordinary dry late winter and spring conditions in which little to no stormwater 

entered the sinkholes after dye injection to carry the dyes to the springs. 

 

  The first area studied was north of Northfield Boulevard and west of Sinking 

Creek where no dye tracing 

had ever been conducted.  

Numerous deep sinkholes 

and caves occur in the area.  

Evidence of a broken sewer 

line or septic tank discharge 

was discovered in a cave 

stream along Crystal Court 

within this area of 

investigation.Two successful 

dye traces narrowed down 

the location of the source of 

contamination and showed that the tainted water emerges at York Spring along the West 

Fork of the Stones River.  The dye traces showed that ground water in the area moves 

downdip and along a synclinal trough to York Spring which is located where the trough 

intersects the West Fork.  Discharge measurements along portions of Sinking Creek 

 



documented stream loss that likely moves through the subterranean pathway of York 

Spring.   

 

A dye trace along Bradyville Pike was initially expected to connect the injection 

point to Black Fox Spring but instead, was detected in a stream in Foreign Car Cave 

which was previously traced to Bushman Spring.  The distance between the injection 

point and Bushman Spring is nearly six miles.  Another successful trace to Foreign Car 

Cave was conducted from a sinkhole along Veals Road.  Once again, the traces showed 

that ground water moves down the dip of a syncline and then along its trough to the 

spring.  Finally, a successful trace was conducted from a newly formed sinkhole in the 

bottom of the Little Ditch which follows the New Lascass Highway.  The trace was 

detected at Garrison Spring which is located along Garrison Creek which is a tributary of 

Little Ditch.  The dye was expected to be detected at Bear Branch Spring.  This traces 

now invalidates a questionable trace conducted last year from Scotland Acres to Bear 

Branch Spring.   

 

The new tracing results provide the City with important information regarding the  

surface drainage basin of two newly discovered springs within the Urban Growth 

Boundary and significantly extends the size of the Bushman Spring basin to which many 

other traces had been conducted.  There are still sizeable springs within the Urban 

Growth Boundary in which no dye tracing has been conducted and thus no knowledge 

exits of their recharge areas.  Therefore, more work will be necessary to complete the 

mission of understanding the subterranean pathways beneath Murfreesboro. 

 

RECOMMENDATIONS 

 

 The last two years of investigating ground water flowpaths in Murfreesboro have 

provided valuable insight to possible sources of ground water contamination within 

nearly ten different spring drainage basins.  Near the conclusion of the present 

investigation, two large springs were discovered along the western side of the upper West 

Fork of the Stones River.  These springs are believed to drain stormwaters that enter 

sinkholes in the Barfield Cresent Park area and regions to the southwest of the park.  No 



dye tracing has ever been performed to these two springs.  The suspected drainage areas 

are all within the Murfreesboro Urban Growth Boundary.  Other springs also occur in this 

area to which no dye traces have been conducted.  Therefore, it is recommended that this 

research be continued for a third year with these springs being the focus of the 

investigation.  In addition, a dye trace should be conducted during the summer where 

Lytle Creek sinks.  If this trace positively connects Lytle Creek to Black Fox Spring, it 

would document a significant portion of the spring’s watershed. 
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