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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 3 OF THE INVESTIGATION 

 

EXECUTIVE SUMMARY 

The third year of ground water tracing in Murfreesboro has been a very successful 

one.  A total of 8 ground water (dye) traces were conducted during the investigation in 

which 7 showed positive results proving a hydrologic connection between the injection 

points and the monitored springs.   No dye traces had ever been conducted to any of the 

springs involved with this year’s study so significant knowledge has been gained on the 

recharge area (watershed) of 5 springs that all contribute flow to the upper reaches of the 

West Fork of the Stones River.  Most of the springs provide the base flow for the upper 

West Fork during the summer months.  One successful trace was conducted to Three 

Rivers Spring which is one of two springs that forms the head of Spence Creek which is 

dry above the springs during the late summer and early fall months.  Two successful 

traces were conducted to Barfield Spring which is upstream from the confluence of 

Spence Creek and the West Fork.  Barfield Spring is one of the largest springs in 

Murfreesboro’s Urban Growth Boundary and is recharged by runoff from nearly all sides 

of Barfield Knobs.  One trace actually went under the south side of the Knobs flowing 

downdip toward the synclinal trough along which Barfield Spring is located.  This 

demonstrates that topographic divides are not always a reliable method for determining a 

drainage basin in a karst terrane.  Tuma Spring is located upstream from Barfield Spring.  

The West Fork goes dry in the late summer above this spring.  No successful trace was 

conducted to the spring, but the other traces now strongly suggest that the spring water is 

largely from Harrison and Fontaine springs located upstream.  The water from these two 

springs sinks into the bed of the West Fork soon after their confluence with the river.  A 

synclinal trough in the area also suggests that some of the flow of Tuma Spring is from 

runoff from the western side of Marshall Knobs in Barfield Park.  It will be necessary to 

conduct dye tracing in the summer months when the upper West Fork is dry to prove 

these hypotheses.  Two successful traces were conducted to Fontaine Springs and another 

two successful traces were conducted to Harrison Spring via Crescent Spring.  Harrison 

Spring is the larger of the two springs and is believed to have a much greater recharge 

area than the information provided by the two dye traces.  The upper West Fork of the 

Stones River is the most pristine portion of the river.  In order to keep its pristine nature, 

careful planning of growth by the City and County will be necessary.  More ground water 

tracing is needed in this area to better help in this planning. 

 

 

 

 



INTRODUCTION AND PURPOSE 

 

The upper West Fork of the Stones River is a relatively pristine waterway.  During 

normal dry summers and early fall, the West Fork is dry upstream of Barfield Park.  All 

of the flow of the river below that point is water that emerges from two large springs.  

Therefore, the water quality of the upper West Fork is actually that of the two springs 

when there are no storm water runoff events.  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 and the County 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 the springs in the upper West Fork 

of the Stones River to aid in planning growth and insure water quality protection.  

 

The secondary purpose for the ground water tracing is to aid the city in predicting 

whether an area with sinkholes that is proposed for development will likely flood during 

large storm events.  The results of this investigation can be used by city personnel to 

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

drains.  If the bottom is close to the spring elevation, the water table will simply rises 

quickly from the bottom of sinkholes during large storms.  Thus, constructing drainage 

wells or digging out clay bottoms of sinkholes will not help alleviate the flooding.  If 

there is approximately 25 feet of difference between a sinkhole bottom and spring, 

flooding can likely be prevented.    



STUDY AREA and HYDROGEOLOGIC SETTING 

 

The study area is located largely within the Murfreesboro Urban Growth 

Boundary in the upper West Fork of the Stones River.  Figures 1 shows the location of 

the springs involved in the investigation.  These include Three Rivers Spring, Barfield 

Spring, Tuma Spring, Pruitt Spring, Fontaine Spring, Harrison Spring, and Crescent 

Spring.  No traces had ever been conducted to any of these springs prior to this study.  

During the drier months of late summer and early fall, the West Fork goes dry above 

Tuma Spring.  Harrison Spring flows year round, but upon reaching the West Fork, the 

water soon sinks into the river bed.  The results of the present investigation suggest that 

the flow of Tuma Spring during dry times is largely the sinking water of Harrison Spring 

and others further upstream.  This has yet to be proven.     

 

 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.  Although the 

overall structure of the Central Basin is a dome, there are numerous small anticlines, 

synclines, domes, and basins superimposed upon the larger domal structural.  Moore et.al, 

1969, made a structure contour map for much of the Stones River basin that shows the 

largest of the synclines.  Figure 1, adapted from Moore, et.al, 1969 and Rima, et.al, 1977 

and produced by Josh Upham, presents a conceptual of the geologic structure showing 

other possible synclinal troughs and anticlinal axes based on field observations and the 

new tracing results.  The details of this will be discussed within each of the sub-sections 

of the dye tracing results within the report.  In general, though, ground water flows off the 

anticlinal axes downdip toward the synclinal troughs.  Nearly all of the springs in the 

study occur near where a synclinal trough intersects the West Fork of the Stones River. 

 

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 2), a shaly, thin-bedded limestone that 

confines water beneath it in the Murfreesboro Aquifer and perches w ater 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 (Three Rivers Spring, Barfield Spring, and 

Tuma Spring) or the upper Ridley Limestone and the underlying Lower Ridley Confining 

Unit (Pruitt, Fontaine, Harrison, and Crescent Springs). 

 

  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 130 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, three 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 for TDEC-Ground Water Management Section 

in 2003. The author has conducted approximately 40 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).  Material Safety Data Sheets for the dyes 

can be found in Appendix B.  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 to ten 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 eight traces were conducted for this project of which seven were 

successful.  All of the springs studied, empty into the upper West Fork of the Stones 

River.  No tracing had ever been conducted to any of the springs prior to the present 

investigation.  The following is a discussion of the results by spring basin starting at the 

most downstream spring and then moving upstream throughout the rest of the report. 

Appendix C provides the results from the laboratory. 

 



Three Rivers Spring 

 

 Figure 3 shows the location of Three Rivers Spring.  This spring is located along 

Spence Creek which follows a synclinal trough (Figure 1).  Spence Creek goes dry during 

summer months above the spring’s cave orifice (Photograph 1).  Therefore, during drier 

months, the quality of Spence Creek is a 

combination of quality of Three Rivers Spring 

and River Rock Spring which is located not 

far downstream.  Very few sinkholes exist in 

the suspected drainage basin of Three Rivers 

Spring which has made tracing to it difficult.  

There is an overflow spring located about a 

mile southwest of the spring that is a flowing 

spring during very wet conditions but a sinkhole that takes water during drier conditions.  

Three-quarters of a pound of fluorescein was injected into a small pool of water at the 

bottom of the sinkhole on October 12
th

, 2012 .  It was detected at Three Rivers Spring a 

few weeks later.  It is believed that a significant amount of the discharge of Three Rivers 

Spring and possibly River Rock Spring is from water lost along the streambed of upper 

Spence Creek.  To confirm this would require a summer dye trace utilizing fire hydrant 

water to flush dye into a hole in the dry streambed. 

 

Barfield Spring 

 

 Figure 4 shows the location of Barfield Spring.  Barfield Spring empties directly 

into the West Fork from several different small 

caves at river level (Photograph 2).  Structurally, the 

spring is located close to where a synclinal trough 

crosses the West Fork (Figure 1).  The spring is one 

of the largest within Murfreesboro’s Urban Growth 

Boundary based on observations during very dry 

conditions when the upper West Fork was dry 

Photograph 1  

Photograph 2  



(Photograph 3).  This spring, the smaller Tuma Spring, and Spence Creek join to form all 

of the flow of the West Fork throughout most 

of the late summer and early fall.  Therefore, 

the quality of water in the West Fork above 

Spence Creek during drier months likely 

matches the quality of Barfield and Tuma 

springs.  Two successful traces were 

conducted to Barfield Spring.  The first trace 

involved injecting one pound of eosine dye on 

October 12
th

, 2012, into a sinking stream that drains a substantial portion of the northern 

slopes of Barfield Knobs 

(Photograph 4).  The second trace 

was conducted on November 2
nd

, 

when one pound of eosine was 

injected into a cave pool on the 

south side of Barfield Knobs 

(Photograph 5).  The second trace 

was expected to go to Tuma Spring.  Instead, the eosine traveled under the Knobs to 

emerge at Barfield Spring demonstrating that in karst terraines surface divides and ground 

water divides do not always coincide.  Structure is apparently more important than 

topography in controlling the flow of 

ground water.  The rocks at the cave 

dip slightly to the north toward the 

syncline along which Barfield Spring 

is located.  The ground water is 

simply flowing down the dip toward 

the trough of the syncline.  The failed 

traced mentioned in the introduction 

of the results section of this report may actually have gone to Barfield Spring as well.  

The dashed line on Figure 4 shows where just one half pound of eosine was injected into 

Photograph 3 

Photograph 4 

Photograph 5 



a sinkhole on January 9
th, 2013

 during a storm event.  A small amount of eosine was used 

because it was believed that it would emerge at nearby Tuma Spring, but it did not.  

Instead, there was a rise in the level of eosine at Barfield Spring.  It is felt that all of the 

eosine from the earlier cave trace would have been flushed out of the Barfield system due 

to numerous heavy rain events, but this cannot be stated with certainty.  The large flow of 

the spring strongly suggests that a significantly greater recharge area exist for the spring 

than the information provided by the two traces.  It is likely that areas west of Barfield 

Knobs and other areas south of the Knobs, contribute recharge to the spring.  More 

tracing is necessary to confirm this.  

 

Tuma Spring 

 

 Tuma Spring is located upstream from Barfield Spring and forms the head of the 

West Fork during late summer and early fall months when the river is dry above it (Figure 

5; Photograph 6).  No successful trace was conducted to the spring.  It was hypothesized 

before the project began that most of the 

flow from Tuma Spring was from water that 

sank into the bed of the West Fork during 

drier months.  A successful trace to 

Harrison Spring located upstream has given 

credence to this idea.  One fluorescein trace 

to Harrison Spring turned the spring green, 

and the spring water remained green where 

it entered the West Fork of the Stones River.  The river had a significant amount of water 

in it at the time due to recent storm events which would have seriously diluted the dye.  

Even so, the level of fluorescein four days later at Tuma Spring was the highest of the 

four measurements made throughout the study period.  Unfortunately, that high level was 

still less than ten times above background which is the necessary lab criteria for 

considering a trace positive.   Since the water from Harrison Spring sinks into the bed of 

the West Fork during dry conditions, it would be easy to prove if this trace was indeed 

Photograph 6 



positive.  There are numerous sinkholes and caves on Marshall Knobs where Barfield 

Park is located.  It is suspected that water sinking in this area during storm events goes 

under the West Fork to emerge at Barfield Spring.  This could only be proven during the 

late summer when the West Fork is dry above Tuma Spring.     

  

Pruitt Spring 

 

 Pruitt Spring is located upstream from Tuma Spring and was monitored for dye 

during many of the dye traces (Figure 5).  No dye was ever found to emerge at the spring.  

The owner, who has observed the spring for over 50 years, said he has known it to go dry 

only once.  Therefore, it does contribute flow to the West Fork which also likely emerges 

at Tuma Spring when the upper West Fork sinks into its bed.  The discharge of Pruitt 

Spring was observed to be nearly the same as Fontaine Spring located not far to the south.  

Two successful traces were conducted to Fontaine Spring.  Therefore, the drainage basins 

of the two springs are likely similar in size. 

 

Fontaine Spring 

 

 Fontaine Spring is located about a half mile south of Pruitt Spring (Figure 5).  

Although not a large spring, it was reported to flow year round.  Two successful traces 

were conducted to the spring.  On December 17
th

, 2012, one-half pound of eosine was 

injected into a sinkhole at the edge of a new subdivision in an area where new homes 

were under construction.  A small ephemeral stream that flows off of land on the west 

side of Barfield-Crescent Road sinks on the same property as the dye injection.  It 

certainly goes to Fontaine Spring, as well.  On December 20, 2012, one-half pound of 

fluorescein was injection at the intersection of Barfield-Crescent and Morton roads.  It too 

was detected at Fontaine Spring.  Pruitt Spring was monitored during both of the traces in 

case the two springs were hydrologically connected.  No dye was detected at Pruitt 

Spring.  The water from Fontaine Springs flows into the West Fork and sinks into its bed 

during the dry months of the year.  



 

Harrison Spring 

 

 Harrison Spring is a large spring located about a mile southwest of Fontaine 

Spring (Figure 6; Photograph 7).  The water from the spring travels nearly a mile before 

entering the West Fork of the Stones 

River.  Its flow combines with that of 

Fontaine and Pruitt springs before the 

river sinks into its bed.  Two successful 

traces were conducted to the spring.  

Before each dye injection, charcoal dye 

detectors were also place at an 

impressive karst window that can be 

observed at the intersection of Barfield-

Crescent Road and Crescent Lane (Photograph 8).  Water in the karst window comes 

from Crescent Spring.  On October 15
th

, 2012, 

three-quarters pound of fluorescein was injected 

into a karst window located on a farm south of 

Harrison Road (Photograph 9).  The next day, the 

water in the karst window along the highway was 

bright green, as was the water emerging from 

Harrison Spring.  The water was green when it 

entered the West Fork, but did not turn the West 

Fork green in color.  The detectors were not sent to 

the lab since the trace was visual so the lab results 

shown in Appendix C do not record this trace.  The 

dye detector retrieved at Tuma Spring four days 

later did show an elevated level of fluorescein, but 

not high enough to prove that sinking water from 

the river recharges Tuma Spring.   The second trace 

Photograph 7 

Photograph 8 



was conducted January 9
th

, 2013.  One 

pound of fluorescein was injected into a 

sinking stream about one-quarter mile east 

of Fann Road (Photograph 10).  The 

detectors at both the karst window and 

Harrison Spring were positive for the dye.  

The large size of Harrison Spring strongly suggests that the recharge area is much greater 

than demonstrated by the two traces.  Since most of the 

sinking water of the West Fork is that of Harrison Spring, it 

is likely that the water quality of Tuma Spring reflects that of 

Harrison Spring during the late summer and early fall.  This 

will not be known until a summer dye trace is conducted to 

determine if the sinking waters of the West Fork contribute 

to most of the flow of Tuma Spring.  A discharge 

measurement of Tuma Spring and the upper West Fork 

before the sink point would be useful in quantifying the 

percentage of spring water discharge that could be directly correlated to the flow of the 

river.       

 

SUMMARY AND CONCLUSIONS 

 
The purpose of this investigation was to delineate the surface watersheds that 

provide recharge to springs within the pristine reaches of the upper West Fork of the 

Stones River.  Springs in this area provide essentially all of the flow of the upper West 

Fork during late summer and early fall when the river above the springs goes dry.  

Therefore, protecting the water quality of the springs insures protection of the river during 

drier months.  A total of eight ground water (dye) traces were conducted for this project 

of which seven were successful.  Traces were conducted to five springs in which no 

previous knowledge existed as to the source of the spring flow.   

 

Photograph 9 

Photograph 10 



One successful trace was conducted to Three Rivers Spring which is one of the 

two springs that form the head of Spence Creek during dry conditions when the creek is 

above the springs is dry.  Barfield Springs, located about a mile upstream of the 

confluence of Spence Creek and the West Fork, is one of the largest springs in the 

County.  Two dye traces were conducted to this spring enabling delineation of perhaps 

two-thirds of the spring’s ground water basin.  Tuma Spring is located upstream of 

Barfield Spring and forms the head of the upper West Fork during the summer and early 

fall.  No successful traces were conducted to Tuma Spring, but the results of the other 

traces has led to the conclusion that most of the water emerging from Tuma Spring is that 

of water that sinks into the bed of the Stones River several miles above the Spring.  

Tracing provided valuable information on the source of the water for two springs that 

contribute most of the flow of the sinking river during the dry months.  These two springs 

are Fontaine Spring and Harrison Spring. Two successful traces were conducted to 

Fontaine Spring and two more traces were conducted to Harrison Spring which is the 

larger of the springs.  Although these two springs are outside of the Urban Growth 

Boundary, their combined  water quality is believe to largely affect the water quality of 

Tuma Spring that is located within the City.  The results of the ground water tracing now 

provide subterranean drainage information on about 10 square miles of the City and 

County in which no previous knowledge existed.    

 

RECOMMENDATIONS 

 

 The last three years of investigating ground water flow paths in Murfreesboro 

have provided valuable insight to possible sources of ground water contamination within 

nearly fifteen different spring drainage basins.  Generally, the winter and spring are the 

best seasons to conduct dye tracing when storm water is entering sinkholes during rain 

events.  The results of this year’s investigation show that tracing is necessary during the 

late summer and early fall when the upper West Fork of the Stones River and upper 

Spence Creek go dry.  This will be the only way to determine the source of Tuma Spring 

and most of the flow of Three Rivers Spring.  The sinking waters of Harrison and 



Fontaine spring could be proven to provide the base flow of Tuma Spring.  It may also be 

possible to prove that the western side of the Marshall Knobs in Barfield Park contributes 

flow to the spring.  Therefore, it is recommended that this research be continued for a 

fourth year with these springs being the focus of the investigation.  In addition, at least 

two traces should be conducted along the dry reaches of Bear Branch during the summer 

months to determine if it is hydrologically connected to Lufkin Spring and/or Ayers 

Spring.  
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Summary of Laboratory Results 
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APPENDIX D. 

 

 

Dye Tracing Result Figures 
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Figure 1.  Conceptual geologic structure model of the study area.	
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Figure 2.  Stratigraphic column of the study area (adapted from Farmer and Hollyday, 1999). 
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Figure 3.  Ground water tracing results for Three Rivers Spring.
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Figure 4.  Ground water tracing results for Barfield Spring.	
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Figure 5.  Ground water tracing results for Fontaine Spring.	
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Figure 6.  Ground water tracing results for Crescent and Harrison springs.  		 
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