






 15
 

 

 

Figure 2 – View of Edna’s Dome and tripod collection set-up.  The height of the tripod is 
approximately 1.5 meters.  Photo by Nathan Talley 

 

Use of GIS and topographic overlays revealed the location of Edna’s Dome in 

relation to the surface topography.  The dome is beneath the sandstone/limestone contact 

which is so typical to vertical shafts in the vicinity of Mammoth Cave.  The surface 

position of Edna’s Dome is located beneath an area approximately 50 meters northeast 

from Highway 70 around 2 ½ kilometers from the park entrance road from Cave City 

(Figure 3).   
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HWY 70 

Figure 3 – Edna’s Dome location and other nearby shafts relative to surface. 
 

Collection equipment was placed inside of Edna’s Dome beneath a stream of free 

falling water in order to monitor the physical parameters of pH, SpC, flow rates and 

temperature.  The graphed data from this site is labeled FF to denote Free-Falling water 

measurements.  A site monitoring surface film waters was selected at an area named the 

Water Clock, located about 30 meters north direction from Edna’s Dome.  Here a 

perennial water flow occurs beneath a small opening in the ceiling located approximately 

0.75 meters above the sampling equipment.  The graphed data from this site is later 

referred to in the results section as WW to denote Wall Water measurement readings.  

Figure 4 gives an overview of the vertical shafts located in the immediate vicinity as well 

as the locations of the sampling sites. 
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Figure 4 – Cave map showing location of Edna’s Dome and near-by shafts. 
 

Field Methods 

 At each sampling site an electronic tipping bucket rain gauge was modified to fit 

on top of a standard tripod.  Holes were drilled into the bottom of the rain gauge and 

screw-mounted to the top of the tripod.  Each tripod was then placed beneath the water 

collecting sites on the uneven rock surfaces allowing for continuous water collection.   

One end of an approximately 1 meter length of Tygon tubing was secured to the 

base of the rain gauge.  The other end was placed in the bottom of a 250 mL sample 

bottle that was attached by cable ties to one leg of the tripod.  Within this sample bottle a 

specific conductance (SpC), temperature and pH probes were placed to record data to a 

Campbell Scientific (CSI) CR10X data logger (Figure 5). 

The CSI CR10X data logger was housed within a waterproof case along with a 

battery supply for both the data logger and the data collection probes.  One of the most 

problematic situations of data collection within this environment was the ubiquitous high 

humidity (90 – 100%) and moisture levels throughout the study period.  A desiccant was 
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placed in each case to combat the effects this potentially has on sensitive electronic 

equipment.  Each desiccant was replaced at each data download period. 

 

 

Electronic rain gauge 

Sealed Cable 
Housing 

Electronic cable feed 
to data logger 

250 mL sample bottle 
containing pH, 
temperature and SpC 
probe 

Figure 5 – Field set up of data collection equipment located at the Water Clock.  This exact 
array was also set up in the Edna’s Dome study site.  Photos by Nathan Talley 
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Battery Supply 

Desiccant 

Data Logger 

Figure 5 (continued) – Field set up of data collection equipment located at the Water Clock.  This 
exact array was also set up in the Edna’s Dome study site.  Photos by Nathan Talley 

 

With respect to the wetness associated at each sampling site, additional 

precautions were necessary for the electronic cables that ran from the data logger to the 

data collection probes.  The connection points between the probes and the data logger 

were sealed with electrical tape then placed within a 250 mL sample bottle inverted and 

attached to one leg of the tripod.  To keep it completely water tight inside this makeshift 

cable housing, the end of the sample bottle was filled with silicone gel.  The point of 

entry for the electronic cables into each equipment case was also sealed with silicone to 

keep out unwanted moisture.  See Figure 5 for data collection site set-up and layout 

specifications. 

Data Monitoring Methods 
 
 In order to understand the relationships and fluctuations of the aqueous 

geochemical data, key physical parameters were monitored from May through August 

2002 by electronic sensors linked to digital data loggers.  With slight modifications of 

electronic monitoring protocols used elsewhere in MCNP (Groves et al., 1999) pH, 
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specific conductance (SpC), temperature and flow rates of both free falling and surface 

film waters for the shafts were recorded with a fifteen-minute resolution.  A CSI CR10X 

data logger controlled and monitored sensor signals. 

 The free falling and surface film water within the shafts were monitored for the 

chemical parameters of pH and SpC values.  Physical parameters such as temperature and 

relative flow rate of incoming water were also monitored.  All data values were collected 

and recorded by the CSI CR10X.  Within the 250 mL sample bottle to which the Tygon 

tubing was directed, a CSI 247-L specific conductance and temperature sensor, along 

with a pH probe, recorded measurements.  Flow rate values were collected by the 

electronic tipping bucket rain gauge.  Each tip of the bucket delivered the equivalent of 

1/100th of an inch of water entering the gauge’s opening and subsequently draining 

through the attached Tygon tubing to the sampling bottle.  The data logger reports these 

flow rate readings as tips/15 minutes. 

Every two weeks SpC, temperature, flow rate and pH data were downloaded from 

the CSI CR10X data logger.  The SpC probe was then recalibrated at the field site to 

ensure minimal shift in the collection of data.  This also helped ensure equipment was 

still monitoring correctly.   

The pH probe values were recorded as millivolts within the data logger.  These 

electrical values could be correlated with calibration of pH sample standards of 4.01, 7.00 

& 10.00.  When tested and graphed in pre-lab testing of pH measurements for this study 

these correlations provided a near perfect linear fit.  A linear regression of the points 

revealed r2 values of the points were 0.9996.  With such high r2 values, the pH electrical 

millivolt data could be converted to a relevant pH value with use of the equation of a line: 
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Equation 1 – Line Equation for calculation of pH 

 
                                      y=mx + b                                  (1) 

Where y = pH, m = slope, x =millivolt reading and b = y intercept  

At the end of each sampling period the pH probe was also recalibrated on site 

using a 3-point calibration method utilizing 4.01, 7.00 & 10.00 standards as the 

calibration parameters.  The numeric data provided for each of the three parameters 

would then become the anchor points to which the line equation for the next two weeks 

data would be based.  Therefore, each sampling period required a separate line equation.   

 

Surface Rainfall Data 

One final parameter of data was required to determine the effect that storm events 

and/or drier weather patterns would produce on the fluctuations of both free falling and 

surface film waters.  The collection of rainfall data would provide indication of such 

events.  The Science and Resource Management Division at Mammoth Cave National 

Park continually collect rainfall data with a five minute resolution.  Rainfall data are 

reported with values of mm/5min at the Houchens Meadow air quality monitoring station 

about 8 km southwest direction from the Edna’s Dome field site.  These data were 

obtained and graphed alongside pH, SpC, flow rate and temperature values providing a 

direct comparison of an influx of meteoric water to the system to measured water 

parameters. 
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CHAPTER 3:  RESULTS 

Specific Conductance 

 The table and graph below illustrate Edna’s Dome sampling sites FF (FF – Free 

Falling) & WW (WW – Wall Water) for SpC values over the four month study period. 

 

SPECIFIC VALUES FOR SpC FROM MAY TO AUGUST 2002 

SpC Data FF Site WW Site 

Minimum  0.057 ms/cm 0.127ms/cm 

Maximum  0.204 ms/cm 0.238 ms/cm  

Average  0.164 ms/cm  0.226 ms/cm 

Table 1 – FF & WW minimum, maximum and mean SpC values during study period 

 
Figure 6 – Graphed results of SpC values at both WW and FF sampling sites. 
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Specific Conductance related to this study can be defined as how well water can 

conduct an electrical current.  Conductivity increases due to an increase in the amount 

and mobility of ions within the water.  The ions conduct electricity because they are 

negatively or positively charged in the water (USGS, 2007).  The generations of these 

ions occur from the breakdown of compounds.  One primary source of ions introduced 

into the cave water system in the Mammoth Cave region (MCR), is the dissolution of 

limestone (CaCO3).  As limestone is dissolved by carbonic acid (H2CO3) the products are 

Ca2+ and HCO3
- in water.  The increase of these ions in turn increases the conductivity of 

the water.  Therefore, specific conductance can be thought of as an indirect measure of 

dissolved solids.  While limestone dissolution is not the only source of ions introduced 

into the water system of the cave, it contributes greatly to specific conductivity 

measurements.   

Specific conductance is measured using a sensor which measures resistance, or 

how well something can resist an electrical current.  The standard units used in reporting 

SpC is siemens.  Because natural waters are generally much less than one siemen in the 

MCR, SpC units are reported in millisiemens (ms – 1/1000 siemen) (USGS, 2007). 

The following observations were made regarding the data for SpC: 

I.  At all monitored and sampling periods WW SpC values exceeded the concurrent 

measurement for FF SpC values. 

II. The SpC values drop with similar timing in both the WW and FF sampling sites. 

III. The amplitude of the WW SpC line shows a drop in mid-spring, but does 

decreases in amplitude wane and ultimately shows little to no fluctuation 

IV. during precipitation events as time progresses from mid-spring to late summer. 
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V. The amplitude of the FF SpC line shows a drop that remains similar in behavior 

throughout the time during seasonal progression. 

VI. Over time the general trend of WW SpC values only increases slightly. 

VII. Over time the general trend of FF SpC values show a more pronounced 

increase. 

FF SpC values showed the most direct response with storm events in addition to 

higher flow rates.  The minimum FF SpC value occurred just after a late spring storm 

event on May 17th.  Fluctuations of FF SpC values during storm events demonstrated a 

dramatic shift in values within short periods of time.  The largest single drop in a FF SpC 

was from 0.144 ms/cm to 0.083 ms/cm in a fifteen minute sampling interval.  The 

maximum FF SpC value occurred near the end of the study period in late summer.  FF 

SpC values throughout the study exhibited a pronounced decrease in values during storm 

events. 

WW SpC values also demonstrated the most fluctuations during storm events and 

increased flow rates.   The largest single drop in WW SpC values was from 0.198 ms/cm 

to 0.150ms/cm in a fifteen minute sampling interval, which also occurred during the 

storm event on May 17th.   The largest maximum SpC data point for the WW site also 

occurred near the end of the study period with a value of 0.238 ms/cm. 

Flow Rates 

 Flow rates during the study were determined via an electronic tipping bucket rain 

gage, from which water was delivered to the sample bottle recording pH, temperature and 

SpC measurements.  Flow rates at these two locations of cave are directly related to both 

precipitation events and the storage of water in the vadose zone between the surface and 
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sampling locations.  In general, as more water is introduced into the system, the rate at 

which water flows into the cave increases, however there are differences in the responses 

at the two sites, that vary over the spring and summer seasons.  This indicates that 

although the two sites are laterally close to each other in the cave, there are relatively 

complex differences between the flow paths and storage that create different responses 

(which vary at different times) at the two sites from the same rainfall inputs.     

Flow rates for both WW and FF sites correlated well with precipitation events.  

The FF site demonstrates a higher sensitivity to fluctuation during storm events than its 

WW counterpart.  The exception to this appears to be in the early data from mid-spring 

when WW sites showed a greater degree of response than FF sites (See Figure 7). 

 Response times varied throughout the study period.  Both sites were analyzed 

during storm events.  See Table 3 for the breakdown of both sites reaction times. 

Flow rate response times to storm events varied throughout the study period.  

Both sites were evaluated regarding their individual reactions to eight larger storm events 

over the course of the study.  Table 3 provides a list of these storm events and each 

respective study site times of response.  The response times for FF Storm Events #2 & #4 

were estimated based on change in SpC levels.  Storm Event #2 showed a 23% decrease 

in SpC levels within one 15-minute sampling period.  Storm Event #4 showed a 12% 

decrease within one 15-minute sampling period. 
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Figure 7 – Graphed results of flow rates for both WW and FF sampling sites. 
 
Variations in pH 
 

Storm  
Event 

Julian Day 
of 

Storm 

Storm 
Duration 
(Hours) 

Precipitation 
Amount 

(mm) 

WW 
Response 

Time 
(hours) 

FF 
Response 

Time 
(hours) 

1 137 3.2 19.812 3.70 N/A 
2 137 2.9 28.956 1.70 1.40 
3 163 0.5 19.304 3.40 1.20 
4 164 2.9 23.622 1.75 1.25 
5 190 – 191 3.1 22.606 3.50 0.75 
6 194 3.8 20.066 3.70 3.70. 
7 226 2.3 22.606 Non-Detect Non-Detect 
8 237 - 238 3.25 26.67 4.25 2.75 

 
Table 2 – Response times for WW & FF sites during storm events 
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Quantification of pH is essentially the measure of the activity of dissolved 

hydrogen ions.  Water above a pH of seven is reported as basic, while water below a pH 

of seven is acidic.  For water measuring a 7.0, it is said to be neutral.  There are a variety 

of factors that control pH in the MCR.  Among the most significant reasons are pollutants 

in the air that lead to the production of acid rain which reduces pH levels.  Typical pH for 

rain water is approximately 5.5, however, due to gases in the air that react with storm 

water pH values in the MCR can measure as low as 3.5.   

Another major factor in pH readings occurs as water comes in contact with 

carbonate rock.  Hydrogen ions are consumed during the dissolution of limestone.  As the 

activity of hydrogen ions decrease the pH levels increase.  Therefore, longer exposure to 

limestone rock will quickly buffer acidic waters to a more neutral, and in some instances, 

basic state depending on length of exposure times. 

The pH values behaved differently for each site.  WW pH values always exceeded 

the concurrent measurement for the FF site throughout the entire sampling period.   In 

general the WW pH measurements seemed to decrease over the course of the study as the 

FF pH measurements seemed to increase. 

As found in the FF SpC vs. WW SpC values, the FF pH measurements also 

fluctuated with a greater degree and frequency than WW pH sites.  The difference in the 

maximum and minimum pH values for FF was 0.9 units as compared to the difference of 

0.4 units found in the WW samples. 

Tables 4 and 5 following give specific values for pH levels recorded over the 

course of the study.  Graph 4 provides a more detailed view of pH levels and fluctuations 

over the course of the study.  The average pH values were calculated by converting pH 
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into the actual measurements of H+.  These H+ values were then averaged and then 

converted back to pH to provide the most accurate measurements. 

SPECIFIC FF pH VALUES FOR MAY THROUGH AUGUST 2002 

pH Data FF Site WW Site 

Minimum  6.6007 7.5213 

Maximum  7.5382 7.9848 

Average  7.3356 7.7186 

Table 3 – Minimum, maximum & mean pH values over study period 
 

 

 
Figure 8 – Graphed results of pH for both WW and FF sites. 
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Temperature 

SPECIFIC VALUES FOR FF TEMPERATURE FROM MAY TO AUGUST 2002 

Temperature Data FF Site WW Site 

Minimum Value 12.39!C 12.38!C 

Maximum Value 13.34!C 12.68!C 

Average Value 12.51!C 12.52!C 

 
Table 4 – FF  minimum, maximum & mean temperature values over study period 

 

Values for FF temperature appeared to be highly variable in the early spring, in 

response to rain events, but ultimately showed less pronounced fluctuations into summer 

(Figure 9).  The temperature values increased during precipitation events until summer 

began even though summer precipitation events produced higher flow rates and lower 

SpC readings.  The temperature changes occurring during the spring were directly 

correlated to storm events.  Overall, temperature fluctuations for this parameter were 

extremely small only resulting in 0.95!C range in the FF site and a range of 0.3!C for the 

WW site over the 4 month sampling period.  Both FF and WW temperature 

measurements averaged nearly identical at 12.51!C and 12.52!C respectively. 

Values for WW temperature demonstrated a very slow increase over the sampling 

period from May through August.  WW temperatures were initially cooler than FF 

temperatures in the spring; however they shifted to become warmer than FF by early June 

and remained warmer than FF values for the remainder of the sampling period.  The 

summertime fluctuations of temperature were only on the order of approximately 0.1!C.   
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 Temperatures seemed to overall be fairly well equilibrated by the time they 

reached the cave system, especially in the summer months. 

 

 

 
 
Figure 9 – Graphed results for temperature at both WW and FF sites. 
 

  



 31
 

 

 

 
 
Figure 10 - Storm event results for WW site over a three day period 
 
 

 
 
 

Julian Date

Figure 11 - Storm event results for FF site over a three day period 
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 The preceding graphs (Figures 10 and 11) illustrate the variations of monitored 

parameters for a two storm event over a three day period.  The WW graph (Figure 10) 

indicates the site showed very little change in parameters during the first storm event.  

These small increase in flow rates, nearly neglibile drop in SpC, unchanged temperature 

and decreases in pH  occurred approximately 3.5 hours after precipitation began.  As the 

second wave of precipitation occurred a few hours later the response time decreased at 

the WW site to 1.75 hours.  During this event that occurred just shortly after the first 

storm the WW site parameters were much more volatile.  Flow rates increased ten fold, 

SpC levels decreased 20% and temperature showed a very small decrease.  In this 

instance however pH levels increased slightly 0.1 unit. 

 The FF site (Figure 11) demonstrated pronounced differences during each event.  

SpC levels dropped nearly 30%, pH levels dropped over 0.2 units and flow rates 

increased 100% during the first storm event.  Reaction time to the event was 1.20 hours.  

Temperature was the only parameter that did not fluctuate near the amount other 

parameters did.  It showed only the slightest increase.  During the second storm event all 

monitored parameters showed large variations.  Response time to the second event was 

nearly the same at 1.25 hours.  SpC levels decreased 47%, pH nearly 0.5 units and 

temperature 0.2C.  Flow rates also increased considerably.  The influx of water into the 

monitoring site flooded the rain gauge to the degree that the gauge was incapable of 

emptying water as quickly as it was coming in.  This yielded spurious data which was 

removed from the graph.  While accurate measurements were not ascertained it is of 

certainty this second event caused a great increase in flow rates.  
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CHAPTER 4:  DISCUSSION & CONCLUSIONS 
 
 
Flow Rates and SpC 
 

The SpC rates at the WW site were always higher during both fifteen minute 

monitoring intervals and bi-weekly sampling.  It was hypothesized that the WW site had 

a greater degree of water to rock contact than the FF site.  This is unproven as the outlet 

for the WW water is only visible approximately 1 meter above the collection site.  

However, given that data indicate SpC levels are always higher at the WW site it would 

seem a greater degree of water-rock contact is present along the flow path.  This greater 

contact would have a greater propensity to dissolve limestone and therefore have higher 

SpC levels than the FF site which by observation has no water-rock contact the last 30 

meters before reaching the sampling site. 

The behavioral patterns of SpC measurements overall revealed an increasing trend 

at both sites as the season progressed.  One likely explanation may be related to microbial 

activity within the soil.  During the winter and cooler times of the year soil microbes are 

much less active.  As temperature rises, so does the activity of the microbes.  These 

microbes, in turn, will consume more organic material and as a consequence produce 

more carbon dioxide.  As carbon dioxide builds in the soil during the warming in 

seasonal transitions, water will have the propensity to become more infused with the 

carbon dioxide.  This produces water with a greater ability to dissolve the underlying 

limestone.  As more limestone is dissolved the SpC will increase. 

Relating specifically to the WW site, SpC data indicate that it has longer contact 

with the rock than the FF site.  This longer contact provides the WW site opportunity to 

reach a state that is much closer to equilibrium than the FF site which has less water to 

              33 
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rock contact.  Due to this increased contact with the rock over time, the water at the WW 

site does not show as pronounced increase in SpC levels over time as the FF site. 

Both sites exhibited a direct correlation to precipitation events that increased flow 

rates at each site.  The amplitude for the FF site demonstrates that during storm events 

over the mid-spring to later summer seasonal progression SpC levels show pronounced 

decreases.  The WW site data show SpC levels are impacted primarily in the mid to late 

spring.  As summer ensues and progresses SpC levels do not respond accordingly at the 

WW site.  One possible reason for this lack of SpC fluctuation during seasonal 

progression lies in the examination of flow rate data.  These data show the WW site is 

hardly impacted during storm events.  The FF site continues to show fluctuations in flow 

rates directly related to storm events.  Therefore, the WW site receives a much lesser 

influx of water related to storm events, the water is not as diluted as the water reaching 

the FF site during the same periods of precipitation.  Since the WW site water has not 

been influenced by meteoric water the SpC levels remain relatively high and show a less 

degree of fluctuation.   

During storm events both sites initially showed increased flow rates with a minor 

decrease of SpC values, but after the initial influx of storm water SpC levels show a 

much more dramatic drop when compared to pre-storm data.  One such example is the 

previously mentioned storm that occurred on June 13 (Julian date 164).  This storm 

increased flow rates at both sites.  The WW flow rates increased from 36 tips/min to 141 

tips/min.  The FF site flow rates increased so great the gauge became flooded and was 

unable to accurately measure flow rates.  While flow rates increased 290% at the WW 

site and FF flow rates were off the chart,  SpC levels dropped only 3% at the WW site 
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and 11% at the FF site during the initial surge of storm water.  However, 15 minutes after 

the increased flow rates began, SpC readings had dropped 20% at the WW site from the 

pre-storm data and the FF site showed a 49% decrease in SpC values from pre-storm 

data.  The relatively minor SpC fluctuations with the initial surge of meteoric waters 

would seem to indicate the influx of surface water draining into the cave system is 

pushing stored waters in the feeder tubes for the shaft ahead of it demonstrating a piston-

flow component of the hydrology.  These stored waters would be much closer to an 

equilibrium state than water directly occurring during precipitation events due to being in 

contact with the limestone for longer periods of time.  Once these stored waters are 

pushed out, SpC levels drop dramatically as the precipitation water is rapidly moved 

through the feeder conduits – resulting in less water to rock and contact and therefore 

lower SpC levels at both sites. 

Response times to storms based on SpC and or flow rate data increase for the FF 

site over the course of the study.  On average late spring response is approximately 1.25 

hours while by late summer response time grows to approximately three hours.  One 

reason may lie in the fact that by mid to late summer vegetation is at its peak of moisture 

absorption and evapotranspiration.  Precipitation from storm events occurring during this 

time may be hindered in its movement to the subsurface strata conduits by soils and 

plants that are more moisture starved than in spring months. 

While FF response times were fairly close in the spring and again more closely 

aligned during mid to late summer months, WW site response times seemed to vary.  

During some storms response time was approximately 1 ¾ hours while others were 

nearly four hours.  One conjecture that may be drawn from such large differences in 

  



 36
 

 
response time may lie in the timing of storm events.  Examination of the data show that 

when storm events occur within a very short time of each other (i.e. ~ 12 hours) response 

times at the WW site were much faster than in storm events that were separated by long 

time intervals.  These close storm events may more heavily saturate the soil.  This in turn 

would provide less uptake of water by plants and soil and a greater influx of water into 

the cave system. 

WW site response times did modestly increase as spring turned to mid-late 

summer with the longest response time occurring during storm events near the end of the 

study period.  However, these changes were much smaller than the FF site, which 

fluctuated more in every category than the WW site. 

 One instance, during a storm event occurring on the mid-summer day August 14, 

(Julian Day 226) neither FF nor WW sites experienced any increase in flow rates or 

decrease in SpC values.  The storm lasted approximately two hours and dropped over 22 

mm (0.89 in.) of rain.  There are two speculations as to this reason.  One is that the last 

storm event prior to this, producing significant rains, occurred nearly one month earlier.  

During this time, both soils and plants would become dryer.  During the storm event that 

occurred on August 14 the precipitation would have been readily soaked up by both soils 

and plants.  This would leave only the most minimal waters to making it into the cave 

system.  The second conjecture lies in the location of the rain collection site.  Mammoth 

Cave National Park’s monitoring site is located a few miles straight line distance from the 

study site.  It is possible that the weather monitoring station received an isolated storm on 

this day while the study site did not. 
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Temperature 

 Temperature values during the course of the study varied little at each site.  The 

WW site varied 0.3 °C and the FF site varied 0.95°C.  WW temperatures showed no signs 

of change during storm events.   Instead WW site temperatures showed a slight, yet 

continual, temperature increase occurring during the change from spring to summer.  By 

the end of the study period in August the rising temperature trend was starting to 

decrease.  It is difficult to extrapolate whether or not this is a cyclic occurrence that 

occurs during the progressions of the seasons without a longer study period. 

 The gradual warming of water temperature at the WW site may be directly related 

to a correlation of cave temperature.  Average cave temperature is 12°C.  However, even 

at locations far from entrances cave temperature does fluctuate.  The slightly warmer 

temperatures occur in the summer while the slightly cooler occur in the winter.  One site 

in Mammoth Cave for which data temperature data exists is Wright’s Rotunda.  This site 

is located approximately 2.5 km from the Historic Entrance to Mammoth Cave.  Even 

here, relatively deep into the system, air temperature can vary as much as 0.4°C over the 

course of the year (Jernigan, 2008).  Since the WW water has more continual contact 

with the cave walls, it is possible it may experience some of the same behavioral patterns 

of a fluctuating cave temperature. 

The FF site showed the greatest amount of temperature fluctuation during late 

spring storm events.  It is perhaps during this time of pre-peak evapotranspiration and 

also higher soil moisture levels, water entering the cave system may still retain the 

smallest measure of outside influence related to temperature.  In part, this may be due to 

the degree of vadose saturation in the spring.  In general, the spring is among the wettest 
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seasons for south-central Kentucky resulting in a more saturated vadose.  The water 

received during storm events therefore is not absorbed by the soil.  In turn, the speed in 

which water enters the cave system is faster than in the drier months of summer where 

much of the water is absorbed in the vadose above the cave system.  The faster water 

enters the cave system from outside, the greater propensity it will have in retaining some 

of its surficial characteristics such as temperature.  However, these fluctuations amounted 

to less than 1°C.  What appears to be the general case is that water has fairly well 

equilibrated to the cave temperature by the time it reaches the study site, not only for the 

FF site but also the WW site as average temperatures at both sites only varied by 0.01°C 

over the four month study. 

Variations in pH 

 The pH values at the WW site only varied 0.4 units over the study period while 

pH values differed by 0.9 units at the FF site.  Again the FF site was more responsive for 

this parameter during the study.  FF fluctuations were also more closely related to storm 

events.  Just as SpC values dropped during storm events so did pH values.  This is most 

likely for the same reason – less water to rock contact time inhibits the water from 

becoming as buffered by the carbonate rock resulting in a lower pH.  Data from the 

Houchens Meadow air quality monitoring station shows average pH of rainwater to be 

approximately 3.5.  The water from storm events appears to have been buffered 

somewhat as the lowest pH readings at the FF site during precipitation events was 6.6. 

 WW pH values never dipped below 7.5 over the course of the study.  The reason 

for its lower responsiveness may lie in the characteristics intrinsic to the site.  The degree 

to how long and how much the water being measured at the WW site has contact with the 
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limestone is unknown.  However, it can be deduced through the pH readings gathered 

over the course of the study that it is quite substantial over the FF site.  Concurrent pH 

levels at the WW site were always higher than those of the FF site.  This seems to 

indicate the water is being buffered better through more continuous contact with 

carbonate strata.  This increased buffering leads to higher pH values at the WW site.  By 

the end of the study the WW site was showing virtually no change in pH values during 

storm events unlike the FF site.   

 Just as SpC values for the FF site generally increased over the course of the study, 

the same trend can be seen regarding pH levels.  Mid to late summer months appear to 

reduce FF’s ability to fluctuate as dramatically as earlier periods in the spring.  Flow rates 

are not as active and SpC values increase as does pH.  All of these parameters can be 

linked once again to soils and plants that retard the movement of water quickly to the 

subsurface.  This slowing of water movement increases the water to rock contact time 

and ultimately results in the previously aforementioned changes of flow rates, SpC and 

pH. 

Conclusions 

 Although both sites are located within meters of the same aquifer, they experience 

different behavioral patterns due to storm events and flow paths.  Previously conducted 

dye tracing of the area suggests that the FF site has a smaller drainage basin and is 

primarily fed by one tributary to a larger encatchment area that directly affects the WW 

site (Merideth and Talley, 2002).  Primarily flow rates and response times of SpC levels 

to storm events are parameters that demonstrate the highest degrees of fluctuations due to 

drainage. 
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 Water data of pH, SpC, temperature and flow rates  from the two sites provide 

information regarding the flow path above the shaft outlet.  An inference was made that 

the WW site has continuous water to rock contact and the FF site does not.  Visual 

inspection of the FF site easily determines the water has no rock contact for the last 30 

meters before its collection.  However, the WW site is only visible as a water outlet less 

than one meter above the collection site.  Data consistently suggest that the water 

apparently does indeed have a greater degree of water to rock contact when compared to 

the FF site as the pH and SpC values for the site always revealed a higher concurrent 

reading. 

 Overall, FF flow rates were much more responsive to storm inputs.  Over the 

course of the study, the FF site showed a higher degree of variability and response during 

storm events with regard to flow rates, temperature and SpC values. 

 WW temperature readings demonstrate an overall (yet small) warming trend 

during the progression from spring to late summer.  This may be a cyclic occurrence 

based on the shifting of seasons as seen in cave temperature data.  A longer study period 

or one that specifically examines autumn into spring may provide further insight and 

extrapolation regarding this parameter. 

 Future study may involve collecting additional water chemistry data pertaining to 

the quantification of cations and anions.  These data combined with temperature, pH and 

SpC values and existing equations for limestone dissolution may prove useful in the 

comparing and/or contrasting of limestone dissolution at two different sites within the 

same area of an aquifer.  Longer study periods collecting additional data parameters may 
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help provide answers to questions involving dissolution kinetics and seasonal behavior of 

aqueous geochemistry within this shaft area. 
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