Using Geochemical Analysis to Compare Cave Hollow Spring and Big Sinking Creek
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Introduction Methods and Results Key Points
Oil has been extracted in Kentucky since 1818, with Site Name [Calcium, Dissolved by ICP (mg/L) |Chioride (mg/L) |Sodium, Dissolved by ICP (mg/L) [Magnesium (mg/\) [TOC (mg/L) 6/4/24 [TOC (me/L) &/25/24 1. Sites in Big Sinking Creek have higher concentrations
approximately 190,000 wells drilled over the years. Our Site 4 25.7 1.52 134 223 1 1.6 of calcium, chloride, sodium, magnesium, and total
study area lies in the Red River Gorge Geological Area Sitee = Ty o8 58 07 ra organic carbon (TOC) in comparison to the sites in Cave
. Site 6 26.7 1.57 1.28 2.28 0.7 1.4
. . . . . Site 7 27.4 2.47 1.86 2.42 0.71 1.3 g . . p .
This area is characterized by its karst landscape and is Site 8 385 516 18 257 0.66 1.2 Hollow Spring which supports the hypothesis.
prone to the formation of caves and sinkholes. The Big e I B = = —= =
Sinking oil field, Kentucky’s only giant oil field, lies just 1.5 Site 11 12.2 86.8 22 251 2:69 = 2. Contamination is occuring and will need to be
: : - Figure 1. The results shown come from tests conducted in the Kentucky Geological Survey Water Lab using water samples collected in the field. : - :

km East of our study area. Discovered in 1916, the Big stopped to prevent any further contamination. We think

o . o ' . Water samples were collected using a syringe with a 0.45 micron filter on the end. Each container was rinsed 3 times with the filtered water and ) . ) ] ] )
Slnklng oil field pI‘OdUCEd over 100 million barrels of oil then filled with the filtered water. Samples were stored in a refrigerator upon returning to KGS. The tests ran include Total Nitrogen (TOTN), Total that the contamination is coming from the oil field but it
from 1918 to 2000, with peak production occurring in Phosphorus (TOTP), Total Organic Carbon (TOC), cations, anions, and heavy metals. would need to be confirmed through further testing.

1919 (Nuttall 2001). Contamination by material from the
oil field could lead to increased salinity, which would lead
to issues for agriculture, water quality, wildlife, and
aquatic ecosystems. Due to the proximity of the Big
Sinking oil field to our study area, we aimed to determine Figure 5. Pipe a few feet downstream of Site 8.
if local water resources were affected by contamination
from the oil field through geochemical analyses. We
hypothesize that there will be a difference when
comparing the sites along Big Sinking Creek to the sites
in Cave Hollow Spring.

Figure 2. Component plot of water samples at each sample site Figure 3. lon Composition of Water Samples. Sites 9 to 11
generated during the PARAFAC analysis in R studio. The analysis plot in the same area away from sites 3 to 8 indicating a
uses EEM data to separate dissolved organic matter difference between the sites when comparing them to .
Study Area components. each other. Conclusion/Future Work
Site 3 6/4/2024 Site 3 6/25/2024 Site 4 6/4/2024 Site 4 6/25/2024 Site 5 6/4/2024 Site 5 6/25/2024 There is a difference between the sites in Cave Hollow

Spring and Big Sinking Creek when comparing them to
one another. They also differ from each other when
comparing the sites to the results of a brine analysis from
Site 6 6/4/2024 Site 6 6/25/2024 Site 7 6/4/2024 Site 8 6/4/2024 Site 8 6/25/2024 Site 0.6/4/2024 the Big Sinking oil field. The total dissolved solids (TDS)
analysis reported by Freeman (1941) concluded that the
brine consists of sodium, calcium, and chloride. From our
testing, the sites in Big Sinking Creek have a higher
concentration of these elements than the sites in Cave
Hollow Spring. Calcium is 11.1 to 16.5 mg/L higher,
chloride is 81.53 to 88.72 mg/L higher, and sodium is
36.64 to 40.19 mg/L higher. The samples indicate that
there is contamination, but further testing would be

needed to confirm if the brine is causing the
Figure 4. Fluorescence graphs showing how each sample plots according to their excitation and emission. These plots are able to show i inati Furth i inati Id tivel
the amount of dissolved organic material that is present in each sample. The more color the graphs have, the more dissolved organic contamination. Further contamination could negatively

material that is present. impact the land by making it harder to use for agriculture,
decreasing vegetation which would impact wildlife,
degrading water quality which would affect those who
use that water and aquatic ecosystems.

Site 10 6/4/2024 Site 10 6/25/2024 Site 11 6/4/2024 Site 11 6/25/2024 Burgin Spring Royal Spring

Acknowledgements

| would like to thank all the other interns and the mentors for making this summer great. This has been a great experience for me. | would also like to thank Jason Freeman, L. B., 1941, Big Sinking Field, Lee County, Kentucky: Tulsa, Oklahoma, American Association of Petroleum Geologists, p. 166-207. | |
Backus and Andrea Connor for allowing Emelia and me to participate in lab work. | also thank Devan Robinson for help with ArcPro, Hudson Koch for help with R Nuttall, B., and Andrews, W., 2001, Historic Oil Fields of Eastern Kentucky and Big Andy Ridge, in Kentucky Society for Professional Geologists, Annual Field Trip
studio, Carrie Pulliam and John Hickman for data on oil and gas, and Shelby Fulton. Anyone who had a part in helping with the internship for field trips, Guidebook: Lexington, KY, Kentucky Geological Survey, 39 p.

Wilson, J.W.,, Erhardt, A.M., and Tobin, B.W., 2022, Isotopic and geochemical tracers of groundwater flow in the Shivwits Plateau, Grand Canyon National Park, USA:

workshops/seminars, and everything else. Lastly, to Paul Potter for making this internship possible.
Hydrogeology Journal, v. 30, p. 495-510, doi:10.1007/5s10040-022-02450-3.




