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Abstract

The focus of this project is to develop a basis for future remediation by investigating the changes in soil chemistry, mineralogy, and structure
due to brine contamination at a historic site. The study area is a 14-acre brine contaminated Kill zone, located about 14 miles south of San
Angelo, Texas. The site is characterized by a lack of vegetation, salt crust, highly compacted soils, and low infiltration rates. Composite soil
samples were collected from each section, as well as one from both upgradient and downgradient of the kill zone. Macro and micro nutrient
analysis (i.e. total alkalinity, extractable calcium, chloride, total copper, extractable potassium, extractable magnesium, extractable sodium,
nitrate, total phosphorous, pH, SAR, sulfate, and total kjeldahl nitrogen), Scanning Electron Microscopy (SEM), and X-Ray Diffraction (XRD)
were used to characterize the soils. In the contaminated soils, concentrations of extractable sodium and chloride averaged 2,904 mg/kg and
6,086 mg/kg respectively, while the SAR averaged 25.89. XRD revealed that the dominant clay minerals in the background sample were
kaolinite and halloysite. Kaolinite and halloysite were also the dominant clay minerals found in the brine contaminated soils. SEM images of
the contaminated samples showed a drastic alteration in soil structure. The change in structure was caused by the excess sodium ions in the
brine, which replaced the calcium and magnesium ions in the clays. The larger sodium ions increased the distance between clay particles,
creating a repulsive force which pushed the clay particles apart, causing dispersion. Dispersion, in turn caused the plugging of the clay soils,
which resulted in decreased infiltration rates and compaction. Overall, the clay mineralogy remained relatively constant after brine
contamination, but the soil chemistry and structure were drastically altered.
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The focus of this project is to develop a basis for future remediation by investigating the changes in soil * Micro and macronutrient analysis included total alkalinity, extractable calcium, chloride, total copper, e SEM analysis was performed on both contaminated and uncontaminated samples to develop a better * XRD analysis was used to quantitatively investigate the minerology of the soils.
chemistry, mineralogy, and structure due to brine contamination at a historic site. The study area is a 14- extractable potassium, extractable magnesium, extractable sodium, nitrate, total phosphorous, pH, SAR, understanding of the clay mineralogy and soil structure. * Quartz and calcite were found to be the most abundant minerals present in the contaminated and
acre brine contaminated kill zone, located about 14 miles south of San Angelo, Texas. The site is sulfate, and total kjeldahl nitrogen. * The dominant clay minerals found in the background samples were kaolinite and halloysite. uncontaminated soils and one sample contained albite. However, as shown in Table 2 and Figure 14,
characterized by a lack of vegetation, salt crust, highly compacted soils, and low infiltration rates. » Concentrations of extractable sodium and chloride in the kill zone averaged 2,904 mg/kg and 6,086 * The kaolinite crystals in the background samples display distinctive layering and plate like geometry kaolinite and halloysite are the dominant clay minerals present in both the contaminated and
Composite soil samples were collected from each section, as well as one from both upgradient and mg/kg respectively (Table 1). (Figures 6-8). Figure 6 shows that one of the kaolinite crystals had individual layers that averaged uncontaminated soils.
downgradient of the kill zone. Macro and micro nutrient analysis (i.e. total alkalinity, extractable calcium, * The soil is classified as saline sodic as average SAR (25.9) is greater than 13, pH (7.62) is less than 8.3, EC approximately 0.537 um thick. * The concentrations of kaolinite (3.6% - 21.9%) and halloysite (2.6% - 22.6%) varied considerably across
chloride, total copper, extractable potassium, extractable magnesium, extractable sodium, nitrate, total (30.73 dS/m) is greater than 4 dS/m, and ESP (71.33%) is greater than 15% (Robbins et al. 1989). * The halloysite nanotubes in the background sample are highly disordered (Figure 9). the site, but no correlation was made due to the small number of soil samples.
phosphorous, pH, SAR, sulfate, and total kjeldahl nitrogen), Scanning Electron Microscopy (SEM), and X-Ray * Typically, plants cannot grow if soil pressure exceeds 300 psi; however, average soil pressure in the Kkill * Overall, XRD analysis reveals that brine contamination likely had little affect on the mineralogy of the soil.
Diffraction (XRD) were used to characterize the soils. In the contaminated soils, concentrations of zone was well over 500 psi.
extractable sodium and chloride averaged 2,904 mg/kg and 6,086 mg/kg respectively, while the SAR  Overall, micro and macronutrient analysis revealed that there are many deficiencies and surpluses likely Table 2: XRD analysis by sample ID
averaged 2?.89. XRF) revealed that t.he dominant clay mlnferals in the I?ackground sa_mple wgre kaolinite affecting pI.ant growt.h and soil structure. Howe\(er, t.he most.problen.matlc. is prgbably the high . Upgradient Section 1 Section2 _ Section 3 Sectiond _ Section 5 Downgradiont
and halloysite. Kaolinite and halloysite were also the dominant clay minerals found in the brine concentration of sodium. Due to the excess sodium in the brine, sodium ions likely replaced the calcium Quartz 58.7% 58 0% 49.3% 59 5% 55 2% 73.3% 78.3%
contaminated soils. SEM images of the contaminated samples showed a drastic alteration in soil structure. and magnesium ions in the clays. Since sodium ions are much larger than calcium and magnesium ions, Calcite 20.3% 23.9% 39.59% 8.0% 17.6% 10.7% 15.5%
The change in structure was caused by the excess sodium ions in the brine, which replaced the calcium and the distance between clay particles increased, creating a repulsive force which pushed the clay particles Kaolinite 14.9% 14.9% 4.5% 6.3% 21.9% 10.7% 3.6%
magnesium ions in the clays. The larger sodium ions increased the distance between clay particles, creating apart causing dispersion of the soil. Dispersion is problematic as it destroys soil structure, causing Halloysite 6.0% 3.3% 6.7% 22.6% 5.2% 5.3% 2.6%
a repulsive force which pushed the clay particles apart, causing dispersion. Dispersion, in turn caused the compaction, low infiltration rates, and the development of a salt crust, all of which are exhibited at the Albite 0.0% 0.0% 0.0% 3.7% 0.0% 0.0% 0.0%
plugging of the clay soils, which resulted in decreased infiltration rates and compaction. Overall, the clay site (Robbins et al. 1989). These characteristics prevent plant growth and lead to erosion of the top soil.
mineralogy remained relatively constant after brine contamination, but the soil chemistry and structure * The replacement of calcium and magnesium ions by sodium ions is supported by the Ternary and Piper » & or AR
were drastically altered. Diagrams in Figures 3-5, as they show high concentrations of sodium ions in comparison to the low A ‘ r 90.0%
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