Introduction

At many sites in the U.S. subsurface groundwater has been contaminated with chlorinated solvents in the form of nonaqueous phase liquids (NAPLs). Upon release NAPLs will travel downward into aquifers because of gravity and capillary forces. Traditional pump and treat methods have proven to be ineffective for remediating NAPL contamination zones. In an effort to clean up these contaminants, many innovative remediation techniques have been developed. Many of the methods utilize natural bacteria, either aerobic or anaerobic, to degrade the contaminants. Vegetable oil is being investigated for use as an organic substrate to enhance in situ reductive dechlorination of chlorinated solvents. Vegetable oils have been tested at a pilot scale at numerous Air Force sites, and while reductions in contaminant concentrations near injection points have been achieved a complete understanding of the processes at work is lacking. 

For example, problems with groundwater flow and solute transport due to the vegetable oil and biomass clogging of the porous media may occur. Changes in groundwater velocity, which is dependant upon hydraulic conductivity, affect both the aquifer discharge and the rate of migration of dissolved chemicals (Bielefeldt, 2002). The flowing groundwater transports nutrients and electron acceptors that are imperative for bacterial growth; therefore, changes in conductivity could significantly impact the fate of the contaminants in the subsurface.  Further, it is probable that changes in the pore characteristics due to biomass growth affect dispersivity and thus may cause a change in the spread of contaminants (Bielefeldt, 2002). Neglecting such bio-induced changes could lead to errors in clean up efforts. Thus, it is important that the clogging effects of both the vegetable oil and biomass be understood. To further understand these processes, flow cell experiments will be performed to evaluate the effect of vegetable oil LNAPL and the resulting biomass growth on the vegetable oil, on the hydraulic conductivity and dispersivity of sand.

Background


When chlorinated solvents are released into the subsurface indigenous bacteria in the soil have the capability to degrade these compounds as a growth substrate (Bielefeldt, 2002). The limiting factor of anaerobic biodegradation at many sites contaminated with chlorinated solvents is a lack of suitable electron donors. In recent years, enhanced anaerobic biodegradation has become a viable commercial remedial process for treating chlorinated solvents in groundwater. In order for enhanced anaerobic biodegradation to work an electron donor and supplemental nutrients must be present in order to stimulate the reductive dechlorination of chlorinated solvents (Harkness,1999). 

Previously, soluble electron donors such as lactate, molasses, or methanol have been used, however, these donors must be added continuously or semi-continuously in order to sustain activity. A more economical option is slow-release substrates, which can serve as a long-term source of organics by slowly dissolving into groundwater. Slow-release substrates require less frequent donor addition and therefore can have significant cost benefits over the continuous systems (Harkness,1999). Of the available slow-release electron donors, edible oils, which are a light nonaqueous phase liquid (LNAPL), prove to be the most cost effective. 

The use of vegetable oil to simulate biodegradation has been termed the VegOil Process. The vegetable oil itself and the subsequent biomass growth can change the pore characteristics that control the flow of water and transport of dissolved chemicals into soils by clogging the porous media. Hunter (2001) investigated the effect of vegetable oil on conductivity and reported that with a mere .9% amount of oil coated on to sand, there was a 27% decrease in conductivity. McEachren (1998) using one dimensional column studies found that biogrowth on decane and naphthalene decreased hydraulic conductivity by 1-3 orders of magnitude. McEachren also found that dispersivity was increased from .03-.06 to .3-.35 cm due to biogrowth.  Taylor and Jaffe (1990) also found that biofilm growth showed order of magnitude increases in longitudinal dispersivity. 

Problem Statement and Scope

Clogging due to the vegetable oil and bacterial accumulation may have a negative affect on groundwater flow and solute transport. Therefore, the purpose of this project will be to investigate the various clogging effects of both the LNAPL vegetable oil and the biomass.

My laboratory work will include determining first the effects of vegetable oil and biomass growth on the hydraulic conductivity and dispersivity of homogeneous #70 sand. Secondly, I will evaluate the effects of clogging on the hydraulic conductivity and dispersivity of heterogeneous sand. Two flow cells will contain #30 and #70 sand, while the other two flow cells will contain #16 and #110 sand.

Hypotheses

1: There will be significant clogging effects in the aquifer material near the             

     vegetable oil injection well due to the vegetable oil itself. The amount of        

     clogging will be evaluated by decreases in hydraulic conductivity through 

     sand.

2: Biomass will preferentially grow near emplaced residual vegetable oil and   

    cause clogging of the porous media. The quantity of attached biomass will be   

    measured at the end of experiments when the flow cells are sacrificed.

3: The vegetable oil will preferentially flow into the layer of coarse sand rather 

     than the layer of fine sand. Also, more biogrowth will occur in the coarse sand 

     than in the fine sand.

Methods and Materials


Biozone boxes will be used in order to simulate in situ use of vegetable oil as a substrate. The biozone boxes are made of Plexiglass acrylic boards with sampling ports located at the inlet and outlet, and 5 sampling ports located 2cm downstream from the outlet manifold. Washed gravel will be packed at each end in order to create even distribution of the groundwater through the box. The main body of the tank will be filled with sand that has been sieved to remove fine particles and burned in order to remove organic matter. Simulated groundwater will be fed into the box at a constant flow rate using a peristaltic pump. A diagram of the biozone box is presented below in Figure 1.
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Figure 1. Side View of Biozone Box (Park, 2001)

The first phase of the project will determine the clogging affects in homogeneous systems using #70 sand. Four biozone boxes will be created and each will have the vegetable oil dispersed in a different manner:

· Vegetable oil LNAPL at the top of the biozone tank to stimulate an LNAPL pancake, which is similar to a spill. Active bacteria that can degrade vegetable oil will be mixed into the sand prior to packing in the box.

· Live vegetable oil LNAPL through out the box at residual concentrations in order to simulate the likely field clogging due to both the substrate and biomass. The sand will be mixed with active bacteria that can degrade vegetable oil prior to packing in the box.

· Killed vegetable oil LNAPL through out the box at residual concentrations to determine the clogging affects of the vegetable oil alone. The simulated groundwater will contain a biocide to prevent bacterial growth. 

· Dissolved vegetable oil compounds in groundwater feed in order to simulate the clogging that would occur down gradient of an entrapped LNAPL zone. The sand will be mixed with active vegetable oil degrading bacteria prior to being packed in the box. 
In order to attain residual saturation, the vegetable oil will be pumped into the box in a downflow manner to displace the groundwater and then groundwater will be pumped in an upflow manner to remove continuous oil. By measuring the volume of oil pumped in and out, the percent of pore space filled with residual vegetable oil can be determined.

The second phase will determine the clogging affects in heterogeneous systems using a combination of #70, coarse #16 sand, and fine #110 sand. The heterogeneous system will create a more realistic simulation of in situ use of the VegOil Process. The vegetable oil will only be distributed throughout the tank at residual concentrations. However, the composition of the sand will vary, as such:

· Center horizontal stripe of coarse #16 sand, 1/3 height, in #70 sand

· Center vertical stripe of coarse #16 sand, 1/3 height, in #70 sand

· Center horizontal stripe fine #110 sand, 1/3 height, in #70 sand

· Center vertical stripe fine #110 sand, 1/3 height, in #70 sand.

Below in Table 1, the approximate characteristics of the different sands are summarized.

Table 1. Physical Properties of Test Sands


	Sand #
	Ave Diameter
	Clean K
	Ref

	 
	(mm)
	(cm/s)
	 

	16
	1.08
	0.8
	(Campos, 1998)

	70
	0.2
	0.024
	(Campos, 1998)

	110
	0.12
	0.0053
	(Campos, 1998)


With each biozone box the changes in hydraulic conductivity will be measured on a daily basis. Also, dispersivity will be measured using non-reactive tracer tests (bromide) and breakthrough curves. Effluent groundwater from the bioboxes will be measured for biomass (by VSS), organic carbon (using TOC or COD), and pH. At the end of a selected period of flow, the amount of biomass in the sand will be analyzed by volatile solid, carbohydrate and protein assays. Residual vegetable oil will be measured using an extraction method described by Hunter(2001). The tentative schedule is presented below in Table 2.

Table 2. Tentative Schedule to be Followed

Week(s)              Duration                                                 Description

     2                    6/10 - 6/14                   Sieve and burn sand. Begin to set up bioboxes.                    

     3                    6/17 - 6/21                   Enrich bacteria. Complete building of bioboxes.        

                                                                Learn methods for COD, protein, polysaccharide,  

                                                                VS, VSS, and Vegetable Oil extraction.

   4-6                   6/24 - 7/12                   Run first set of homogeneous biozone boxes until                      

                                                                steady state is reached.

7-9                   7/15 - 8/2                     Run second set of heterogeneous biozone boxes  

                                                                until steady state is reached. Begin preparation      

                                                                of final report and presentation.

   10                     8/5 – 8/9                      Finalization of analysis and report. Present 

                                                                final report

Anticipated Results

It is anticipated that the oil will cause a large decrease in conductivity due to its low solubility (approximately 2-3mg/l). As the biomass growth increases the amount of bioclogging will also increase. The combination of the vegetable oil and biomass is expected to decrease the hydraulic conductivity by 3-4 orders of magnitude. It is expected that the live residual system will have the largest drop in conductivity, while the dissolved vegetable oil in groundwater feed system will have the smallest drop in conductivity. The biozone box with the vegetable oil LNAPL pancake at the top will have the greatest dispersion due to non-uniform biogrowth given the localized substrate source at the top of the tank (Bielefeldt, 2002b).  In the second phase of the project, a higher concentration of biomass will grow in the coarse sand rather than the finer sands due to larger voids between sand particles.  In the future, my research will be useful in creating an efficient and cost effective remediation method for cleaning up chlorinated solvents in aquifers.
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