	Continuum-DFN Coupled Numerical Modeling for 
Prediction of Subsurface DNAPLs Migration



2019311495 김태훈
	In this study, a finite difference method (FDM) based numerical model was developed to investigate the subsurface migration of dense non-aqueous phase liquids (DNAPLs). The model was implemented based on actual data obtained from a field survey, which is conducted at a test-bed located in Wabu-eup, Gyeonggi-do. Through the field survey, data including drilling logs, porosity profile, and fracture distribution parameters were acquired at five observation wells drilled down approximately 100 m, respectively. To generate the grid-based model, uniform unit grid-cells of 1×1×1m3 were designated for the total model domain of 66×68×106m3 containing all locations of the observation wells. Considering the flow characteristics of DNAPL differently determined at each upper sedimentary zone and lower fractured rock zone, the permeability distribution in the model was predicted by different geostatistic methodologies after separating the model into the two parts; the parts were separated by an interpolated boundary based on the information from the drilling logs. For the sedimentary zone, the porosity heterogeneity was represented by utilizing the geostatistic method on the actual porosity data. Subsequently, in order to consider the heterogeneity by stratified structures, the different porosity-permeability relationships were applied to each stratification. For the fractured rock zone, the 3D discrete fracture network was created (DFN) by utilizing the fracture logging data (azimuth, dip, and aperture), and then, it was upscaled to FDM based-continuum model. The completed model was then used to simulate the migration of DNAPLs spilled for 60 years. Finally, the distribution of DNAPLs at both zone was represented. As a result, the DNAPLs reached the expansive area of groundwater after passing through the groundwater table. Furthermore, it accumulated on the sediment-fractured rock boundary, while some of it penetrated into the rock effectively through the highly permeable fractures. In the future study, the amount of DNAPLs distributed in the different zones will be quantitatively evaluated and compared for the various realizations stochastically reproduced by given field data. Additionally, the effects of residually trapped DNAPL will be investigated. This study suggests a new methodology representing the 3D heterogeneous DNAPL numerical model which considered DNAPL behaviors in both sedimentary and fractured rock zone based on the field data. Through the additional analyses, advanced interpretation for the unknown route of DNAPLs contamination is expected to be possible. 



