Appendix A
· 3D inversion Algorithm considering the excavation region
The 3D DC inversion is performed by iteratively solving the nonlinear problem:
	
	(A1)


where  is the vector of the difference between the observed and numerically simulated data,  is a model correction vector, and j is a sensitivity matrix. Solutions of Eq. (A1) that yield  values are numerically unstable so constraints are required. Commonly, model roughness is minimized using an objective function  (Han et al. 2008):
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where c is a second-order difference operator quantifying model roughness, mk is the model at the k-th iteration, and λ is the Lagrange multiplier. λ balances the model misfit () with the spatial constraints (). Smoothing restrictors are widely used to restrict spatial domain models by attenuating least-squares inversion. Smoothness constraints force model parameters to change gradually by mathematically minimizing the spatial primary or secondary differentiations of the model parameters (Constable et al., 1987). Minimizing the objective function in Eq. (A2) is equivalent to solving the observational equation:
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A modified Gram–Schmidt method is used to solve Eq. (A3) (Han et al., 2008); this computes the , which is added to  when the model is updated. This procedure is repeated until the misfit between the measured and modeled data decreases to an acceptable level.
When inverting ERT data obtained near the excavation, we excluded the excavation region but included it when modeling the ERT responses. The excavation position and dimensions were known so could be excluded from the inversion. When modeling the ERT responses in the presence of an air-filled excavation region (which distorts ERT responses), the excavation region is set to a highly resistive body because the half-space condition deals with geometry only; the surface of the earth is usually considered to be a half-space. The resistive body of the excavation was assigned the resistivity of air, i.e., 108 ohm-m. Given the exclusion of the excavation region from the inversion, there was no need to add smoothing constraints to Eq. (A2) or (A3) when considering the inversion blocks between the excavation region and inversion domain during computation of the roughness matrix.
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