[image: ]
Unit 4 Student Exercise
Electrical Resistivity Unit 4: The “Magic” of Geophysical Inversion
Student Exercise
Lee Slater (Rutgers University Newark)
4.1 Introduction
This unit introduces you to the magic of geophysical inversion, which is a set of mathematical and statistical techniques used by geophysicists to estimate images of the subsurface earth from measurements made at its surface. Our focus is on the inversion of electrical resistivity imaging datasets. The inversion concepts we explore here are used in many fields of science, including in medical imaging. The value of these inversion methods is perhaps obvious when we think about the fact that they are the key to noninvasively investigating the human body. Instead of inserting a probe into the body, sensors on the surface of the body are used to construct images of the interior of the body from signals received at the sensors. Given the choice, what treatment would you prefer? There are similarly many advantages to using noninvasive measurements from the surface (or in a limited number of boreholes) to image the distribution of physical properties in the subsurface earth rather than drilling into the earth. Drilling is very expensive, it provides pathways for unwanted fluid transport (e.g., contaminant transport), and is sometimes impractical or dangerous due to local site conditions and the nature of the subsurface geology. 

This unit explores the concepts of geophysical inversion without the heavy mathematics. The basic mechanics of the inversion process are introduced, and the limitations of the resulting images highlighted. The Excel-based Scenario Evaluator for Electrical Resistivity (SEER) tool (Terry et al., 2017) introduced in Unit 3 is briefly used to highlight some key considerations with respect to how measurement errors influence the inversion process. The improvement in image resolution that results from including borehole electrodes is also investigated with SEER. Afterwards, we  use the open-source ResIPy tool (Blanchy et al., 2020) to gain further insight into the basic steps that are involved in successfully inverting an electrical resistivity dataset to obtain the resistivity structure of the near-surface earth. ResIPy is a graphical user interface to allow a nonexpert to drive the powerful set of resistivity codes developed by Andrew Binley at Lancaster University (UK).
4.2 Tasks

	
Tasks 4.2.1: Understanding geophysical inversion
A. Watch the narrated The “Magic” of Geophysical Inversion slideshow that summarizes the mechanics of electrical resistivity inversion.
B. Answer the questions in Task 4.2.1 of the student assessment.





	
Task 4.2.2 Investigating the effects of (1) measurement errors, and (2) the addition of boreholes on the inversion result using SEER
We return to the Excel-based Scenario Evaluator for Electrical Resistivity (SEER) tool used in Unit 3 to complete this exercise. Select the BLOCKS scenario. This rather complex true resistivity model is shown in the top image and consists of a number of localized conductive or resistive blocks in an otherwise homogeneous subsurface. The bottom figure is an estimate of what the inversion of the simulated dataset over this structure will look like based on the selected options. 
C. Under the options, select a dipole-dipole (Dip-Dip) geometry with a 2 m spacing. Select “no” for the “Borehole electrodes?” option. Explore how the predicted inversion result varies as you change the measurement error from 1% to 5% and then to 10%. Make a note of how the predicted inversion result changes—take note of both the shape of the imaged anomalies and the lowest (for the case of conductive [blue]) or highest (for the case of resistive [red]) resistivities resolved in the predicted inversion result for the different blocks. Record the minimum conductivity of the feature in the predicted inversion result that represents the 10 Ohm m block located at the center of the true resistivity model. Make sure to record this value for the 1%, 5% and 10% measurement error levels. 
D. Repeat the analysis described in part C but with the electrode spacing changed to 4 m. Again, take careful note of how the shape and resistivity magnitude of the anomalies changes with time as the errors change.
E. Now return to the 2 m electrode spacing option. This time, include some boreholes by selecting “yes” to the “Borehole electrodes?” question. This will place two borehole arrays (each containing a string of electrodes) 13 m apart with the mid-point between the electrodes at the midpoint of the image. Observe how this changes the predicted inversion results both close to (e.g. between) and far away from the electrodes.
F. Now tackle Task 4.2.2 of the student assessment



	
Task 4.2.3 Inverting the resistivity imaging dataset from Harrier Meadow using ResIPy
This task uses the open-source software ResIPy to invert the 2D dataset acquired in Harrier Meadow. It is the most time-intensive part of this unit. 
G. First, watch the accompanying ResIPy video that describes the use of ResIPy via a step-by-step demonstration of how to read in the dataset, perform preliminary data processing and invert the dataset.
H. Work through the exercises described in the ResIPy handout, being careful to record key information that is requested to complete the student assessment.
I. Answer the questions in Task 4.2.3 of the student assessment



4.3 Assessment
	
Complete all parts of the student assessment worksheet provided with this module. 
The grading rubric below will be used to grade the module. 




	Component
	Exemplary
	Basic
	Nonperformance

	Section 4.2.1
	4 points:
All six questions correctly answered showing full comprehension of tutorial and video

	2–3 points:
Four to five questions correctly answered showing some comprehension of tutorial and video

	0–1 point:
Three or less questions correctly answered showing significant gaps in understanding of the tutorial and video

	Section 4.2.2
	5–6 points:
SEER assignment completed and table entries on effects of measurement errors correct. Solid answers to questions  
	3–4 points:
SEER assignment partly completed and table entries on effects of measurement errors mostly correct. A good effort to answers the questions  
	1–2 points:
SEER assignment incomplete as evident from incomplete/incorrect answers to questions

	Section 4.2.3
	7–8 points:
ResIPy assignment completed and table entries on effects of measurements on inversion completed correctly. Thoughtful and correct answers to questions in student assignment  
	4–6 points:
ResIPy assignment mostly completed and table entries on effects of measurements on inversion partial complete. Some good answers to questions in student assignment  
	1–3 points:
Incomplete effort on the ResIPy assignment; weak attempt at questions in the student assignment with demonstrated lack of comprehension
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