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Unit 3: Geophysical Mapping Student Worksheet
Electrical Resistivity Unit 3: Geophysical Mapping Student Worksheet
Lee Slater (Rutgers University Newark)
Answer the following questions based on completing the tasks described in the student exercise for this unit.
Task 3.2.1: Understanding electrical resistivity measurements
[bookmark: _Hlk42091659]Refer to the unit tutorial and the resistivity instrument setup video to answer the following questions.
1. Write down Ohm’s Law, define the terms, and describe why it is useful in geophysical surveys.  ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
2. Define apparent resistivity and write a simple equation that relates it to the resistance measured with Ohm’s Law. ________________________________________________
3. Describe the differences between two commonly used electrode configurations used in field resistivity surveys. ____________________________________________________________________________________________________________________________________________
4. What is a contact resistance? __________________________________________________________________________________________________________________________________________________________________________________________________________________
5. What is meant by a “takeout” in electrical resistivity equipment? (Hint: this is not your favorite Saturday night activity to avoid cooking.)
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
6. Why is correct handling of the electrical cables important when conducting a resistivity survey? ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
7. Why may it be necessary to water the electrodes before starting a resistivity survey? __________________________________________________________________________________________________________________________________________________________________________________________________________________
Task 3.2.2: Understanding electromagnetic (EM) conductivity mapping measurements 
Refer to the unit tutorial to answer the following questions.
8. Describe the significance of skin depth and write the equation in terms of the resistivity of the soils and the frequency of the EM instrument. What parameter could be adjusted to increase the skin depth in a specific location? ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
9. Under what condition is the response of a frequency domain EM instrument linearly related to the soil conductivity ssoil? __________________________________________________________________________________________________________________________________________________________________________________________________________________
10. What are the advantages of a multicoil frequency domain EM system over a single frequency system?
__________________________________________________________________________________________________________________________________________________________________________________________________________________
Task 3.2.3: Basic calculations -- resistivity and EM
Based on your calculations in the spreadsheet for Unit 3, answer the following questions.
11. What is the geometric factor and the resistivity you calculated for the soil specimen described in Task 3.2.3D (see spreadsheet file)?:

	Geometric factor (K)
	Resistivity (Ohm m)

	
	



12. Based on your exploration per the instructions in Task 3.2.3D, describe what happens to the resistivity of the soil column when you double or halve the length of the column. Also describe what happens when you double or halve the radius of the column.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
13. Explain how you could get the same exact resistance between the ends of two soil columns (Sample 1 and Sample 2) of identical resistivity when Sample 1 is only half the length of Sample 2. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
14. Using the results from Task 3.2.3E, describe the differences in the voltage recordings and the signal-to-noise ratio between the Wenner and the dipole-dipole arrays.  ____________________________________________________________________________________________________________________________________________
15. What could be done to improve the SNR during a survey? [hint: what variable can you control with the instrument?]
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
16. Based on your exploration per the instructions in Task 3.2.3E, summarize how the a spacing affects the calculated transfer resistances (Rt) and voltages (DV) recorded with both arrays. Can you devise a simple rule of thumb for the Wenner array? ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
17. Based on the answer to Question 14, which array type might you prefer to use in a high-noise, urban environment? Keep in mind that a good signal-to-noise ratio (SNR) for electrical imaging measurements is 10 or better.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
18. Based on your answers to Task 3.2.3F, describe the shape of the relationship between skin depth (d) and apparent soil conductivity (ssoil(a)) that you have plotted. In what part of the salinity range that you have plotted does the skin depth change fastest (think about the gradient of the line)?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

19. Based on your exploration of the induction number in Task 3.2.3F, what is the maximum conductivity where the low induction number approximation (i.e. NB<<1) is met for the 4 m, 2 m and 1 m coil separations of the Dualem 421S? Assume that NB = 0.5 is considered a good value for the low induction number approximation to be valid. Report your values in mS/m.
	Results of low induction number exploration

	Coil separation (m)
	4
	2
	1

	Maximum conductivity for low induction number to be valid (mS/m)
	
	
	



Task 3.2.4: Exploring measurement sensitivity with SEER
Based on your exploration with SEER (both the tutorial video and the activities described in the SEER handout), answer the following questions.
20. Geophysical images are best described as: [a] blurry but still useful; [b] sharp and high-resolution; [c] blurry and useless; [d] sharp but of limited field application; [e] none of the above. Circle the correct answer

21. Can you come up with some pros and cons of installing borehole electrodes to help better understand the subsurface at a contaminated site?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

22. For the exploration with the LNAPL scenario, how realistic are the predicted inversion structures relative to the true model structure when using the dipole-dipole array? [Hint: Think about both the geometry of the conductive region resolved in the predicted inversion result and also the values of the resistivities in the different cells relative to the true model].
__________________________________________________________________________________________________________________________________________________________________________________________________________________

23. For the LNAPL scenario, how does the predicted inversion result for the Wenner configuration compare to what you obtained for the dipole-dipole configuration? What about when you use the “combined” geometry that includes both the Wenner and dipole-dipole configuration measurements?
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
24. Describe how the three array types explored in this exercise (Wenner, dipole-dipole, and combined) differ in their ability to resolve the LNAPL structure.
25. Based on your results from the UST model scenario, describe the maximum investigation depth (as a row number) for the block to still be visible using the dipole array and then the Wenner array. Remember, a minimum 12% change from the background resistivity of 2 Ohm m is needed in at least three blocks of the model to “detect” the presence of the block at a particular depth. 
	Array type
	Maximum investigation depth

	Dipole-dipole
	

	Wenner
	



26. Which array has the highest percentage change in resistivity due to the presence of the block and for what depth (row number) does this occur? ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

27. How does the resistivity change far from the block (e.g. in the columns that are just 4 columns in from the side of the model) as the conductive block is moved to progressively greater depth?
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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