Geophysics 223 Lab Assignment 1 - 2009
Resistivity Sounding 

After the lab, you should hand in a write up that summarizes your results. 
Explain the steps in your calculations and data analysis.

When you have used software for data analysis, include a print out of the results (e.g. fit to data and model from the EXCEL spreadsheets)

Question 1 – curve matching for a two-layer model
Wenner array data collected in Malagash, Nova Scotia were analysed in class using 1-D modeling approach in MATLAB (see section B3.4 in the notes).
In this lab we will use the curve matching approach that was popular in the days before computers existed. Details can be found in B3.5 in the notes. 
This approach is not used today, but it will give you some insight into the relationship between apparent resistivity curves and models. 
You will be provided with the data plotted on log-log graph paper and a set of master curves for a two-layer Earth.

The goal is to estimate the resistivity of layers 1 and 2, as well as the depth to the interface that separates the layers.
(a) Place the master curve sheet over the data plot and hold to the light. Slide the two plots until the dots (data points) give a good match to one of the master curves.

(b) The resistivity of layer 1 (ρ1) can be found by reading the resistivity value on the y-axis of the log-log paper.
(c) To find the depth of the interface (d), read the distance on the log-log plot from the y-axis (a/d=1) on the master curve.
(d) The resistivity of the lower layer (ρ2) can be calculated from the value of 
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associated with the master curve that you have chosen. This factor defines the resistivity contrast between the two layers.
Question 2 
To confirm your answers to Question 1, you can use an EXCEL spreadsheet to find a two-layer resistivity model that fits these data (Q2-Lab1-2009-ghosh_malagash.xls). 
Note that:

· This spreadsheet models four layers. To consider a 2 layer model, you can assign layers 2,3 and 4 the same resistivity values

· Apparent resistivity data is displayed as red dots in the plot. 
· Enter values for the layer resistivity and thickness at the top of the spreadsheet.
· The predicted model response is shown as a blue line

· Adjust the resistivity model until you obtain a satisfactory fit to the data.

(a) Print out the model and fit to data

(b) Comment on the agreement with your answers from Question 1

Question 3

Next we will use the same approach to interpret the Wenner array data in the EXCEL spreadsheet Q3-Lab1-2009-ghosh.xls. 
This spreadsheet gives a numerical measure of how well the Wenner array data are being fit. This quantity is called the root mean square error (r.m.s error)
(a) Find a 3 layer resistivity model to fit the data. Your model should have an r.m.s. error less than 1

(b) Now change the resistivity model by halving both the resistivity and thickness of the second layer.

How does this change the  r.m.s. error? 
Explain your answer in terms of non-uniqueness and conductance. What implications does this have for exploration with DC resistivity?
(c) A water well was drilled in this area and the resistivity log showed that the second layer was 1.5 m thick.  What is the resistivity of the second layer?
Question 4
The final example uses the data ‘Q4-Lab1-2009-ghosh.xls’. This Wenner array data is taken from the textbook (Problem 5.12), and shows the apparent resistivity measured in an area with thick alluvial deposits at the surface. 
(a) Fit the data with a 3 or 4 layer model to give an r.m.s. error less than 1
(b) Determine the most likely depth to the water table.

(c) The porosity of the aquifer was found to be 30% and the unconsolidated sand has a cementation exponent m = 1.3. Use Archie’s Law to determine the resistivity of the ground water.
(d) Use the equation in the notes to compute the amount of dissolved solids in the groundwater. 
(e) Use the values below to decide if you would like to drink this water.

Distilled water:    180,000 Ohm-m

Drinking water:   20-200 Ohm-m


Mountain Water: 10,000 Ohm-m

Sea Water:           0.2 Ohm-m

Note : The resistivity value of the pore water in a particular aquifer can be used as an indication of whether it may be potable or not. The water’s salinity, or even values such as sulphate levels, will affect the resistivity. This particular attribute is exploited in environmental geophysics when searching for groundwater impact (i.e. chloride levels in groundwater can be an indication of produced water from oil and gas activities).
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