Geophysics 223 January 2009


Geophysics 223 Lab Assignment 2 – 2009
2D Resistivity Inversion
General comments about the write up

· Clearly explain the steps taken to analyse the data. 

· You should also explain the results which led to your conclusion
· A printout of each resistivity model is not required unless specifically asked for.

This lab requires the use of the RES2DINV software. To install this software:
· Type ‘RES2DINV download’ into Google

· Choose the first option (from www.geoelectrical .com)

· Find the icon for RES2DINV
· Save the ZIP file to the Desktop on your computer
· Run the setup program found inside the downloaded folder

· Choose to install the program as ‘labuser’

· Follow the prompts.

· Ignore error messages associated with installing as a non-administrator

· The executable program will be on the desktop.

Question 1 – Inversion of 2D resistivity data containing noise
· The file ‘mod1.dat’ contains apparent resistivity data
· A Wenner array with 51 electrodes spaced 1 m apart was used  
· 5%  random noise has been added to these data. 
· In this question you will use RES2DINV to invert the data
(a) Look at the pseudo-section found on the separate paper. What subsurface features can be determined from looking at this pseudo-section?  
Sketch the model that you think may have generated the pseudo-section.
(b) To start the inversion, open RES2DINV.

Read in the data file by going to File >> Read data file.

Perform a preliminary inversion without changing anything (Inversion >> Least Squares Inversion), save a .bmp image of this inversion for later (Print >> Save screen as BMP file).
Look at the inversion model generated after 3 iterations. Is it what you expected to see? 
Are any features in the data not being fit by the inversion?

(c) This dataset is actually quite noisy and some bad data points need to be eliminated. 
To do this, select Edit >> exterminate bad data points. 
Remove the bad data points by clicking on them (Going to ‘Quit’ will automatically prompt you to save changes). 
Save this edited file as ‘mod1_edit.dat’ file.
How many points did you eliminate? Describe how you chose them.

(d) Next perform a RES2DINV inversion on your edited file. To do this you will have to first read in the edited file, and then run the RES2DINV inversion.

Compare the unedited data inversions with the edited data inversions and comment on:

· the effect of noisy apparent resistivity data on the RES2DINV inversion model.
· the RMS error (why is the RMS error higher for the model with noise?)
Can you think of a possible source of this noise, or how the noise levels might be mitigated?

Only include a print out of the edited inversions with your write-up.
Question 2 : Inversion of Wenner array data with various noise levels
· Inversions cannot tell the difference between noise in a dataset, and the effects of subsurface structure. It is possible for an inversion program to fit noise with a model  feature which is not actually there. This is called an artifact.
· The three data files ‘mod2_noise5.dat’, ‘mod2_noise10.dat’, ‘mod2_noise15.dat’ each contain data from the same resistivity model but with varying noise levels (5%, 10%, and 15% ).

· Carry  out an inversion of each of the three noisy data files. 
· Next  answer the following question: How does an increasing amount of noise in a dataset affect the overall inversion result? (in terms of RMS error, resistivity values, and structure shape)

Question 3 – Inversion Parameters to fine tune your model
When carrying out an inversion, you should remember that this is a non-unique process.

To overcome the non-uniqueness, the RES2DINV inversion program applies constraints to the model. One of the most common ways to do this is for the inversion to find 

(1) A resistivity model that fits the data AND
(2) require that this resistivity model is a smooth as possible.

If you look under the menus ‘Change Settings’ and ‘Inversion’ in RES2DINV you will find a bewildering choice of options that can be applied to smoothing the model. 

Use the four following inversion parameter files with “mod2_noisy.dat”, which is the same model as question 2, but with 20% percent noise added to the apparent resistivity.
For each parameter file, write one sentence about its effects on the RES2DINV inversion (i.e. does changing a particular parameter make the inversion seem more realistic, or does it begin to fit unreal data?)

(a) default.ivp : This is the default settings used by RES2DINV (these are what you used in Question 1). These settings are conservative estimates for most parameters, designed to work for inverting a dataset with no special considerations.
(b) damp.ivp :  Includes a very high initial damping factor (0.75). This parameter is designed to accommodate noisier data sets, without which the inversion attempts to fit noise as data and becomes unstable.
(c) vertical.ivp : This changes the vertical/horizontal flatness filter ratio to accommodate vertically orientated structures (a value of 4.0), and keeps the high damping factor from damp.ivp. 
(d) horizontal.ivp : This changes the vertical/horizontal flatness filter ratio to accommodate horizontally oriented structures (a value of 0.25), also keeping a high damping factor of 0.75.  
To complete a RES2DINV inversion using a new parameter file, go to Change Settings >> Read inversion parameters. Then carry out the inversion  as in question 1.

Question 4 – Comparison with the actual model
· Look at your RES2DINV inversion models for mod1 and mod2.

· For each case choose the RES2DINV model that you think most accurately represents the subsurface structure. 
· Next ask Greg for a figure showing the “true” resistivity models. 

· Compare the true models with your preferred RES2DINV models.
Comment on:

(a) The shape and orientation of the resistivity structures. How accurately does your inversion reproduce the original structures in size, shape, and orientation? 
Why are they not the same?
(b) The absolute values of resistivity. Do the resistivity values calculated in your inversions reflect the actual values of the models? Why or why not?
(c) Depths to interfaces. Compare the depths to the bottom and top of different structures. Does your inversion model these depths accurately?  
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Model 2
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