Geophysics 223 Lab Assignment 5 – 2009

Electromagnetic Data Interpretation
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 figure is not required unless specifically asked for.

Note about the EM Instruments and their Data
· The EM data displayed in this lab shows the Quadrature and the In Phase component of the measured field. The examples we explored in class represented a perfect conductor within a perfect resistor, resulting in a completely In Phase response, which is what we drew in the examples. 
· It is sufficient to understand that the quadrature phase corresponds to the conductivity of the subsurface (D2.2 in the class notes), and the in phase response is greater for very good conductors (often associated with metals).
· Remember from last week’s demonstration, the EM38 conductivity measurements are calibrated for ground level measurements, while the EM31 is calibrated for waist level measurements. Both Instruments have been calibrated for conductivities measured in the vertical dipole orientation.
Question 1 – EM38 Profiles
Before you can run any programs which will display figures, you must run ‘EM31_grid.m’ to make the necessary files.After running this, run ‘profiles.m’ to display three different EM31 and EM38 profiles.
· The location of these profiles relative to the EM38 quad survey is indicated in Figure 1

· Figures 2, 3, 4, and 5 show the horizontal and vertical dipole data from the EM31 and EM38 respectively. 
· Note the differing y axis scales

(a) The EM38 instrument has s = 1m (D2.3 in the class notes), and the EM31 has an s value of 3.6m. How does this affect your interpretation of the collected data? 
(b) Notice that a few of the profile curves seem to be smooth for the most part, but ‘flat-line’ in certain areas. Is this due to the subsurface, or something else? What could be causing this? 

(c) Average soil conductivities tend to range between 15 and 40 mS/m. By using the zoom tool in the MATLAB figures, estimate the range of soil conductivity we measured for the quad in these profiles. Are your estimates of soil conductivity the same for both the EM31 and the EM38? (Use only one profile for each conductivity estimate, note which profile you use).
Remembering back to the day of surveying, was there anything impeding the survey which might account for this discrepancy? Why?
(d) Explain the difference between the EM31 vertical dipole data, and the EM31 horizontal dipole data. Can you find anything which may confirm this in the profiles?
(e) The large anomalies which correspond to the walkway crossings in Figure 1 correspond to rebar in the concrete. Why would the EM38 data show the larger data values over this rebar compared to the EM31 data?
(f) The horizontal dipole profile from the EM31 shows a large spike. After comparing this spike to the same distance along profile in other profiles, do you think this anomaly is due to something below the surface? Why and what could this be caused by?

Question 2 – EM Grid

Use the Matlab program ‘EM_plot.m’ to display the EM survey data collected in the quad on March 11, 2009. The EM38 data was measured in the vertical dipole mode, at ground level, and the EM31 data was measured at waist level in the vertical dipole mode. The legend for the figures can be seen in Figure 1 from Question 1.
· Figures 1 and 3 show the full dataset for the EM31 and EM38, respectively

· Figure 2 shows the EM31 dataset split into North-South and East-West lines.

(a) If the line paths used to grid the EM data look the same as the walkway boundaries, should we be concerned, and why?
(b) The data values for the EM38 are much larger than the EM31 values, but the anomaly does not show up as prominent. Why? 
(c) Compare the EM31 grid created by only the North-South lines to the grid created with the East-West lines (Figure 2). Many surveys are collected with only one line direction, if your purpose was to find the rebar, and you knew the general trend of the rebar to be East-West, how would you orient a uni-directional survey? Use an example from Figure 2 which supports your answer. 
Question 3 – EM Interpretation
Use the same figures as Question 2, as well as ‘display_mag.m’ which displays the magnetic data used in Lab Assignment’s 3 and 4.

(a) Compare EM Figures 1 and 3, and the magnetic data. Do you see any correlations? Describe anything of interest, and what you think it could be.
(b) Why can’t you see the same features in the magnetic data as we see in the EM data? (i.e. What are the differing properties we are measuring with the different instruments?)

(c) You can change the color scale of the EM data by opening ‘EM_plot.m’ and changing the values near the top:

Q31_low
Q31_high     ( Quadrature EM31 limits
IP31_low
IP31_high      ( In Phase EM31 limits
Q38_low
Q38_high     ( Quadrature EM38 limits
IP38_low
IP38_high     ( In Phase EM38 limits
Can you find an appropriate scale which shows variations in the quadrature between the walkways for both the EM31 and the EM38 datasets? (Find a scale which shows changes in the soil conductivity, instead of just changes due to metals) What does this say about the changes in soil conductivity over the quad?

(d) Based on this data, if you were asked to conduct a ground EM survey of an area possibly impacted by salts (i.e. from a produced water pipeline break), what would be your main concern before even beginning your measurements? Remember salts in the subsurface will cause relatively small changes in the soil conductivity relative to metals in the subsurface, or surrounding metals at surface.
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