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Name: ______ ___________


St. #:                                      

GEOL 483 (2015/16-02) Homework assignment #4
Instructor:  Prof. I. Morozov


       Due: April 7 2016
1) [10%] Autocorrelate wavelets u = {6,-1,-1} and v = {3,-5,-2}. Note that the autocorrelation of a function is not unique to that function. Other wavelets having the same autocorrelation as the preceding ones are                       {-2,-5,3} and {-1,-1,6}. Which of the four are the minimum-phase and maximum-phase wavelets?

a) [5%] For the minimum-phase wavelet, construct its inverse (filter that would transform the wavelet into a spike {1,0,0,…})

2) [20%] A source is located 8 m below the base of a low-velocity layer (LVL). The velocity below the LVL is VH = 2000 m/s, velocity within the LVL is VW = 300 m/s, and the densities are H = 2.3 g/cm3 and W = 1.8 g/cm3, respectively. Sampling interval is t = 4 ms. 
The downward reflection from the base of the LVL acts as a filter which creates a ghost source at time tghost = nt.
a) Using the parameters above, calculate the values of n and R for the ghost source.

b) Write the expressions for the ghosting filter in time and Z domains.

c) Show that the original (unghosted) signal W satisfies the following equation:
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which in the time domain reads:
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This shows that by knowing the time and amplitude of the ghost reflection, wt can be recovered recursively from its values at earlier times. This deconvolution process is called recursive filtering or feedback filtering.

d) If the recorded reflected signal is u = {6, -7, -2.8, 5.6, -1.6}, evaluate the resulting unghosted signal w in Z and time domains.
3) [15%] In the plot below, bold lines represent a reflector. Assuming that the time is scaled so that time t in it is represented by the same plot distance as H = t/2V in the upper plot. Sketch (carefully) the image of the reflector in the same section. Do not forget about the diffractions at point C. You might like using graph paper to make a better plot.

[image: image3]
a) [10%] If the dip of the reflector on the right is , determine the dip of the corresponding reflection in the time image.
4) [20%] In a 3D reflection survey, inline receiver station spacing is (grey triangles in the Figure below), and receiver line spacing is 6. Shots are conducted in diagonal lines (black stars). Determine:

a) Common-midpoint bin dimensions. Sketch the CMP bin grid below.

b) If we are using a 1000-channel recording system, what is the nominal (average) CMP fold?
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5)  [20%] We are designing a reflection seismic survey and expect subsurface velocities of V = 2500 m/s, frequencies up to f = 120 Hz, and maximum dips  = 10º.

a)  What geophone spacing should we use? Give the formula, explain it, and calculate the value.

b) What will be the midpoint (CMP) spacing?

c) What will the horizontal resolution be at 1-km depth? How does it compare to CMP spacing? 

d) It looks that we sample the reflector in c) too densely compared to the resolution limit. Why cannot we increase the spacing to reduce the cost of the survey? 

e) What time sampling frequency shall we use? Explain.
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