Geophysics 224  Geophysical exploration techniques

Final exam

Section


224 Lecture B01

Instructor


Dr. Martyn Unsworth

Date



Wednesday April 21st 2004, P631

Time allowed

9:00 a.m. – 12:00a.m.

Total = 100  points
Please attempt ALL questions. 

Notes and books may NOT  be used during the exam.

Calculators are permitted.

Please show all working, as credit will be given for your method as well as the final answer.

All questions should be directed to the invigilator.

Please hand in this exam, with your answer booklet

Name _____________________________________

Question 1 

(a) The figure below shows a seismic bright spot due to a gas reservoir. Why does a concentration of gas produce a strong seismic reflection?
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Use the data below to estimate the porosity of the gas reservoir

Reservoir (gas saturated sandstone) 
v = 2200 m/s

Sandstone with no gas


v = 4200 m/s

Gas




v = 300 m/s






















(8 points)
(b) Explain what is meant by common mid-point profiling.
Sketch the distribution of shot points and geophones for a 6-fold CMP gather.

Describe two advantages of multichannel CMP profiling, compared to single channel profiling.










(8 points)
(c) The smallest vertical distance that can be resolved with seismic reflection is a quarter of a wavelength (λ/4).  Explain this fact with the aid of a diagram.

Why does an increase in signal frequency not always improve data quality in a seismic survey?






(8 points)
Total  Q1 = 24 points

Question 2

The figure below shows a map of the Bouguer gravity anomaly measured over a landfill.
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(a) What does the negative Bouguer anomaly tell us about the density of the landfill?

(b) Where is the deepest part of the landfill? (Mark with ‘X’)

(c) The density contrast between the landfill and the bedrock is 200 kg m-3. Estimate the thickness of the landfill at the deepest point.

(d) Explain two assumptions that you have made in your analysis. How will these assumptions influence your answer to (c)

Total  Q2 = 12 points

Question 3 – seismic refraction
The figure below shows the geometry of a seismic refraction survey. 

Two shots were fired (S1-S2). Geophones extend from ‘A’ to ‘B’.
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(a) On the attached graph, draw the travel times that you would observe. Include both direct waves and refractions for the 2 shots

Indicate the relative slope of each curve where relevant. 

Also indicate relative travel times where necessary.

Also show the travel times for the reflection from the dipping layer 


(12 points)
(b) Briefly explain two situations in which refraction exploration can fail to detect a subsurface layer.










(4 points)

Total  Q3 = 16 points 

Question 4 – Seismic reflection

The figure below shows a common mid-point  gather that was collected over a layered Earth. Selected travel times are listed in the table on the right.

Remember that when the shot is a +x, the geophone is at –x. Thus the offset is 2x
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   x(m)    ref1(ms) ref2(ms)

  100.000  614.699  990.808

   80.000  609.463  989.326

   60.000  605.353  988.161

   40.000  602.394  987.336

   20.000  600.606  986.836

    0.000  600.000  986.667

(a) On the figure, label each seismic signal that is observed.   
 (3 points)
(b) Compute the velocity (v1) and thickness (z1) of the upper layer 
 (5 points) 

(c) Compute the r.m.s. velocity for the second reflection (Vrms,2)
 (3 points)
(d) Compute the velocity (v2) and thickness (z2) of the second layer  (4 points)
(e) The reflection coefficient for the first reflection was measured at 0.33. Show that this is consistent with the values of v1 and v2
(4 points)
(f) The amplitude of the second reflection was –0.17. Compute the reflection coefficient at the second interface. Estimate v3
 (5 points)
Assume that density is the same in all layers.

Total  Q4 = 24 points

Question 5
(a) Explain what is meant by induced magnetization and remnant magnetization. Outline the physical basis for each type of magnetization. 









(6 points)
(b) What causes the Earth’s magnetic field to vary over timescale of hours to days? Why is this a problem for magnetic exploration, and how can it be overcome? 






(6 points)
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(c) The figure above shows a section through the Earth at the magnetic North Pole. Sketch the total magnetic field (F) that would be measured on the profile A-A’. Explain how you obtained your answer.

(6 points)
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(d) Repeat this exercise for the profile B-B’ at the magnetic Equator. (6 points)
Total  Q5 = 24 points
Formulae that may be useful

Seismic exploration

v = velocity





t = travel time

x = source-receiver offset



ρ = density

v = distance
         time

For a porous rock, the velocity (v) is given by the time average equation:
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   where  Φ = porosity, vf = velocity in fluid; vm = velocity in rock matrix

Seismic impedance , Z = ρv

Seismic wave travelling from layer 1 to layer 2, at normal incidence


Amplitude reflection coefficient,      R = 
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Amplitude transmission coefficient, T = 
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Normal move out (NMO)  = 
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t0 = travel time at normal incidence

x = distance from shot to receiver

Dix equation                
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where 

vn 
= interval velocity of nth layer

and 

Vrms,n 
= r.m.s velocity of nth reflector



tn
= normal incidence travel time for nth reflector

Gravity exploration

a   = radius of sphere or cylinder

Δρ = density contrast

z    = depth of the sphere or cylinder

x = horizontal distance from sphere/cylinder

G   = 6.67 x 10-11 N m2 kg-2


1 milligal 
= 10-5 ms-2

MS = excess mass



x½

= half width
Cylinder


Sphere
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x½   = z



x½  = 0.766z
Gravitational attraction of slab with thickness Δh (m) and density contrast Δ ρ (kg m-3)










Δgz = 2πGΔz Δ ρ  (ms-2)

Change in gz when elevation changes by Δz (m)

Δgz = 0.3 Δz (milligals)
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