Geophysics 224  Geophysical exploration techniques

Final exam

Section


224 Lecture B01

Instructor


Dr. Martyn Unsworth

Date



Tuesday April 22nd 2003, P631

Time allowed

9:00 a.m. – 11:00a.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 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)
(b)  Shear waves are increasingly used in seismic exploration.

Explain two factors that make the recording and analysis of S-waves more difficult that P-waves.

Describe two examples where S-waves are more useful that P-waves in hydrocarbon exploration.





(8 points)
(c) What is meant by AVO? Explain the physical basis of   AVO and how AVO can be used in hydrocarbon exploration.




(8 points)
Total  Q1 = 24 points

Question 2

The figure below shows the Bouguer anomaly across a buried target.
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What can be said about the target? Give two possible interpretations and be quantitative about depth etc.

What extra gravity data would be needed to discriminate between these two possibilities? Illustrate your answer with a sketch.

Total  Q2 = 10 points

Question 3 – seismic refraction
The figure below shows the geometry of a seismic refraction survey. Three shots were fired (S1-S3) and recorded  at the geophones.
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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 3 shots

Indicate the relative slope of each curve where relevant. Also indicate relative travel times where necessary.


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










(4 points)

Total  Q3 = 18 points 

Question 4 – Seismic reflection

The figure below shows a Common Mid-point (CMP) gather that was collected over a layered Earth. Selected travel times are listed in the table on the right.
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  x(m)    ref  1 (ms)  ref  2 (ms) 

      0.      800.00      1440.00

  100.      802.02      1440.77

  200.      808.09      1443.09

  300.      818.12      1446.95

  400.      831.95      1452.32

(a) On the CMP gather, label each seismic signal that is recorded.   
 (3 points)
(b) Sketch the simplest velocity model that can explain these data. 
 (2 points)
(c) Compute the velocity (v1) and thickness (z1) of the upper layer 
 (5 points) 

(d) Conform your answer for v1 by analysing another arrival.
 (3 points)
(e) Compute the r.m.s. velocity for the second reflection (Vrms,2)
 (3 points)
(f) Compute the velocity (v2) and thickness (z2) of the second layer  (5 points)
(g) What can be determined about the third layer?
 (3 points)
Total  Q4 = 24 points

Question 5
(a) Explain what is meant by diamagnetism and paramagnetism. Give an example of an Earth material that exhibits each type of behaviour.

(6 points)
(b)  Describe three ways in which the Earth’s magnetic field varies with time. For each, give an approximate time scale.

(6 points)
(c) The attached figure shows a section at the magnetic North Pole through an area where several metal pipes are buried. Draw a sketch of the total magnetic field that would be measured on the profile A-A’

(6 points)
(d) Repeat this exercise for the same configuration when the pipes are located at the magnetic Equator for profile B-B’

(6 points)
IGNORE REMNANT MAGNETIZATION

EXPLAIN HOW YOU REACHED YOUR ANSWER IN (c) and (d)

Total  Q5 = 24 points
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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 = 
[image: image6.wmf]1

2

1

2

Z

Z

Z

Z

+

-



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


[image: image10.wmf])

(

2

2

2

2

z

x

z

a

G

g

z

+

D

=

r

p




[image: image11.wmf]2

3

2

2

)

(

z

x

z

GM

g

S

z

+

=


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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