Geophysics 224 Mid-term exam

Name:___________________

Instructor

Dr. Martyn Unsworth

Date


Wednesday February 16th 2005
Time allowed

2:00 p.m. to 3:20 p.m.
Total = 68 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 method as well as the final answer
All questions should be directed to the invigilator
Please hand in this exam, with your answer booklet

Question 1  (Total 20 points)

A shot (S1) was fired at the surface at time t=0 and a seismic signal was generated with amplitude, A=1. 

(a)  Compute the arrival time and amplitude for the first three reflections arrivals to reach  the geophone (R1).













(12 points)
(b) Sketch the seismic traces recorded at R1.

Show the amplitude and sign of each reflection

(4 points)
(c) The velocity of the gas is 300 m/s 

The velocity of the sandstone matrix is 3000 m/s. 
Calculate the porosity of the gas reservoir? 

(4 points)
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Question 2  (Total 20 points)
Weapons inspectors are looking for a buried cylindrical tunnel. The tunnel was located beneath an alluvium filled river channel. Densities in this area were:
Density of air in tunnel      
=  0 kg m-3 

Bedrock density   

=  2200 kg m-3 

Alluvium density 

=  1900 kg m-3

Microgravity data were collected on the profile shown below.
(a) How thick is the alluvium in the  river channel?


(5 points)
(b) What is the depth of the centre of the tunnel?


(6 points)
(c) Is the tunnel located in the alluvium or bedrock?


(2 points)
(d) What is the radius of the tunnel? 



(6 points)
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  x(m)     g (mgals)
    10.        -0.0004

    20.        -0.0005

    30.        -0.0006

    40.        -0.0007

    50.        -0.0260

    60.        -0.0262

    70.        -0.0264

    80.        -0.0268

  100.        -0.0283

  110.        -0.0300

  114.        -0.0311

  116.        -0.0318

  118.        -0.0325

  120.        -0.0334

  122.        -0.0345

  124.        -0.0358

 x(m)       g (mgals) 

  126.         -0.0374

  128.         -0.0394

  130.         -0.0417

  132.         -0.0447

  134.         -0.0485

  136.         -0.0532

  138.         -0.0592

  140.         -0.0670
  142.         -0.0757

  144.         -0.0862

  146.         -0.0967

  148.         -0.1049

  150.         -0.1081

  152.         -0.1049

  154.         -0.0967

  160.         -0.0670  

Question 3  (Total 28 points)
(a) What three factors that cause the acceleration of gravity to vary from the North Pole to the Equator? 
For each, make it clear if gravity is stronger at the North Pole or Equator
(6 points)

(b) Outline how the Vibroseis method works. 
Explain the main differences between Vibroseis surveys 
and seismic surveys using explosives.



(6 points)
(c) Explain what is meant by non-uniqueness in geophysics? 
Using a figure, give an example from gravity exploration
(6 points)
(d) Why are high frequency seismic signals attenuated more rapidly than low frequency signals?






(4 points)
(e) In what two ways is the Bouguer correction approximate?
(2 points)

(f) Why can’t gravity be measured in a satellite using conventional gravimeters? 

How  is “satellite gravity” actually measured?

(4 points)

Formulae that may be useful

B :  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  
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Gravitational attraction of slab with thickness Δh (m) and density contrast Δ ρ (kg m-3)










Δgz = 2πGΔh Δ ρ  (ms-2)

Change in gz when elevation changes by Δz (m)

Δgz = 0.3 Δz (milligals)

C : 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 moveout (NMO)  = 
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 where  t1 = travel time at normal incidence
Travel time for a reflection, 

[image: image11.wmf]1

2

2

1

2

t

v

x

t

t

+

=





_1103012402.unknown

_1138034976.unknown

_1138035468.unknown

_1138035481.unknown

_1138034993.unknown

_1106219909.unknown

_1106220021.unknown

_1104427612.unknown

_1103011305.unknown

