Geophysics 224 Mid-term exam

Name:___________________

Instructor

Dr. Martyn Unsworth

Date


Tuesday February 11th 2003

Time allowed

11:00 a.m. – 12:20pm

Total = 64 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 

(a) What three factors cause the acceleration of gravity to vary from the Equator to the North Pole? 

For each factor explain the physical basis, and state whether it makes gravity stronger at the Pole or the Equator.

(9 points)

(b) Explain the physical basis of the Free Air and Bouguer corrections? Why are these corrections applied to gravity measurements?

Consider a gravity station that is located above the reference level. Explain whether each correction will be added or subtracted.










(10 points)

(c)  A seismic crew are investigating a site where a single reflector lies at an unknown depth below the surface.

●An initial seismic reflection survey uses a single geophone close to the shot point. Explain why this layout cannot determine the depth of the layer and the velocity.

●A more sophisticated seismic survey uses an array of 10 geophones. How can this survey determine the velocity and layer thickness? 

Include

(1) a sketch of the relevant travel time curve 

 
(2) a sketch of the geophone distribution and ray paths 

●Clearly explain what is meant by normal moveout.

●Add the travel time curve of the direct wave and multiple in your figure.










(12 points)

Question 2

The figure below shows a simple layered Earth model. 
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An explosive shot (S) is fired at the surface at time t=0 and generates a signal with amplitude, A=1. A geophone (R) is located very close to the shot point. 

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

(b) Sketch the ray path taken by each signal from the shot to the geophone. 

(c) Sketch the seismic trace  that will be recorded on the geophone below.
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(d) In the low velocity layer, the rock matrix has v = 2000 m/s. The pore space is filled with water with v = 1000 m/s. 

What is the porosity of the layer in percent?

Assume normal incidence.  Ignore geometric spreading and attenuation. 

Do not consider the direct wave or surface waves.

You may need to consider multiple reflections from the surface of the Earth.










(18 points)

Question 3
A gravity survey is performed across the three tunnels. Tunnels A and B are filled with air, ρ = 0 kg m-3. Tunnel C is flooded with water, ρ= 1000 kg m-3   

(a) Calculate the maximum/minimum values of g and half width for each cylinder.

(b)  Sketch the variation of gravity in milligals at the surface on the graph below. 
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(c) When the gravity survey was carried out, the elevation was measured to within ±0.1 m. Free Air corrections were then applied to the measurements. What error will this introduce into the measurements of g? 

(d) If all the errors in the gravity measurements come from (c), at what maximum depth could tunnel C be detected? Explain how you derived your answer.

 (15 points)

Formulae that may be useful

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  = 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)

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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t0 = travel time at normal incidence
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