Introduction to Geophysics

Practical 2

Seismic Field Work Demonstration
Grant Institute Lawn, Kings Buildings

Except where otherwise stated, this work by Ian Main and Anya Reading at The University of Edinburgh is licensed under a Creative Commons Attribution 4.0 International License.
This first practical will demonstrate the techniques used to acquire data for a refraction exercise using a hammer and baseplate as a seismic source.  In the next practical, you will interpret similar data collected from a different site.  This sheet includes a description of the method, along with key equations you will need in the interpretation exercise in an appendix. Please bring this sheet with you to the lab-based seismic interpretation exercise.
NB The written practical report should cover both a short description of the field demonstration as the method used, as well as the results of the interpretation exercise. 
1
Logistics

Student should meet promptly by group at 2.10pm at the front of the Grant Institute, King’s Buildings. This practical exercise is out of doors and in a field with potentially wet grass. While using equipment, you will be standing still for much of the time, so
Ensure that you bring adequately warm and waterproof clothing and footwear!
Please read the appendix on the general principles before attending the practical
2
Aims

In this exercise, it is intended that you should achieve the following

(i)
Gain familiarity with the operation of a 12-channel signal enhancement seismograph with a sledge hammer seismic source, as used for small-scale seismic surveys.

(ii)
Carry out a reversed seismic refraction survey as a group exercise

(iii) Identify the general characteristics of wave propagation as expressed on a seismogram at different distances from the source.
3 What you should see in the field

A metal plate struck with a sledge hammer is the seismic source. From it, seismic waves travel through the ground to a geophone – a detector of ground vibrations. The seismograph records the geophone output and can display it as a wiggly trace on the screen or print it on paper. The geophone is one of many – with our equipment twelve – that are equally spaced along a line and all are connected to the seismograph. This allows you to compare seismic signals as the distance between the source and geophone increases. 




Building up a longer profile. Typically the geophone spacing is 2 m or 5 m, allowing one string of geophones to collect information along a profile about 24 or 60 m long. A longer line can be built up by moving the whole string of 12 geophones to the end of the first line and recording the effect from another impact at the same source.


(
(
(
(
(
(
(
(
(
(
(
(
(

Source
…

…

 …

…


Geophones


(












(
(
(
(
(
(
(
(
(
(
(
(
A reversed profile.  If a seismic profile is built up with the source at one end – a forward profile – and then the same geophone positions are re-occupied when the source is at the other end, you get a reversed profile.
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reversed profile

The reverse profile is important when the refracting layer is dipping.
Signal enhancement.  In practice, a recording made without the plate being struck at all would show that the ground is subject to small oscillations all the time – these range from low-frequency natural noise due to wave action (called 'microseismic' noise) to higher-frequency ‘cultural noise’. Can you think of specific examples of noise that might affect the survey today?   The seismograph data processing and the design of the survey operation can enhance the signal and suppress the noise. Look out for how this is done.

Signal identification.  Once you have obtained a set of seismograms as illustrated above, see if you can identify the following: 

· The (impulsive) P-wave arrival

· Its characteristic ‘W’ shape (the response of a damped oscillator)

· What frequencies (inverse period) it contains

· Estimate how fast it is travelling (roughly)

· The start of the surface wave, and its dispersed character

What frequencies it contains, and how fast it is travelling (roughly)               

· Appendix
Principles of seismic refraction and reflection interpretation

1
Wave-fronts and rays

Seismic wave theory is normally presented in terms of wave-fronts propagating in an infinite or semi-infinite homogeneous medium – these wave-fronts show the position of the energy front at a given instant after the injection of acoustic energy at the source.

However, the practical seismologist is usually interested in the total travel-time over a path between the source and receiver in the real and highly inhomogeneous Earth. It is then often adequate to visualise the travel path by a ray and, for practical purposes, it is usually also appropriate to approximate the inhomogeneous Earth, which in fact does often consist of stratified material, by a layered medium. Each layer is given a constant velocity or one changing in a simple and regular way with depth. The interfaces between layers can be inclined at any angle to the horizontal and to each other, although the simplest model is one in which the layering is horizontal.

2
Ray paths in a two-layer medium with a horizontal interface

In this example, a horizontal interface at a depth h separates an upper medium (P-wave velocity v1) from a lower medium (v2). In the figure below, two possible ray-paths are shown for P-waves travelling between the source S and the receiver R on the surface of the upper medium.
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3
Reflection and refraction

Snell’s law states first that the angle of emergence of the reflected ray is equal to the angle of incidence ((1) of the incoming ray, and secondly that the sines of the angles of incidence and the angle of refraction ((2) are in the same ratio as the velocities v1 and v2


sin ((1)
v1



=



sin ((2)
v2

If v2 is larger than v1, the refracted ray will be deflected towards the interface, that is (2 will be larger than (1. In the limiting case, (2 will become 90( and the ray will become parallel to the interface: the angle of incidence is then called the critical angle (c, defined by


v1

sin ((c)
=





v2
The wave which is refracted exactly along the interface is called a head wave and is propagated with a speed v2. However, from any point along the interface, energy will also propagate upwards from the head wave towards the surface, emerging at the critical angle
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Now there is a third ray path, in addition to the direct ray and the simple reflection: the ray associated with the head wave travels down to the interface with velocity v1, along the interface with velocity v2, then back to the surface with velocity v1. Because the downward and upward parts of the ray path have the same geometry for all receiver positions, the change in time with increasing distance depends only on the changing distance travelled along the interface. Note that a head wave and the upwardly propagating rays will only exist if v2 is greater than v1.

4
Travel times in a two-layer medium with a horizontal interface

The variation is the travel time (t) with changing distance (x) along the surface between the source and the receiver for the three types of ray is described by the following travel-time equations
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5
Reflection interpretation

If observed, reflections generally contain less ambiguous information than direct and head waves. They are most simply interpreted by plotting t2 against x2: squaring both side of the travel time equation gives


t2
=
x2 / v12
+
4 h2 / v12

Thus the graph is a straight line whose slope is 1/v12 and whose intercept is 4 h2/v12
6
Refraction (head wave) interpretation

From the travel-time graph for the direct wave, the slope gives the velocity of the first layer, v1. Similarly the slope of the head wave travel time curve gives the velocity of the second layer, v2. This allows you to calculate the critical angle, (c. Then, using the fact that the intercept 
th   =   2h cos((c) / v1 , you can calculate h because you now know v1 and (c 


v1 th

h
=



2 cos((c)
7
Refraction from a plane dipping interface

A typical seismic refraction experiment designed to detect a dipping interface has a shot point at either end of a line of receivers. Two sets of travel time curves can then be observed, one with energy travelling up-dip, the other down dip.
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The two sets of travel times, plotted on top of each other then look like
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This graph assumes no static error between the actual and measured origin time. The interpretation procedure is then:
(i)
Measure v1 from the slope of the direct-wave travel-time curves.

(ii)
Measure the up- and down-dip apparent velocities v2up and v2down
(iii)
Compute the angles (up and (down, where


sin ((up)   =   v1 / v2up 
sin ((down)   =   v1 / v2 down

=   sin ((c(dip) 
=   sin ((c(dip)

(iv) Find the true velocity of the second layer v2 and the dip on the interface (dip from


(c   =   1/2 ((down(up)


(dip =   1/2 ((down(up)


v2   = v1 / sin ((c)

(v)
Measure the intercept times t2up and t2down and compute the depths hup and hdown from


v1 t2down
v1 t2up

hdown
=


hup
=



2 cos ((c) 
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Note that geophone traces are shown with peaks and troughs filled in with black – this can make it easier to estimate the time when a pulse starts.





Sometimes, only positive peaks are filled in
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xc = 2h ( [ (v2 + v1)/(v2  v1) ]
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