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Introduction

L)

*» Dynamite is a commonly used tool in
exploration seismology to image the
subsurface.

L)

The bigger |
am, the more
you can see!

L)

* The reflection component is of
particular interest as it contains
valuable information regarding the
subsurface.

L)

L)

* Several models currently exist to
theorize the radiation patterns emitted
from a dynamite explosion.

L)

L)

* We present the spherical model for
dynamite and examine the effect of
charge size on power and frequency © Toons4Biz * www.CiipartOf.com/6893
spectra in a seismogram.

L)
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Displacement

Displacement: 3 = ue, +”eee +u(pe(p

Spherical Symmmetry: u, = U, = O=u=u

r

K 2 1-20 e .
== (1) =" P = sin(y1,)

where X=—

aJ1-20 g(l—Zaj r—a
a l-o a
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Displacement

Key Observations (Sharpe, 1942)

pNI-20

u (t )_ Sin(Ztr)
2U r
Frequency spectrum of u is:
P V1-20 |«
> 1 27(l1-0) |a

Radius of the equivalent cavity, a, is
proportional to the charge size.

Particle displacement is proportional

to the rhnrgn cize

w wWiimNw o

The dominant frequency of the
emitted waves is inversely
proportional to the charge size.

The relationship between m and a is
difficult to establish due to the
nature of energy transfer when
dynamite explodes.
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Data and Field Acquisition

%+ Data was obtained during the Hussar Low Frequency experiment
conducted by CREWES in 2011.

»  Groups of test charges, ranging in size between 1 and 4 kg, were buried
at a depth of 15 m at 3 separate locations located along the seismic line

(Margrave et al. 2011).

» Data was recorded by a 5-component geophone array; we used the
vertical component of the 10 Hz receiver to conduct this study.

» The geophone and sample interval where Ax =10 m and At =2 ms.

» Data was collected for a total of 17 shots along the seismic line,
however, this discussion will be limited to data from the first location.
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Power Analysis

Raw shot record for shot 2299 (charge size = 1 kg

We were primarily interested in examining
the power distribution in the first breaks, 1
. | Reflectiond
reflection data, and the ground roll. pp [ EEeon oo -
3r Ground roll :‘ 5
Each component of the seismogram was . =
icenlatad 1i1cing Finman wrindAlare vanvracantad liaey 2::
IDUIALTU UDITIH LIHTIT WITTIUUVWDO TTpICOoCIIltctu v . =
. . o = 53 e
straight lines in x-t space = Z
6F ==
After each component was isolated, the e Z ; 2
power was computed by summing the ol : 1 ;
squares of the traces contained within these
. 9k : : 4
windows.
10[] E(I]U 10I00 ; 15I00 2l]IUl] 25![1[] BUIUU 35IUU 4[11[][1

Distance (m)

This procedure was carried out for all 17 shot

records obtained from all the test charges. FIG.1. Raw shot record showing the individual
components of the shot record that were analyzed in

this investigation.
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Power Analysis

Raw shot record for shot 2299 (charge size = 1 kg)

Raw shat recard for shot 2636 (charge size = 2 ki)

0 T T T T T T r .
_-b—‘—:f:;- p24 First break window was defined
—= by isolating events that were
2= 0.4 parallel to the first breaks.
First break windows [ =
; 0.6 T .
3 = - -
E.; — —.-'—-‘- _ i _—gd
T Rt o T
4 i* = . _:-- it
Reflection windows = 1
® sl = . The reflection window was
oS = 19 defined by the bottom of the
““ ¥ first break window, and the top
6 7 1 4:1 of the ground roll window.
- H . | - - — — - ]
7t | Ground roll windows 16 R - f /
- o [ ] »
8 R — s n . "‘ ~l
- 1.8 Ground roll window was defined by |, " y
isolating the events with the |
o = 24 steepest slopes on the shot record. ' " -J
f » -— 1 f i . -
10 1 [t 1 1 1 1 1 A m;l R B __*_m
0 500 1000 1500 2000 2500 3000 3500 4000 1200 1400 1600 1800 2000 220

Distance (m) Distance (m)
(Left) FIG.2. Raw shot record showing the time windows used to isolate each component of the shot record.
(Right) FIG.3. Criterion used to isolate the components from the remainder of the seismogram.
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Power Analysis

Power as a function of charge size at location 1
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FIG.3. Shot power as a function of charge size at location one. The power, and thus displacement amplitude,
appears to increase with charge size as predicted by Sharpe, 1942.
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Frequency Analysis

m spectrum for each component of the shot record from shot 2299 {charge size =1 kg)
0

—First Breaks
—Reflections
—Ground Roll

TN
The dominant frequency of each component ranges between 25 and 30 Hz.

Amplitude (dB)

| | |
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FIG.4. Frequency spectra for each of the components of the shot record for shot 2299. These were obtained via the
fxtran_new code using the time windows for tmin and tmax.
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Frequency Analysis

quency spectrum for each component of the shot record from shot 2302 {charge size =4 kg)
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Overall decrease in the dominant frequency of each
component when the charge size is increased; the 7
dominant frequencies range between 15 and 25 Hz.

Amplitude (dB)
&
T

1

(=1

(=]
[

|

4
[—]
[

|

| | |
0 50 100 150 200 250
f (Hz)

FIG.5. Frequency spectra for each of the components of the shot record for shot 2302. Note the decrease in frequency of
each component with the increased charge size.
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Frequency Analysis

Frequency spectra for varying charge size
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FIG.6. Frequency spectra for the reflections that result from different charge sizes. The dominant frequency appears to
decrease with increased charge size as predicted by Sharpe, 1942.
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Frequency Analysis

Frequency spectra for varying charge size
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FIG.7. Closer view of the peaks in the frequency spectra for the reflection data. The decrease in frequency appears to be
most drastic for the 1 and 2 kg charge sizes.
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Relationship between m and a

Assume a relationship between dominant frequency and cavity size to be:

fo — ﬂan where: a~m

A = const.

Can we establish a relationship between cavity size and charge size? (we can’t control a)

log,, f, =log,, A +nlog,, a
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Relationship between f and a

Log-log plot of dominant frequency versus charge size
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FIG.8. Log-log plot of dominant frequency and charge size. A series of polynomial fits which were computed based on the
log of the charge size have been superimposed.

E§ UNIVERSITY OF

@ CREWES WWW.Crewes.org = CALGARY



Conclusions

** The spherical model predicts that particle
displacement increases with charge size.

a decrease in dominant

wn

** This model also predict

freq
\1“

« Increasing the size of the charge used will increase
the power of reflection amplitudes.

** The dominant frequency of elastic waves emitted by a
dynamite explosion decreases with charge size.
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