





Seismic
measurements
and bore hole
photographic
observation*

By G. E. LAROCQUE,
F. KAPELLER and
D. F: COATES**

BA need exists to develop geophysical
methods which permit a rapid and eco-
nomical assessment of the structural
properties of benches and walls in open-
pit mines. The purpose of such meas-
urements would be to establish the
presence of faults and other features
that must be allowed for in initial mine
planning, and to detect subsequent
structural changes caused by mining
which can affect the stability of a mine.
Seismic refraction surveying is one
geophysical method which has indicat-
ed some potential [1], and is being
tested by the Mining Research Centre
for detecting intensely fractured zones
and faults. Test sites are the benches in
an open-pit iron mine whose upper sur-
faces have been subjected to blasting
of the 5 ft sub-grade from previous
cuts. It was therefore expected that an
intensely fractured upper section would
exist in each bench, which could be in-
dicated by photographing the holes.

The equipment
A hammer seismic survey was conduct-
ed with a conventional 12-pound ham-
mer with attached inertia switch to pro-
duce seismic disturbance. The switch
is used to trigger a Tektronic model
349 Storage Oscilloscope equipped to
provide four traces in a chopped mode.
Normally, 3 to 7.5 cps seismometers
have been used simultaneously. Dy-
namic Model 2460A pre-amplifiers con-
dition the signal developed at the
Seismometers. Fig. 1 is a trace re-
sulting from some seismic array meas-
urements,

The oscilloscope has normally been
used in the storage mode. This permits
the use of interludes between hammer

e i S8

‘IR 72/76 — EMR, Ottawa.

**Respectively research scientist, techni-
¢lan and head, Mining Research Centre
Mines Branch, EMR, Ottawa.

4

Fig. 1 Waveform of first arrivals at three
seismometers (sweep 2 millisecs/cm).

blows to adjust the time base and gain
settings, reducing to a minimum phys-
ical effort by the hammer man. After
a set of acceptable traces has been pro-
duced, an oscilloscope camera provides
a permanent record for later examina-
tion.

Seismic refraction measurements

In the iron mine, benches 66 ft high
are mined in two 33-ft cuts. Drill pat-
terns vary from 18 x 18 ft to 22 x 22
ft with 4 to 5 ft of subgrade, depending
on whether ore or waste is blasted. The
toe load is 150 to 200 pounds of alu-
minized slurry explosives with a top
charge of 300 pounds of AN-FO.
Referring to Fig. 2, measurements
were made parallel to the face of ex-
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Fig. 2 Plan diagram of test site
indicating position of refraction survey
lines with respect to face of bench.

isting benches. The line A-B-O was
placed as close to the edge as phystcal-
ly practical and succeeding lines were
25, 50 and 75 ft behind it. The proce-
dure was to place the three seismome-
ters 10 ft apart at one end of these
lines. Hammer distance was varied to
produce refraction profiles for the dif-
ferent lines.

Fig. 3 shows refraction profiles for
lines paralleling the bench face at the
first test site. Fig. 4 shows similar
profiles for the second test site.

At this first test site, the refraction
profiles indicated a gradual increase in
seismic velocity with depth below sur-

Fig. 3 Time-distance plots for first test
site (a) line A-B-0, (b) line A-B-25,
(c) line A-B-50.
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Site Description Peak Accelerations (g’s) Peak Particle Velocity (cm/sec)
Number Gauge 1 Gauge 2 Gauge 3 Gauge 4 Gauge 1 Gauge 2 Gauge 3 Gauge 4
P38S pre-splitting 400 350 420 370 60 51 60 95
blast
P48S pre-splitting 1800 8800 saturated hole 380 880 — ik
>8000 collapsed
P43 main blast, 440 1200 710 217 120 194 170 110
no pre-split 230 490 920 160 120 167 210 90
line 370 320 300 150 165 99
610 560 184 140
P48 main blast, 565 170 360 hole 145 127 82 P
pre-split 1000 1500 770 collapsed 125 274 164 o
line 1500 210
M105 main blast, 2000 480 855 965 99 62 91 130
no pre-split 430 570 1560 2600 55 100 170 240
line 900 940 6900 88 370 310
875 3400 91 140

TABLE 1 — ACCELERATION AND PARTICLE VELOCITY DATA

Figure 1. Hole Pattern for P-43

NOTES

. Berm Holes - 100 Ibs. Tovex, 50 Ibs. Tovite

2. Front Row - 200 Ibs. Tovex, I00Ibs. ANFO 0510 20 40 Feet

3. Other Rows - 200 bs. Tovex, 400Ibs. ANFO

4. Prima Cord Interconnection Of Holes

5. 39 Delays Used, X, I5ms Each Delay

6. All Holes 7" Dia, Except Where Noted

Figure 2. Hole Pattern for M-105
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. Boxed Holes - 175 Ibs. A-2 Tovex, 175-200 Ibs. ANFO
Other Holes -150 Ibs. Tovex, 175-200 Ibs. ANFO 0510 20 40 Feet

. 34 Delays Used,X,25ms Each Delay
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4. Prima Cord Interconnection Of Holes
S

6. All Holes 7" Dia, Except Where Noted
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