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SUMMARY 

The La Malbaie P-wave velocity monitoring experiments conunenced in 

1974. A description of the experiments from then on can be found in the 

following Interna! Reports of the Division. 

Period Report No. 

1974 - 1976 77 - 7 

1977 78-4 

June 1978 78-7 

Aug. 1978 - June 1979 79-13 

Oct. 1979 - June 1982 82-3 

Oct. 1982 - Oct. 1983 83-3 

In order to have a complete record of the experiments the period from 

June to October 1984 will be described in the present report. 

In addition two refereed papers have been published, Buchbinder and 

Keith (1979) and Buchbinder (1981), and a third paper has been accepted for 

publication, Buchbinder, Kurtz and Lambert (1983). 

The present report will describe shots 23 and 24 set off on the north 

shore and shots 117 and 118 set off on the south shore. 

There have been no noteworthy changes in the experiment: no changes in 

instrumentation nor stations. 

Absolute travel times have been determined for most stations, high 

background noise does not permit this at some stations. Changes in travel 

time for all shots and stations were obtained by cross-correlating the wave 

forms. 

Experiments 

A complete list of the explosions on the north shore is given in 

Table 1, and those for the south shore are given in Table 2. The station 
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coordinates and their distances from the shot points are given in Table 3. 

(Figure 1.) 

The shot point on the north shore is a water-filled open air mine and 

the precise location of the shot point does not change to within a few 

meters. On the south shore holes are drilled for each shot and corrections 

are determined for shot point migration. The locations of the recently used 

holes are sketched in Fig. 2. Shots 117, and 118 were set off in holes 17, 

and 19 respectively, for the location of hole 17 see Internal report 83- 3. 

Stations 

The station locations and the shot points are shown in Fig. 1. There 

has been no changes in the layout of the experiments. However at most 

stations the cernent base pads for the seismometers had deteriorated and were 

replaced, mostly in 1982. Also since more horizontal seismometers have been 

purchased the number of stations with pads for horizontals was also increased 

at that time. 

Shot Point Timing 

For all the shots described for this report the delayless shooter box 

was used . This box bas delays of the order of 0.2 ms and thus bas no effect 

on the timing precision as already mentioned in the last report (82- 3). 

After shot 114 the correction for shot 112 was made absolute since the 

near in station 40 had already been used for shot 112. Unfortunately shots 

17, 18 and 111 remain floating. The necessary corrections are given in 

Table 4 for these four shots. A portion of the correction is on the data 

cards used in the cross-correlation program and another portion is applied in 

the program that plots the residuals from the cross-correlation process. 

These corrections are headed CARDS and PROG in Table 4. 
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Placing a seismograph near to each shot was continued during these last 

experiments. However, no attempt should be made to remove the residual 

determined at station 40 (near the southern shot point) for a particular shot 

from all the stations observing that shot. The reason is that for all the 

stations the shot point migration correction is determined using, very 

reasonably, a phase velocity of 6 lcm/s. However at station 40 the velocity is 

about 4 lcm/s, therefore its correction needs to be increased by about 1/3. 

The very short distance of 1.03 lem of station 40 from the shot point 

makes the wave form observed at 40 a very sensitive function of the shot point 

migration. Therefore instead of using 100 data points in the 

cross-correlation only the first 1/2 cycle is used, constisting of a few data 

points. Both station 40 and 83 are useful as monitors of the shot point 

timing. 

Array Timing 

The array timing has been described in previous reports. It can only be 

repeated that it was not designed with millisecond accuracy in mind. 

Significant Changes 

A number of significant changes were undertaken during the course of the 

experiment, although none during this reporting period. All these changes are 

listed for convenience in Table S. 

Cross Correlations 

For each station changes in travel time have been obtained for all the 

shots on the north shore and separately for all shots on the south shore. 

This represents a total of 458 data points. The data are shown in Tables 6 

and 7 respectively. The combined data are also plotted in Figure 3. 
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In Figure 3 the horizontal scale is time in years and cumulative days. 

At the top are the shot numbers. The vertical scale is in milliseconds, and 

represents changes in travel time, those above the horizontal line are delays 

and those below the line are advances with respect to some reference shot. 

For all stations for this report the reference shot is 23 for the north shore 

shots and 117 for the south shore shots. The reference shot is arbitrary and 

was chosen to show changes from June to October 1984. 

In addition to the clock corrections the corrections in Table 4 have 

been applied where necessary. All shot residuals are absolute with respect to 

the reference shots except for three shots in 1982 i.e. 17, 18, and 111. 

These are floating to the extent that their averages were adjusted to be zero 

with the averages of shots 16 and 110. As mentioned earlier the reason for 

this is that these shots were delayed by unknown amounts due to instrumental 

problems. 

The lengths of the wave form used for cross-correlating is 100 samples 

at 120 samples/second. Generally the results are acceptable as evidenced by 

the high value of the cross - correlation function cc. For station 40 only the 

first 1/2 cycle consisting of a few data points is used. 

Travel Times 

Arrival times and corrected travel tirnes for the new shots are given in 

Table 8, together with estimates of their accuracy. This accuracy applies to 

the digitized sample that was estimated to be the first arrival and hence the 

estimate may be poor if the waveform is emergent. For sharp arrivals the 

estimate is good to within ±one half sample or + 4 ms. Stations where the 

background noise is large have not been included in Table 8. 
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Errors 

A summary of errors for shots up ta 14 and 108 in 1979 is given in 

Table 9. The errors for the remaining shots are given in Table 10. Errors in 

1984 are equal ta those in 1982 and are not shown in the Table. The upper 4 

lines give the instrumental and clock errors. The lower 4 lines give the 

R.M.S. errors for the various combinations of recording instruments. The last 

line gives the R.M.S. errer when a BP and an array site record the same shot. 

The errors for the shots in 1981 do not include uncertainties for d-c offset, 

nor do any shots include errors due ta tilt of the array heads. 

Results 

Whilst the changes of residuals shown in Fig. 3 vary in detail from 

station ta station a number of points should be noted. From 1974 ta 1977 the 

residual increased, as examplified by station 60, followed by a decrease in 

early 1978. Other stations, as 54, dropped at the start of 1980. This was 

followed by a sinusoidal variation between 1980 and 1984. 

Recommendations 

Significant changes continue to occur during the six rnonths intervals 

between the shots. In order ta keep track of these changes it is necessary ta 

shoot at the twice a year rate as in the past years. Further, in order ta 

have detailed knowledge of possible changes in velocity before a large 

earthquake it is necessary ta continue shooting until the next large 

earthquake occurs. 

Whilst changes in S wave velocity can be monitored by the present 

recording of explosions an understanding of the type of cracking involved in 

the rock mass, S waves frorn earthquakes with steeply incident ray paths are 

needed. Therefore a number of microearthquakes have been recorded with the 

backpacks operated in trigger mode, this will be analyzed in the near future. 
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Figure Captions 

Fig. 1. Triangles represent seismometer stations, stars are shots points. 

Fig. 2. Sketch of shot holes for shots including 117 to 118. 

Fig. 3. a, b, c, d. Travel time delays for all stations. Solid bars are for 
shots on the north shore. Open bars are for shots on the south 
shore. Horizontal scale is time in years and days. Vertical scale 
is in milli seconds. 

Fig. 4 Relative average shot residuals for the two shot points. 
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TABLE 1 

St. Jerome Mine 

List of Explosions 

47.534°N 70.556°W 
Charge Size 

No. Date Hour Lb. Kg. 

1 19 June 74 (170) 17:08:09.305 UT 1000 450 

2 13 July 74 (19 4 ) 17:11:06.752 UT 1000 450 

3 23 July 74 (204) 17:26:08.925 UT 5000 2300 

4 24 Sept 75 ( 26 7) 17:53:00.036 UT 5000 2300 

5 15 Dec. 76 (350) 20:25:59.989 UT 500 230 

6 31 Aug. 77 (243) 22:30:00.000 UT 2000 900 

7 31 May 78 ( 151) 21:30:00.000 UT 1500 680 

8 01 June 78 (152) 21:30:00.000 UT 500 230 

9 24 Aug. 78 (236) 21:30:00.000 UT 2000 900 

10 02 Nov. 78 (306) 05:00:00.000 UT 1500 680 

11 02 Nov. 78 (306) 22:00:00.000 UT 1500 680 

12 27 June 79 (178) 22:00:00.000 UT 1500 680 

13 28 June 79 (179) 22:00:00.000 UT 500 230 

14 06 Sept 79 (249) 22:00:00.000 UT 1500 680 

15 04 June 80 (156) 21:50:00.000 UT 1500 680 

16 16 Oct. 80 (290) 21:00:00.000 UT 1500 680 

17 11 June 81 (162) 21:30:00.000 UT 1500 680 

18 05 Nov. 81 (309) 21:30:00.000 UT 1500 680 

19 10 June 82 (161) 21:30:00.000 UT 1500 680 

20 21 Oct. 82 (294) 21:00:00.000 UT 1500 680 

21 09 June 83 (160) 22:00:00.000 UT 1500 680 

22 20 Oct. 83 (293) 21:00:00.000 UT 1500 680 

23 07 June 84 (159) 22:00:00.000 UT 1500 680 

24 01 Nov. 84 (306) 21:00:00.000 UT 1500 680 
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TABLE 2 

List of Explosions 
La Pocatière Shot Hole 

47.3500°N 70. 0112°W 
Ch a rge Size 

No. Date Hour Lb. Kg. 

101 06 Oct. 75 (280) 1S:l6:00.000 UT 1000 450 

102 28 Oct. 76 (302) 16:26:00.000 UT 1000 450 

103 16 Dec. 76 (3Sl) 17:26:00.000 UT 2000 900 

104 30 Aug. 77 (242) 23:30:00.000 UT 1500 680 

lOS 30 May 78 (lSO) 21:30:00.000 UT 1000 4SO 

106 23 Aug. 78 (23S) 21:30:00.000 UT 1000 4SO 

107 26 June 79 ( 177) 23:00:00.000 UT 700 320 

108 os Sept 79 (248) 22:00:00.000 UT 1000 4SO 

109 os June 80 (1S7) 22:00:00.000 UT 1000 4SO 

110 lS Oct. 80 (289) 21:00:00.000 UT 1000 4SO 

111 10 June 81 (161) 22:00:00.000 UT 1000 450 

112 04 Nov. 81 (308) 22:00:00.000 UT 1000 450 

114 20 Oct. 82 (293) 21:00:00.000 UT 1000 4SO 

llS 08 June 83 (159) 22:00:00.000 UT 1000 4SO 

116 19 Oct. 83 (292) 21:00:00.000 UT 1000 450 

117 06 June 84 (1S8) 22:00:00.000 UT 1000 4SO 

118 31 Oct. 84 (30S) 21:30:00.000 UT 1000 4SO 



- 10 -

TABLE 3 

Station Coordinates 

Distances 
N-Shore S-Shore 

Station Latitude Longitude Km Km 
N w 

10 47.2460 - 70.1930 42.18 17.98 

11 47.2430 - 70.1970 42.24 18.42 

16 47 . 4680 - 70.0100 41.82 13.13 

18 47.5190 - 69.8640 52.18 21.84 

20 47.7060 - 69.6900 67.90 46.42 

21 47.7040 - 69.6900 67.84 46.23 

30 47.3360 - 69.9410 51.39 5.53 

40 47.3408 - 70.0094 46.52 1.03 

50 47.7860 - 70.7410 31.30 73.30 

52 47.4270 - 70.5200 12.21 39.39 

54 47 . 4570 - 70.4130 13. 77 32.60 

56 47.5500 - 70.3270 17 . 34 32.61 

58 47.5250 - 70.2130 25.87 24.72 

60 47.6920 - 70.0930 39.02 38.55 

61 47.6937 - 70.0912 39.22 38. 71 

62 47.7520 -70.0090 47.75 44.73 

64 47.8270 - 69.8910 59.66 53.84 

74 47.6330 - 70.4610 13 .11 46.28 

76 47.6430 - 70.2410 26.63 36.92 

83 4 7.5217 - 70.5540 1.38 45.21 



Shot Nos. 
14 

108 

15 

109 

16 

110 

17 

111 

18 

112 

19 

20 

114 

21 

115 

22 

116 

23 

117 

24 

118 
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TABLE 4 

CORRECTIONS IN MS 
(other than clock corrections) 

BP 

+18 

+18 

Arr a y 

+18 - 27 except stn 60 

+18 -27 except stn 60 

+18 

+18 

+18 

+18 

+18 

+18 

+18 

+18 

+18 

+18 

+18 

+18 

+18 

+18 

+18 

Shot Point 

Cards 

-81 

-81 

*Corrections are floating 

Prog 

-8* 

-7* 

-48* 

-50 
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TABLE 5 

Significant Changes 

Type of change Date Starting with Shot No. 

Delay- less blaster box June 1979 12, 107 

New BP June 1980 15, 109 

Station 60 becomes 61 05 June 1981 17, 111 

Array high gain channels 
on one head June 1981 17, 111 

Station 40 Nov. 1981 112 

Station 83 June 1982 19 
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TABLE 9 S~L.\.H.Y OF ERRORS 

1 

3 4 5 6 7 8 9 10 11 12 13 14 SHOT 

102 NUMBERS 
101 103 104 105 106 107 108 

1974 1975 1976 1977 1978 1979 YEAR 

4 4 4 4 4 4 4 4 4 4 4 4 
Arr a y -r 
digit. > 

"° 
2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 · 2 2 2 2 

Blas ter ~ T box . 
Shooter 

1 
t:O 

clock t"Cj 

2 2 2 2 2 2 2 2 2 2 2 2 
Recorder 
clock 

Commerc. 
7 blaster 

BP 
8 8 Micropr. 

5 5 5 5 5 5 5 5 5 5 5 5 BP-A 

9 9 5 s 5 5 5 4 4 BPxBP 

10 7 7 7 7 7 7 7 7 7 7 M ~ 
A x A ~ (;) 

0 

11 11 8 8 8 8 8 8 
: ' 

c; 
8 BPXA 

, 



.. 
TABLE 10 

SUMMARY OF ERRORS 

CHOT 14 15 16 17 18 19 
NUMBERS 108 109 llO 111 112 
YEAR 1979 1980 1981 1982 

~~Array Digit 4 4 4 4 4 4 
~ ~ Shooter Clock 2 2 2 2 2 2 
~ Recorder Clock 2 2 2 2 2 2 
c:r BP - A 5 5 5 5 5 5 

i BP X BP 4 4 4 4 4 4 : 
l.JI 1 A x A 1 7 1 7 7 7 

~ ' BP x A 8 8 8 8 8 8 
\'C- , BP x A 7 7 7 7 7 7 
_1_ Same Shot 
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