
PROPOSED FIELD PROGRAM 

FOR THE STUDY OF THE 

INDUCED SEISMICITY AT MANIC 3 

by 

G. Leblanc and F. Anglin 

·seismological Service of Canada 

Internal Report 76-8 

BARTH PHYSICS BHANCH 
RECORDS MANAGEMENT 

AUG 1 1 1976 
RCF __ ~~~~-

FJLE·DOSSIER 6 ;;_/0 -1 
DIRECTION DE LA PHYSIQUE DU GLOoE 

GES'f!ON DES DOCU!IŒNTS --

Division of Seismology and Geothermal Studies 

Earth Physics Branch 

Augus t 1976 

mszadurs
Transparent Narrow



INTRODUCTION 

In August 1975, Hydro-Quebec began the filling of the Manie 3 

reservoir as the one before the last stage . in the completion of the 

Manicouagan-Outardes hydro-electric complex. For reasons still unknown, 

the filling of this particular reservoir resulted in a long sequence of 

induced earthquakes. With caution, it must be said that this is the first 

known instance of induced seismicity in Canada. It is not at all impossible 

that other cases may have arisen an<l were not recognized as such or simply 

not detected. This could be due to the fact that the Canadian Seismograph 

N'etwork was not always capable of detecting throughout the entire country 

all events with magnitudes smaller than three. 

The present induced s equence was detected through the monitoring 

of the d::ita from the MNQ station, a station installed in December 1974, 

specifically for monitoring the reservoirs areas. The induced seisrnicity 

was later studied by means of the ternporary deployrnent of three portable 

stations in the innnediate vicinity of the activated zone. The coverage of 

this temporary net was limited both in time and space. It ran from October 

23, 1975 until March 17, 1976, with some weekend and Christmas holiday 

interruptions. It did not entirely surround the active zone in an ideal 

configuration. 

The presen t proposal is to reconnnend a field program which would 

permit an int ensive study of the continuing induced seismic activity. It 

is felt by the Director of the Division and some of his staff that such a 

sequence should be given higher priority in th e Division's field activity 

because of its uniqueness and pctential. This report is a direct answer to 

the Director ' s wishes for an increased comrnitment in the Manie 3 region. 
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Achievements and Limitations 

In a recent report by the same authors, "Séismicité Induite au 

Réservoir de Manie 3, Province de Québec", Internal Report 76-7 (July 76), 

a summary of all pertinent historical notes was presen.ted as well as the 

results of studies conducted up to the end of June 1976 by afl the Divisions 

of the Earth Physics Branch. Sorne of the seismological data will be repeated 

in part here in as much as they support the present recommendation. 

In figure 1, the magnitude of the largest event is plotted for 

each day, as well as the water level in the Manie 3 reservoir. It appears 

clearly that the sequence is definitely not over. Nonetheless one can see 

t ·hat between mid-March and mid-April a period of relative quiescence 

appeared, followed l a ter by an increase in the activity very similar to 

original pattern of the foreshocks in September and October. From both 

the administrative and scientific point of view, the appearance of such a 

pat·tern makes it bard to decide whether or not a warning of an imminent 

larger shock should be issued and field deployment initiated. Presently 

another period of relative quiescence is observed; yet occasional events 

do occur. Clearly, a permanent deployment of more instruments would assure 

adequate and continuous monitoring of the activity. The adequacy of MNQ in 

its detection role bas been discussed in the other report, and is clear from 

th e cornparison of figure 2 with figure 1. It also cornes out frorn the parallel 

existing be tween f igur e 3 and the corresponding part of figure 2. It can 

be seen that the MNQ station detected roughly four times fewer events than 

th e portable net did, but still recorded any important change in the 

seisrnicity. Nonetheless the point to make here is that during an induced 

sequence, location capabilities are rnost desirable and detection not very 
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elevation bath during a nd arter the filling of the reservoir. 
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infonnative. The detailed analysis of the source migration, possible only 

with good location capabilities, can yield some valuable insight on the 

mechanism of induced earthquakes, e.g. the rate of progyess and the shape 

of the pressure front. It must be concluded then that location 

capabilities should be reorganized and improved as soon as possible, since 

it appears that thi s particular sequence, as in other historica l well 

document ed cases, is likely to last for awl1ile. 

In figure 4, a typical subgroup of epicenters is presented 

relative to th e dam and the three portable stations. Even if the zone of 

activity is almost contained in the triangle formed by T2, VM and D3, 

cléarly a 4th station to the NE would have been needed to give a symmetrical 

configuration. Such a station was not be dep~oyed because of logistical 

difficulties and the shortage of manpower allotted to daily maintenance. This 

limitation in the syrrunetry may bias the epicentral results, particularly 

because uncertainties on the local velocity model exist. A syrmnetrical 

network usually rninimizessuch epicentral bias, even though it does not 

resolve the remaining uncertainty on focal depth and origin time. Hopefully 

this problem can be solved by the deployment of a large r and symmetrical 

network, with one or two stations relatively near the epicentres. 

The limited number of phase readings that were obtained from three 

stations required a reduction in the number of variables in order to allow 

the regression procedures to converge to a minimum; consequently focal depth 

had to be fixed. 

Proposal 

In view of the above needs, it is proposed that a 6-element 

telemetere d array be deployed around the active zone of the Manie 3 reservoir. 
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Because the Earth Physics Branch can benefit from the te~ landing sites 

now prepared by Surveys and Mapping for their horizontal measurements 

around Manie 3, see figure 5, it appears that six of these sites could 

be chosen for the telemetered array. The superiori ty ·of such a deployment 

can be quickly reviewed. 

1) This is an increase in the number of stations. By doubling 

the original number of local stations (3), it is hoped that a better 

configuration can be achieved. Not only will symmetry be improved by 

chosing sites #1, 3, 6, 7 and 9, but the active zone will then be 

surrounded. By putting a station at site 10, right on top and in the 

centre of the epicentral zone, represented by a square on figure 5, it is 

expected that the final depth estimates will become far more reliable. 

The chosen sites will also be at different epicentral distances; 

this is an improvement over the old sites, two of them being at the same 

distance, This had prevented the study of Wadati Diagrams. (S-P vs P times). 

It should be pointed out though, that in the present proposa! some of the 

distances will be quite Sillall and that the S-P separation might become 

very bard to read. This could result in fewer input data and thus uncertainties. 

in Wadati plots. It is suggested that temporal changes in velocities be 

checked not so much by Wadati plots, but rather by comparing relative 

differences of blast arriva! times, (of which there are several each day) 

a method used for the Blue Mountain experbnent. 

2) This deployment would offer continuous monitoring of the activity 

through magnetic recording. By using 10-day tapes, the number and length 

of interruptions can he quite limited. Particularly during bad winter 

weather, this system is far superior to anything requiring the daily visit 

of an op er a tor within a na rrow time windo w. The two gain level .option 
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is also important, particularly in view of possible larger events being 

recorded at such short distances. 

The availability of a visual monitor is quite desirable. The 

pres ent authors strongly r ecommend it but r ealize that maintenance costs 

could be so high that such advantage might have to be given ~P· The stations 

located on high peaks would be accessible only by helicopter. This should 

greatly protect them from vanda lism, a problem which has resulted in the 

failure of the magneto-telluric experiment during the first semester . 

Such a safety f eature will probably result in higher maintenance 

·costs as expensive helicopt er time will be needed. These costs should be 

somewhat outweighed by the lasses resulting from vandalism. It seems fair 

to say, in view of the numerous instance s of theft that Dr. Kurtz has 

experienced, that the deployment of smokers and magnetic tap e systems in 

very accessible locations would be foolish. It would be quite unwise from 

a scientific viewpoint, as the loss of equipment would end up spoiling the 

homogeneity of the data collected, and possibly ruin the experiment. 

Sp ecific Recommendations 

It is recommended that, if this proposed field deployment is 

accep t ed, the following course of action will be taken . 

1) Obtain permission from Hydro-Quebec to park the array trailer 

within the fenced enclosure of their microwave tower No . 2, and use their 

A.C. power for the operation of the array bas e. From a preliminary study, 

this is the only one site out of the ten suitable for the array base. 

2) Ortler the large quantity of batteries required for 6 months 

oper ation of 6 satellite sites and repeaters. Delay on the delivery of 

thi s item could make the deployment of t he array · mor e difficult, as cold 
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and foggy weather is known to come in early fall at Manie. 

3) Have a reconnaissance survey of the proposed sites. One of the 

two scientists r esponsible for Manie 3, if not both, should visit the sites 

with one person from the ins trumental laboratory. Lines of sight between 

stations have b-een studied from maps and f rom r eports provid.ed by the Surveys 

and Mapping crew. As of now, bed rock has been found at all 6 sites. Site 

No. 2 will be us ed for a repeater, as sites 6 and 10 have no line of 

to site 1. Site 9 will b e us ed for a repeater to bring in site 7. At site 

1, the seismometer is expected to be hard wired to the recorder. 

"4) Simultaneous to this reconnaissance, a search should be carried 

out for a candidate to whom the op eration of the trail er could be contracted. 

The authors would prefer a contract that would cover a service visi t to the 

trailer every other day, so that v isual monitors could be op erat ed and the 

quality of each receiving and r ecording channels be checked. It is 

anticipated that this candidate may not be found easily and cheaply since 

previous efforts by Hydro-Quebec to help Dr. Kurtz with extra manpower have 

not succeeded. 

5) Check with Surveys and Mapp ing on the possibility of using their 

towers at remote sites for supporting our antennae if they decid e to l eave 

them erec t ed after their survey. 

6) Dialogue between our Divi sion and Hydro-Quebec on . this proposal 

' 
should be intensified as it could possibly r esult in some help. 


