
Publisher’s version  /   Version de l'éditeur: 

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Proceedings: Fourth Canadian Conference on Earthquake Engineering: 15 June 
1983, Vancouver, B.C., Canada, pp. 519-528, 1983

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=adb86a81-fe51-4523-a32e-ae55188d58ac

https://publications-cnrc.canada.ca/fra/voir/objet/?id=adb86a81-fe51-4523-a32e-ae55188d58ac

NRC Publications Archive
Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 
La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 
acceptée du manuscrit ou la version de l’éditeur.

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

The Eastern Canadian strong-motion seismograph network
Rainer, J. H.; Luctkar, E. C.

https://nrc-publications.canada.ca/eng/view/object/?id=adb86a81-fe51-4523-a32e-ae55188d58ac
https://publications-cnrc.canada.ca/fra/voir/objet/?id=adb86a81-fe51-4523-a32e-ae55188d58ac
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits


Ser , 
TH1 
N21d + National Research Conseil national 

no. 1119 1 Council Canada de recherches Canada 
c *  2 , 
BLDG 1 

THE EASTERN CANADIAN STRONG-MOTION SEISMOGRAPH NETWORK 

by J.H. Rainer and E.C. Luctkar 

ANALYZED 

Appeared in 
Proceedings 
Fourth Canadian Conference on Earthquake Engineering 
Vancouver, B.C., June 15 - June 17,1983 
p. 519 - 528 

Reprinted with permission 

N R C  - C I S T I  

BLDG. RE% 

DBR Paper No. 11 19 
Division of Building Research I BIBLIOTHLQUE 

Rech. BbPim. 
P r . : c 1 3 T  

Price $1.00 OTTAWA NRCC 22514 



L'emplacement en j anv ie r  1983 e t  l e s  carac t ' e r i s t iques  des  
28 appa re i l s  d 'enregistrement des  f o r t s  s6ismes du r6seau 
de  l ' e s t  du Canada sont  d6c r i t s .  Sept instruments sont  
i n s t a l l ' e s  dans l a  vallOee du Bas-Saint-Laurent e t  cinq dans 
l a  r g g i o n  Ot tawa-MontrGal. L '  i n s t a l l a t  i o n  d e  16 
sismographes dans l e s  barrages de lfHydrwQu5bec Q Manic 
3, Manic 5 e t  Outardes 2 e a t  d g c r i t e  en  dgra i l .  Le 
rappor t  fait Etat: de l 'expdrience acquise en mati3re 
d ' exp lo i t a t i on  et d ' e n t r e t i e n  du r'eseau, i nc luan t  l e  p e t i t  
ensegistrement du tremblement de t e r r e  du 20 aoilt 1980 2 
Saint-Fidkle. Des e s s a i s  de sau tage  ont eu l i e u  Manic 5 
e n  1982. 



THE EASTERN CANADIAN STRONG-MOTION SEISMOGRAPH NETWORK 
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Div i s ion  of Bui lding Research 
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ABSTRACT 

The l o c a t i o n  and c h a r a c t e r i s t i c s  of t h e  28 s t rong-mot ion  seismographs 
i n  t h e  E a s t e r n  Canadian network a s  of January 1983, a r e  descr ibed.  
Seven ins t ruments  a r e  l o c a t e d  i n  t h e  lower S t .  Lawrence Val ley ,  and 
f i v e  i n  t h e  r e g i o n  surrounding Ottawa-Ffontreal. D e t a i l e d  d e s c r i p t i o n s  
a r e  given of t h e  i n s t a l l a t i o n  of 16 seismographs i n  dams a t  Manic 3,  
Manic 5 and Outardes  2 of Hydro-Qugbec. Operat ing and s e r v i c i n g  
exper ience of t h e  network is desc r ibed ,  i n c l u d i n g  t h e  small record  
ob ta ined  from t h e  S t .  F idSle  ear thquake of 20 August 1980. B l a s t i n g  
tests were monitored at  Manic 5 i n  1982. 

INTRODUCTION 

The Eas te rn  Canadian Strong-Motion Seismograph Network w a s  s t a r t e d  i n  
1966 wi th  two "Fairey" strong-motion ins t ruments ,  one i n  St .  Fdrgol ,  
Qu6bec and t h e  o t h e r  i n  Montreal ,  and an  AR-240 i n  Ottawa. These have 
s i n c e  been rep laced  by more modern ins t ruments  and t h e  network has  
grown t o  a  t o t a l  of 28 ins t ruments .  Its s t a t u s  i n  1974 was reviewed by 
Rogers ( 1 )  t o g e t h e r  w i t h  t h a t  of t h e  Western Canadian network. 

The E a s t e r n  Canadian network can be grouped i n t o  t h o s e  s t a t i o n s  whose 
purpose i s  p r i m a r i l y  t o  record  s t r o n g  ground motions,  and t h o s e  t h a t  
record the  response of major s t r u c t u r e s .  I n  t h e  even t  of a  major 
earth.;uake, t h e  ground motion s t a t i o n s  can be expected t o  provide 
informat ion on t h e  fol lowing:  c h a r a c t e r i s t i c s  of t ime h i s t o r i e s  of 
ground motions,  such a s  peak a c c e l e r a t i o n ,  v e l o c i t y  and d u r a t i o n ;  
s p e c t r a l  con ten t  of t h e  motion; a t t e n u a t i o n  of motion wi th  d i s t a n c e ;  
c o r r e l a t i o n  of ground motion and p o s s i b l e  damage t o  b u i l d i n g s  and o t h e r  
s t r u c t u r e s ;  a  q u a n t i t a t i v e  assessment of how E a s t e r n  Canadian ea r th -  
quakes compare w i t h  t h o s e  of o t h e r  p a r t s  of t h e  world. Given a  s u f f i -  
c i e n t  number of record ings  of s i g n i f i c a n t  s e i s m i c  e v e n t s ,  t h e  s e i s m i c  
p r o v i s i o n s  of t h e  Na t iona l  Bui ld ing  Code of Canada could  t h e n  be 
confirmed o r  a  more q u a n t i t a t i v e  b a s i s  would e x i s t  f o r  needed changes. 

The ins t ruments  i n s t a l l e d  t o  record  t h e  motion of major s t r u c t u r e s  a t  
p r e s e n t  i n c l u d e  t h r e e  dams of Hydro-Quebec, t o  be d e s c r i b e d  l a t e r  i n  



more detail. Resides detailed records of the motions of these 
structures and possible correlation with damage, ground motion 
characteristics would also be obtainable in the event of an earthquake. 
The possibility of recording reservoir-induced seismic events was also 
a consideration in these installations. 

The instruments installed in New Rrunswick in response to the 
January 1981 Miramichi earthquake are not included in this presentation 
as they were deployed temporarily by the Division of Seismology and 
Geomagnetism of Energy, Mines and Resources Canada to monitor that 
specific series of events. 

STATUS OF NETWORK, 1983 

Ground Motion Stations 

The 1982 status of the network is summarized in Table 1 and the 
geographical locations are shown in Fig. 1. Instruments employed are 
the SMA-1 accelerograph which uses 70 mm film, and the AR-240 which 
uses 300 mm-wide photosensitive paper. Both instruments are self- 
triggering and battery powered; a trickle charger maintains the 
necessary battery charge. A more detailed description of various 
instruments can be found in Ref. 1. An asterisk (*) with some SMA-1 
instruments in Table 1 denotes a time code generator which provides a 
binary-coded edge trace indicating the time of triggering to the 
nearest second. The crystal oscillator, however, can drift by several 
seconds over a few months. 

Instrumentation of Dams 

Strong-motion instruments at three dam sites were installed by Hydro- 
Quebec with the participation of the authors and other members of the 
Division of Building Research of the National Research Council of 
Canada. Three major dam sites are presently instrumented: "Manic 3," 
and "Manic 5" on the Manicouagan River, and "Outardes 2." The latter 
site is located about 20 km from Baie Comeau, Qugbec, the former two 
are 50 and 200 km north thereof. 

One SMA-1 was located Erom December 1978 to April 1981 in the spillway 
structure of LG-2 of the James Bay Hydroelectric development to monitor 
possible seismic activity during reservoir filling (2). No record was 
obtained. 

MANIC 5: The Daniel Johnson Dam at Manic 5 impounds a reservoir over 
100 km long. The multiple concrete arch dam was completed in 1968; it 
has a total length of 1310 m and a height of some 200 m at the centre 
arch. A plan view and elevation of the dam, with the instrument 
locations, are shown in Fig. 2. Locations 1 to 7 are permanent 
installations, whereas Locations 8 to 10 were temporary ones for a 
series of test blasts conducted in June 1982 at the shores of the 
reservoir. A description of the instruments is gtven in Table 2 .  
Because of the expanse of the installation, the remoteness of the site 
and dampness in the lower galleries, some redundancy in the number of 
instruments was thought desirable. All instruments are interconnected 



and number 4 s e r v e s  a s  t h e  master ,  p rov id ing  a common t i m e  base  and t h e  
same time code s i g n a l  on a l l  records .  

MANIC 3: This  is an ea r th - f  ill dam w i t h  a  till c o r e  b u i l t  a c r o s s  t h e  
300 m-wide r i v e r  canyon. The c o n c r e t e  diaphragm c u r t a i n  w a l l  c u t s  
through t h e  137 m t h i c k  a l luvium r i v e r  bed t o  t h e  bedrock. A double 
w a l l  s t e e l  g a l l e r y  on top  of t h e  c u r t a i n  w a l l  ex tends  from a n  
ins t rumenta t ion  room excavated i n t o  t h e  l e f t  rock abutment,  t o  t h e  
r i g h t  rock abutment. F igure  3  shows a  c r o s s  s e c t i o n  of t h e  dam, w i t h  
the  p resen t  seismograph i n s t a l l a t i o n s .  The t h r e e  seismographs on t h e  
e x t e r i o r  of t h e  dam a r e  mounted on a  c o n c r e t e  p e d e s t a l  t h a t  extends  2  m 
i n t o  t h e  g r a n u l a r  f i l l ;  they a r e  covered and heated.  Each s t a t i o n  i s  
p r o t e c t e d  by a weather  hu t .  

During c o n s t r u c t i o n  and r e s e r v o i r  f i l l i n g ,  temporary i n s t r u m e n t a t i o n  
c o n s i s t e d  of one SMA-1 a t  t h e  t o e  of t h e  dam, and one i n  t h e  ins t rument  
room. S e n s i t i v e  seismometers showed a  c o r r e l a t i o n  between se i smic  
a c t i v i t y  and r e s e r v o i r  f i l l i n g ,  and on 23 October 1975 t h e  l a r g e s t  
even t ,  magnitude 4.3, occurred i n  t h e  v i c i n i t y  of t h e  r e s e r v o i r  ( 3 ) .  
T h i s  was c l e a r l y  f e l t  a t  t h e  dam s i t e  and caused apprehension about t h e  
se i smic  e f f e c t s  of r e s e r v o i r  f i l l i n g .  No records  were ob ta ined  on t h e  
strong-motion seismographs s i n c e  t h e  motion i n  t h e  rock g a l l e r y  d i d  n o t  
exceed t h e  t r i g g e r  l e v e l ,  and on t h e  ins t rument  a t  t h e  t o e  of the  dam 
any p o t e n t i a l  seismic record  was among 12 s e l f - t r i g g e r e d  records  t h a t  
most l i k e l y  r e s u l t e d  from nearby c o n s t r u c t i o n  a c t i v i t y  on o r  be fore  t h e  
s e i s m i c  event .  None of t h e  records  could  be i d e n t i f i e d  v i s u a l l y  a s  a  
se i smic  motion and because t h e  ins t rument  d i d  no t  i n c l u d e  a time code 
g e n e r a t o r ,  p o s i t i v e  i d e n t i f i c a t i o n  was n o t  poss ib le .  

During c o n s t r u c t i o n  of t h e  dam, an  e l e c t r i c a l  c a b l e  from t h e  c r e s t  t o  
t h e  g a l l e r y  was i n c o r p o r a t e d  i n  t h e  c o r e  of t h e  dam f o r  i n t e r c o n n e c t i n g  
the  v a r i o u s  ins t ruments .  This  c a b l e  was soon p e n e t r a t e d  by c o r r o s i v e  
l i q u i d  and became inopera t ive .  Thus, f u l l  i n t e r c o n n e c t i o n  had t o  be 
abandoned; t h e  p resen t  c o n f i g u r a t i o n  c o n s i s t s  of two i n t e r c o n n e c t e d  
ins t ruments  on t h e  c r e s t ,  two in te rconnec ted  ones i n  t h e  g a l l e r y  and 
t h e  ins t rument  room, and an independent one on t h e  f a c e  of t h e  dam. A 
p r a c t i c a l  way of i n t e r c o n n e c t i n g  a l l  ins t ruments  remains t o  be 
implemented. One f u r t h e r  problem encountered at  t h i s  s i t e  was repea ted  
power s u r g e s  which were a s c r i b e d  t o  l i g h t n i n g  s t r i k e s ,  caus ing  damage 
t o  the  e l e c t r o n i c  components of t h e  accelerographs .  Th is  problem was 
so lved  by t h e  i n s t a l l a t i o n  of a  v a r i s t o r  on t h e  power i n p u t  t o  t h e  
t r i c k l e  charger .  

Outardes 2: This  s i t e  c o n s i s t s  of a  s e r i e s  of low-level dykes 
c o n s t r u c t e d  of a  sand-clay mix, a  s h o r t  r o c k - f i l l e d  dam and a  concre te  
spi l lway s t r u c t u r e ,  a s  shown i n  Fig.  4. The e a s t e r l y  dyke is  
c o n s t r u c t e d  on 13 t o  16 m of sand u n d e r l a i n  by Champlain c l a y ,  whereas 
t h e  w e s t e r l y  dyke r e s t s  d i r e c t l y  on t h e  c l a y  ( 4 ) .  

TWO in te rconnec ted  ins t ruments  a r e  l o c a t e d  on t h e  e a s t e r l y  dyke, one a t  
t h e  c r e s t ,  t h e  o t h e r  a t  t h e  base. The o t h e r  i n t e r c o n n e c t e d  p a i r  i s  
s i t u a t e d  on t h e  c r e s t  of t h e  w e s t e r l y  dyke and a t  t h e  rock founda t ion  
i n s i d e  t h e  s p i l l w a y  s t r u c t u r e .  D e t a i l s  of t h e  i n s t r u m e n t s  a r e  g iven  i n  
Table  2. The e x t e r i o r  ins t ruments  a r e  mounted on a  p i e r  embedded i n  



t h e  dam m a t e r i a l ,  surrounded by a  1 m-diameter p r e c a s t  c u l v e r t  w i t h  a  
cover. The e n c l o s u r e s  a r e  supp l ied  wi th  t h e r m o s t a t i c a l l y - c o n t r o l l e d  
e l e c t r i c  h e a t e r s .  

SERVICING AND OPERATING EXPERIENCE 

To a s s u r e  o p e r a t i o n a l  r ead iness  of t h e  ins t ruments  f o r  record ing  
se ismical ly- induced motion, a  r e g u l a r  and s y s t e m a t i c  maintenance 
program needs t o  be followed. The c o s t  of s e r v i c i n g  a  widely d i s p e r s e d  
network is s u b s t a n t i a l ,  however, and t r a v e l  and a c c e s s i b i l i t y  i n  t h e  
win te r  is d i f f i c u l t .  A twice-yearly i n s p e c t i o n ,  once i n  t h e  s p r i n g  and 
a g a i n  i n  t h e  f a l l ,  proved t o  be reasonably  s a t i s f a c t o r y .  

Problems encountered i n  main ta in ing  t h e  E a s t e r n  Canadian network can be  
subdivided i n t o  t h r e e  c a t e g o r i e s :  ins t rument  malfunct ion,  se rv ice -  
r e l a t e d  problems, and e x t e r n a l  f a c t o r s .  Ins t rument - re la ted  f a u l t s  
included c a s e s  of key swi tch  mechanism f a i l u r e ,  c l u t c h  s l i p p a g e ,  
accelerometer  mi r ro r  f a l l i n g  o f f ,  t ime mark s o l e n o i d  f a i l u r e s  and 
f a i l u r e  of t r i c k l e  chargers .  S e r v i c e - r e l a t e d  f a u l t s  inc luded  l e a v i n g  
t h e  key i n  " o f f "  p o s i t i o n ,  l e a v i n g  t h e  c a l i b r a t i o n  r u l e  i n s i d e  t h e  
ins t rument ,  fogging of m i r r o r s  and a l g a e  development on f i l m  i n  a r e a s  
of h igh humidity,  and overdamped galvanometers due t o  d u s t  i n  t h e  c o i l  
a i r  gap. Among e x t e r n a l  f a c t o r s  were prolonged power i n t e r r u p t i o n  and 
subsequent b a t t e r y  f a i l u r e ,  c u t t i n g  of i n t e r c o n n e c t i n g  c a b l e s  by 
workmen, power s u r g e s  caus ing  ins t rument  damage, and f l o o d i n g  i n  a dam 
g a l l e r y .  Although t h e  AR-240 is  no longer  i n  p roduc t ion ,  t h e s e  
ins t ruments  a r e  k e p t  i n  o p e r a t i o n  u n t i l  replacements  become a v a i l a b l e .  
Major problems inc luded  motor f a i l u r e  due t o  e x c e s s i v e  paper t h i c k n e s s ,  
galvanometer f a i l u r e ,  and charg ing  c i r c u i t  burning ou t .  

Experience wi th  t h e  E a s t e r n  Canadian network demonstra tes  t h a t  t h e  
long-term o p e r a t i o n  of strong-motion seismographs cannot  be t aken  f o r  
granted and t h a t  p e r i o d i c ,  consc ien t ious  s e r v i c i n g  is  e s s e n t i a l .  While 
some f a u l t s  a r e  minor and n o n - c r i t i c a l ,  o t h e r s  c l e a r l y  would have 
prevented t h e  ins t rument  from record ing  ground motion had a  s e i s m i c  
event  occurred.  Some redundancy and more f r e q u e n t  s e r v i c i n g  would 
reduce t h e  p r o b a b i l i t y  of miss ing important  d a t a .  

RECORDS OBTAINED FROM SEISMOGRAPH NETWORK 

Seismic Events  

Since t h e  es tab l i shment  of t h e  E a s t e r n  Canadian network, only one 
strong-motion record  h a s  been ob ta ined  t h a t  can be t r a c e d  unequivocal ly  
t o  a s p e c i f i c  s e i s m i c  event .  The S t .  FidZle ea r thquake ,  of magnitude 
5.0, on 20 August 1979 (5 )  produced a  record  a t  Tadoussac, and t h e  time 
code g e n e r a t o r  p inpo in ted  t h e  event  t o  w i t h i n  a  few seconds of t h e  
o f f i c i a l  time of occurrence.  The record  is  shown i n  Fig.  5. S ince  i t  
bare ly  exceeds 1% peak a c c e l e r a t i o n ,  t h e  u s e f u l  s i g n a l  i s  s u b s t a n t i a l l y  
contaminated by n o i s e  on t h e  t r a c e s .  T h i s  n o i s e  i s  p r i m a r i l y  due t o  
e lec t romagne t ic  pickup from t h e  t iming so leno id .  S ince  an  unknown 
p o r t i o n  p r i o r  t o  t r i g g e r i n g  of t h e  ins t rument  is  a l s o  l o s t ,  t h e  
u s e f u l n e s s  of t h i s  record f o r  eng ineer ing  a p p l i c a t i o n s  is  ques t ionab le .  



Computation of response s p e c t r a  and s c a l i n g  t h e  r e c o r d  t o  des ign  l e v e l s  
would c l e a r l y  be i n a p p r o p r i a t e .  

Two o t h e r  smal l  r ecords  ob ta ined ,  one a t  Mercier  Dam i n  1982, t h e  o t h e r  
on t h e  c r e s t  of Manic 3 i n  1981, could  n o t  be t r a c e d  t o  any s p e c i f i c  
event  s i n c e  no time code was p resen t .  

B l a s t i n g  Records a t  Manic 5 

During a s e r i e s  of t e s t  b l a s t s  i n  June 1982, upstream from t h e  Danie l  
Johnson Dam, t h e  strong-motlon seismographs i n  t h e  dam shown i n  Fig.  2 
were augmented by ano ther  SMA-1 and two DSA-1 d i g i t a l  i n s t r u m e n t s ,  
manufactured by Kinemetr ics ,  Inc.  One DSA-1 temporar i ly  rep laced  t h e  
SMA-1 i n  l o c a t i o n  1; ano ther  was placed i n  l o c a t i o n  8 ,  but  t h i s  
ins t rument  f a i l e d  t o  record.  T h i s  could  n o t  be d e t e c t e d  s i n c e  a f i e l d  
reader  was no t  a v a i l a b l e  on s i t e .  The e n t i r e  i n t e r c o n n e c t e d  network 
was t r i g g e r e d  manually about  3 s b e f o r e  t h e  b l a s t .  A comparison of 
records  from t h e  b l a s t s  confirmed t h a t  f o r  low l e v e l  s i g n a l s ,  l e s s  t h a n  
about  5% g,  t h e  q u a l i t y  of t h e  d i g i t a l  r e c o r d  p rov ides  s u p e r i o r  
r e s o l u t i o n  and h igher  frequency response than  t h a t  produced by t h e  f i l m  
ins t ruments .  Another f a c t o r  t h a t  caused problems i n  d i g i t i z i n g  and 
i n t e r p r e t i n g  t h e  f i l m  records  was t h e  presence of frequency components 
around 100 Hz whenever s u b s t a n t i a l  w a t e r  shock impinged on t h e  dam. 

SUMMARY AND CONCLUSIONS 

The E a s t e r n  Canadian Strong-Motion Seismograph Network c o n s i s t s  of a 
t o t a l  of 28 ins t ruments ,  of which 16 a r e  i n s t a l l e d  a t  t h r e e  dam sites 
of Hydro-Qu6bec and t h e  remaining 12 a r e  ground motion s t a t i o n s .  
Operat ing exper ience  demonstra tes  t h e  need f o r  a s y s t e m a t i c  s e r v i c i n g  
procedure,  wi th  due a t t e n t i o n  paid  t o  such e x t e r n a l  i n f l u e n c e s  a s  
p o t e n t i a l  power i n t e r r u p t i o n ,  power s u r g e s ,  o r  f looding.  I n  o r d e r  t h a t  
t h e  E a s t e r n  Canadian network could b e t t e r  f u l f i l  t h e  in tended  
o b j e c t i v e s  of o b t a i n i n g  a t t e n u a t i o n  r a t e s  and o t h e r  ground motion 
c h a r a c t e r i s t i c s ,  t h e  number of l o c a t i o n s  and types  of ins t ruments  
should  be expanded. 

During moni tor ing of b l a s t  motions t h e  d i g i t a l  seismograph records  were 
found t o  be g r e a t l y  s u p e r i o r  t o  t h o s e  from f i l m  i n s t r u m e n t s ,  p a r t i c u -  
l a r l y  f o r  low l e v e l s  of motions. A t i m e  code g e n e r a t o r  has  proven t o  
be an  i n d i s p e n s a b l e  accessory t o  s i n g l e  o r  i n t e r c o n n e c t e d  s t r o n ~ m o t i o n  
ins t ruments .  To d a t e  (1983),  no s e i s m i c  record of e n g i n e e r i n g  
s i g n i f i c a n c e  h a s  been ob ta ined  on t h e  E a s t e r n  Canadian strong-motion 
seismograph network. 
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TABLE 2: Seismograph installations at Hydro-Qu6bec dams 

SENSI- TIME CODE 
DAM SITE LOCATION TIVITY GENERATOR TRIGGER, DIRECTION 

I 
Outardes 2 l g  4 .O1 g, Vertical 
(Fig. 4 )  82 "'I 1 g  .009 g, Vertical 

f g .O1 g, Vertical 
il 4  "'1 J .009 g, Vertical 

Manic 3 3 g 4 .O1 g, Vertical 
(Fig. 3)  "'I 8 2 1 g  .0091 g, Vertical 

83 f g .0091 g, Vert. & Horizontal 
3 8 .0095 g, Vert. & Horizontal 

!I R 4 1  5 t g  

Manic 5 81 ' 
(Fig. 2) /I 2 

8  3 
84 
Q5 
/I6 
i17 - 

3 g .009 g, Vert. 6 Horizontal 
3 J3 
3 g .O1 g, Vertical * g J 
3 g 
3 t3 .O1 g, Vertical 
$ f4 .O1 g, Vertical 

All instruments are SMA-1's owned by Hydro-Qugbec. 
Brackets indicate interconnected instruments. 

STRONG-MOTION 
SEl SMOGRAPH STATIONS, 
NUMBERS CORRESPOND TO 
THOSE I N  TABLE 1 

I 

I 
I 

I 

I 

I 
I 100 200km 

I 
- 

F I G U R E  1 S T R O N G - M O T I O N  S E I S M O G R A P H  S T A T I O N S  I N  E A S T E R N  C A N A D A  



------ DRAINAGE AND SERVICE GALLERIES 

P L A N  S T R O N G  M O T I O N  S E I S M O G R A P H  
LOCATIONS 

PERMANENT LOCATIONS, 
0 100 2 0 0  rn 

NUMBERS 8 TO 10 

E L E V A T I O N  TEMPORARY LOCATIONS FOR 

JUNE 1 9 8 2  BLASTING T E S T S  

F I G U R E  2 S T R O N G - M O T I O N  S E I S M O G R A P H  S T A T I O N S  I N  
D A N I E L  J O H N S O N  D A M ,  M A N I C  5 .  Q U E B E C  

LOCATIONS 4 AND 5 TEMPORARY SE l SMOGRAPH 
LOCATION D U R l  NG 

---- -- __----- 0 100 rn - 
F I G U R E  3 S C H E M A T I C  S E C T I O N  O F  M A N I C  3 D A M  A N D  L O C A T I O N S  O F  

S T R O N G - M O T I O N  S E I S M O G R A P H S  ( 0 , O )  



F I G U R E  4 P L A N  O F  O U T A R D E S  2 D A M  S I T E  A N D  S T R O N G - M O T I O N  
SE  l S M O G R A  P H  L O C A T I O N S  ( 

0 - T R A N S V E R S E  

2 - 

V E R T I C A L  

L O N G 1  T U D l  N A L  

I I 1 I I I 1 1 I 1 I I 1 I I I 

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 

T I M E ,  s 

F I G U R E  5 S T .  F I D E L E ,  P . Q .  E A R T H Q U A K E  R E C O R D E D  A T  T A D O U S S A C ,  P . Q .  
O N  A U G U S T  20 ,  1 9 7 9  
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