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AN INTERIM REPORT ON THE CURRENT INDUCED SEISMICITY 

AT THE MANIC 3 RESERVOIR IN THE PROVINCE OF QUEBEC 

Beginning in mid-September, there has been a marked increase in the · 

occurrence of earthquakes near the Manie 3 reservoir on the Manicouagan 

River in the Province of Québec . Several small events were recorded by 

the Division's telemetered station near the Manie 5 dam site on September 

16, 22 and 24, and these were located slightly to the north of the Manie 3 

dam. The small earthquake s were followed by somewhat larger events in 

October, culminating in a magnitude 4.3 event on October 23. 

The filling of the Manie 3 reservoir began on August 5th and it is 

believed that it was within 20 metres of its 110 metre design head in the 

early part of October. This loading history, coupled with the nature of 

the seismicity and, in particular, with the many small aftershocks follow

ing the October 23 earthquake, makes it almost certain that the seismicity 

at Manie 3 is induced by the loading of the reservoir. 

Attached to this synopsis (Appendix A) is a brief chronological list

ing of events since August 5th of this year and includes a summary of the 

advice given by Dr. Leblanc to Hydra-Québec as events have progressed. 

Also attached is a letter by Dr. Leblanc to Hydra-Québec on October 20th 

(Appendix B) warning that the events may be induced and that the responsi

bility of continuing with the loading of the dam was theirs and theirs 

alone . During the past two weeks, Dr. Leblanc bas str essed the induced 

nature of the earthquakes, which is now virtually certain, and bas stressed 

two further points to Hydra-Québec : first, that, while the present history 

would not indicate the imminence of a larger event, experience elsewhere 

indicates that a larger event is distinctly possible (Simpson, 1975, Ap

pendix C); second, Dr. LeblanclBs str essedto Hydra-Québec that it would 



now be appropriate to make a public statement stating the induced nature 

of the seismicity and the possibility of a larger earthquake . He has 

made the point that, while we have not made such a statement ourselves 

at this time, we may be compelled to do so if questioned directly by the . 

media, and in any case we may choose to do so in future. 

Today , November 17, Dr. Leblanc is meeting in Montreal with Hydro

Québec officials to discuss the above . During the meeting he will deliver 

a letter (App endix D) from Dr. M.J. Berry to Dr. LeComte emphasizing again 

the above points about a public statement. 



APPENDIX A 

Synopsis of events following the induced earthquakes at the Manie 3 

dam site and reservoir, P.Q. 

Aug. 5 

Mid-Sept. 
16, 22, 24 

Oct. 2 

Oct. 12 

Oct. 15 

Oct. 19. 

Oct. 20 

Oct. 20 

Oct. 21 

Oct. 23 

5 pm 

7 pm -
11 pm 

Hydro-Québec starts filling the reservoir of Manie 3, but 
does not notify EPB. 

First small events are recorded at MNQ with suspicious 
S-P : 9.5 ±0.5 sec interval . Note that S-P ~ lls represents 
blast at Manie 3 dam site. Also S-P ~ 4 sec. (only 1) 
recorded. ' 

G. Leblanc questions H-Q by phone over possibility of blasts 
at other sites and about a week later received a "negative" 
answer. 

One event, larger than previous ones, recorded. Long holi
day weekend. 
Hydro notif ied on 15th, af ter earthquake was located near 
Manie 3. 

Another event. 
Hydro confirms that no blasts have taken place. 

Third, larger event ML ~ 1.5 - 2.5 

J. Thomas (of Division) leaves with 2 portable stations. 

G. Leblanc sends letter (App endix B) to H-Q warning that 
the recent earthquakes may be induced by the loading process. 
His letter specifically states that the rate of loading is 
the responsibility of H-Q. 

J. Thomas recalled because of death in family . 

F. Kollar leaves for Manie and Seven Islands 

Large event 4 . 3 
Kollar deploys 

occurs . 
station that same night 

G. Leblanc in contact with Hydro Direction. Hydro decide 
to r educe the rate of release of water from Manie 5, there
by slowing clown the rate of filling in the Manie 3 reservoir . 
They decide to take men working at Manie 3 · out of tunnels . 



Oct. 24 
10 am 

11 am 

Oct. 24 

Oct. 30 

Nov . 13 

Nov. 17 

Oct. 27 

Oct. 27 

Nov. 13 

G. Leblanc notified Assoc. Press and CBC of the occurrence 
of event, ~4.3, 60 milâs NNW of Baie Corneau, felt by 
Hydro workers near Manie 3 and 5. 

Hydro makes separate press communiqué. 

Made very clear to Hydro that EPB cannot keep the event secret. 

F. Kollar deploys other station and gets good readings at 
nearby stations. 
Events are z 7 miles north of Dam and are very shallow; 

Third portable station sent to and deployed by F. Kollar . 
Numerous small aftershocks occur (ML=O.O z 1.5) z 40 events/day 

Very low level seismicity continues. 
Fewer events >1.0. 

G. Leblanc has meeting with Hydro off icials and delivers 
attached letter (Append.ix D) by Berry to Lecomte. 

OTHER FACTS 

Men were allowed back in tunnels after complete inspection 
by Hydro experts: geologists, soil mechanics , designers, 
etc. 

Hydro adroits that this sequence very untimely, in view of 
negotiations for $250 million loan. 

Hydro clearly told that at no time (G. Leblanc handling re
quests) will EPB hide sientific facts from press, including 
possibility of "induced seismitiy" and its implications with 
regard to the possibility of larger events. 

Up to now, numerous calls from Press. Only "Le Soleil" de 
Québec has asked about possible relation of eq. to reservoir 
filling. Answer: Yes, quite possible . 



Dr. Paul LeComte 
Service Géologique 
Hydro Québec 
Place Dupuis, 17e étage 
855, rue Ste-Catherine 
~fontréal, P.Q., H2L 4M4 

Cher Dr. Lecomte: 

APPENDIX B 

Le 20 octobre 1975 

6082-4-7 

Je voudre.is vous signaler, d'une façon plus formelle, le fait 
que depuis dix jours, la statiorr séismographique de Manicouagan en
registre de petits séismes dont les épicentres paraissent se situer 
aux environs de votre barrage de ~...anic 3. Pour le 12 et 19 octobre, 
nous estimons une me.gnitude près de 3; pour le .15 octobre, une près de 
2, et pour le 11 octobre, une magnitude plus fàible. 

Apris avoir confirmé avec vous, l'absence d'explosions aux heures 
des arrivées séismiques, nous croycns donc en l'authenticité de ces 
séismes. De plus, cOilllDe cette crûe d'activité coïncide avec le rem
plissage du réservoir Manie 3, nous croyons prudent d'envisager la 
possibilité d'un cas de séismicité "induite. Même si les annales de 
1966 révèlent une activité d'un mois, dans une région assez similaire, 
sûrement non-induite, nous croyons que la coincidence de cette nouvelle 
activité avec le remplissage presque terminé est assez grave pour dé
ployer deux stations portatives qui permettront d'améliorer la déter
mination des épicentres et peut-être aussi d'obtenir une idée des pro
fondeures focales et en conséquence de l'origine de ces secousses. 

Il va s'en dire que la responsabilité de continuer ou de ralentir 
le remplissage relève de votre direction . 

Je c©mpte que nous pourrons compter, comme toujours, sur votre 
collaboration durant le déployement des nouvelles stations et leur 
opération. Je vous tiendrai au courant des résultats. De votre part, 
n'hésitez pas à me contacter si vous désirez de plus ample infonnation. 

GL:lt 

Acceptez l'expression de mes meilleurs sentiments. 

G. Leblanc 
Division de la séismologie 
et des études géothermiques 
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APPENDIX C 

SEISMICITY ASSOCIATED WITH RES~RVOIR IMPOUNDING 

- A Pre-symposium Review - · 
1 

by 

David W. Simpson 
1 . 

Lamont-Doherty Geol ogi cal Observa tory of. Columbia Uni ve1~s i ty 
Palisades, New York 10964 

ABSTRACT 

There are over twenty cases where chan9es in seismic activity have been 
related to the filling of large reservoirs. These changes range from destruc
tive earthquakes· with magnitudes greater than 6, to variations in the level 
of micro-earthqu.ake activity detectable only with instrum.ents of high sensi
tivity. There. are, on the other hand, many large reservoirs where increased 
s~ismicity has not been observed. 

There now exist more than 275 reservoirs with dam greater than 100 meters 
high and an additional 135 are proposed or now under construction. ·At least 
12 of these reservoirs (including some of the world's largest) have been shown 
to have experienced no obse1~vable increases in seismicity. 

A number of factors may contribute to the generation or âbsence of -JOst
impounding seismicity. Increased stress due to the load of the reser - ·Ji~, 
decreased effective stress due to increased pore pressure; and the acti01 of 
water on particular geological fonnations in the reservoir region have ail 
been suggested as possible causes. Whether or not the changes induced ty 
the reservoir are sufficient to generate earthquake activity may be dete.-mined 
by the state of regional stress near the reservoir. The combined effect of 
increased vertical load and increâsed pore pressure will have the greatest 
tendency to increase activity in regions where the maximum compressive stress 
is vertical (nonnal faulting). In regions v1here the maximum compressive stress 
is horizontal (thrust faulting) increased stress due to a vertical load should 
have a minimum effect. For all of the larger reservoir induced earthquakes 
the stress system determined from fault plane solutions is in agreement with 
the -pre-e-xisting stress field in the region of the reservoir. These earth
quakes are all of strike-slip or normal type, there being no large induced 
_earthquakes with thrusting mechanisms. In th~ western United States, those 
reservoirs where seismicity has occurred are in r egions of horizontal ex ten-
sion, whereas those in regions of horizontal compression have not shown post
impounding increases in seismicity. 

INTRODUCTION 

A number of reviews have alrea dy been made of reservoir induced seismic 
activity. Rothé (1970, 1973), Carder (1970), Bozovic (1974), Lomnitz (1974), 
National Academy of Sciences {l.972) è?:d Gupta .Q!_ a1. (1972~, !J · have surrn1a.rized 
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the activity at twenty or more reservoirs where changes in seismicity hève 
been observed after impounding. The details of these case histories are 
familiar to the participants of this meeting · and will not be presented in (: 
this pre-conference review. This review will consist of a series of tables 
and figures, intended to serve as useful reference material during the 

·meeting. 

Examples of Reservoir Induced Seismicity 

fn Ta~l e 1 tb~ repor~ed cases of i nduced s·eïsmi c acti vi ty have been 
grouped into four catagories. 

A) Major Induced Earthquakes - There are ~ix cases (Koyna, Kremasta, 
Hsinfengkiang, Kariba, Hoover, and Marathon) where earthquakes of magnitude 
greater than 5, accompanied by long series of foreshocks and aftershocks, 
have been related to reservoir impounding. In all of these cases, informa
tion on . pre-impounding seismicity is lacking, so that it is not possible to 
establish the exact nature of the changes in the seismic regime caused by 
the reservoir. -It is clea'r however that, in every case, the post-impounding 
seismicity, and especially the main shock, represenEs · a major ch3nge in the 
seismicity of the region about the reservoir. 

Figure 1 shows the water level and time and magnitude of the largest 
earthquakes- for five of the reservoirs in this group and for Monteynard 
reservoi r. 

B) Minar Induced Earthguakes - In Table 1 are listed 12 cases where earth- ~ 
quakes of approximate1y magnitude 3 to 5 have occurred. In some cases 
pre-i mpounding seismic activity is known to have occurred and the relation-
s~~p bet~een the reservoir and ~eismicity i~ b~sed c~ cc~~:ide~cc in ti me 
of increased activity with th~ fillinq of the reservoir (Nurek, Monteynard, 
Bajina-Basta, Vajont, Benmore, Mangala). Ir two cases (Talbingo, Kurobe) 
sufficient pre-impounàinq instrumental data were availab1e to show that, 
prior to construction of the dam, no earthqu3kes of the size of the post
impounding earthquakes had occurred in the vicinity of the reservoir. 

C) Changes in Mic:o-earthguake . Activity - At three reservoirs where sensitive 
instruments were available during impounding (Grancarevo, Hendrik Verwoer.and 
Schlegeis) no felt earthquakes were reported, but changes were observed on the 
microseismic level (magnitude less than 2). As Bozovic {1974) has suggested, 
it is very likely that ·activity of this type has ·occurred at a lai-ge number .of 
reservoirs but has gone unobserved ·because of the lack of adequate instrumenta
tion·. 

D) Transient Changes in Seismicity ,.. Five reservoirs have been associated 
with activity which began after impounding and has since stopped. In two 
èases {Oued Fodda, Camarillas) it has been suggested that the readjustment 
of hydrological conditions in particular geological formations ·in the reser
voir region v1ere responsible for the seismic activity. In three cases, the 
activity was associated with changes in the filling of the reservoir - at 
Contra, the acti vity stûp)Jed wt';en the rE:servoi r was empt i ed 2nd refi 11 ed; ( 
at Camarillas, the activity stopped after the water level \·:- - !owered; and, 
at Vouglans, the acti vi ty occurr~d after. a ra pi d .emptyi ng t. ! ·: fi 11 i ng of 
the reservoir . 

L '-- .. "" . ;:sz_WJSQJi.-JAWC ;:a a:&; 
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Figure 1. 

YEARS AFTER IMPOUNDING 

Filling curve an d ti me and ma~n itude of th~ ~a rgest earthquakes 
for six cases of reservoir induced seismic ~ ' tivity. · 
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Other Cases of Induced Seismicity - Post-impounding earthquakes have also 
been reported at seven rese:voirs located in marginal areas of the Indian 
Shield, at El Grado in Spain, · and at Cabin Creek, Rocky Reach, Shasta and Q 
Keer dams . in the United States. Details for these reservoirs are not ~ 
ùVàÏ 1 ùbl e·. 

Reservoirs Without Increased Seismicit - The following reservoirs (with 
heights in meters have been reported by various sources to be free from 
post-impounding increases in seismicity: Oroville, U.S.A. {236); Bhakra, 
India (226); Glen Canyon, U.S.A. {216); Daniel Jrihnson, Canada (214); W.~.C. 
Bennett, Canada (183); Flaming Gourge, U.S.A . . (153); Serre-Poncon, France 
(129); Bratsk, U.S.S.R. (125); Nagarjuna Sagar, India (124) and Aswah, _Eqypt 
(lll). 

LARGE DAMS 

Since no diagnostic criteria appear to be available for determining 
the risk of triggering induced earthquakes, all "large reservoirs" must to 
some extent be considered potential sources of induced activity. Those 
reservoirs listed in Table l, where activity has occurred represent only a 
small fraction of the _total number of large reservo~rs in the world. As 
we 11 as cons i deri ng why ·the se reservoi rs have genera ted sei smi ci ty, i t i s 
a]so important to determine why other large dams have not shown activity. 

The National Academy of Sciences Report (1973) defines a large reservoir 
as "one with a volume of one million acre-feet (1233.5 -x Hf m3

) or more, 
usually impounded behind a dam 300 feet (91.4 meters) or greater in height." 
The International Comnission on Large Dams has published a "World Register C 
of Dams" (ICOLD, 1973) from \'lhich the data listed in Tables 2 and 3 for all 
0ams over 100 meters high have been obtained. 

Table 2 lists by country 410 existing or proposed dams over 100 meters 
high, of which approximately 275 are now completed. Table 3 lists by height 
93 d~ms over 150 meters high and 17 reservoirs with volume greater than 100 km 3 • 

In Figures 2 and 3 are shown the 31 reservoirs with dams greater than lOJ 
meters high and reservoir volumes greater than 10 km 3 • Note that of the world's 
5 largest reservoirs shown in Figure 2 only one (Kariba) has shown seismicity 
and at least three of the others (Daniel Johnson, Bratsk and Aswan) are re
ported to have had no observable seismicity. 

CHARACTERISTICS OF RESERVOIR SEISMICITY 

. Roth~ (1970, 1973) and Gupta et~ (1972~,Q_) have summarized the common 
features of the sei smi ci ty at 1 arge reservoi rs. 

Size of reservoir - Rothé (1973) has noted that the depth of water appears 
to be more important than the total volume of water, and that activity is most 
com~on in reservoirs greater than 100 meters deep. As Tables 1, 2 and 3 show, 
however,this is certainly nota necessary or sufficient condition - there being 
many reservoirs greater than 100 meters high which have had no activity and 
at least 5 under 100 meters where activity has been observed. 

Spatial extent of seismicity - Rapid decreases in intensity from the 
epiccnt2;s of th2 1a1g2r 2a1~hqüo~2s and audible rïoises associated wi'lh mctny 
of the small earthquakes indicate that reservoir related seismicity is very 

c 
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shallow. Most of· the large earthquakes have occurred directly beneath the 
reservoir and most activity is within 25 km of the reservoir. 

Temporal character of seismicity - In most cases activity· has started 
soon after impounding and the level of activity has increased as the water 
level increases. Most large shocks have occurred at or near the time of 
highest water level (see Figure 1). The largest earthquakes have been 
associ ated wi th long se ri es of foreshocks and a ftershocks. The fore.shock 
and aftershock sequences fall into a Mogi Type II classification, indica
ting heterogeneous structure and non-uniform stress distribution. 

Size relationship of seismicity - Gupta et~- (1972~,Q_) have shown that 
for trie reservoirs with the largest earthquakes, the magnitude ratio of the 
largest aftershock to the main shock is high (approximately 0.9) and that 
both foreshock and aftershock 11 b val ues 11 in the frequency-magnitude rel a
tionship are high (greater than 1.0). Bath of these characteristics con
trast sharply with the situation for natural earthquakes in the same regions. 
These again suggest non-uniform stresses in a heterogeneous medium. 

Geoloqical structure ~~d fault olane solutions - Gupta~~ (1972Q_) 
note that in the areas around Kariba, Kremasta and Koyna reservoirs there 
is evidence for former vàlcanic activity. Among the rock typ·es near the 
reservoir are limestones and red clays which are easily affected by water. 
The fault plane solutions determined for earthquakes at these reservoirs 
show near-vertical fault planes with the reservoir on the down-dropped 
si de. 
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TABLE 1 RESERVOIR INDUCED SEISMICITY 

Country Hei ght Volume Year of Year of Magnitude 

(m) (xl06 m3
) Impounding Largest or 

Earthguake Intensity 

A) MAJOR INDUCED EARTHQUAKES 

Ko y na India 103 2780 1964 1967 6.5 
Kremasta Greece 165 4750 1965 1966 6.3 
Hs i nf engk i ang .... :·-· Chi na 105 10500 . 1959 1961 6.1 
Kariba Rhodesia 128 160368 1959 1963 5.8 

, Hoover U.S.A. 221 36703 1936 1939 5.0 
Marathon Gree ce 63 41 1930 1938 5.0? 

B) .MI NOR INDUCED EARTHQUAKES 

Benmore New Zealand 118 2100 1965 1966 5.0 
Monteynard France 155 240 1962 1963 4.9 
Ku robe Japan 186 199 1960 1961 4.9 
Bajina-Basta Yugosl avia 89 340 196 1967 4.5-5.0 
Nurek U.S.S.R. 317 10400 1972 . 1972 4.5 
Manga 1 a·· Pakistan 116 7250 1967 1970 4.2 
Tal bingo Australia 162 921 1971 1972 3.5 

( <eban Turkey 207 31000 1973 1974 3.5 
Vajont Italy 261 61 1963 
Pieve cie Cadore Italy 112 68 1949 1951 
Grandval France 88 292 1959 19 V 
Canal les Spain 150 678 1960 1962 V 

C) CHANGES IN MICROEARTHQU;KE ACTIVITY 

Grancarevo Yugoslavia 123 1280 1967 1-2 
Hendrik-Verwoerd S. Africa 88 5954 1971 1971 <2 

· Schlegeis Au stria 130 129 1971 197 <Û 

D) TRANSIENT CHANGES IN SEISMICITY 

Oued Fodda Algeria 101 228 1932 
Camarill es Spa in 44 40 1960 1961 3.5 
Piasta Italy 93 1~ 1965 1966 VI-VII 
Vouglans_ France 130 605 1968 1971 4.5 
Contra Switzerl and 220 86 1965 1965 



TABLE 2 RESERVOIRS WITH DAMS GREATER THAN 100 METERS 
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P CHULA IG~LILL/\SI 

P CHI NGA.lA 
P SALVAJINA 
P S/\N JU-":'i 
P PA Tl t. 
P SCGAl10SO 
POO SO>WCA 
C OAltS!C!: 

70 - S/.AD -E L- A.\LI l.\~11.\NI 

31 Sl> RRA NS 
34 (H:.nf\011 
3.r. SAUTE T 
48 C.lST l LLO:'i 
48 Gtlll SSIAT 
51 OORT 
52 TJG~lES 

5.l CAi' DE lC1'1G 
60 SlR~(-Pl'~IC.ON 

61 KUStL l"IO 
61 HnNIF.Tl/hRU 
t:'I 1"-0'1 1-CE"ll S 
6 " Vlll >L. Ll"IS 

P (U B L~ISf 

P GKA~O - l' I JSnN 

,. PIJ'-<I UE L4 Cl.<tsf 
b5 AKOSU" na khlll P~M 

r-. 
c. 711 
p 

KPI f'/\Ul (Jl'< ~!'< l'.;IAI 

v. 1(4.;f'·'" -'"IS 
Plli,;K,.,li:tl 
SOUllV 111 

RIVER 

HEUI A~O 

DR l l'C 
E il lflf 
fL-HllHl'.lH 
FCCDA 
Ct<ELIFF 
EL H~Rl{ACH 

1 SSEll 
LGS SAUCES 
CliUBUT 
aTIJEL 
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0 l .\M:.~IT E 
FUTllLEUFU 
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l'Al TA 
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VlTCHA 
1'E(HAl(Q 
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l'..\'llCOuAGAN 
GUTlROES 
c~r.-.ROES 

"'CtlTREAL 
(OLUHBJI. 
l'l:JICDuGA:'i 
RA PEL 
.\(QNCllGUA 
MAULE 

TAN 
CALIMA 
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ANCHICAYA 
C~<Ul A 
LA PL4YA 
(AU(A 
S-"'1 JUAN 
PH!A 
SCGAl<OSO 
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J!HLAVA 
:'>il LE 
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.l.USTRIA 
4USTRIA 
AUHR.IA 
BRAZ Il 
ilR-H IL 

ER 
Ei:t 
ER 
ER 
PG 
ER 
TE 
TE 
VA 
Cii 
CB 

VA 
TE 
TE 
t>G 
ER 
ER 
ER 
El!. 
VA 
ER 
ER 
TE 
VA 
VA 
PG 

0

ER 
VA 
VA 
VA 
ER 
ER 
TE 

?Il 
158 
108 

99 
101 
105 
118 
100 
106 
113 
115 

120 
130 
116 
137 
111 
162 
110 

99 
l t,Q 
l l 3 
122 
180 
120 
112 
J0'-
153 
121 
130 
198 
158 
127 
105 

Bll.Al IL 
BR.Al Il 
Bi:t4Z Il. 
BULGAl'l!A 
BULGA!UA 
BULGARIA 

ER./?Gl06 
TE/PG120 
ER 105 
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(HILE 
CHILE 
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CHIN.1 
CHINA 
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TE 
TE 
TE 
VA 
ER 
TE 
PG 
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11. 

6) llHAIOtA SUTLEJ 1 liDIA PC 216 · 9868 1,\)0 

64 llQYNA JCOY'IA 1110 I A PC 10) Z7AO 1300 

66 JCAK"-1 OAPI 1( AIOCI INDU PC l14 447 725 

7l SHOL(AR SHllllAR INDU TE 105 157 6'-0 

c BEAS 8E4S l!-10(.l TE lH 8141 ).2) l 0 

c CHEll.UlltOlil (l'ERUTHOlil l"ID IA PC 1)6 lb?~ 

c 10 [ K"-1 PE"IYAR 11'10 IA VA 171 l<,59 46b 

c NAGARJUllA SAGAR KM. I 511:1A r no 1 A TE 1.24 1131 S 56250 

c Rlll'GA:1Ga. ;l.A1•Gll1iGA INOIA TE 126 2)b9 13507 

c SRISAILAH KR 1 S1•NI. INDIA PC 14) 8132 2C53 
p SARU.\<( St.;tOVE;t •;:.;\~.lOA INOIA CO~P lb7 27 

67 OJI\ Tl LUH.1.ot TJITARU!i INOQ:iESIA ER 103 3000 10100 

c KAR/\!'IG~l. re s llRA!'ITAS INOO"IES IA ER 100 300 t.500 

b2 (li.l.HflMir.u fA;l.AH HFID IRAN (8 lCb 1800 840 

1>2 A~IR K AB ( ~ KARAOJ (RAN VA 180 Z05 .. 750 
ô} ~OHMUO RtlA Cl':.H DEL IR.l.N VA 20) 3340 '-95 
68 fARAH:';.l.Z ?-H•LAVI OJAOJRUO IRAN ce 107 950 770 

71 (HAH ABo.1.S K .l.Cl 1 R Zl.Y.l.'IOl:H;tUD 1 RAli P.V 100 lZSO 535 

H R4l.1. (ltl.H K.l.f\ 1 R KAO<OU~ 1 RAli VA 200 2900 1200 
P7h OJIM.UFT 1-'AL l l RUO !RAN VA 133 430 300 
P76 LAR LAR IRt.N TE 105 'lbO 1700 

59 (JUKAN LES SER Z.1.11 !RAO VA 116 b800 384 
bl DEM.CE~OIKHA:I 01 Y.l.LA IRAO ER 12<l 3000 741!0 

p KO SUL TIGRIS IRAQ ER 131 12500 23000 

'' 
p BEKHH.I. GREAT ER l48 111.AQ es 186 8300 1460 

"2 PRIZZI RAJA ITALY PC 149 9 72 

47 ~AINA Dl SAU'llS l"Vl"IEI ITALY VA l)b 73 LOO 

~9 PIEVE Dl (.l.lJOM.E Pl AVE ITALY VA llZ 66 377 

50 s. G rus T r ~a NCCE ITALY VA 153 182 112 

5l FORTE RUSO ' T R hU-1 GNOLO ITAL Y PC 110 32 260 
53 A:iC I PA . TROltl!I Cl SOPR4 lTALY PC lU~ 30 360 

53 (M;(ANO l RC 1 NA Dl SOPRA ITALY PC 106 30 360 
55 NUR.l.GliE ARRIBIU ADDA IT/\LY . PC l 19 123 522 
H BEAUREGARD ODRA 01 V.l.LGRIS.1.'ICHEITALY PC 132 70 430 
51 SP~CCHIERI LENO Dl VALlt.R.SA ITALY VA 157 10 117 
59 FRERA eELVlSO ITALY PG 138 50 400 

60 \'t.LLE 01 LEI RENO 01 LEI ITALY PG l '-3 200 862 

60 VAL :10ANA tiONA ITALY VA 126 11 166 

bl VAJUNT VAJO:H ITALY HA 261 353 
62 VILLA G:.RGr!ANO TGSCOL.l."10 I T Al Y VA 124 52 239 

b5 ALPE GERA (Q;{HQR . ITALY PC 178 b5 1722 

65 CA• SEL VA SIUSIA ITALY PG 109 31, 

(" 
65 PLACE l'OULIN BUTHIER ITALY PG 153 100 1'500 

b5 ROS SELLA ?.OS.SELLA ITALY T ZbS 17 400 

c C.t.PRILE COP.DEVOLE ITALY '/A 125 25 155 

55 KAHISHllllA 1111'1 JAPAN VA 110 92 390 

56 {KARi OJl"-A JJ.PAli PG 112 55 468 

5b SAF.'J ,'<A T E"IR YU JAPAN PC 156 32 7 1120 

57 IKAl.IA 01 J t.PAN CB )QI, 150 430 

51 ocr·CHI TAHA JAPAl'i PG 149 189 16~0 

60 KAZAYA TOT SU JAPAli PC 101 130 592 

60 KlôlORO SHO JAPAN ER 131 370 7950 

60 TAC.CKURA TAO.).HI JAPAN PC 145 49<, 1990 

bl ARL"llNE JO GANJI JAPl.li PC 140 218 1570 

61 t'.AK'O "' so JAPMI ER 105 75 21:>16 

61 OKu ; 1.oAHI TADAHI JAPAli PG 157 601 1640 

62 HAT .INAGI NO. 01 JAPA" (8 125 170 583 

62 S/\KAHOTO KITAYA>U JAPAN VA 103 67 270 

62 SUO!'.OTO li:.! T .l.Y !HA JAPAli VA 103 87 170 

63 Hl TOT SUSE Hl TOT SUSE JAPAN VA 130 261 557 

61, l KEHi.KA K 1 T AYAl11. JAPAN VA l ll 336 b'-1 

64 KU ROBE 1WR08E JAPAli Vol 186 199 1360 

65 TSU:{UTA SEl\:DA 1 JAPAN PG 118 123 1124 

65 YA"IASE rJAllARI JAPAN ER tl5 105 25"2 
t,b KAllAl".ATA KINU JJ.PHI VA 120 68 168 

6b TORl OYABE JAPA"I VA 101 23 l t.8 

67 YhGISl.11.l TONE JAPAli V.\ lJl 201o 690 

68 KUZVRYU l(UlURYU JAPAli ER 128 6300 

611 Sti l 1".01".UeCl l(A!'IN.I. JAPAN PG 129 1190 

68 SHIN"/ .\R[W.).GAllA >i IR Ali l JAPAN Vl 103 430 

6~ KOSHlllU ICOSHIBU JAPAli VA LOS SB Hl 

b9 Hl $.).KUClO ><ISAKU80 JAPAli ER 105 30 2410 

b9 f-IAGA\/ .\00 Al USA J.l.PAN VA 155 123 672 

69 TAKMIE so. H(UA JlPAli VA 133 43 )30 

71 Y/\HAGI YAHAGI J APM< V4 100 80 25b 

1l SHl"ITOYfl!'IE O"IYU JAPAN V.\ 117 53 339 

73 HUHEIKYO f0YC1H(M.I. J APAli VA 103 "'1 zqa 
7} $A1'EU'<A YOSHl"IO JAPA~ PC !Ob Jlb l?OO 

7J SHIHl)<:QTOotl KOfGKI JAPAli ER 119 117 34'10 

71, KAJ 1 G.).l.'A J.AJI J/\PAN PG 107 22 q,, 

74 NI [K.:.f'PU NI IKAPt>U J lP l.N Ell 10) 1 "5 )ObO 

74 oro •11 YOUO J .l.f'Ali PG 100 66 760 

(_ 
cl~ "-USAKI YAf ARASE J APAN PG 140 bO 1300 

c 1'> PIA"lllGAllA I' ANA J.1.PA'C VA 125 ">00 

(77 "ll.>IAKURA T .ldO S F. J .l.PA'C ER 125 )2 7100 

c 71 TAKASl TAKASE JI.PAN Ell l7b 76 10100 

p .AGIC.l.11/l .lGI J.1.PAl'f ER 1·00 "Il 3'>20 
p [W/\YA l".l.H J4PA1i ER 1.2!1 l 7J 5b00 
p Kl;thClfG.l.>IA "-.l.>IABE JAPAN VA IOB l )3 no 
p k AWAJ I "l 'IU J.l.PAN VA l 'oO Il) 7'l0 
p li 1 YAGA Sl ,.., ... u:;u Jt.PAN PG lH 20b 19'>0 
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" N4NMA ~AllHA JAPAN ER 107 1 51!11 
p 01Mtl YrJSHlNO JAPAN PC 100 b50 

I' ~l'UMml llll .\:>'.l. J APAll PC 100 '4.2 970 
p SAKA\;/\ i: A·.J:,UCl!I JAPAN ER lCO 6 "7 70 0 p SETO sur.olNI JAPAN ER 111 16 3170 
p SlllSHIMUTA oc:usu JAPAN IE l)O 1,5 5COO 
p TAl<.llAWA llAK4TSU J4PAN PC 158 96 2>00 
p TtOO~IGllWA TEOORI J1'P.AN ER 153 23l 9643 
p TUKUYlMll 1 BI J.APAN E"t. 161 b60 10000 
p YATSUtl4 AGA T SUHA JAPAN PC 1 31 107 1040 

c KHALIO bEll AL\JALIU YAwMrJUll. JOl<GlN E"t 11 lo 8 l 1 OO 

c 50 YP!G (,ANG Hll'I KORE A ER 123 2900 9591 
6) EL Pif 1 fq'll LLO !lALSAS MEXICO ER 148 9)1.0 5500 
6 .. ADOLFO LO l'EZ ~·A IEOS llUl'llYA l-IF.XICO ER 10 7 3150 7141 

64 MANUE L ~. Dl(CUEl s:.r. r ! lGO l'EX !CO VA 114 400 ?3 

64 NtTlAllUllLCDYO?L G~IJllVA l-IE>: ICO ER 138 e3oo 5077 
6 .. PLUTARCO !' L 1115 CALLESEL Y .\t;U 1 HEXICO VA 133 3030 262 

74 LA llNGOSTU'l.A GRIJAL VA MEXICO ER 144 9200 t,t,OO 

51 BIN EL CUI r,.:.>;t: EL ABID :-'.OD.OCCO VA 132 1500 365 

70 l>'rJULAY YOUSSEF Hss:.ou r HOROCCO ?E 100 200 5300 

7'> llOU-RtGREG BOU RF.GRt C !':OR OC CO TE/ER 100 570 30000 

74 CAt\GRll CASSA lAHBE/E l'\Oll.MBIOUE VA l Il b3ù00 510 

65 BE~; r:ORE \4A 11 AK l SEW lF. ALA'ID TE l [Il 2 100 12 50 0 

b1 HlSGLA JHELUM PA><ISTllN TE 116 7 2 50 64991 

75 TAR tl EL4 1 NOUS PAKISTAll TE/ER.lt,3 l 3 6!1 7 2790'! 

c GO:-ill lh,. GO:-IAL PAKISTAN PG l 40 3062 359· 
p ANGOS lU:{A AP\jRIHAC PERU TE 105 1000 2500 
p l!OERTAGcnlES , PAMP AS PERU VA l t,5 274 t,AO 
p lll-ICN HU-'lNOAClAHB A PERU TE 122 195 4 AO O 
p OUERCO CU ERCO PERU VA 103 t,7 149 
p SALLluUE nUAllCABAMBA PERU TE 136 165 3600 
p U-llNCll>ICH A PA1'<PAS PERU VA 20) 701 550 

55 Al'.B\;K LAO AG~lO ?HILIPPlsES ER ll9 327 7679 

66 BINGA hG~IO PHILIPPINES ER 107 93 1675 

6b ArlGA T AtlGA T PHILIPPPIES ER 128 q2Q 6330 
p KARIKINA .'IAR 1 P:. INA PHILIPPINES MV iao 9Qt, t,t,Q 

51 CASTELO DE BADO lElERE PO~TUG.l.L '/A llS 11 DO t,60 

5~ CAB:lll l !:l ERE PORTUG4l VA 136 700 360 

58 P.l.RADELA CAVA DO PORlUGAL ER 110 164 2700 

SB PICOTE DCURO PORTUCAt. VA 100 63 205 

C71 P.K. LE ROUX !KLOFFI OR.1.NGE s. .!.FR ICI\ VA 107 3l B 3 1300 

59 KARIBA ZAHBEZI RHODESIA HV 12!! 1603-'>il 1031 

61 IZV ORU L MU:oiTELUI 1\ 1STR1 TA RO ... AN 1 A PG 127 12)0 lb25 

( 65 VlORllRU :tR GES RQl<ANIA VA lob L,65 t,80 

71 PALTl~IUL DOF T.\NA RrJ ... t.rl I A VA 108 6 300 

c \'IDRA-t.OrRu LO TRU RC .'IAN I A ER 11 B 31,0 3550 
p CERN A CE'l.N4 ROMA NI A ER 113 12" 2eoo 

20 ClHlRf\SA ~lOGUERA PALLARESA SP.1. l:'-1 PG 103 163 218 
JI, RICOBlYO ESLA SPAIN PC 99 1184 398 

50 lAC0HILL4 ~lANSA SPAIN V4 116 12 161 

55 ESCALES "lO':.UERA RltlAGO RZANA SP4 1N PC 125 15~ t,QO 

5'i GlN(RALISll'O TURIA SPA IN PG 110 228 t,,, 1 

!5 !.AN ES T(BèN SIL SPAIN VA 11 5 213 474 

56 SAUME NAVIA SPAIN PG 135 265 61,5 

5? EUME EUl'E SPAIN VA 103 123 225 

60 8110 illBEY SPA IN PG 107 238 465 

60 BARC ENA Sil SPAIN PC 109 341 331 

bO CAllELLES '1CGUERA R 1 tl AGORZ Al'l.I. SP41N VA 150 67il ))3 

bl SAllTA llN4 ~OGUERA RldAGORZANA SPllN i>G 101 214 267 

63 4LDEA.D.1.VI LA DUERO SPAIN VA/PClt,0 225 848 

63 BELES.l.R .-11 :-io SPAIN VA 129 655 735 

63 BEi-<ClElAR aE''BEZAR SPAIN PG 102 352 so" 
67 tl.1.TAL.1.VILLI. .l.RQOYO VALS ECO SP 41 N V4 106 58 170 

6R SU SCUë U4 TER SPA l'i . V4 135 233 662 

69 AL CAN f /.RA 11 TAJO SPAIN C8 133 H37 900 

69 EL GKAO(l Cl"IC.\ SPAIN PG 130 J,00 1025 

6'l l UJAJAR GE"I Il SPAIN PC 120 9'l0 1t,00 

70 ALM(NUR.\ fCRHES SPAIN VA 202 2649 167 3 . 

72 Id hl AR LOZOYA SPA Pl VA lt,O t, ?6 1000 

77 SORIA ')A RRllN( O SPAIN VA 130 40 21Z 

c AK.UJOS ~lJARES SPA l li ER 105 150 1850 

c B4ELS L l OBRF.G A T SPA Ili VA 102 

c CUNI RER AS CA !l RIEL SPA IN PC 129 984 5ZO 

c LAS PU'!; TAS C AvtlR A SPA Pl VA lH 535 

c OUEN TA~ ld.~U AS Al A'ICAS SPAIN V.\ l J3 13 176 

c RlANO f SL A SP ~IN V.\ 101 664 270 

p EL LIMO'I E>!O GU>OALH(UINA SPAIN ER 101 t,5 Sb7 

p Lli lSCl.LEK.A Hll !\(;( A SPA IN VA lH ç4 3A" 
p MATALLA~4 J A'lA Hl SPAIN V4 1t,5 125 612 

p SUAKl';ll N/..VIA SPA P.I V4 1 }9 502 440 

p TCJR 10 ru~10 SPt. IN V.\ lOJ 226 2 51, 

p VI LLA!"O'!; LOR SPAIN pc; 103 105 430 

61 TKM;G SL E l SllU~ EN ER 125 

( (,) 1'ESSl.URE ST LULE SllEDEN !E 101 16 10'>00 

bll SL+ l (V.\D.E sr LULE: sw EnEN fi!; 106 16SO 49 00 0 

2" SCtt><ALH A.\ Sli 1 TlERLAtlO PC 112 1 t, 7 2 37 

J? SI' 1 r l\LLll><>e A.A>l.f. S•ITZf.><LA"<rl ,..,. 11 · .. 100 }40 

53 Ollf l(AA lt GiHRLA R Sl' IT/ll'Ll. 'lrt l'G 100 58 1,53 

~, SAl't<UCO >'Al.C IA SWlflHLANO V4 IJO 6} 775 

'> 1 >'! t. IJVll l '.. 1 Pl l ••d•;( ( l'f. 11AC,NE S SWI 1/1 o<LO'lll Vl } }7 1110 2010 

'> 7 llUlll>C L l L'·"F S~ l 1 / I ><LA'ill V4 1'>11 '>U 100 

'>1 léRVRfllA VALS[ Rl(HE l'C Sli 1 Tl t><LlNO V4 151 100 626 , 
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59 
bO 
b\ 
b2 
62 
6) 
63 
65 
bl 
b1 
b1 
61\ 
68 
b8 
69 
74 

~OIRY 

Alf IGNA 
Gt1f S(tl[•IER.l.LP 
VALLE 01 LEI 
GkAnDE 01xr.:1ci: 
N.\LPS 
l .ll'l<EK~ 
lUllO'lE 
Cr:NTRA 
(\JICiEKA 
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H.\ T ll'All.K 
CAVhG,lOll 
11œ1::.R 111 r:CRO 
SAIHh l'ARIA 
PUIH OAL GALL 
U'.O SSQ;i 

. GOUGRA 
4U1 I GllA 
GCSCll(l:f.R KEUSS · 
RE'.'40 01 LE 1 
DIXEHCE 
RE Ili DE NALPS 
l ll<>'E Rli 
BRE~~O 01 LUZlONE 
VEklASCA 
Kf Ill DE CURNE;i.A . 
MASS!\ 
SAASER VISP 
8/lVO!'!A 
11c:;:;.:i 1 ~1 
Rt 1 N Of HEGEL 
SPOL 

C.76 
59 
64 
73 
73 
6 .. 
72 
56 
SR 
73 
7'9 

G 1 GER 'riALO 
llU$HfH 
StlOH:-iE!'l 
TACH!EN 
TSf:1GliEN 
BHUl'. I PtiOl 
S 1KI"-1 T 
SARI YAR 
KEHER 
GUr<;CfKAYA 
KESAN 

BA;illf:RINE 
GIGERh'ALOTAHINE 
CHOSHUI 
TA~I SH U( 

TACt<IA 
TStN ".; W(N 
P l>iG 
'it.N 
SAKARYA 
AKCAY 
SAKARYA 
FIRAT 
YESILl'lHAIC 
l'MI AVG AT 

C.78 
C. 78 
p 

HASAN ui:;unu 
OY:-'AP 1 ~I .\~ 

ASLANTAS 
KARAKAYA 
J<:URTUN 
B'lATSK 
KRAS~IOYARSK 

CHARVAK 
NUREK 

CEYHAN 
p F l Il. AT 
p 

c 
c 
c 
c 
c 
c 
c 

64 
67 
70 
1Z 

10 
12 
lS 
29 
29 
29 
32 
3S 
35 
36 
36 
39 
42 
44 
45 
4S 
t.11 

"9 
sa 
52 
S3 
53 
54 
5S 
SS 
SS 
5'1 
S9 
59 
60 

CH IRKEY 
ING\JRI 
$t.YANSK 

HA'lSIT 
ANG.IRA 
YENISEI 
CHIRCHIK 
VAKHSH 
SULJ.K 
INGURI 
YI.l'i 1SE1 

TOJ<:TOGUL NARYN 
UST - Ill~ ANGARA 
lEYA ZEYA 
KOLYMA KOLYHA 
BUFFALO RILL SHOSHCNE 
T~O BUTTES TWO BUTTES 
A'lRO\IROCK BOISE 
DIABLO SKAGIT 
PARDEE lL~NCHI PLAS&JHCKELU~NE 

PACOIHA taEGANl ?~COIHI CK 
OWYHEE OWYHEE 
~üRPIS S~'l GABRIEL 
RESERVOIR 1=22 1 GROSSS. BOULCER 
HOOVE ~ CL. HEA D! CCLCRACO 
O'SHA\JGH~éSS Y T CULU H~E 

SAN GI BR IEL SA~ Gl3RIEL 
GKANO COULEE COLUHolA 
FONTANA LITTLE TENNESSE E 
ALDER NISCUILLY 
SHASTA SACRAHéNTO 
HUO HOUNTAIN WHITE 
ROSS SAN GABRIEL 
ANDERSON RANCH ~OISE 

NEV ER SINK NEVERSINK 
OETKOIT LAKE N. SANTlAM 
H\JNSAKY HURSE FLATHEAO 
PINE FLAT KINGS 
CHERRY VALLEY CHERKY CIC 
FOL SON AH ER ICAN 
L\JCKY PE~K LAKf BOISE 
SWIFT LEWIS 
6K0Wl'iLEE SNAKE 
CASITAS COYOTE CIC 
HAHXQIH POOL SA~ JO A OUI~ 

bZ RO~ERT ~OSFS NIAG AM A Nl~GRA 
b'l PH>illY TRINITY 
67 \JNIGN VALLfY SILVER CK 
63 CUUCAM L!KE ~CKENllE 
63 NAV.l.JU Sft'l JUIN 
b4 FLAHING :;nRGF G~fEN 

bl, GL~N LAtlH•'; 1 P(lWELL I crui:t•CO 
bt, KOlJ'l/0 Rl•ITf QfSCIHll ES 
65 SU HME~SVILLE LAKE CAULEY 
1>6 lllUE l<FSl r.u•;r<1S1lN 
66 l(Jh tR 'Hill HflLE . KlJrlCC1'1 
66 NtW (A(H[ UU llR HfK(FO 
bb YtlLO~IAll RIGHORN 
b1 l\l;U"irJARY P[>;O f1Rf l lLf 
b1 G><f.t>i I'( T(R LAKE 1< 1rPLE SA'H I A~ 
h1 SAN LUIS S!N LUIS CK 
bll HtllS CA'IY'fllf SNA KI' 

SWITlERLAND 
SlllTlERLANO 
SW 11 l fl{L •\'10 
SWITlE'<LANO 
S:.l I T lERLAND 
Swl TIHLllNO 
SW 1 Tl ERLA'l'J 
S:.l 1 T lEKLA'IO 
SW 1 Tl f;iLAtlD 
SW 1 Tl E·1LA'IO 
SW!Tlf"LA"O 
SWITlE~LANV 

SWITLE'<LllNO 
SW 1 Tl EtllhrlO 
SWI T l(aLA'l/0 
S'-' 1 Tl ERLMlD 
S".11 Tlêl{LAllD 
SWITlt:Rl.~ND 

TAIWAN 
TAIWAN 
TAl\IAN 
TAl\IAN 
THAI LANO 
T~~ILANO 

TU'<KEY 
TURK[Y 
TURKC:Y 
TU P.KEY 
TURKEY 
TURKEY 
TURKEY 
TURKEY 
TURKt:Y 
USSR 

·ussR 
USSR 
USSR 
USSR 
USSR 
USSR 
USSR 
USSR 
USSR 
USSR 
USA, WYO. 
USA, CCLO. 
USA, ICAl10 
USA, W.'>SH. 
U~.'\, CAL 1 F. 
U.!.), CALIF 
US\, ORE. 
USA, C~LIF. 

u ·; A, COLO. 
U!.!. AR IZ, 'iEV 
U~A, C!.LJF. 
U~ ·\, Ct.l IF 
us .\ ~ WllSH 
us 1 .. ri.c. 
USA, WASH. 
USA, CALIF. 
USA, \o'llSH. 
USA, :.IASH. 
USA, 11..:AHO 
USA, N.Y. 
USA, OilE. 
USll, HCNT. 
USA, CALJF. 
US'" C~L JF. 
USA, CALIF 
USA, ICI.HO 
USA, WhSH, 
ust., l(lAHO 
USA, CALIF. 
USA, CAL 1 F. 
USA, N.Y. 
USA, CAUF. 
\JSA, (llLIF 
USA, OM.E. 
USA, N.M. 
USA, UTAH 
USll, A~ll 

USA, 0~(. 

USA , W. VA. 
•1SA, cr.Lo. 

· usA, CALIF. 
USA, CALIF 
lJSA, HUNT• 
USA, WA~ll, 

USA, 0-<E. 
USA, (ALIF. 
USA, U><!;. 

Vl 148 
PG 1 lS 
ER l~S 
VA l t,3 
PG 285 
V.A l l l 
VA 145 
Vl 208 
VA 220 
VA 153 
VA 122 
IE • lbJ 
VA 111 
VA 12S 
VA 117 
VA 130 
VA IBO 
VA lt,7 
PG l ll, 
TUER 133 
VA 1!30 
TE/ER 147 
VA/PG!54 
TE 103 
PG 108 
PG 114 
VA lbO 
ER 207 
ER 17S 
VA 185 
TE 115 
VA/PGIOO 
VA 13 3 
G 12S 
G 124 
E 168 
E 317 
l 233 
l 272 
A z1,2 
A 215 
G IOS 
G 115 
R 130 
VA 99 
r E ! ID 
VA 107 
VA · 119 
PG 109 
VA 113 
VA 127 
PG !OO 
~V IOt, 
VA 221 
?G 131 
TE/ER115 
PG lb8 
PG 146 
VA 101 
PG 183 
ER 130 
Vl. lb5 
1 E 1 39 
lE 10'-
PG 141 
VA l 72 
PG 1 3" 
TE/ER 101 
IE/PG104 
TE 103 
TE 156 
ER 170 
TE 102 
fil 101, 
PG 
TE 
TE 
ER 
H 
VA 
VA 
TE 
ER 
TE 
ER 
(R 
VA 
v• 
PG 
TE 
PG 

118 
lb5 
130 
136 
123 
1 ') 3 
216 
1 J" 
121 
119 
12S 
1~9 
\bO 
104 
l l 7 
llb 
IUO 

71 
67 
75 

197 
400 

t,4 
90 
81 
86 
40 

8 
100 
21 
'52 
b1 

164 
225 

33 
ISO 
316 
z 32 
992 

12200 
9GOO 
1900 

54'9 
910 

31000 
1078 

3 00 
2250 
9580 

237 
lb9270 

73300 
2000 

lOt,00 
2780 
11 OO 

31300 
195DO 
59300 
b84GO 
14600 

Sl9 
Sl 

354 
111 
27t, 

1381, 
37 
5Z 

36703 

55 
11975 

1780 
2 86 

5bl5 

l 770 
608 
133 

l 
t.27d 
1233 
· 311 
l Z<.6 

3 7:1 
q 3'l 

lb7D 
311 
151 

3020 
334 
2 70 

21011 
4b47 

33)0'; 
703 
S!O 

11b1 
2S b 

l 'lbb 
lb9b 

115 
l 

2515 
20-i 

, 

1115 
91,Q 

?)50 
834 

5'15 7 
594 
S50 

1130 
b58 
562 
228 

10400 
223 
2 38 
654 
776 

l I OO 
460 
329 

6890 
430 

12·100 
997 

10000 
568 
740 
650 

15 0 00 
904o2 

565 
0493 
1360 

4 5.8 
13978 

t,) so 
1?100 
58000 

1226 
3SCO 
9117 
2660 
440Z 
24GO 

12550 
63 

t,86 
268 
"82 
196 
"1 l 
393 
.. 59 

3361, 
5 16 

9039 
6093 
2734 

325 
6660 
1759 

7380 
8781 
114 7 
2359 
1"35 
5J52 
6889 
4d79 

11798 
5173 
7118 
)'1311 

844, 
2Z .l64 

780 
b912 

20571 
15-; 

3 74 7 
7100 
8788 
2JbS 
'>358 
"1 52 
llBZ 

!DB 
R73 

S?) 78 
t,;\9 

13 . 
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t.11 HCnROW POltH Gu:1111 SON USA, COLO. VJ. Hl l44 279 

61\ t'OSSY>\OCIC COwll Tl us•. \l~SH. VI. 185 lbO) Q53 Q1 61\ O•<O VI LLE ff .\THEK USA., CA.l 1 F TE 2J6 1,2<1e 5'11>)9 

6B NEii Oul Lfd<OS UA'.l "i. .f\;'IA USA, CALIF, VA l·H l1~4 2064 

Tl ltt Il oc~, PlOP.O TU~LU;' "iE US4, ClLIF. rE 178 2504 12H.r. 

73 O~OitSlll.K 011)'( CLEAl(\.ATER USA, I t;AllO PG 219 4278 t,<l70 

7) L 11-flY KCOrEltll USA, 1".GNIA"i PG 136 7216 32H 

c AufluR;~ ·~HEitl(hN USh, CALI F. TF. 210 2il)7 4'\'10 

.c (AOîf".S LA~. E Cfl~S~llATTEE USA, · é.~O"-GIA TE/!:it 13!! 5~3 10912 

c CRYSTAL GU<JNI SON USl., COLO.· VI. l:J7 H 10'-

c Jt;CASSEE l(f~ :,EE US.\, s .(. TE l 33 14)0 Be69 

c LOST 0Efl( Rr.GUE USA, CllEl TE 105 

c l>ê'-1 HtlC.'lêS LAKE ST ~1'1 SLAUS USA, Cl LI F. TE/EP.l;o 29b0 12035 

( PYR.>~10 ? 1 R;J (1( USA, (hl! F. 122 220 5240 

c SHhKE.t (RtEK s11r.KE R (1( USA, OHIO IE 100 s 497 

p HIGH MOv•• T Id N SHEt R S•1.>i<E USA, IDAHO VA 2'l4 " 1529 
p fl4GBY "IE!\CEO USA, CALIF. ER 134 53 0 5558 
p BIG Tl(EES ST!.N!SLAU S USA, (AL!F. Eit 130 2r::o 4817 
p OICKEY ST JCH"i USA, HAHIE TE 105 1~043 47C80 
p fkA:-il f RAllZ CK USA, C~t;IF . TE 1 :J3 11150 5 51l 0 
p HOOJ<ER GILA USA, N.I".. TE 104 )27 7263 

p HAt.(AKA '\4A(Hl'l CK USA, C.\L 1 F. TE 11 6 1850 !l37 

p PLh( 1 TA (:!YS T Al USA, COLO TE 107 1)0 

p POO~ t'OUN TA l •1-LOl.'ER B A(K ()( USA , VA, ER 113 50 
p POOR HOVIT Al N-Ui' PE R BA(I( (( USA, VA. ER 114 3l 
p PULL IL/'. (.{EEK P(JL li .\)1 USA, N.C. ER ICO 51, .r.llOO 

p r.uss HIGfl SKt.G l T USA, \IASH. VA 201 42b3 1067 

· P TGPA TOPA .SESPE ust., CALIF. TE 176 3 )'I 13839 

68 GURI é.ARCN' I ve!EZU~LA PC lC6 177CO )762 

67 Gi'.A ",;(l.1-tEVO TREBIS'IJ YUGOSLAV!A VA 123 1260 376 

68 Tl KVES CRll.\ REKA YUGOSLAVIA ER 114 475 2722 

69 RAHA ;>.A .'4A YUGOSL.\VlA ER 103 487 1510 

t.9 S~:LJE CRI 1 0'1.IK YUGOSLAVIA ER 112 520 2699 

c Gt.ZIVOOE !SAR YUGOSLl.VIA ER 108 370 5 

c HRATl'1JE P !VA YUGOSLlVJA VA 220 890 742 

c SJEtHCA uv:.c YUGOSLAVIA ER 110 1'10 z 
p !lhKOVl::A 1<.L 1 SU:!A TARA YUGOSL.'IV[A TE 145 l JaO 5b88 

p 8.H;J .\ lUl(A VRSAS YUGOSLAV!A VA 124 691 157 
p BIJfLE .STENE !'.O'lA(A YUGOSL.W 1 A VA 150 320 150 

p CEflREll ('!.NA REKA YUGOSLAVIA VA 137 900 1093 
p CELJIGOVICI KlLJl(KA YUGOSL4VlA ER lCI, 19 12~8 

p r.l!NOJ 1 !.A PIVA YUGOSLAVIA VA 200 4lb 426 0 p l:ONJIC 'IERETVA YUGOSLlVIA. VA 1)3 460 515 

p STUC('llC" sr u::::E ~11c11. YUGOSLAVIA V.\ 116 140 t.lb 

p SJPOVU PLIVA Y~GOSLAVIA VA 118 625 4lb 
p TRE BUSA 10~ ! J l(t. YU GOSLAVIA Vl. 120 307 415 

p TRESi .. A T Rf < 1( A YUGOSLAVIA VA lb6 65 0 55 0 
p l" .DG Nfi ; !: ! VA 'TUGOSLAYIA VA/PGISl 445 317 

p KUUl-LOU l<ClllLOU ZAIRE p 137 35000 390 

c 
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TABLE 3 LA. ~Sï RE SE RVOIRS 

OATE OAH IWIE CCUNTRY TYPE HEIGHT VOLUKE DATE OAH NAME COUNTRY TYPE HEIGHT VOLl.!HE 
m m3x1Q& m mlxlO' 

77 NUREK USSR E ~17 '104 00' p P\fSKA YU<;OSL llVU VA lbb 6SO ~2 GqANOE DIXENCE · Sli 1 T ZERLAND PG 2 05 400 65 ROI PAUL IKR.EMASTAl GI\ tEC E H 165 4750 c J .';~UI\ 1 USSR A 27 2 11 00 4 9 l\ll s s USA, \IASH, VA lbS l 770 65 RG~SEL LA IThLY T 265 l 7 67. T 1\ l Il I T Y USh, CALIF. TE lbS 3 020 61 VA JONI IHLY Mi\ 2bl 3~3 71 ThLIJINGO AUSTk ALlA ER 162 q21 74 MICA C/\ .'4/\0 A TE 242 24670- p TOKUYhl'.A J hP Hl ER 1 b l HO c s "y"·~~ Y. US SR A 242 3 1 )00 73 cri11.no<AYA TukKl:Y V~ lbO q10 57 l'.1.uvo 1 SIN SlilT lERLA NO Vh 2 37 10 0 66 Yl:LL011TAI L USA, l'.ONT • VA 1 !.O 1 ii qb 66 U0<1 :v 1 LL E us~. CALIF TE 2 )b 429d c Fl[~l(: ALl!/\N 1 A ER l 5 8 26 7.0 c C11!P~rY US SR A 2 33 2 7110 p F 111 S T r Il 1 A. L AUS T~ IA ER 15 8 60 C 7 ~ l ~ :1 t ~ l L ()A ICHI VOR. l Ct'L\IMbl A ER 2JO 015 p TAKllH.'A . J .\P .IN PC l 5 8 qb P AO llr.~uCh COSTA -f< ICA ER 227 670 0 57 Li:lllltR Sli!TlEl\l~N D VA 158 50 b) b 1t lr R.\ J 11() 1 A PG 2n 'll160 ~7 SPECCrll~R l 1 T Il L Y VA 1~7 10 36 ll (1L VfR 1 L, MEAD) ~SA ARIZ, NEV VA 2 2 1 36 703 61 llKU T /\(Ji\M 1 J A PAi', PC 1 ~ 7 601 c 1-1;., 1.1 !11 JE YUC,OSLAVIA VA 220 8 00 56 ~AKUM~ J "~ "~ PC 156 327 bS Cu '1T•<A SwJ Tl ERLAND VA 220 06 '.:i 1\ ::, ~1 1 r T USA, liA SH, TE 156 Q .l 2 p P 1, r l l CULUMOIA ER 220 ll coo 62 l'.!INfEYN/\R D F q h 'I C f VA 1s5 240 7) U• fl·' SllhK OA M USA , ICJAHO PG 2 l 'I q]ij b 'I llACAl.'A{)(l J A p h 'l VA 15 5 123 64 C.L tll Lll .O..:YUN IPOWELLI us .\ t Afl Il VA 21 b 333 0 5 60 r.uf SCllENERALP SlllTlE;l.L ANO t~ 1 ~ s 7) c T 1, 1· r rir, 1 J L Ils, k A 2 l s 19 •,00 p MI YhGhSE J A~ A:~ PC l 5 4 20b bR üA~ . I EL JU 11N SON CAllAOl MV 2 1 4 ll, l OSI - 6 4 flHUMI r HO L - H•~ILAN D VA/PGl54 122 00 c AU l'u ~·, USA, CAL!F, TE 210 28 )7 bS GEPlTSCH AUST~I A ~R 1s 3 139 6) Lu/ ln'IF SHIT lE l\LAN D VA 208 07 50 S. GIUSTINA , JTALY VA 1 s 3 le 2 74 KEP.AN T Ul\~ EY ER 207 310 00 65 PLllLE MOULIN 1 T /, L·Y ~G 1 s) 100 p lllC.11 ~·nuNTAI N SHEEJ\ USA , IOAHO VA 204 4 p TEr10<IGhliA JL ~A 'l êR i:; 3 231 63 ~O~L~AO KE ZA CHAH IRAN VA 203 3 )40 67 C U~N~o\I\ Sw JT lERLAND VA 1~ 3 40 p u - L 'I C '· llCH A PE HU VA 20) 701 64 FL'NI NG GORGE USA, UTAH VA 1 s 3 4bq 7D AL ~t:1 ;;i:u SPA Ill VA 2G2 2649 57 ll RV11.E 1 LA Sl.'I Tl E ~LAN O VA l 51 100 p PUSS lllGH USl, WASH, VA 201 4 263 p Ulf'v YUC OSLAVI A \/A /PG l51 445 p Go\.l•1u · :~I\ 1 SON FRAN CE VA 200 205 61 ROHLEND fRANCE VA 150 1 A 7 73 Rl\ll (Hi\H KAB(R !RAN VA 200 29 00 bO CANELLES S Ph 1 N VA .1 50 678 p KL.::UJIL A v ur.nSLA VIA VA 2 00 4 l 6 p !IJJtLE STE NE YUGOSLAVIA VA ISO J2D C H KdL'I O<flN AllS TRIA VA 190 200 
b8 11;. 1. lluLLA~O S ~AK US/\, CALJ F, VA 1 94 1 l 0 4 

c 'le• l'.fL0 .'4E S· LAl<E uSA , CALJF, TE/ER 190 2 %0 64 !!Ill\ 1 SK US SR G 125 lb9270 p c tri < t ~ YUGOS LAVIA VA l 0 7 900 70 SA·IO-[L-AALI IASllhNI (C,YPT FR 111 1 b4 l'00 HE r "" 1. IR AO c Il l u 6 6) 00 5 '1 Kh~ J IJ,\ RH flO tS IA MV 128 ln0368 64 ~u~ ·1~ E JAPAN VA 1e0 \ÇÇ b5 AK\l~!IMRO MA IN DAM G H ~I~ A ~R l<.l 1411000 C 7 ~ (IY-~Pll'<AR TU~KEY VA 1~5 300 67 Ka/\~NUYARSK us s~ G 124 7 3300 68 l'Uj~Y~r.cK USA , liA SH, VA 1A5 1603 c ZLYA US ~R c Il 5 b i\i. OO ~ 7 11 , l, c. eE NN ETT C 111;/\QA TE lu 3 7 0.l!J'I - 62 Shl\Hlr~ llSIA (.HI NA PC 107 b%05 45 $HAST.I USA, CALJ F, PC 1 8 3 5615 c UST - ILIM USSR G 105 59300 p IJI.~ 1 l' (J UTH AUSTl\ALI A TE 160 3 70 0 bZ TAr>;l(J/\llJC,1(011 CH IN /\ PG 1 10 51000 5) T f (, '; F !.. F ~ MIC E VA lU O 2)0 p KOlJI LOU l /\ I A~ p 137 )5 000 '" 62 -"' 1~ ~Af\ (R IR AN VA l kO 205 St KCt/'i(Y C.l :; /\Dh ~fi \Ol, 22203_:...~~ • ' · p l<h ~ 1 r. J l>I A PHILIPP INES M\/ l 110 90~ 62 FURN 1\S EH\ Al 1 l ER 127 20660 74 ll'n~S L"l SI.' 1 Tl ERLAND VA l~O 225 68 CU~I VF.NE ZUéLA PC 1 :)6 17700 7) TAC.< ll:ll Th 1 llAN VA l UO 23 2 P7? ITUHOIAR• f\q ~ l 1 L ER/rGIO~ 17027 p i<.AQ~KlYA TURKE Y VA/PGlUO çs eo c KO LYMA USSR R 130 141>0 0 b~ ALP( (,( ~A ITALY l'G 178 bS 75 TAROELA P Al< 1 ST AN TE/ER 11,3 l J68 7 71 11 fw 0011 PEDRO USA, CAL(F, TE l 70 25 04 
C77 TAU.St J/\µAN ER 176 76 
p TOPh T(lP.1. USA , CAUF, TE 1 7 6 3 3 'l Note: Type TE :.. Ea rth 
C 7~ HA'.,t.1; UG\Jl\ LU T URK fY ER l 7 5 . 0 7 A 

ER Rock fi 11 ~ US L, MO NT , VA 172 ... 27 6 -~3 l'~~LL~Y HQR~E .. <.n 
.. c 1 l- 1 r ~ 1 I NO 1 A v• ~ i l 1 '''J . PG - Gravi ty .. 

7 4 C~r.L~.1 bASSA HUlAM OIOUE VA 171 b 3000 

CB Buttress 70 (llA" 'n~ US~R E luO 2000 -42 G~A,,r; COULE E USA , WASH PC lbR 11915 VA - Arch p SA RL. A,, SAi<OVfl( 1 N(J l A COH P l 6 7 2"r 
(,'\ VIO~A ~ U AO HA NIA VA 166 .C,6 5 MV - Multi -arch 

p - Prpposed .... 
,.. ' ' ,.., 



Dr. Paul Lecomte 
Service Géologique 
Hydro Québec 
Place Dupuis, 17e_ étage, 
855 Est Ste-Catherine 
Montréal, P.Q., H2L 4M4 

Cher Dr. Lecomte: 

APPENDIX D 

Le 17 novembre 1975 

6082-4-7 

Je reviens . tout justement d'un bref voyage en Chine, ayant participé 
officiellement à une visite d'échange scientifique. A ce moment-ci, je crois 
opportun de vous écrire personnellement pour vous assurer que je donne mon entier 
support au cours d'action que mon personnel a choisi de suivre, à la suite des 
récentes secousses séismiques aux environs de Manie 3, et continue de vous assurer 
de notre enti~re coopération. 

Je crois qu'il était vraiment indiqué, ·autant pour notre Division, 
que pour l'Hydro-Québec, de faire le communiqué de presse au suj.et de la secousse 
principale de 4.3 du 23 octobre. A ce moment, il était encore impossible de dire 
avec certitude si la secousse était induite ou simplement naturelle pour cette 
région. 

Maintenant, l' ensemble de la série d'évènements séismiques, avec les 
chocs avant-coureur, le choc principal et les répliques multiples , ainsi que la 
profondeur focale infime, le tout en parallèle avec le remplissage, nous laisse 
aucun doute que cette activité est induite et causée par le remplissage du 
réssvvoir. 

' 
~ 

Jusqu'ici, aucune indication claire sur la nature des évnements induits 
A 

n'est apparue dans la presse. Toutefois, je crois que ce n 1 est qu'une question 
de temps avant que ce problème passe au public. D'ailleurs la communauté scien
tifique connnence déjà à en être au courant. Vous comprenez, sans doute, que nous 
sommes dans l'obligation de respecter la vérité et de commenter, au meilleur 
de notre connaissance scientifique, les faits actuels et leurs linplications futures. 

Dans cette optique, je crois qu'il serait préferable que le public 
soit mis au courant de la nature des évènements induits, et de la possibilité de 
plus l arges chocs, selon la leçon à tirer des cas de séismicité induite ayant eu 
lieu ailleurs. 

• •. 2/ 



2. 

Vous savez sans doute que seulement 26 cas de aéismitité induite 
sont connus sur les 275 réservoirs ayant une tête d'eau de 100 mêtrés ou plus. 
De plus, sept de ces 26 réservoirs ont expériment~ des chocs de magnitude égale 
ou plus grande, - que 5. Ces faits sont bien connus des scientifiques, et 
sûrement le deviendront, tôt au tard, du pllblic, comme il le sied. A notre 
av~s l'Hydro-Québec ne devrait pas retarder l'annonce de ces faits et possi
bilités au grand public. 

Je continue de vous exprimer l'assurance de notre entière dis
ponibilité durant cette période critique. Les jours qui vont suivre et le 
taux de séismitité observée, nous aideront à déterminer la durée de notre 
déployement t emporaire de stations spéciales, ainsi qve la nature de nos 
recommandations. '. 

Acceptez l'expression de mes meilleurs sentiments, 

M.J. Berry 

Directeur 
Division de la séismologie 
e t des études géothermiques 


