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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 Manic 3 reéervoir on the Manicouagan
River in the Province of Qu&bec. Several small events were recorded by
the Division's telemetered station near the Manic 5 dam site on September
16, 22 and 24, and these were located slightly to the north of the Manic 3
dam. The small earthquakes were followed by somewhat larger events in
October, culminating in a magnitude 4.3 event on October 23.

The filling of the Manic 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 Manic 3 is induced by the loading of the reservoir.

Attached to phis 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 Hydro-Qué&bec as events have progressed.
Also attached is a letter by Dr. Leblanc to Hydro-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 has stressed the induced
nature of the earthquakes, which is now virtually certain, and has stressed
two further points to Hydro-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. Leblanchas stressedto Hydro-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 ﬁoint 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 (Appendix 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 Manic 3

dam site and reservoir, P.Q. .

Aug. 5 Hydro-Québec starts filling the reservoir of Manic 3, but
does not notify EPB.

Mid-Sept. First small events are recorded at MNQ with suspicious

16, 22, 24 S-P % 9.5 0.5 sec interval. Note that S-P ® 1lls represents
blast at Manic 3 dam site. Also S-P ® 4 sec. (only 1)
recorded. '

Oct. 2 G. Leblanc questions H-Q by phone over possibility of blasts:
at other sites and about a week later received a "negative"
answer.

Oct. 12 One event, larger than previous ones, recorded. Long holi-
day weekend. .
Hydro notified on 15th, after earthquake was located near
Manic 3.

Oct., 15 Another event.
Hydro confirms that no blasts have taken place.

Oct. 19. Third, larger event My, = 1.5 - 2.5

Oct. 20 J. Thomas (of Division) leaves with 2 portable stations.

Oct. 20 G. Leblanc sends letter (Appendix 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.

Oct. 21 J. Thomas recalled because of death in family.

Oct. 23 F, Kollar leaves for Manic and Seven Islands

5 pm Large event 4.3 occurs.
Kollar deploys station that same night
7 pm - G. Leblanc in contact with Hydro Direction. Hydro decide
11 pm to reduce the rate of release of water from Manic 5, there-

by slowing down the rate of filling in the Manic 3 reservoir.
They decide to take men working at Manic 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 milds NNW of Baie Comeau, felt by
Hydro workers mear Manic 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 ® 7 miles north of Dam and are very shallow.

Third portable station sent to and deployed by F. Kollar.
Numerous small aftershocks occur (M;=0.0 * 1.5) ® 40 events/day

Very low level seismicity continues.

Fewer events >1.0.

G. Leblanc has meeting with Hydro officials and delivers
attached letter (Appendix 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 admits 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.



APPENDIX B
Le 20 octobre 1975

6082-4-7
Dr. Paul leComte '
Service Géologique °
Hydro Québec
Place Dupuis, 17€ &tage
855, rue Ste—-Catherine
Montréal, P.Q., H2L 4M4

Cher Dr. LeComte:

Je voudrails vous signaler, d'une fagon plus formelle, le fait
que depuis dix jours, la station s&ismographique de Manicouagan en—
registre de petits séismes dont les &picentres paraissent se situer
aux environs de votre barrage de Manmic 3. Pour le 12 et 19 octobre,
nous estimons une magnitude prés de 3; pour le 15 octocbre, une prés de
2, et pour le 11 octobre, une magnitude plus faible.

Aprgs avoir confirmé avec vous, l'absence d’explosions aux heures
des arrivées séismiques, nous croycns donc en 1'authenticit& de ces
s€ismes. De plus, comme cette crile d'activité coincide avec le rem~
plissage du réservolr Manic 3, nous croyons prudent d’envisager la
possibilité d’un cas de sfismicité@ induite. WMéme si les annales de
1966 révelent une activité d'un mois, dans une région assez similaire,
sirement non-induite, nous croyons que la coincidence de cette nouvelle
acfivit@ avec le remplissage presque terminé est assez grave pour dé-
ployer deux stations portatives qui permettront d‘'améliorer la déter-
minatfon des &picentres et peut-étre aussi d'obtenir une idée des pro-
fondeures focales et en counséquence de l'origine de ces secousses.

I1 va s'en dire que la responsabilité@ de continuer ou de ralentir
le remplissage reléve de votre direction.

Je cempte que nous pourrons compter, comme toujours, sur votre
collaboration durant le déployement des nouvelles stations et leur
opération. Je vous tiendral au courant des résultats. De votre part,
n'hésitez pas & me contacter si vous désirez de plus ample informatiom.

-

Acceptez 1'expression de mes meilleurs sentiments.

G. Leblane
Division de la s&ismologie
et des études géothermiques

GL:1t



APPENDIX C
SEISMICITY ASSOCIATED WITH RESESRVQIR IMPOUNDING

-A Pre-symp?sium Review --
by
David w Simpson

Lamont -Doherty Geological Observatory of. Columbia University B
Palisades, New York 10964 i

"ABSTRACT

There are over twenty cases where changes 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-earthquake activity detectable only with jnstruments of high sensi-
tivity. There are, on the other hand, many large reservoirs where increased
seismicity 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 observable increases in seismicity.

) A number of factors may contribute to the generation or absence of »ost-
impounding seismicity. Increased stress due to tne load of the reser-2iv,
decreased effective stress due to increased pore pressure; and the action of
water on particular geological formations in the reservoir region have all
been suggested as possible causes. Whether or not the changes induced Lty
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 Toad and increased pore pressure will have the greatest
tendency to increase activity in regions where the maximum compress1ve stress
is vertical (norma] faulting). In regions where 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 p]ane solutions is in agreement with
the pre-existing 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 the western United States, those
reservoirs where seismicity has occurred are in regions of horizontal exten-
sion, whereas those in regions of horizontal compression have not shown post-
impounding increases 1in seismicity.

INTRODUCTION
A number of reviews have already been made of reservoir induced seismic

activity. Rothe (1970, 1973), Carder (1970), Bozovic (1974), Lomnitz (1974),
National Academy of Sciences {1972) and Cupta et al. (1972a, Q)'have surmarized
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the activity at twenty or more reservoirs where changes in seismicity have

been observed after impounding. The details of these case histories are

familiar to the participants of this meetiﬁg‘and'will not be preSented in é:
this pre-conference review. This review will consist of a series of tables

and figures, intended to serve as. useful reference material dur1ng the

- meeting.

Examples of Reservoir Induced‘Seismicitx, : - -

. In Table 1 the reported cases of induced seismic activity have been
grouped into four catagor1es .

A) Halpr Induced Earthquakes -'There are six 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 clear however that, in every case, the post-impounding
seismicity, and especially the main shock, represents a major change 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
reservoir.

B) Minor Induced Earthquakes - In Table 1 are listed 12 cases where earth- €:
quakes of approximately magnitude 3 to 5 have occurred. In some cases
- pre-impounding seismic activity is known to have occurred and the relation-
ship between the resarvoir and seismicity is based on ccincidence in time
" of increased activity with the filling of the reservoir (Nurek, Monteynard,
Bajina-Basta, Vajont, Benmore, Mangala). Ir two cases (Talbingo, Kurobe)
sutTicient pre-impounding instrumental data were available to show that,
prior to construction of the dam, no earthquiakes of the size of the post-
impounding earthquakes had occurred in the vicinity of the reservoir.

. C) Changes in Micro-earthquake. Activity - At three reservoirs where sensitive
instruments were available during 1mpound1ng (Grancarevo, Hendrik Verwoer.and
Sch]ege]s) 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 large 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

cases (Oued Fodda, Camar111as) it has been suggested that the readjustment

of hydrological conditions in particular geological formations-in the reser-

voir region were responsible for the seismic activity. In three cases, the
activity was associated with changes in the filling of the reservoir - at

Contra, the activity stopped whan the reservoir was emptied &nd refilled; é:
at Camarillas, the activity stopped after the water level w:- lowered; and, :
at Vouglans, the activity occurred after a .rapid emptying & 1 filling of

the reservoir.
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Other Cases of Induced Seismicity - Post-impounding earthquakes have also
been reported at seven reservoirs located in marginal areas of the Indian
Shield, at E1 Grado in Spain, and at Cabin Creek, Rocky Reach, Shasta and
Keer dams in the United States. Details for these reservoirs are not €:

availables-— - .

Reservoirs Without Increased Seismicity - 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 Johnson, Canada (214); W.A.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
111 - : .

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 1, where activity has occurred represent cnly a
small fraction of the total number of large reservoirs in the world. As
well as considering why these reservoirs have generated seismicity, it is

also 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 10° m?®) or more, -
usually impounded behind a dam 300 feet (91.4 meters) or greater in h§1ght.“
The International Commission on Large Dams has published a "World Register QZ:
_ of Dams" (ICOLD, 1273) from which the data listed in Tables 2 and 3 for all
. dams over 100 meters high have been obtained.

. Table 2 lists by country 410 existing or proposed dams over 100 meters
fhigh, of which approximately 275 are now completed. Table 3 lists by height
93 dams aver 150 meters high and 17 reservoirs with volume greater than 100 km3.
In Figurgs 2 and 3 are shown the 31 reservoirs with dams greater than 10)
meters high and reservoir volumes greater than 10 km®. 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 nc observable seismicity. )

CHARACTERISTICS OF RESERVOIR SEISMICITY

- Rothé (1970, 1973) and Gupta g;_gi;.(1972g,§) have summarized the common
features of the seismicity at large reservoirs. o

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
common in reservoirs greater than 100 meters deep. As Tables 1, 2 and 3 show,
however, this is certainly not a 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
epicenters of the larger earthquakes and audible noises associated with many
of the small earthquakes indicate that reservoir related seismicity is very
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shallow. Most of the large earthquekes 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
associated with long series of foreshocks and aftershocks. The foreshock
and aftershock sequences fall into a Mogi Type II classification, indica-
ting heterogeneous structure and non-uniform stress distribution.

Size re]at1onsh1p of seismicity - Gupta et a] (1972a,b) have shown that
for the reservoirs with the 1argest earthquakes, “the magnitude ratio of the
largest aftershock to the main shock is high (approximately 0.9) and that
both foreshock and aftershock "b values” in the frequency-magnitude rela-
tionship are high (greater than 1.0). Both 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.

Geological structure and fault plane solutions - Gupta et al. (1972b)
note that in the areas around Kariba, Kremasta and Koyna reservoirs there
is evidence for former volcanic activity. Among the rock types 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 reservo1r on the down- dr0pped

side.
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TABLE.I RESERVOIR INDUCED SEISMICITY

Eam Name * Country Height  Volume Year of Year of Magni tude
6.3 . Largest or
. (m) (x10°m®)  Impounding Earthquake ‘Intensity

A) MAJOR INDUCED EARTHQUAKES

Koyna India 103 -~ 2780 1964 - . 1967 6.5
Kremasta . Greece 165 - 4750 1965 1966 6.3
Hsinfengkiang - *China 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 Greece 63 41 1930 1938 5.0?
B) :MINOR INDUCED EARTHQUAKES
Benmore * ° New Zealand 118, . 2100 1965 . 1966 5.0
Monteynard France 155 240 1962 1963 4.9
Kurobe Japan 186" 199 1960 1961 4.9
Bajina-Basta = Yugoslavia 89 340 196 . 1967 4.5-5.0
Nurek U.S.S.R. 317 10400 1972 . 1972 - _ 4.5
Mangala- Pakistan 116 7250 1967 1970 - 4.2
Talbingo Australia 162 921 1971 1972 3.5
({ {eban Turkey 207 31000 1973 1974 3.5
Vajont Italy 261 61 1963 .
Pieve de Cadore Italy 112 68 1949 1951
Grandval France 88 292 1959 19 v
Canalles Spain 150 678 1960 1962 v
C) CHANGES IN MICROEARTHQUAKE ACTIVITY
Grancarevo Yugoslavia 123 1280 1967 1-2
Hendrik-Verwoerd S. Africa 88 5954 1971 1971 <2
- Schlegeis Austria 130 129 1971 197 =)
' D) TRANSIENT CHANGES IN SEISMICITY
Oued Fodda Algeria 101 228 1932
Camarilles - Spain 44 40 1960 1961 : 3.5
Piasta Italy g3 13 1965 , 1966 VI-VII
Vouglans France 130 605 1968 1971 4.5
Contra Switzerland 220 86 1965 1965 ‘



TABLE 2 RESERVOIRS WITH
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CETHANA
ORD
GOADON “
COPETON .
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DARTHCUTH
LIMBERG
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MOOSER
GEPATSLH
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KOLNBREIN
FINSTERTAL
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PARATTINGA
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Wy £. Co SENNETT
ANIEL JCnMSCON
GUTARDES & NG )
OUTARDES 4 NO 2
LOWLR KNOGTCH
Hica
FPANICOUAGAN 3
RAPEL
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1SSER

LCS SAUCES
CHUBUT

ATUEL
JURAMENTO
DIAMINTE
FUTALEUFUY
EUCY~BENE
WAIRAGAMBA
TuruT

TUHUT

FORTH

ORD

GCROON

GHYDIR

PIEMAN

HMITTA NITTA
KARPRUNER ACHE
KARPRUNER ACHE
KARPRUNER ACHE

* FAGGENBACH

118 %

21EMM

MALTA
FINSTERTALBACH
GRANDE
PARAITINGA
PARANAIBA
PARANAILLZ
JUACUL

ARDA

VATCHA
VATCHA
KNECHAXD
PEACE
¥ANICDUuAGAN
CUT ARDES N
CUTARDES
MCMTREAL
coLuMAaLA
#art{COUGAN
RAPEL
ACONCAGUA
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HAANG HO
TAN
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ANCHICAYA
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CaAuCA

SAN JUAN
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AlN
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EAU D OLLE
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AaCHfLCNOS
AL Ar MaN
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KONKOURE

DAMS_GREATER THAN 100 METERS

COUNTRY TYPE HEIGHT RES.
T YOLUME
a n¥x10¢
AFGANISTAN ER 8 2680
ALBANIA ER 158 2620
ALBANITA ER 108 120
ALGERL ER 99 72
ALGERIA PG 101 228
ALGERTA * ER 105 280
ALGERIA 143 118 162
ALGER({A 1€ 100 540
ARGENT INA YA 106 230
ARGENTINA CH it3 1855
ARGENT INA c8 115 160
ARGENTINA 3100
ARGENTINA va 120 432
ARGENTINA TE 130 4830
AUSTRALIA TE 116 4798
AUSTRALLIA & °G 137 2092
AUSTRALIA ER 112 1628
AUSTRALILA ER 162 921
AUSTRALIA ER 110 108
AUSTRALIA ER 99 5679
AUSTRALIA va 140 11728
AUSTRALIA ER 113 1358
AUSTRALIA ER 122 655
AUSTRALIA TE 180 3700
AUSTRIA VA 120 86
AUSTRIA va 112 ar
AUSTRIA PG 1054 87
AUSTRI1A ER 153 139
AUSTRIA VA 122 44
AUSTRIA VA 130 129
AUSTRIA YA 198 200
AUSTREIA ER 158 60
BRAZIL ER 127 20860
8RAZIL TE 105 1270
BRAZIL ER/PGI0& 17C27
BRAZIL TE/PG120 12500
BRAZIL ER 105
BULGARTA VA 106 530
BULGARIA PG 145 218
BULGARIA PG 103 18
CANADA ER 104 22203
CANADA TE 183 10309
CANADA ny 214 141851
CANADA . ER 122 1 2430
CANADA ER 108 2430
CANADA TE 122 179
CANADA TE 262 24670
CANADA TE 108 10423
CHILE VA 12 680
CHILE ER 125 250
CHILE TE 115 2100
CHINA PG 105 11500
CHINA PG 107 65005
CHINA PG 130 51600
COLUMBIA ER 115 581
COLUNMBIA ER 230 815
COLUMBIA ER 145 80
COLUNBIA ER 127 205
COLUNKBIA TE 115 460
COLUMBIA VA 133 500
COLUMBIA TE 140 112
COLUNBIA ER 220 11000
COLUMBIA 4900
COSTA-RICA ER 227 6700
CZECHOSLOVAKIAER 100 59
EGYPT ER 111 164000
FRANCE (4 113 269
FRANCE PG 136 5%
FRANCE PG 130 130
FRANCE VA 101 149
FRANCE PG 104 S0
FRANCE °G 121 477
FRANCE YA 180 230
FRANCE YA 101 67
FRANCE TE 129 1270
FRANCE YA 150 187
FRANCE YA 155 240
FRANCE 332
FRANCE va 130 605
FRANCE va 12% 153
FRANCE Ya 200 205
FRANCE va 137 108
GHANS ER 141 148000
GREECE 153 169 4750
GREFCE TE 112 2
GREECE lE 102 2
GUIRER 1€ 121 11900

CAM
VOLUME
mx103

3230
700
1250
750
273
700
3942
3500
18%
433
A70
8000
320
6000
6735
1233
8563
14488
1376
1908
15«
8333
3440
15300
443
350
670
7100
663
960
1600
4390
9500
5800
33965
25033
3410
370
520
380
3071
63733
2255
1533
4688

32111
9175
695
3300
13000

2820
10800
2500
1400
3300
700
7500
20C00
13100
28000
1952
42620
450
29S
100
125
700
660
635
275
14100
245
455
14850
545

2400

7900
817
3459
8500
25000



6)
&4
66
71

67

[a R XaXaXaTalula

62
62
L3 )
68
7!
73
P16
P76

BHAKRA
KOYNA
KAKK] DAM
SHOLLAR
BEAS
CHERUTHONT
101xKl

NHAGARJUNA SAGAR
RAPGANGA

SRISALLAM

SARUAR SAROVER

DJATILUHAK
KARANGXLTES

CHAHRANCY FARAH

AMIR KAB[R

MOHAMAD REZA CHAH
FARAHNAL PAnLAVI]
CHAH ABBAS KABIR
RAZA CHiaH KABIR

DJIROFT

LAR

DOKAN
DERCENDIKHAN
KOSUL

BEKHMA
PRIZII

MAINA Ol SAURIES
PIEVE DI CAUORE

Se GIUSTINA
FORTE RUSO
HCIPA |

CANCANO

NURAGHE ARRIBIV

BEAUREGARD
SPECCHIERT .
FRERA

VLLLE DI LE!
VAL NOANA
VAJONT

VILLA GARGMNAND

ALPE GERA
CA®* SELVA
PLACE MOULIN
ROSSELLA
CAPRILE
RANISHIIBA
IXKARL
SAKUMNA
[XAMA

06 CHI
KAZAYA
HKI30RO
TAGCKURA
AR IMINE
KAK'D

OXU ADANM]Y
HATANAGL NO.
SAXAMOTO
SAXQ¥0ID
HITOTSUSE
IXEHARA
KUROBE
TSURUTA
YANASE
KAWAMATA
ToR1
YAGISAWA -
KUZURYY
SHIMOFUBO

SHINYARIWAGAWA

KOSHIBU

M1 SAKUVBO
HAGAXADO
TAKANE NO. 1
YAHAGE
SHINTOYNNE
HUHE IKYO
SAKEURA
SHIKOKOTORS
KAJIGAWA
RIIKAPPY
o010

XUSax}
KANAGAWA
NLNAKURA
TAXASL
AGICAMA
IHAYA
KAWABEGAWA
KAWAJE
MIYAGASE

SUTLEYD
XOYNA
KAKK]

SHnl IAR
BEAS
CHERUTHONI
PENVAR

KR ISHNA
‘RAMGANGA
KRISHNA
“IARNAGA
TJITARUN
BRANTAS
SEFID
KARADJ

DEL
DJANJRUD

2 LYANDEHRUD
KARQUN
HALIL RUD
LAR

LESSER ZAB
DIYALA
TIGRIS
GREATER ZAB
RAJA

- LUBIEL

PIAYE
NCCE
ITRAUIGNOLO

TROIHNA CI SOPRA
TRCINA DI SOPRA

ADDA

INDIA
INDIA
INOIA
INDIA
INDIA
INDIA
INDIA
1HOLA
INDIA
INDIA
INDIA .
INDONES 1A
INDONESTA
IRAN

IRAN

IRAN

IRAN,
IRAN
IRAN
IRAN
IRAN
1RAQ
1RAQ
1RAQ
IRAQ
ITALY
ITALY
1vaLY
[TALY
1TALY
ITALY
1vaLY
ITALY

D0RA D] VALGRISANCHEITALY

LENO Df VALLARSA,

BELVISO
AREND DI LEI
HONA
VAJONT
TGSCOLAND
CCRMOR |
SILISIA
BUTHIER
ROSSELLA
COFDEVOLE
niml
OJIKA
TENRYU
a1
TAHA
TOTSU
SHO
TADAMI
JOGANJIL
X150
TADAM]
[t}
KITAYAMA
KITAYAMA
HITOTSUSE
KITAYAMA
XUROBE
SENDAL
NABAR]
KINU
OYA4ABE
TONE .
XU2ZURYD
KANNA
NIRAW]
KQSHiAaU
NISAKUBD
AZUSA
HIDA
YAHAG]
ONYU
TOYCHIRA
YOSHIND
XOTGR1
xAJSE
N1IxaPPU
N1YOUO
WYATARASE
PANA
TAKASE
TAKASE
4G1
PLSE
KAWABE
X JNU
NZRATSY

1TaLY
TTALY
ITALY -
ITALY
ITALY
ITALY
ITALY
ITALY
1TALY
ITALY
1TALY
JAPAN
JAPAN
JAPAN
J&P AN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JapPaN
JAPAN
JAPAN
JAPAN
JAPAN
JAP AN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAY
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN

226

103
114
105
133
136
171
124
126
143
167
103
100
106
180
203
107
160
200
133
105
116
1238
131
186
149
136
12
153
110
10>
106
119
132
157
138
143
126
261
124
178
109
153
265
125
110
112
156
104
149
101l
1N
145
140
105
t57
125
103
103

130,

|8 8%
188
i18
115
120
101
131
128
129
103
105
105

155 .

133
100
117
103
106
(RS
107
103
160
150
125
125
178
1o0
128
108
140
154

9848
2780
467
157
2141

1459
11315
2369
8732
27
3000
300
1800
205
3340
950
1250
2900
430
950
6800

- 3000

12500
£300

73
&8
182
32
30
30
123
70
10
50
200

11-

353
52
65
34

100
17
25
92
55

327

150

189

130

370

494

218
75

601

170
a7
87

261

338

199

123

105
68
23

2046

58
30
123
43
80
53
. &7
316
117
22
145

60

32
76
48
173
133
L]
206

4130
1300
725
640
32310
1699
Y-
56250
13507
2C53

10100
6500
840

. 150

495
770
535
1200
300
1700
3a4
T4R0
23000
1460
72
100
377
112
260
360
3560
522
430
117
400
862
166

239
1722

1500
400
155
390
468

1120
430

1680
592

7950

1990

1570

2616

1640
583
270
i70
557
647

1360

1124

28462
168
148
690

6300

. 1190
430
i

2410
672
330
256
339
298

1200

34490
624

3060
760

1300
$00

7100

10700

3120

5600
310
790

19%0
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64
64
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74
53
70
1%
T4
65
67
15

61
63
o8
24
32
53
51
57
S7
57

NANMA
Qraxly
RYUMON
SAKAWA
SETO
SHISHIMUTA
TAKIZAWA
TEDORIGAWA
TUKUYAMA
YATSUBA

KHALID BEN ALWALID

SO Y&aMG GANG
EL INFIERMILLO

ADDLFOD LOPEZ? MATEDS

MANUEL M. DIECULEZ
NETZANUALCOYQTL

NANNA
YNSHIND
HAZAMA
kAadauCKl
SETCDANT
KUsSy
NAKATSU
TEDOR]
181
AGATSUHA

© YARHKOUK

HAY
BALSAS
HUMAYA
SANTIAGO
GRIJALVA

PLUTAKRCO ELTAS CALLESEL Yacul

LA ANGOSTURA
BIN EL CUIDANE
FNULAY YOUSSEF
B0U~-RECREG
CABGRA CASSA
BENMORE .
MANGLA

TARBELA

GOMAL ZAM
ANGOSTURA
LIBERTALCDRES
LIHCN

QUERCO
SALLICQUE
U-ANCAMCHA

3 AMBUXLAD

BINGA

ARGAT
MARIKINA
CASTELO DE BADO
CABRIL
PARADELA
PICOTE
P.K. LE ROUX
XARIBA
12VORUL MUNTELUI
VIORARU
PALTNUL
VIDRA-LOTRU
CERNA
CANARASA
RICDBAYD
LACOMILLA
ESCALES
GENLRALISIMO
SAN ESTEBAR
SALINE

EUME

BAO

BARCENA
CANELLES
SANTA ANA
ALDEADAVILA
BELESAR
BEMDEZAR
PATALAVILLA
SusCutLA
ALCANTIARA |1
EL GRADO
1ZMASAR
ALMENURA
ATAZAR

SORIA

AREMNOS

BAELS
CUNTRERAS
LAS PURTAS
QUENTAR
R1ANO

EL LIKONERD
LA CLSCALERA
HMATALLANA
SUARNA

TOR{O
vitLaroe
TRALGSLET
MESSLURE
SLeTEVARE
SCHNALNM
SPITALLAER ’
DHERAAR
SArrUCO
raUVIIS N
Ituzitn
ZERYREILA

GRIJALVA
€L ABID
TESSADUT
BOU REGREG
IAMBELE
HALTAX]

© JHELUM

(KLOFF)

1 NDUS
GOMAL
APURIHMAC
PAMPAS

"HYANDABAMBA

QUERCO
HUANCABAMBA
PAMPAS

AGNOD

AGMNO co.
AMGAT
MAR[KINA
LELERE
LELERE
CAVADQ
CCOURO
ORANGE
1AMBE21
RISTRITA
ARGES -
O0F T ANA
LOTRU

CE3INA
NOGUERA PALLARESA
ESLA

NANSA

NOGUERA RIBAGORIANA

TURIA
St
RAVIA
EUME
BIBEY
SIL

NDGUERA RIBAGORZANA
NOGUERA RIBAGORZANA

DUERCG

MINO
SEMBEZAR
ARROYO VALSECO
TER

TAJD

CINCA

GENIL

fORMES
LOLDYA
9ARRANCO

4] JARES

L IDBREGAT
CABRIEL
CAYBRA

ACUAS BLANCAS
ESLA
GUIDALHEDINA
HURERA
JARAMA

NAVIA

TURIO

LOR

ST LULE

ST LULE

AA

AARE

GBERLZAR

*ACLGLA

PRANCE OF NAGNES
LI LNNF )
YALSERRHEIN

JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JORGAN
KOREA
MEXICQ
HEXICO
MEXICO
MEXICO
HEXICO
MEXICO
20RNCCO
HOROCCO
»ORDCCO
®KOZAMBIOQUE
NEW ZEALAMD
PAKISTAN
PAKISTAN
PAX1STAN
PERU

PERU

PERU

PERU

PERU

PERUYU
PHILIPPINES
PHILIPPINES
PHILIPPINES
PHILIPPINES
PORTUGAL
PORTUGAL
PORTUGAL
PORTUGAL

S. AFRICA
RHODESIA
ROMANIA
ROMANTA
ROMANTA
ROMANTA
ROMANIA
SPAIN -
SPAIN
SPAIN .
SPAIN

SPAIN
SPAIN
SPAIN
SPAIN
SPAIN
SPAIN

SPAIN
SPAIN
SPAIN
SPAIN
SPAIN

SPAIN
SPAIN .
SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPAIN

SPALIN
SPAIN

SPAIN
SPAIN
SPALIN
SPAIN
SPAIN
SWEDREN
SWEDEN
SHENEN
SWITZERLAND
SWITZEaLAND
SHITIZLYLARD
SWETZEALAND
SW{TZt2LaND
SWITZERLAND
SWITLERLAND

€R 107
(] 100
re 100
ER 1co
ER 111
(13 130
PG 158
ER 153
ER. 161
PG 131
ER 114
ER. 123
ER 148
ER 107
VA 114
ER 138
VA 133
ER 144
VA 132
TE 100
TEJER100
VA 171
TE 118
TE 116
JE/ER14)
PG 140
TE 105
YA 145
TE 122
YA 103
TE 136
VA 203
ER 129
ER 107 -
ER 128
MKV 130
YA 116
VA 136
ER 110
VA 100
va 107
MV 128
PG 127
YA 166
VA 1068
ER 1i8
ER 113
G 103
PG 99
VA, 116
PG 125
PG 110
YA 115
PG 135
VA 103
PG 107
PG 109
VA 150
26 1ol
vA/PG140
VA 129
PG 102
YA 106
VA 135
cB 133
PG 130
PG 120
VA 202
YA 140
VA 130
13,3 105
VA 102
PG 129
VA 141
YA 133
YA 101
ER 101
vk, 13l
VA 145
YA 139
vaA 103
(43 103
ER 125
1€ 101
ER 10s%
PG 112
MY 114
PG 100
va 130
vaA 237 -
vA 158
VA 151

7
42

16
&5
96
231
660
107

2900
93%0
3150
400
8300
3030
9200
1500
200
570
63000
2100
7250
13687
3082
1000
274
195
&7
185
701
327
93
920
904
1100
100
164
63
3183
16035638
1230
465

340
124
183
11846
12
158
228
213
265
123
238
361
678
214
225

655
352

s8
233
3137
400
930
2649
428

150

984
535

13
666

45

94
125
s02
226
105

18
1650
147
100
58
63
180
50
Eeds}

538 -

650

970

4770

3710

5co00
2300
9643
10000

1040

1100 .
9591

$500

7141 .

5077
262
4400
365
5300
30000
sio
12500
64991
27908
359°
2500
480
4800
149
3600
550
1679
1875
6330
440
460
350
27100
205 .
1300
1031
1625
480
300
3550
2800
218
398
181
400
441
T4
645
225
465
331
333
267
848
135
504
170
6562
900
1025
1400
1673 -
1000
212
1850

520

178
270
S67
384
&12
440
2546
430

10500
49000
237
340
%53
7715
2030
00
626

12.

4
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59
60
(33

62
63
63
65
67
67

(.3
68
68
69

© C7s
59
64
73
73
64
T2
56
5a
73
74
c78
c78

&4
67
70
72
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MOLRY
ALEIGNA’

GOE SCHEMERALP
VALLE DI LEI
CRANDE OIXENCE
NALPS
LIMKERN
LUZZONE
CONTRA
CURMERA |
GERIDEN
MATIVMARK
CAVAGHNOLY
HOMGRIN NLCRD
SANTA PARIA
PUNT DAL GALL
g£rosson
GIGERWALD
WUSHEH
SHOHMEN
TACHIEN
TSENGWEN
BHUNIMIPKOL
SIRINIY
SAR]YAR
KEHER
GUKCEKAYA
KEBAN

HASAN UGURLUL
DYMAPIMNAR .
ASLANTAS
KARAKAYA
KURTUN
BRATSK .
KRASNOYARSK
CHARVAX
NUREK
CHIRKEY
1NGURL
SAYANSK
TOKTOGUL

UsST - ILIN
LEYA

KOLYMA
BUFFALD BRILL
T®O BUTYTES
ARROWROCK
Dl1ABLO

COUGRA

ALBIGNA
GCSCHENER REUSS -
RENQ DI LEJ
DIXENCE

- REIN DE NALPS

LIMMPERN

BRENMO DI LUZZNNE
VERZASCA -
REIMN DE CURNERA.
HASSA )
SAASER VISP
BAVONA

HCNGRIN

REIN DE MECEL
seoL

BARBERINE L.
GIGERWALDTAMINE
CHNSHUI

" 1aMsHUL

TACHIA
TSENGWEN
PING

NAN
SAKARYA
AKCAY
SAXARYA
FIRAT
YESILIRMNAK
PAMAVGAT
CEYHAR
FIRATY
HARSIT
ANGARA
YENISEL
CHIRCHIX
VAKHSH
SULAK
INGURL
YANISEI
NARYN B
ANGARA  »
ZEYA
KOLYRA
SHOSHCNE
TWO BUTTES
BOISE
SKAGIT

PARDEE (LANCHA PLANAJYMOXELUMNE

PACOIMA (REGAN)
OWYHEE
MORRIS

PACOINMA CK

" OMYMEE

SAN GABRIEL

RESERVOIR (=22) GROSSS. BOULCER

HOOVER (L. MEAD)
0* SHAUGHNESSY
SAN GABRIEL
GRAND CGULEE
FONTANA

ALDER

SHASTA

MUD MOUNRTAILIN
ROSS

ANDERSOD™ RANCH
NEVERSINK -
DETROIT LAKE
HUNGARY HORSE
PINE FLAT
CHERRY VALLEY
FOLSON .
LUCKY PEAK LAKE
SWIFT

B6ROWNLEE
CASITAS
MAMMOTH POOL

ROBERT MOSES NIAGARA

TRINITY
UNIGN VALLFY
CUOUGAR LAKE
HAVAJO
FLAMING CORGF

GLEN CANYUN (POWELL)

ROUND BUTTF
SURMERSVILLE ULAXE
BLUE KF%A

LOWER 'HILL HOLE®
NewW CACHEVUAR
YELLOWIAIL
BLUNDARY

GHFEN PETER LAKE
SAN LUIS

HELLS CAnYng

CCLCRACO
Tcurupy

SA& GA3RIEL
coLuMala
LITTLE TENNESSEE
NISCUALLY
SACRAMENTO
WHITE

SAN GABRIEL
801SE
NEVERSINK
N. SANTIAM
FLATHEAD

K INGS
CHERRY CK
ARERICAN
BOLISE

LEWIS

SNAKE

COYOTE CK
SAYN JOAQUIN
NIAGRA .
TRINITY
SILVER CX
MCKENLIIE

SAN JUAN
GRFEN
crLurkaco
DESCHUTES
GAULEY
CUNNTESON
RUSICDN
HERCFD

AR IGHNRY
PEND NRETLLE
WITDLE SANT]ANM
SAN LULS (K
SNAKF

SWITZERLAND
SWITZERLAND
SWHITZERLANMD
SWITZERLAND
SWITZERLAND
SWITZERLAND
SWITZERLAND
SWiTZERLAMD
SWITZERLAND
SWITZERLAND
SWITZEILAND
SWiTZEZLANY
SWITZERLAND
SWITZERLAND
SWITLERLAND
SWITZERLAND
SWITZERLAND
SWiTZERLAND
TAIWAN
TAIWAN
TAIWAN
TAINAN
THAILAND
THAILAND
TURKEY
TURKEY
TURKCY
TUPKEY
TURKEY
TURKEY
TURKEY
TURKEY
TURKEY

USSR

“USSR

USSR
USSR
USSR
USSR
USSR
USSR
USSR
USSR
USSR
USAa,
USA,
USA,
USa,
UEA,
Uks,
UsS\,
usa,
UNA,

UtA ARI[Z,

VA,
UTA,
USA,
USA,
USa,
USA,
USA,
USA,
USA,
USA,
USA,
USA,
USA,

© USAe

usa,
usa,
USA,
USA,
usSa,
USAa,
US4,
usa,
USA,
USAa,
USA,
USA,
USA,
USA.
USA,
BSA,

TUSA,

USA,
USA,
USA,
USA,
USA,
USE,

WYO.

CCLo.
1CAHD
WASH.
CalLlF.
CALIF
GRE .

CALIF.
COLO.

CALIF.
CALIF
WASH
N.C.
HWASH.
CALIF,
%ASH.
WASH.
1CAHO
NeYe
ORE.
MCNT.
CALIF.
CALLF.
CALIF
1CAHO
WASH.
10ARD
CatLlF,
CALIF.
R.Y.
CALIF.

CALIF

ORE.
N.M,
UTAH
ARIZ
ORE.
W. VA,
ceLo.
CALIF,
CALIF
HONT,
WASH.
O<E.
CALIF,
ORrE.

NEV

VA 148
G 115
ER 1595
va 143
PG 285
VA 127
VA 145
VA 208
va 220
VA 153
VA 122
e -120
VA 111
VA 125
VA 17
va 130
2. 180
VA 147
PG 114
TE/ER133
vA 180
TE/ER 147
VA/PG154
TE 103
PG 108
PG 114
VA 160
ER 207
ER 175
VA 185
TE 115
VA/PG1BO
VA 133
G 125
G 124
[3 168
3 317
A 233
A 272
A 242
A 215
G 105
G 115
R 130
va 99
TE 110
VA 107
vA 119’
PG 109
VA 113
YA 127
PG 100
Ny 104
va 221
26 131
TE/ERILS
PG - 168
PG 146
vA 101
PG 183
ER 130
vA 165
TE 139
113 104
PG 151
VA 1712
PG 134
TE/ER101
TE/PG104
TE 103
TE 156
ER 120
TE 102
ER 104
PG 118
TE 165
TE 130
ER 136
TE 123
VA 153
7 216
TE 134
ER 121
TE 119
£R 125
R 149
vA 160
va 106
PG 17
1€ (VS
PG 100

77

87

75
t9?
400
&4

20

87

86

40

8

100
27

52

67
166
225
3
150
316
232
992
12200
9600
1500
544
910
31000
1078
300
2250
9580
237
169270
73300
2C00
10400
2180
1100
31300
19500
59300
684C0
14600
519
51
354
111
274

1384
37

52
36703
Ltk
S5
11975
1780
286
5615

1770
608
133

1

4274

1233

-311

1246
378
932

1670
311
151

3020
334
270

2108

4667

33309
¢
s10

116l
256

1266

1696
115

t

2519

209

s15’

940
9350
B34
5957
594
550
1330
658
562
228
104C0
223
238
654
178
1100
4560
329
6890
430
12900
997
10000
568
740
650
15000
9042
565
8693
1360
458
13978
4350
19100
58000
1226
33CO0
9117
2660
4402
24C0
12550
63

486
268
482
196
&£11
393
«59
3364
516
9039
8093
2734
325
6660
1759

7380
8781
1147
2359
1935
5352
6889
“u19
11798
5123
7118
3938
844
22384
780
6912
20521
1595
31747
11C0O
8788
23595
5358
4152
1182
108
R73
59378
429

13.
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HORROW POINT
POSSYROCK
DROVILLE

NEW BULLAKDS BaAR
htW DG PEDRO
DWORSHAK DAM
LIbAY ..
AURURN welt
CAaaTE~S LAXKE
CRYSTAL

JUCASSEE

LOST CREEK

NEW HELCNES LAKE
PYRAMID

SHAKER CRLEK

HICH HOUNTAIN SHEER
BAGBY

BIG TREES

DICKEY

FRANZ

HOOKER

HAACARA

PLACITA

PODR HOUNTAIN-LOWER
PODR KOUNTAIN-UPPER
PULLIAM CAREEX

RUSS HIGH

TOPA TOPA

GURI

GRANCAREVO

TIXVES . .
RAMA N
SPILJE

GAZ1VODE

KRATINJE

SJENICA

BAKOVILZA XLISURA
BANJA LUKA

BLJELE STENE
CERREN

CELJIGOVIC]
FUNDJELA

KONJIC

STUCENICA

S1pPOVU

TREBUSA

TRESHA

UL 06

KUvILOU

v 4.

GUNNT SON

T COWLITZ

FEATHER

N. YUBA
TUNLUINE
CLEARWATER
KOOTENA]
AMERICAN
CONSAXATTEE
GUIINISON

. KEOSEE

ROCUE
STANISLAUS
P10y CK
SHAXER CX
SHAKE
MERCED
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TABLE 3 LA ST RESERVOIRS
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DATE  DAM NAME CCUNTRY TYPE HEIGHT VOLUME DATE DAM NAME COUNTRY TYPE HEIGHT VOLUME
m mix10 mn adxiod
72 NUREK USSR £ 317 *10400 P TRESKA ) YURDSLAVIA VA 166 650
L2 GOANDE DIXENCE - SWIT2ZERLAND PG 285 400 65 ROJ PAUL (KREMASTA) GHEECE 1€ 165 4750
c INsung USSR A 272 1100 49 RUSS USA, WASH, VA 168 1770
65 RGSSELLA ITALY T 285 17 62 TRINITY USA, CALIF, TE 165 3020
61 VAJONI 1TALY MA 261 353 T1 YALUINGD AUSTRALLA ER 162 921
T6 MICA CANADA TE« 242 24670~ (4 TOKUYAMA JAPAN 43 161 640
€ SAYAYSH USSR A 2642 31300 73 GOKCEKAYA TUKKEY YA 160 910
ST MAUVIISIN SHWITZERLAND VA 237 180 66 YELLOWTAIL usa, .MONT. YA Je0 1696
68 O«NVILLE USA, CALIF TE 236 429 € FiLWIk ALUANIA - ER 158 2620
C  CHiPxpYy USSR A 233 2180 P FINSTURTAL AUSTRIA ER 158 60
C7% LSYLAALDA (CHIVOR) COLUMBIA ER 230 815 P TaKiZawa . ° JAPAN PG 158 LTS
PRO BARUCA COSTA=RICA ER 227 6700 57 LEULLER SHITZEMLAND  va 158 50
63 BhirRA INUTA PG 226 9048 57 SPECCHIER] ITALY VA 157 10
36 BOCVER (Lo MEAD) USA ARIZ, NEV vA 221 346703 61 OKUTApDAM] JAPAN PG 157 601
c M AT [MJE YULoSLavia VA 220 880 546 SAKUMA JAPAN PG 156 327
65 CUNTHA SWITZERLAND VA 220 a6 58 SuIFT USA, WASH, TE 156 932 .
P PaT (A COLuUMDIA ER 220 }Jlcoo 42 MIONTEYNARD FRANCE VA 155 ‘ 240
73 D2 SHAK DAM uSa, JUAHO PG 219 4278 69 NAGAWADOD JAPAYN VA 155 123
64 GLEN CANYUN (POWELL)  USA, ARIZ VA 216 33305 60 GUF SUMENERALP SWITZERLAND  ER 155 15
(3 TLY ThLuL USSR A 21% 19400 P MIYAGASE . Japan . PG 154 206
66 UALIEL JUMNSON * CAMADA MV 214 141851 — 64 BHUMIPHOL THL1LAND VA/PG1S4 12200
c AUPURY USA, CALIF,. TE 210 2837 65 GEPATSCH AUSTRIA - ER 153 139
63 LUZINE SWITZEKLAND VA 208 ik 50 S. GIUSTINA, 1TALY © VA 153 182
T4 KERAN TURKEY ER 207 31000 85 PLALE MNULIN LTALY PG 15) 100
P HIGH POUNTAIN SHEER US4, [DAHD VA 204 4 p TEUORIGAWA JEPAN ER 1353 23
T 83 MCMLVAD HEZA CHAM IRAN VA 203 3340 67 CUANERA SWITZERLAND VA 193 40
[4 U=L4CANCHA PERY VA 202 701 64 FLAMING GORGE USA, UTAH va 153 64T
: 70 ALMENLRA SPAIN VA 262 2649 57 ILLRVREJLA SHITZEQLAND . vA 151 100
P PCSS MIGH US3, WASH. VA 201 4283 P ULDS YUGNSLAVIA VA/PGLSL 445
P GRANG=MALISON FRANCE VA 200 205 61 ROSELEND FRANCE VA 150 187
73 RAZA CHAM KABJR TRAN VA 200 2900 60 CANELLES SPAIN VA 150 678
P OKGNDJILA YUGOSLAVIA va 200 416 P BIJELE STENE YUGOSLAVIA VA 150 320
€78 XULNBREIN AUSTRIA VA 198 200 :
68 Niw BULLAADS HAR USA, CALIF, VA 194 1184 .
< NEn MELONES' LAKE usa, CALIF, TE/ER190 2960 64 BRATSK USSR G 125 1869270
P CERBAEN YUGOSLAVIA vA 187 900 70 SAAD-EL-AALI (ASWAN) EGYPT | " FR 111 164000
P HErwmHA IRAQ ch  lus 8300 59 KARIDA RHOIDES [ A HY 128 100368
b4 NURIAE JAPAN VA 180 199 65 AKOSOMRO MAIN DAM CHANA ER 4l 142000
CTA UYMLP[NAR TURKEY VA 135 300 67 KRASNOYARSK USSR [ 124 73300
68 MUSSYROCK USA, WASH, VA 185 1603 € Itva USSR ¢ 115 83400
47 Wy A, C. BENNETT CANADA TE 163 70309~ 62 SANMLN NHSIA CHINA PG 107 55605
45 SHASTA USA, CALIF., PG 183 50615 € UST = [LIM USSR G 105 59300
P ULFTMUUTH AUSTRALIA TE 180 3700 62 TANKIANGKOW CHINA PG 130 31500
52 TIGNES FRANCE va 180 230 P KOUILOV LA(RE P 137 35000 -
. 62 AMIK KARJR IRAN VA 160 205 52 KCHNEY CANADA ER 106 22203 — KiluenaX
, P MARI¥INA PHILIPPINES MV 1H0O 904 * 62 FURNAS BRALZIL ER 127 20860
T4 EMNYSON SWITZERLAND vAa  1HO 225 68 GUKRI VENEZUELA PG 196 17700
T3 TACHIEN TAIWAN va  1uo 232 P79 LTUMDIARA BRALIL ER/PGIO& 17027
P KARLKAYA TURKEY VA/PGL1UO 9580 C  XKOLYMA USSR R 130 14600
65 ALPL GERA PTALY PG 178 55 75 TARBELA PAK1STAN TEZERL143 13687
71 MEW DUM PEDRO Usa, CALIFs TE 178 2504 ,
C17 TArnSE - JAPAN ER 176 76 :
P TOPA T0PR USA, CALIF. TE  17b 339 Note: Type TE = Earth
C78 HASAN UGUALU TURKEY ER 175 ‘o078 R Rockfill.
93 HUNULARY HORSE USA, MONT. VA 172 4278 ER - Rockfill. ‘
¢ vy’ INDIA ve ot vty & | )
Th CAELHA BASSA MOZAMBIQUE VA 171 63000 PG Grav1ty i
10 CHapvaK 1747 £ 168 2000 . CB - Buttress. .+
42 GRANG COULEE USA, WASH PG 168 11975 . - .
P SARLAW SAROVER INDLA CONP 167 27 VA Ar‘ch_
L3 VIDKARU ROMANTA VA 166 483 MV - Multi-arch .
A
+ P - Proposed
~ ve Lt ~ LTI T, S .



APPENDIX D

' ’ L.e 17 novembre 1975

6082-4-7

Dr. Paul LeComte
Service Géologlque
Hydro Québec

Place Dupuis, 17€ étage,
855 Est Ste-Catherine
Montréal, P.Q., H2L 4M4

Chér Dr. Le@omte:

Je reviens tout justement d'un bref voyage en Chine, ayant participé
officiellement 3 une visite d'échange scientifique. A ce moment-ci, je crois
opportun de vous &crire personnellement pour vous assurer que je donne mon entier
support au cours d'action que mon persomnnel a choisi de suivre, & la suite des
récentes secousses s@ismiques aux environs de Manic 3, et continue de vous assurer
de notre entidre coopération. .

Je crois qu'il était vraiment ind{qud, autant pour notre Division,
que pour 1'Hydro-Québec, de faire le communiqué de presse au sujet de la secousse
principale de 4.3 du 23 octobre. A ce moment, il était encore impossible de dire
avec certitude si la secousse &tait Induite ou simplement naturelle pour cette

réglon.

Maintenant, 1'ensemble de la série d'&vénements s@ismiques, avec les
chocs avant-coureur, le choc principal et les répliques multiples, ainsi que la
profondeur focale infime, le tout ean paralléle avec le remplissage, nous laisse
aucun doute que cette activité est induite et caus@e par le remplissage du
réssyvoir. - '

-~

. z
Jusqu'ici, aucune indicatiom claire sur la nature des &viements induits
n'est apparue dans la presse. Toutefoils, je crois que ce n'est qu'une question
de temps avant que ce probléme passe au public. D'ailleurs la communauté scien-
tifique commence déja 3 en €tre au courant. Vous comprenez, sans doute, que nous
sommes dans 1'obligation de respecter la vérité et de commenter, au meilleur
de notre connaissance scientifique, les faits actuels et leurs implications futures.

Dans cette optique, je crois qu'il serait préferable que le public
soit mis au courant de la nature des &vénements induits, et de la possibilité de
plus larges chocs, selon la legon & tirer des cas de sé@ismicité induite ayant eu
lieu ailleurs. '
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Vous savez sans doute que seulement 26 cas de sEigmitité induite
sont connus sur les 275 réservoirs ayant une téte d'eau de 100 metré&s ou plus,
De plus, sept de ces 26 réservoirs ont expériment& des chocs de magnitude Egale -
ou plus grande, que 5. Ces faits sont bien connus des sclentifiques, et
sirement le deviendront, t8t au tard, du pwblic, comme f1 le sied. A notre
.avis 1'Hydro-Québec ne devrait pas retarder 1l'annonce de ces faits et possi-
bilit&s au grand publie,

"Je continue de vous exprimer 1l'assurance de notre entidre dis-
ponibilité durant cette période critique. Les jours qui vont suivre et le
taux de séismitité observie, nous aideront & déterminer la durée de notre
déployement temporaire de stations spéclales, ainsi qwa la nature de nos
recommandations, L

. Acceptez l'expfession de mes meilleurs sentiments,
p B .

M.J. Berry

Directeur
Division de la séismologie
et des études géothermiques



