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ABSTRACT 
  

 

In approximately 1200 A.D. the Bonneville landslide completely blocked the flow of the Columbia River temporarily.  

During the great North Cascades earthquake in 1872, a massive rockfall from Ribbon Cliffs north of Wenatchee 

dammed the Columbia for about an hour.  In 1963, a massive landslide into the reservoir just behind Viaont Dam in Italy 

sent a 100 meter wall of water over the dam and down the valley, killing more than 2000 people.  The system of dams 

and reservoirs on the Columbia/Snake River system has greatly reduced the probability of spring   snowmelt runoff 

flooding that was a common feature of life along the river prior to the dams.  However, the combination of  reservoirs 

and rockfalls/landslides creates a vulnerability that was not there before.  This paper discusses landslides and rockfalls, 

as an ubiquitous feature of mountainous terrains in general, and the Columbia River Valley in particular.  The factors 

that increase or reduce the likelihood of landslides are described, as is the vulnerability of dams, of various design types, 

to failure due to short-term or extended overtopping flows.  The estimated impact of reservoir/landslide events on the 

definition of the flood spectrum and the Probable Maximum Flood for the Hanford Site is provided.  

 

 

INTRODUCTION  

 

 

This paper will provide a mostly qualitative discussion of a 

topic, which, while well-known to specialists in dam safety, 

seems not to have received sufficient attention from risk 

analysts.  We will argue that the potential impact of large, 

high-energy landslides falling into reservoirs on downstream 

dams, particularly earthen or partially-earthen dams, 

represents a hazard that has not been fully evaluated.  

 

The investigation that led to this paper arose out of the need to 

define a flood initiating event for a collection of risk 

assessments of Hanford Site facilities and activities, 

performed using a consistent methodology and the best 

available data by the Integrated Risk Assessment Program.  

These risk assessments were intended to provide information 

useful for planning and program prioritization to the Richland 

Office of the U.S. Department of Energy.  

 

________________________________________________ 
*
  This work was performed under the auspices of the U.S. 

Department of Energy by Battelle Pacific Northwest 

Laboratory under Contract DE-AC06-76RLO 1830 

  

Existing Hanford Site Safety Analysis Reports and 

probabilistic risk analyses have primarily used two types of 

information to define flood risks.  First, studies of the weather 

and hydrology of that part of the Columbia River drainage 

area above the Hanford Site are used to estimate 100-year, 

500-year, or probable maximum floods.  A problem with this 

approach is that much of the data predates the complex of 

dams and reservoirs that presently occupy virtually the entire 

length of the river; conversely the data base supporting 

conclusions about how the impounded river system interacts 

with weather and hydrology is very sparse.  Realistic estimates 

of flooding due to winter snowfall in the mountains, spring 

rain, and spring thaw would need to look at the entire river 

system; how the flood control goals of the system interact with 

irrigation, electricity generation, and barge traffic on the lower 

river; and consider the impact of equipment failures and 

operator errors.   

 

The second type of information used to define flood risks is 

analysis of the consequences of sudden failure of Grand 

Coulee Dam or other dams in the system. These failures are 

assumed to be caused by acts of war or sabotage, or by 

beyond design basis earthquakes.    

 

Hanford Site facilities sit high enough above the river that 

there is little impact from meteorologically or 



hydrologically-defined floods, as analyzed to date.  Similarly, 

even a 25% instantaneous breach of the Grand Coulee Dam 

affects only a few of the Hanford Site shoreline facilities, but 

could be expected to have a catastrophic impact on most 

downstream communities, including Portland, Oregon.    

 

We provide evidence suggesting that large landslides and 

rockfalls into upstream reservoirs need to be considered in 

formulating estimates of Hanford Site flood risks.  This is a 

hazard that is particularly relevant to the Hanford Site, among 

facilities in the DOE complex, because there are 18 major 

dams upstream from the Hanford Site on the Columbia River 

and its tributaries, the Kootenay, the Clarks Fork, and the 

Pend Oreille. 

 

 

SOME HISTORICAL EXAMPLES    

 

In approximately 1200 A.D. (radio-carbon dated) a massive 

landslide originating at the peak of Table Mountain on the 

north side of the Columbia River Gorge across the river from 

Cascade Locks, Oregon temporarily dammed the Columbia 

River.  This was the "Bridge of the Gods" of northwest Indian 

oral history; the remnants of the slide formed the cascades for 

which Cascade Locks is named.  The volume of this slide can 

be estimated at 200-400 million cubic meters.  

 

A massive rockfall from Ribbon Cliffs, north of Wenatchee, 

Washington, triggered by the great North Cascades earthquake 

of 1872, completely blocked the flow of the Columbia River 

for about 12 hours.   

 

The Downie Slide probably blocked the Columbia River north 

of Revelstoke, B.C. sometime earlier than 6600 years ago.  

Parts of this slide are still active; it is one of the largest known 

landslides in the world at around one billion cubic meters.  

 

On October 9, 1963, a landslide volume of 260 million cubic 

meters plunged into the reservoir behind Viaont dam in the 

Italy.  This created a surge of water 100 m high that 

overtopped the dam.  The wall of water killed 2000 people 

downstream from the dam.  The Viaont Dam, one of the 

world's highest thin-shell, concrete arch dams, survived the 

overtopping wave.  

 

In Montana, the Madison rock avalanche of August 17, 1959 

killed 28 campers.  This 28 million cubic meter rockfall 

completely blocked the Madison River valley, creating 

Earthquake Lake, which remains to this day.  Hebgen Dam, 

four or five miles upstream from the rock fall, survived the 

earthquake that caused the rock fall, but with significant 

damage.  The landslide was stabilized, on an emergency basis, 

to prevent an early failure that would have released the 

accumulated water from Earthquake Lake.  The landslide 

remains as the 7th largest earthen dam in the United States.    

 

 

THE COLUMBIA RIVER SYSTEM   

 

Most of the Columbia River upstream of the Hanford site is 

now slack water reservoirs, all of the way up to Kinbasket 

Lake, impounded by Mica Dam, near the border of British 

Columbia and Alberta.  When Grand Coulee Dam was 

completed in 1942, the reservoir it impounded, Lake 

Roosevelt, was the third largest in the U.S. and one of the 

largest in the world.  Now, above Grand Coulee Dam, there 

are, on the Columbia, the Kootenay, the Clarks Fork, and the 

Pend Oreille rivers, approximately seven Lake Roosevelts 

worth of water storage at increasingly high altitudes.  Figure 1 

shows the location of the various dams on the Columbia River 

drainage, not including the dams on the Clarks Fork and Pend 

Oreille rivers.  Table 1 summarizes information on the size, 

altitude, and stored potential energy of the major reservoirs 

above the Hanford Site.  To provide some perspective, in units 

we have some intuitive sense for, failure of Mica, Revelstoke, 

Keenleyside, and Grand Coulee, in succession, would release 

potential energy equivalent to approximately 1.1 Gigatons of 

TNT.  The reservoir volumes given in Table 1 represent active 

storage and understate, for some reservoirs, the total reservoir 

volume that would move downstream in the event of total 

failure of the dam.  Note also that three-fifths of the potential 

energy that would be released in the sequential failure of the 

main branch Columbia dams 

(Mica-Revelstoke-Keenleyside-Grand Coulee) is stored in 

Kinbasket Lake.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Dams and Reservoirs on the Columbia River System 



 

Table 1 

 

Upstream Reservoir Capacity and Potential Energy of Impounded Water 

(potential energy measured relative to Hanford Reach Elevation of 115 meters) 
 

 

Dam Reservoir Volume 

(10
9
 m

3
) 

Altitude 

(meters) 

Potential Energy 

(10
18

 Joules) 

Main Branch of Columbia     

Mica Kinbasket Lake 15.0 710 2.8 

Revelstoke Revelstoke Lake 1.6 560 0.22 

Hugh Keenleyside Arrow Lake 9.0 420 0.86 

Grand Coulee Lake Roosevelt 6.4 370 0.51 

     

Kootenay River     

Libby Lake Koocanusa 6.1 730 1.2 

Duncan Duncan Lake 1.7 550 0.24 

Kootenay Kootenay Lake 0.97 530 0.13 

     

Flathead and Clarks Fork Rivers     

Hungry Horse Hungry Horse 3.4 1010 0.98 

Kerr Flathead Lake 1.5 880 0.36 

     

Pend Oreille River     

Albeni Falls Pend Oreille 1.4 620 0.61 

 

 

All of these reservoirs are in mountain or gorge terrain with 

average relief from reservoir level to adjoining ridge lines on 

the order of 1000 to 2000 meters, approaching 3000 meters of 

relief on parts of Kinbasket Lake.  Various kinds of slope 

failure are a common feature of these river valleys.  Several 

natural and man-caused processes can exacerbate existing 

weaknesses and instability.  From the British Columbia border 

northward, all of the mountain ranges and valleys are part of 

the Rocky Mountains, subject to folding processes that leave 

rock strata dipping toward the valley floors.  From the bend of 

Lake Roosevelt northward, all of the valleys were glaciated; 

glaciers typically scour out the bottom of a valley, leaving the 

lower slopes over-steepened.  Logging can cause changes to 

the water-holding capacity of a slope that increase the 

likelihood of landslides.  Loss of vegetation and root structure 

can reduce soil and rock cohesion.  In addition, loss of 

vegetation can reduce moisture transpiration.  Transpiration 

tends to lower water tables and reduce soil and rock pore 

pressures.  High pore pressure provides "lift" to the soil and 

rock overburden, making it more likely to slide.  Road 

building and dam construction can undercut the toes of slopes, 

reducing the support for the  upper slopes.  The mountains 

surrounding Kinbasket Lake hold several large mountain 

glaciers and ice fields, which also provide a potential source 



for large ice- and mud-flows into the reservoir.  Periodic 

changes in reservoir levels cause a flow of water in and out of 

the shoreline rock formations, potentially weakening them and 

undercutting the toe of the slope above.  This effect is 

potentially most significant for Kinbasket Lake where water 

levels may fluctuate by 35 meters over the course of a season.  

 

PHYSICAL MECHANISMS OF THE HAZARD 

 

Because the dams immediately upstream from the Hanford 

Site are relatively small, an overtopping wave cause by a 

rockfall into one of those reservoirs does not pose a significant 

flood hazard to Hanford facilities.  Similarly, the effect of 

overtopping waves on the large, upper river reservoirs are 

unlikely to affect the Hanford Site, unless the overtopping of 

the dam causes it to fail and release a significant fraction of 

the reservoir.    

 

There are four plausible physical mechanisms by which large 

rockfalls might cause the failure of one of the upstream dams:  

 

 1) The volume and high velocity of an overtopping wave       

might directly cause the failure of the dam.    

 

 2) A large rockfall might set up a seiche (i.e., a sloshing       

mode oscillation) in the reservoir that repeatedly              

overtops the dam over a period of several hours.  

 

 3) A large landslide might dam the reservoir, temporarily       

impounding the upper portion of the original reservoir       to a 

water level higher than the downstream dam.             Failure of 

the temporary dam (i.e., the landslide) might      release a flow 

capable of sustained overtopping of the        downstream dam.  

  

 4) Finally, a landslide at or very near the dam might            

directly cause the failure of the dam, either by its             

dynamic impact on the dam or because removal of            

material by the slide undercuts the abutments of the          dam.  

 

The author knows of no example where a landslide-generated 

overtopping wave caused the failure of a dam.  Nevertheless, 

it is a plausible mechanism, for reasons discussed in more 

detail below.  Seiches typically persist for several oscillations 

(at one of the fundamental frequencies of the reservoir) with 

little energy dissipation [7].  The Yellowstone earthquake that 

caused the Madison Valley rockfall, also caused seiche 

oscillations that overtopped Hebgen Dam at least four times 

and continued for 12 hours [16].  Examples of landslides that 

dam rivers and subsequently fail, releasing large volumes of 

water, are known from the Alps, the Himalayas, the Andes, 

and China, going back as far as 775 years ago [2].  For 

example, in 1191 a massive landslide near Grenoble blocked 

the Romanche River forming a lake up to 20 meters deep.  

The landslide dam failed 28 years later during the annual 

September Fair in Grenoble causing great loss of life and 

damage to property [5].  Most landslide dams fail much more 

rapidly, with 90% failing within the first year after the 

landslide.  Earthquake Lake in Montana and Spirit Lake and 

Castle Lake in Washington survived only because of 

emergency efforts to stabilize the landslide dams and provide 

a safe spillway to prevent overtopping [14].  Several dam 

failures, otherwise unexplained, may have been caused by 

sudden failure of the rock abutments [5].  

 

 

ESTIMATE OF THE RISK   

 

There are three essential components to an estimate of the risk 

associated with the hazards described above.  First, it is 

necessary to estimate the probability of landslides of various 

sizes occurring in various locations along the river.  Second, it 

is necessary to estimate the conditional probability that a 

particular landslide will cause the failure of the downstream 

dam and that that dam failure will cause a cascade of 

subsequent failures in dams further downstream.  Finally, the 

consequences associated with the time-dependent downstream 

flow need to be estimated. 

 

The question of cascading failures is probably the easiest to 

answer.  Catastrophic failure of Mica Dam is likely to cause 

failure of all of the downstream dams on the main branch of 

the Columbia, including the all-concrete dams (Grand Coulee 

and Chief Joseph). Concrete dams are resistant to failure due 

to overtopping (witness the survival of Viaont Dam), but 

failure of Mica Dam would subject Grand Coulee to many 

hours of overtopping flows that are a factor of two or so 

greater that its spillway capacity [8].  Since most of Grand 

Coulee Dam, unlike the spillway, is not designed to safely 

dissipate the energy of the falling water, such sustained 

overtopping would likely undercut the toe of the dam and 

subject it to overturning or sliding failure.   

 

Failure of Hugh Keenleyside Dam (releasing Arrow Lake) or 

Libby Dam (releasing Lake Koocanusa) might also cause 

failure of Grand Coulee and the other downstream dams.  

These floods would be less severe than one caused by failure 

of Mica Dam, because the the 15 billion cubic meters of water 

in Lake Kinbasket, and the associated potential energy would 

not be contributing to the flood.  It should be noted, however, 

that the Bureau of Reclamation has asserted that Grand Coulee 

would survive the sustained overtopping caused by an 

upstream dam failure [17].  

 

Whether or not Grand Coulee and Chief Joseph can survive 

sustained overtopping is arguable, but most of the dams on the 

river are partially earthen and clearly will not survive any 



significant, sustained overtopping flow.  

 

A report by McCann and Boissonnade [8], describes a 

probabilistic assessment of flooding risks at the N Reactor, 

due mainly to various types of upstream dam failures.  This 

valuable report pulls together many previous studies of 

hazards and risks associated with upstream dams on the 

Columbia River system. In particular, the report recognizes 

and evaluates the risk associated with rockfalls/landslides into 

the reservoir behind Mica Dam in British Columbia, the 

furthest upstream of the dams on the main branch of the river 

and the dam with the largest capacity reservoir.  McCann and 

Boissonnade consider rockfalls or landslides into the reservoir 

to be uniquely a problem for Mica Dam, noting that a 

potential rockslide exists at Dutchman's Ridge.  They assign a 

failure probability range of 1.7E-5/year to 3.4E-5/year to the 

random failure of Mica Dam, using generic failure 

probabilities for dams of Mica's type and Bayesian updating to 

account for the effect of Mica-specific information, including 

information related to rockfalls and overtopping failure of the 

dam.  We are unconvinced that rockfalls or landslides into 

reservoirs are a hazard unique to Mica Dam on the upper 

Columbia River or that the probabilities assigned to random 

failure of Mica Dam by McCann and Boissonnade are 

conservative.    

 

Because a significant fraction of the upstream potential energy 

is stored in Kinbasket Lake, the most serious downstream 

consequences will be associated with potential failure 

mechanisms for Mica Dam.  Further, several factors tend to 

increase the likelihood that a large landslide will drop into 

Kinbasket Lake.  The strongest recorded earthquake (M 6.0) 

over a large area of Southwestern British Columbia and 

Western Alberta occurred in 1918 about 20 km north of Mica 

Dam.  Kinbasket Lake was also the site of two episodes of 

reservoir-induced seismicity: six earthquakes (around M 4.3) 

during a three week period when the reservoir was filling in 

1973, and three earthquakes (M 4.7) during a single day in 

1978 [3].  We have been unable to locate any additional 

information about the Dutchman's Ridge slope stability 

concerns, but Mollard [9] describes the Nagel Mt. "linears", 

fault-like structures lying perpendicular to the fall line, near 

the peak of Nagel Mt., immediately above and behind Mica 

Dam.  The "linears" have low, upward-facing scarps, and 

serve as a sink for surface water flowing down the mountain.  

Mollard considered them a source of potential slope 

instability.  He identified similar structures along Arrow Lake. 

 Finally, Downie Slide is an extremely large (one billion cubic 

meters) and still active slide overlooking Revelstoke Lake; BC 

Hydro has installed drainage facilities and extensively 

instrumented Downie Slide [9,11].  

 

We know of at least six examples of large rockfalls/landslides 

completely blocking/damming the Columbia River during the 

last 800 years [6,10].  A simple estimate of the return period 

for large rockfalls into the Columbia River Valley would use 

the 706 year interval between the first and the last of these six 

events (the 1200 A.D. Bonneville landslide and the 1906 

Ninemile slide) and consider the six events to be spaced 

equally in the 706 year interval, which would imply a 141 year 

return period.  Since we are only interested in rockfalls in the 

750 or so river miles of reservoir above the Hanford site, as 

opposed to the 300 miles below the site, we can factor the 141 

year return time estimate up by a factor 1.4, getting an 197 

year return period for large rockfalls/landslides into upstream 

reservoirs.  This is a crude estimate, since we don't have good 

information about earlier large landslides (prior to the arrival 

of Europeans in the inland Northwest), about recent landslides 

on the distant upstream reaches of the river, or about how the 

size of the historical landslides compares with the massive 

landslides that would be required to cause cascading dam 

failures on the upper Columbia.  Our intuitive estimate of the 

uncertainty in the estimated return time is a factor or five up or 

a factor of two down.    

 

A large rockfall that caused the failure of one of the large 

upstream dams would produce flows roughly equivalent to the 

Artificial Floods I and II (i.e., in the Corps of Engineers 1951 

analysis of instantaneous 25% and 50% breaches, 

respectively, of Grand Coulee Dam [12]), and would occur 

with a probability of 1/197 = 0.0051 per year (or between 0.01 

and 0.001 per year, taking the estimated uncertainty into 

account).  The resulting flood submerges some of the Hanford 

Site shoreline facilities to depths up to 12 meters, downtown 

Richland to a depth of 18 meters, and downtown Portland to a 

depth of 8.5 meters.  None of the floods discussed here would 

affect the 200 Area plateau, where the Hanford reprocessing 

facilities and the high-level waste storage tanks are located.      

 

There is an interesting methodological issue when we consider 

the severity we should assign to such floods.  Some of the 

resulting events are potentially so severe that the incremental 

consequences of mobilizing Hanford site radionuclides or 

hazardous chemicals may be a small fraction of the direct 

impact of the flood.  The Grand Coulee 25% breach flood is 

estimated to crest around the fifth floor of the Federal 

Buidling in Richland.  Should we bother to calculate the 

Hanford-related increment in risk for such events?    

 

Some facilities located on the Hanford Site, specifically the 

WNP-2 commercial nuclear plant and the proposed (but no 

longer under consideration) Basalt Waste Isolation 

Repository, being significantly elevated above the river, have 

had the luxury of showing that their facility could survive the 

flood resulting from an instantaneous 50% breach of the 

Grand Coulee Dam, an event analyzed by the Corps of 

Engineers because of concern about acts of war or sabotage 

directed against the dam [13,17].  This event results in a 



release of 230,000 cubic meters per second at the dam, with 

flow peaking at approximately 140,000 cubic meters per 

second at the Hanford site.  This and a number of other Corps 

of Engineers analyses are summarized in a Richland 

Operations Office report [12].    

 

 

WHAT REMAINS TO BE DONE?    

 

Both the estimates of the frequency of large landslides or 

rockfalls and their water wave consequences need to be made 

more precise.  There is good evidence that both rockfall and 

water wave phenomena are scale dependent.  Large rockfalls 

falling from great height seem to move with extremely low 

"viscosity" at high velocities, rising far up opposite valley 

slopes or, in the case of the 1972 Mt. Huascaran rockfall in 

Peru, riding up over a several hundred foot high hill to bury a 

town on the other side.  The Mt. Huascaran rockfall traveled 

14.5 km in 3 minutes (more than 400 km/hour) and another 50 

km down the Llanganuco River at much lower velocities as a 

mudflow, destroying two towns and killing 21,000 people [1]. 

 The physical mechanism underlying this extremely low 

"viscosity" is not well understood; an "air cushion" has been 

proposed, but remnants of similar landslides exist on the 

moon, which is airless, and on Mars, where the atmosphere is 

very thin [1].   

 

Similarly, water waves at small amplitudes obey a system of 

linear partial differential equations and dissipate their energy 

relatively quickly.  At higher initial amplitudes, non-linear 

effects predominate, and the wave may enter a solitary wave 

phenomenological regime or a tidal (or flash-flood) bore 

regime with significantly lower rates of energy dissipations.  

Most of the available data for modelling landslide-induced 

water waves are provided by historical records of landslides 

into fjords in Norway and Alaska.  Slingerland and Voight 

review attempts to theoretically or empirically model 

landslide-induced water waves [15].  Harbitz et al. [4] 

describe a numerical model for landslide-induced waves, 

which they benchmark against data from the 1934 slide 

catastrophe in Tafjord, a Norwegian fjord.  

 

The other major phenomenological question that needs to be 

answered is the vulnerability of earthen dams to a 

short-duration, high velocity overtopping wave.  McCann and 

Boissonnade assume that downstream earthen dams will fail 

after only few minutes of low-height, low velocity 

overtopping.  That leaves open the question of whether Mica 

Dam, one of the highest earthen dams in the world, would 

survive the sort of overtopping wave that Viaont Dam did 

(100 meters high, probably 15 seconds duration, and 

velocities in excess of 100 km/hr).  The erosive power of the 

overtopping flow will be a piecewise linear function of the 

velocity (with a slope increase when the boundary layer flow 

becomes turbulent), but its ability to move rip-rap, etc. will be 

proportional to the square of the velocity.  

 

A similar open question would be the ability of Grand Coulee 

and Chief Joseph Dams (concrete dams; every other upstream 

dam on the river is partially earthen) to survive a sustained 

(say 50 hours) six meter high, 10 m/sec overtopping flow.  

Our intuitive judgment is that Grand Coulee was not designed 

to serve as a spillway for such a high velocity flow (falling 

160 meters) and that the rock support for the toe of the dam 

would degrade quickly, leading to a sliding or overturning 

failure of the dam.  In addition, rock formations just 

downstream from the Grand Coulee abutments suffered 

significant amounts of landslide failure during construction of 

the dam, suggesting weaknessess within the abutments that 

might fail during sustained overtopping.  Hydraulic 

Engineering and Rock Mechanics expertise should be brought 

to bear on the issue of survivability of the all-concrete dams 

under conditions of sustained overtopping. 

 

Finally, the time-dependent dynamics of downstream 

consequences of failure of one of the large upstream dams 

need to be estimated.  Hanford Site facilities and waste sites 

that might be impacted by such a flood include retired 

plutonium production reactors in the 100 Area, the spent fuel 

stored in the 100 Area K-Basins, retired fuel fabrication 

facilities in the 300 Area, hot cells and other research facilities 

in the 300 Area, and contaminated cribs and other waste sites 

along the river.  

     

 

CONCLUSIONS 

 

Only one of the Hanford-Site flood analyses to date, that of 

McCann and Boissonnade [8], has taken into account the 

potential for massive landslides and rock falls into the 

upstream reservoirs to set up a surge of water that will overtop 

one or more of the dams downstream of the rockfall and 

upstream of Hanford, perhaps causing partial or total dam 

failures.  Although McCann and Boissonnade consider 

landslide-induced flooding, they argue that the flooding risk is 

dominated by seismically-induced dam failure.  The author 

considers this judgment by McCann and Boissonnade to be 

overly optimistic.  Their estimate for the probability of 

seismically-induced dam failure seems reasonable, essentially 

corresponding to the return period for beyond design basis 

earthquakes.  On the other hand, although dams can be 

engineered to resist the effects of up to design basis 

earthquakes, it is generally not feasible, nor attempted, to 

engineer the whole upstream river valley to exclude the 

possibility of a massive earth failure dropping a significant 

amount of rock, snow, ice, or earth into the reservoir.  The 



only attempts we are aware of to prevent such an event are the 

installation of drainage facilities and monitoring 

instrumentation in the Downie Slide by BC Hydro and the 

installation of similar facilities by the U.S. Corps of Engineers 

at Libby Dam on the Kootenay River in Montana.  Downie 

Slide is a massive (approximately one billion cubic meters), 

creeping slide about midway up Revelstoke Lake between 

Revelstoke Dam and Mica Dam; BC Hydro was concerned 

enough about Downie Slide that they considered splitting 

Revelstoke Lake in two by building a second dam just 

upstream from Downie Slide.  Our review of the history of 

rockfalls in the Columbia Valley, of the effects of rockfalls 

into water world-wide, and of the theoretical and empirical 

basis for predicting the magnitude and consequences of 

landslide-induced water waves suggests to us that the 

contribution of rockfalls and landslides to potential failure of 

the upstream dams will be comparable to or greater that the 

contribution of seismic, hydrologic, or operational events.  

These are issues that are clearly not fully evaluated and need 

additional study.  

 

None of this should be construed as criticism of BC Hydro, 

the constructor and operator of Mica, Revelstoke, Hugh 

Keenleyside, and Duncan dams.  They were required by the 

provisions of the Columbia River Treaty to build and operate 

Mica, Keenleyside, and Duncan dams, for the regulation of 

river flow and optimization of the capabilities of downstream 

dams on American portion of the river.  The U.S. was 

similarly required by the Treaty to build and operate Libby 

Dam on the Kootenay, a dam-site that suffers from some of 

the same geological uncertainties as Mica Dam.  

 

Paraphrasing Alvin Weinberg, who was speaking in an 

entirely different context: We have made a Faustian bargain 

with our extensive hydroelectric network.  We gain the 

benefits of flood control, irrigation, recreation, and electric 

power at the cost of greatly increasing the potential 

consequences of large landslides and rockfalls. 
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