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INTRODUCTION 

The Cleveland Dam is a 91 m high concrete gravity dam, on the Capilano River, North Vancouver.  It impounds the 

Capilano Reservoir (Fig. 1), a source of drinking water for the City of Vancouver.  The left (east) abutment of Cleveland 

Dam comprises a thick sequence of interbedded glacial deposits.  In 1957, Karl Terzaghi was retained by the 

Commissioner of the Greater Vancouver Water District, “to investigate the complex drainage conditions extant at the left 

abutment… and make recommendations as to what additional measures seem appropriate”.  In the years 1958 to 1961, 

Vancouver-based geotechnical consultants C.F. Ripley and Associates prepared a “Compilation of data re. downstream 

slope of east abutment, Cleveland Dam, for Dr. Terzaghi”.  To inform his understanding of the stability of the east 

abutment, Terzaghi drew upon extensive observations by Dr. Victor Dolmage, a Vancouver-based consulting geologist 

working on the subsoil exploration of the damsite.  In 1961, Terzaghi reported on his conclusions and recommendations. 

 

 

Figure 1.  Cleveland Dam and left (east) abutment [Photo. J.Fannin] 

Glacial Geology of the Damsite 

Cleveland Dam was built in a narrow rock canyon (Fig. 2), believed incised after the last glaciation.  The deposits of the 

east abutment, which Dolmage had identified to contain “at least three till sheets separated from each other by glacial 

river and lake sediments”, are attributed to infill of an ancestral pre-glacial channel of the Capilano River.  In the vicinity 

of the east abutment, the bedrock surface is “locally covered with a layer of very hard till Ts, and till sheet T3 rests directly 

on the till Ts or on bedrock”.  Terzaghi believed the “extremely uneven character of its upper surface suggests that much 

of the sheet has been removed by erosion”, before a silt stratum S1 was “probably deposited in an inter-glacial lake”.  The 

overlying T1 stratum, an “ill-defined and locally composite layer”, was identified as “a till, or till-like material”.  The 

formation of the G1 stratum found above it, “a fluvio-glacial deposit with a lenticular pattern of stratification”, was 

attributed to repeated advance-retreat movements of ice.  Terzaghi believed that “whenever the ice front retreated the 

till sheet formed during the preceding advance was partly removed by erosion and replaced by fluvio-glacial sediments or 
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glacial lake deposits”, yielding a discontinuous pattern of stratification that is characterised by “steep and sharp 

boundaries between undisturbed silt and adjacent sand and gravel”.  The G1 stratum, termed the upper aquifer, was 

found to extend without discontinuity from the left abutment of the dam to exposures on the east slope of the present 

valley downstream from the left abutment.  It is overlain by a very dense and hard till stratum To.  The formation of the 

uppermost Go blanket of clean sand, gravel, cobble and boulders “may have been glacio-fluvial initially, with later re-

sorting as a marine beach”. 

Cleveland Dam: Provisions for Seepage Control 

The dam rests on bedrock that was cleared of river sediments, prior to the start of construction in 1952. On both ends of 

the gravity section, abutment core walls increase the seepage path length in the glacial sediments above bedrock 

surface.  Bedrock beneath the gravity section and core walls was grouted.  The design also incorporated a grout curtain 

extending into the east abutment, and an impervious blanket on the east slope of the reservoir, both of which were 

constructed in 1953-54. 

 

Figure 2.  Vancouver City Archives CVA 275-20: Cleveland Dam [Photo. W. Draycott] 

First-filling of the reservoir commenced in December 1954.  It was recognised that impounding the reservoir might 

compromise the stability of the east slope of the valley downstream from the dam.  Given the complex pattern of 

stratification in the east abutment, as a precautionary measure, three drainage tunnels were excavated into the slope (in 

1954-55).  Supplemental drainage provisions on the slope downstream of the dam included weighted filter blankets (in 

1955) over groundwater seeps exhibiting discharge of eroded silt, bleeder wells (in 1955), and a drainage shaft (in 1957).  

The concept of a weighted granular filter had first been proposed and patented by Terzaghi in 1922-24 (see Fannin, 

2008): the empirical (D15) design criteria for soil retention and permeability were first published by Terzaghi himself in 

1939 (and subsequently extended for application to widely-graded base soils in a 1955 USBR publication). 

Terzaghi’s Conclusions and Recommendations 

The pattern of seepage through the east abutment was primarily established with reference to periodic readings of 

piezometric level at observation wells, and a comparison of these field data with a series of idealised flow net diagrams.  

Terzaghi’s conclusions and recommendations addressed (i) the efficacy of the grout curtain, the impervious blanket, and 

the drainage tunnels, for purposes of seepage control, and (ii) the mitigation of internal erosion within the glacial 

deposits of the east abutment of the dam, believed induced by filling of the reservoir. 
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