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Sum m ary

Since 1945 increasing use has been made in Canada of earth- 
fill and rockfill dams. A variety of materials have been used for 
impervious fill in these dams, and a com parative review of the 
geotechnical properties of such soils from twenty-five of these 
dams is included in this paper. In the selection of the dams an 
attem pt has been m ade to illustrate the several soil types used, 
to include the m ajor earthfill and rockfill dams now completed, 
and to provide as complete geographical coverage as possible. 
The collected data indicate a correlation between the types of 
soils generally used for impervious fill in the different parts of the 
country with the nature of the underlying rock and the effects 
of the Pleistocene glaciations. Approximate ranges of values of the 
im portant geotechnical properties, particularly 0 ',  for the several 
groups of soils are also discernible, and these may be of some 
assistance in the preliminary design of these types of dams.

In the  years preceding 1945, few earthfill o r rockfill dam s 

were construc ted  in  C anada, and  those th a t had  been built 

w ere o f  com paratively  sm all height. Since 1945, how ever, 

increasing use has been m ade o f  these types o f dam s and 

the ir sizes have progressively increased. A t present, the highest 

earthfill dam  is the 200-foot high St. M ary  D am  in A lberta , 

and  the h ighest rockfill dam  is the 317-foot high K enney 

D am  in B ritish  C olum bia. T he trend  tow ard  greater use of 

these s tructu res is continu ing and the heights o f  several 

p roposed  dam s w ould ran k  them  am ongst the larger of 

the ir types in the w orld. As dam s o f these types depend for 

their econom y upon  the local availab ility  o f  su itab le cons­

truc tion  m aterials, and  because the im pervious fill is perhaps 

the m ost im p ortan t elem ent in  such dam s, it is believed th a t 

a  com parative  review  o f  im pervious fills used th rou ghou t 

C anada will be o f  considerable in terest a t this tim e. M any 

o f  the d a ta  presented  in  this paper have been collected by 

the  au tho rs  w hile w orking  on  the soils o f  a  num ber o f  dam - 

sites th rou g h o u t C anada, bu t, in  o rder tha t the review  will 

be typical w ith  regard  to  bo th  geography and  the  larger 

dam s o f  the various types now  being built, the collected 

d a ta  have been supplem ented  by add itiona l info rm ation  

either previously  published o r otherw ise m ade availab le  to  

the  authors.

Geological Considerations

C anada can  be divided in to  four m ain  physiographic 

and  geological regions, distinguished by varia tions in topo-

Som m aire

Depuis 1945, au Canada, l'usage des barrages en enrochement 
ou en terre s'est de plus en plus répandu. Différents matériaux ont 
été employés pour le remblai imperméable de ces barrages et cette 
communication comprend une revue comparative des propriétés 
géotechniques des sols dont on s'est servi dans vingt-cinq d’entre 
eux. Les barrages ont été choisis avec intention afin d’illustrer 
les différents types de sols employés, d'inclure les barrages en 
enrochement ou en terre les plus im portants qui aient été cons­
truits jusqu 'à  maintenant et de couvrir une étendue géographique 
aussi complète que possible. La compilation de ces renseignements 
montre une corrélation entre les types de sols généralement 
employés pour les remblais imperméables dans les différentes 
parties du pays, et la nature de la roche du sous-sol ou les effets 
des périodes glaciaires du Pléistocène. Les limites approximatives 
des valeurs des propriétés géotechniques importantes de ces dif­
férentes sortes de sols, en particulier la valeur d e # ' peuvent aussi 
en être déduites et ces valeurs peuvent être utiles lors des études 
préliminaires aux projets de ces types de barrages.

g raphy , rock  types, an d  geologic struc tu re  [14]. These 

regions, w hich are  show n in F ig. 1, are the C anad ian  Shield, 

the A ppalach ian  R egion, the P lains Region, and  the Cor- 

dilleran Region. T he C anad ian  Shield, w hich form s an  area 

o f  approx im ately  1,770,000 square miles in the no rth e rn  and 

eastern  parts  o f the coun try , is a peneplained region com ­

prised o f  igneous, m etam orphic, and  lesser am ounts o f 

sedim entary  and  volcanic rocks, all o f  P recam brian  age. 

A t its sou therly  and  w esterly border, these P recam brian 

rocks dip beneath  the gently  folded sedim entary rocks o f  

Paleozoic and M esozoic age w hich constitu te  the Plains 

Region. T he sedim entary  rocks are  shales, lim estones, and 

sandstones, o f considerable thickness. T he largest area o f  the 

P lains R egion is the In te rio r P lain which jo ins the C or- 

dilleran R egion w hose m ountainous topography was produced 

by  several orogenies in M esozoic and early  C enozoic times. 

T he C ordilleran  rocks consist o f deform ed sedim entary  

and  volcanic rocks, in truded by  im m ense quantities o f 

igneous rocks.

T he A ppalach ian  R egion ad jo ins the eastern border o f  the 

C anad ian  Shield and  th a t p a r t o f the P lains R egion know n 

as the St. Law rence Low lands. I t is a  region o f  m ountains 

w hich w ere crea ted  in Paleozoic times, subsequently  eroded 

and  then uplifted  to  form  the present area o f  m oderately  low 

relief. T he rocks are a com plex assem blage o f  sedim entary  

and  volcanic rocks accom panied  by lesser am ounts o f igneous 

and m etam orph ic types.

D uring  the P leistocene Epoch , alm ost the  en tire  area o f 

C anada was subjected  to  several con tinen tal g laciations,
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Fig. 1 Locations of Dams in Canada With Respect to the Major Physiographic Regions. 

Emplacement des barrages au Canada et principales regions géographiques.

Fig. 2 Locations of Dams in Canada With Respect to the Distribution of Dominant Surface Soil Groups. 

Emplacement des barrages au Canada et répartition des groupes dominants de sol de surface.
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with the result that most of the present surface overburden 
deposits are glacially derived either directly or indirectly [7]. 

D uring the latest glaciation, the Laurentide ice sheet covered 
the entire country east of the Cordilleran Region. It originated 
in, and moved outwards from, several centres, the two 
main ones being in Central Quebec and in the Northwest 
Territories just west of Hudson Bay. M inor centres were 
located in Northern New Brunswick, Newfoundland, and 
Baffin Island. The Laurentide ice sheet, during its period 
of maximum extent, abutted the Cordilleran ice sheet along 
a  line approximately coinciding with the boundary between 
the Plains Region and the Cordilleran Region. The Cordil­
leran ice sheet originated in the mountainous area o f British 
Columbia and spread outwards in easterly and westerly 
directions. Two areas o f moderate size were not covered 
by ice, a part of the Yukon Territory, located along the 
Alaska boundary, and a number of the outermost islands 

of the Arctic Archipelago.
During the advance and retreat o f the glaciers, the bedrock 

surface and most o f the then existing overburden, were either 
eroded o r reworked and subsequently deposited as unsorted 
glacial drift and water-sorted glacial outwash deposits. 
Much o f the country is now covered with such materials 
(see Fig. 2). As the glaciers waned, freshwater lakes such as 
the extinct Lake Agassiz in M anitoba, the extinct Lake 
Barlow-Ojibway in Northern Ontario-Quebec, and the 

immediate areas surrounding the larger present-day lakes 
such as the G reat Lakes, were formed. Marine incursions 
also occurred a t this time, particularly in the Hudson Bay 
Lowlands, and along the St. Lawrence River Valley. Marine 

and estuarine conditions prevailed in these areas and sedi­
mentation o f fine-grained soils produced the well-known 

marine and estuarine clays.
Because o f the extensive glaciation during Pleistocene 

times, and the temperate climate which has since prevailed 
in Canada, almost no production o f residual soils has occurred. 
Aeolian soils are also virtually non-existent.

Impervious Fill M aterials :

Amongst the group of soil types outlined above those 
that would be expected to be suitable for impervious fill 
because o f permeability, shear strength, and placing properties, 
would be the well-graded and more plastic glacial tills, and to 
a lesser degree the marine, lacustrine, and estuarine clays. 
T o illustrate the use which has been made of these several 
soil types in dam construction in Canada, data have been 
collected from twenty-five dams which were selected as 
being representative of (a) the largest earthfilI and rockfill 
dams constructed in Canada (hydraulic-fill dams excluded),
(b) the types o f soil most probably available in the various 
regions o f the country, and (c) the variations in types of 
soil used in Canada for impervious fill in dam construction. 
The pertinent data concerning these twenty-five dams and 
the impervious materials used in them are contained in 
Table 1.

The dams in Table I have been grouped as shown according 
to soil type, and it is not surprising, in view of the widespread 
occurrence and satisfactory properties of the glacial tills, 
that they have been used in eighteen of the twenty-five dams. 
Considerably less use has been made of the marine, estuarine, 
and lacustrine clays, while residual soils would appear to 
have been used even less. Chin Dam in Alberta is the only 
one o f this last type included in Table 1. Boundary Dam 
has been included to illustrate a rare example of an impervious 
fill obtained from soft siltstone and sandstone. The geotech- 
nicai properties o f the several soil types are shown in Table 1 
and Figs. 3 and 4, and are briefly described below. > f

G roup A in Table 1 contains one marine clay, Beauhar- 
nois No. 3, and one estuarine clay, Bersimis No. 2, both

from the St. Lawrence Valley. These two soils have clay 

fractions ranging from 30 per cent to 60 per cent, are moderat­
ely plastic, highly impermeable, and have optimum water

I SILT I SAND I GRAVEL

GRAIN SIZE IN MILLIMETERS

Fig. 3 Grain Size Distribution Curves for Impervious Fill 
M aterials in Canadian Dams.

Granulom etric des matériaux du remblai imperméable 
dans les barrages canadiens.
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OPTIMUM WATER CONTENT. PERCENT

Fig. 4 Wop, vs. y d inax and 0 '  for Impervious F ill Materials in 
Canadian Dams,

Wopt en fonction de et 0 '  pour les matériaux de 
remblais imperméables dans les barrages canadiens.

contents between 24 per cent and 30 per cent. F e r both 

clays 0 '  is between 30 degrees and 35 degrees.
Three lacustrine clays, all deposits of Lake Agassiz, have 

been used in dam construction and are included in Group B 
o f Table 1. The plasticity o f these clays is variable because 
of their varved structure and differential weathering, but 
in general the clays are of moderate to high plasticity. They 
have clay fractions ranging from 30 per cent to 50 per cent, 
very low permeability, and optimum water contents between 
about 20 per cent and 30 per cent. Their shear strengths 
are much lower than those of the G roup A clays, 0 '  being 
characteristically between 20 degrees and 25 degrees.

The eighteen glacial tills listed in Table 1 can be divided on 

the basis o f grain size into two groups (see Fig. 3 (C) and (D)). 
Five of these tills, G roup C, three from Southwestern Ontario 
and two from Southern Alberta, are typical o f the thick 

clay till sheets which are underlain by sedimentary rocks. 
These plastic tills have clay fractions ranging from 15 per 
cent to 30 per cent, moderate plasticity, and low permeability. 
Their optimum water contents vary from 10 per cent to 
20 per cent, while from the few data available 0 '  might be 
expected to be between about 23 degrees and 30 degrees. 
The G roup D tills have clay fractions which attain a maxi­
mum o f about 15 per cent, and because of the small amount 
of clay they exibit little or no plasticity. The permeabilities 
o f these tills can be expected to vary rather widely between 
limits such as the silty Lake St. Anne till (k =  30 x  10-G ft/min) 
and the m ore clayey Strathcona till (k =  0 1 6  x  10-6 ft./min). 
Optimum water contents characteristically range from about 
8 per cent to 15 per cent. The well-graded granular nature 
o f these tills and their low clay contents combine to produce 0 '  
values which range between 35 degrees and 40 degrees.

Since the compositions of residual soils can vary widely 
depending on the parent rock and weathering processes, no 
generalizations o f their properties can be made. The cases of 
Chin Dam and Boundary Dam are included here solely to 

illustrate the use o f these types of soil.

Significance of Impervious Fill Types in Dam Construction :

It is interesting to note that in eighteen of the twenty- 
five dams listed in Table 1 glacial tills were used for the 
impervious fill. The common occurrence o f tills has undoubt­
edly been a m ajor factor in its more frequent use, but it is 

also probable that where a till and a clay are equally favoured 
by economy and availability, the till would more likely be 
chosen for its greater strength and possibly better placing 
properties. Nevertheless, it is interesting to note that the 
more plastic and usually weaker marine, estuarine, and 
lacustrine clays have been successfully used in areas where 
till is absent. The use o f such clays is a comparatively recent 
development, and thus far they have only been used in 
core type structures o f modest height. The Kelsey Dam, 
with a maximum height of 120 feet, is believed to be the 

highest structure in Canada to have a plastic clay core.

The geotechnical properties of glacial tills vary considerably, 
between, for instance, the moderately plastic Niagara till 
with a  k ^  5 x  10-8 ft./min and a 0 '  ^  23 degrees to 26 de­
grees, and the non-plastic Lake St. Anne till for which k ~
3 x  10-5 ft./min and 0 '  ^  39 degrees. The tills included in 
Groups C and D have been successfully used in homogeneous 
dams and in central and sloping core dams. In the dams 
greater than 150 feet in height, tills have been used exclusively.

An examination o f Table 1 reveals an interesting correlation 
between the type of till and the underlying rock. The plastic 
tills shown in Fig. 3 (C), which have clay fractions ranging 
from 15 psr cent to 25 per cent, are found in the Plains Region, 
an area underlain by the softer sedimentary rocks, whereas 
the semi-plastic and non-plastic tills shown in Fig. 3 (D), 
having clay fractions below 15 per cent, are found in the 
three physiographic regions largely underlain by the harder 
igneous and metamorphic rocks. The deficiency in clay­
sized particles is most evident in tills from the Canadian 
Shield as, for example, Bersimis No. 1 and Lake St. Anne.

Fig. 4 shows the value of y  "max and 0 '  plotted against 

W'opi, with the values of y  "max adjusted to a common value 
of Gs =  2-70. It can be seen that the plotted values constitute 
a  narrow band within which the several soil type groups are 
rather distinctly separate. O f greater interest in the design 
o f dams, however, is the relationship between W-opi and 0 ' .  
All values lie in a band for which the possible upper limit 
varies from about 45 degrees to 35 degrees as increases, 
and the possible lower limit similarly varies from about 
25 degrees to 20 degrees. The 0 '  values for the non-plastic 
tills and the marine and estuarine clays lie near the upper 
limit, whereas the values for the pastic tills and the lacustrine 
clays, lie near the lower limit.

In Table 1 values have been presented, wherever possible, 
for the shear strength parameters, 0 '  and c , a t two water 
content conditions. The first sets were obtained a t optimum 
water content conditions, and in most cases they show moder­
ately high values o f c . I t has been customary to use these 
values o f 0 '  and c to determine the stability a t the end of 
construction, but because of the existence of negative pore 
water pressures in samples tested at about optimum water 
content the apparent values of 0 ‘ and c obtained are respect­
ively lower and higher than the true values. More realistic 
values o f these two parameters can be obtained in tests 
performed with water contents higher than optimum, and 
for this reason the second sets of shear strength data are 
included in Table 1. These higher values of 0 '  are plotted

6 6 1



in  Fig. 4 B ) and  it s considered  th a t they  shou ld  be used 

in stab ility  analyses together w ith the low er values o f  c and  

correc t values o f  the pore pressure param eters.
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