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HYDROGEOLOGY
OF THE EDMONTON AREA {NORTHWEST SEGMENT),
ALBERTA

Abstract

This report supplements the hydrogeological reconnaissance map
of the northwest segment of the Edmonton map area (NTS 83H),
providing some elaboration and discussion of map features.

The topography of the area is predominantly level to gently
rolling. The area is drained by the North Saskatchewan and Sturgeon
Rivers. These rivers are incised up to 200 feet below the plain level
along parts of their course,

The area has a cold, humid continental climate, receiving
17.5 inches of precipitation on average each year, 70 percent as rain.
The ground is frozen for 150 days in the average year.

Most of the area is covered by glacial materials, mainly till, and
clay and silt. Buried valleys are coincident with the two main rivers and
contain sand and gravel deposits which are in hydraulic connection with
the rivers. The bedrock is the Wapiti Formation of Late Cretaceous age.
It is highly heterogeneous consisting of shales, bentonitic sandstones
and coal seams.

Yields are fairly high in the sand and gravel aquifers of the drift,
particularly those in connection with the rivers. In the bedrock, yields
are typically less than 5 igpm.

Groundwater flow systems in the upper 300 feet are largely
controlled by the connection between the rivers and buried valley sand
and gravel deposits, and by the incised nature of the vaileys. In general,
this connection has the effect of restricting: regional-scale discharge
areas to narrow bands paralleling the buried valleys,

The chemistry of the groundwaters shows a marked correlation
with soil type and drift lithology. Groundwaters in areas covered by till,
and clay and silt are typified by the presence of sulfate and higher total
dissolved solids, The exchange of calcium for sodium as flow passes
from the drift to the bedrock is pronounced and some sulfate reduction
occurs in the bedrock.



Infiltration to groundwater systems is thought to be greatly
influenced by drift lithology, soil type and topographic position, in
addition to meteorologic factors. Areas of sand and gravel in topograph-
ically high positions are thought to contribute greatly to infiltration, in
contrast to areas of till, and silt and clay in similar topographic
positions. It is also thought that most infiltration occurs in the spring
after snowmelt and after the ground has thawed.

INTRODUCTION

This report is a brief elaboration of the information presented on the
accompanying hydrogeological reconnaissance map of the northwest segment of the
Edmonton map area (NTS 83H). The work of this area was undertaken during 1972
and 1973 and is part of Alberta Research’s hydrogeological reconnaissance mapping
program for the entire province. More detailed analyses of certain aspects of the
hydrogeology are published elsewhere (Bibby, 1974a; 1974b).
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TOPOGRAPHY AND DRAINAGE

The topography of the area is mostly level to gently rolling, with an elevation
of 2200 to 2 300 feet above mean sea level. A small area in and around Tp. 54,
R. 27 rises to 2 600 feet and is quite hilly. In the southeast corner of the study area
the topography is also hilly and rises to 2 450 feet,

The main rivers draining the area are the Sturgeon and North Saskatchewan.,
Upstream from Big Lake the Sturgeon River occupies a valley having slopes of
gentle gradient. Downstream from the lake the river is deeply incised, being 50 to



150 feet below the plain. The North Saskatchewan River cuts across the southeast
corner of the area and is also deeply incised, being about 200 feet below the plain.
Cutting across the northeast corner of the area is an incised glacial meltwater
channel. It is about 100 feet below plain level but is no longer occupied by a major
river. Drainage on much of the level parts of the area is poorly developed.

CLIMATE

The climate is cold, humid continental, characterized by relatively warm
summers (May to September average temperature is 56°F) and cold winters
{(November to March average temperature is 16° F). The growing season lasts about
175 days (Bowser et al., 1962).

The mean annual precipitation at Edmonton is 17.5 inches and in 75 percent
of the years of record it has been between 14 and 21 inches. About 70 percent of
the precipitation is rain and comes mostly in June, July and August, when the
average is 9 inches. Summer rains are generally of the low intensity variety. The
average annual snowfall at Edmonton is just over 50 inches, coming usually when
the ground is frozen (on average about 150 days a year).

Further climatic information is presented on the meteorological side map.

GEOLOGY

Bedrock Geology

The near-surface bedrock deposits are of Late Cretaceous age. They are
outlined on the geological side map. The strata are generally fine-grained, bentonitic
sandstones and shales and have, on the regional scale, low transmissivities
{20-100 igpd/ft). Locally, higher permeability units, such as lenses and channels, are
embedded in the low transmissivity matrix. In addition, the abundant coal seams
and zones generally have very high permeability, but are usually of limited areal
extent.

Surficial Geology

The surficial geology has been described by Bayrock (1972). Most of the area
is covered by till, and silt and clay. These are low permeability materials containing
large amounts of soluble salts. Areas of sand and gravel deposits occur at the surface
in the southwest and northeast parts of the area.

The Sturgeon and North Saskatchewan Rivers are more or less coincident
with buried valleys (Bibby, 1974a) containing sand and gravel deposits. The rivers



are in hydraulic contact with the groundwater in these deposits and cause the water
leveis in the deposits to be at river level. There is also a buried vailey running
approximately due west from Big Lake. This also contains sand and gravel, but is
not in hydraulic contact with a river, it is an area of flowing wells.

HYDROGEOLOGY

Yields

If a well were to be completed in any one of the yield-units shown on the
reconnaissance map, with the entire unit open to the well, the yield value assigned
to that unit is the rate at which the well could be pumped continuously for
20 years, such that, at the end of the 20-year period, the water level in the well
would have drawn down to the top of the producing zone.

For the bedrock, wells in the area are usually completed in a locally high
permeability unit {sandstone lens, coal seam, etc.) and most aquifer test data
available to the study are from tests of only a few hours duration. Such tests give
information on the hydraulic characteristics of the high permeability unit. How-
ever, it is the low permeability matrix which controls sustainable yields. This
situation makes it impossible to follow the usual practice of extrapolating results
from short duration pumping ‘tests to values of 20-year safe yields, and makes it
extremely difficult to define them. In general, safe yields of wells completed in the
upper 250 feet of the bedrock are in the range 1 to 5 igpm. Small areas of higher
and lower values do occur.

At greater depth, yields of 100 to 500 igpm are thought to be obtainable
from the basal sandstone of the Belly River Formation. This sandstone occurs at a
depth of 800 to 2 000 feet and overlies the Lea Park Formation. Its areal extent is
shown on the geology side map. No pumping test information about this sandstone
is available in this area. The yield estimate given on the map is based on its
lithology, thickness, and extent as deduced from electrologs, the large available
drawdown, and the fact that at shallower depths to the east it is known to have
high transmissivity. The water is of the sodium chloride type with more than
10 000 ppm total dissolved solids content.

In the drift, the sand and grave! deposits usually provide good yields. In the
buried valieys, where there is hydraulic connection with rivers, three factors in
addition to the usual aquifer parameters influence the yields:

(1)  pumping will result in induced infiltration from the river which has the effect
of increasing yields;



(2) the water levels, being at river level, are lower than might otherwise be the
case and this has the effect of decreasing the yields;

(3} the aquifers are unconfined, having a free water table, which means that for a
given amount of drawdown the yield will be higher.

The net effect is that high yields can be obtained from these sand and gravel
aquifers but that more than one well may be required to provide them.

Flow Systems

The analysis of the water level contours of the drift and upper bedrock zones
reveals two important features (Bibby, 1974b). Firstly, at all depths considered the
water levels show a marked correlation with topography. Secondly, the flow
directions have a downward component relative to the water table over most.of the
area. Areas of upward flow are restricted to narrow bands coincident with the
valleys. This latter feature is considered to be the result of the following controlling
influences:

{1)  only a small proportion of the area has low topography;
{2) of the areas of low topography, some are deeply incised;

(3) all but one of the areas of low topography are coincident with buried valleys
containing high permeability materials;

(4) these high permeability materials are in hydraulic contact with rivers, causing
anomalously low potential levels (the buried valley to the west of Big Lake is
an exception to this, and it, significantly, is the only area of flowing wells in
the map area).

Infiltration

Infiltration to groundwater systems could only be considered on a qualitative
basis because of the absence of relevant information,

It is thought that infiltration is most important in the period following
snowmelt and after the ground has thawed. Even though. a substantial amount of
snowmelt occurs before thawing so that there are losses to surface runoff, a lot of
water accumulates in depressions and is available for infiltration. More than half the
annual precipitation does occur in the summer but it is thought to be mostly lost to
evapotranspiration for the following reasons, Potential evapotranspiration, as calcu-
lated by the Thornthwaite method (see meteorology side map), exceeds rainfall;
there is an average water deficit of 5 inches during the growing season (Bowser
et al., 1962); and rainfall is not usually of the intensive variety.



Infiltration is also considered to be greatly influenced by surficial geology.
Areas covered by till, and clay and silt will have low infiltration. rates, whereas areas
of sand and gravel contribute significantly to infiltration. Such areas are to be
found, at relatively high efevation, between Edmonton and Stony Plain, around
Gladu Lake, and in the northeast corner of the map area.

HYDROCHEMISTRY -

Analysis of the chemistry of the groundwater shows that it has a marked
correlation with lithology and soils and is secondarily influenced by flow direction
(Bibby, 1974b). In. the drift and upper part of the bedrock, groundwaters in areas
in which the surficial deposits are sand and gravel have lower total dissolved solids
than groundwaters in areas of till, silt and clay. The former areas have calcium
bicarbonate watef in the drift.and sodium bicarbonate in the bedrock. In the latter
areas, sulfate occurs in significant concentrations, To the depths considered, chlo-
ride occurs only in very small concentrations.

Two chemical processes are recognized as being active in the area. There is
more or less complete exchange of calcium and magnesium for sodium as ground-
waters move from the drift to the bedrock. The quantities of bicarbonate increase
with depth at the expense of sulfate, and since organic materials are abundant in
the bedrock it is thought that some sulfate reduction is occurring.
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An expanded legend and explanatory notes for use with this hydrogeological
map series is available from Alberta Research, Edmonton, Canada.

Map to accompany Report 74-10.

Hydrogeology by R. Bibby, 1973, based on data collected in 1972 and 1973.
Drawn by R. Swenson and H. Dey.

Cartographic editing by F, H. Smith and A. R. Campbell
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