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This publication is dedicated to the water well drillers of British Columbia,
their families, and the pioneer groundwater geologists and engineers who
have unravelled the mysteries of groundwater in the province. Without their
knowledge, perseverance, cooperation and dedication little would be known
about this precious water resource.
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GROUNDWATER RESOURCES OF BRITISH COLUMBIA

PREFACE
Water occurring beneath the land surface, known as groundwater, is one of British
Columbia's valuable and renewable natural resources. Groundwater developed
through the use of wells and springs provides important water supplies for a
significant portion of the Province's population, particularly for agricultural and
industrial use as well as meeting the requirements not only for many community
water systems but also individual family needs in rural and recreational areas.
This publication provides an overview of the groundwater resources of British
Columbia; how groundwater occurs, where it is found and what conditions favour its
development for social and economic benefits. As groundwater cannot be seen
readily except in underground excavations the scientific and technical
understanding of this hidden resource has developed slowly and many
misconceptions about its occurrence including the belief that groundwater exists as
underground streams, still persist today. In many instances these misconceptions
have hampered the effective development, conservation and protection of the
resource.
This publication provides information on the Province's groundwater resources for
the benefit of those individuals, communities and organizations that are presently
using groundwater or may be using groundwater in the future. It is hoped that this
information will assist in future groundwater resource planning initiatives at all levels
of government, to minimize potential impacts of man's land use activities on
groundwater resources thereby maintaining available quantities and a high degree
of groundwater quality for future generations.
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GROUNDWATER RESOURCES OF BRITISH COLUMBIA

CHAPTER 1
INTRODUCTION
by
J. C. Foweraker
Although British Columbia has immense surface water resources which constitute
about one third of Canada's surface water, groundwater nevertheless is a very
important resource in the Province and in some areas it is the only viable and
economic source of water supply for individual and community water supply
systems as well as for agricultural and industrial uses. Agriculture and industry are
the major users of groundwater in the Province and include irrigation, pulp and
paper, fish hatcheries, food processing, mining, chemical, petrochemical industries,
parks and airports. It is estimated that a minimum of 250,000 people use
groundwater in British Columbia.
An estimate of total groundwater use in the Province is in the order of 630 million
litres per day. (Association of Professional Engineers of B.C., 1985.) The estimated
average daily consumption of groundwater for municipal water supply systems is
estimated at 180 million litres per day or about 12% of the total water consumption
in British Columbia. If the water supply for Greater Victoria and Vancouver are
excluded, then groundwater sources are estimated to supply approximately 25% of
the total municipal water demand.
The contribution of groundwater to these and other uses continues to grow
especially where available surface water supplies are already fully allocated or are
too costly to locate or to develop. Groundwater supplies tend to be more
dependable and of more uniform quality than surface water sources.
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In British Columbia permission to use surface water is obtained by license or
approval issued under the Water Act, a license, however, is not presently required
to use groundwater.
The depletion of groundwater supplies, conflicts between groundwater users and
surface water users, as well as the potential for groundwater contamination are
concerns that will become increasingly important as groundwater development
takes place in the Province in years ahead.
Some measure of groundwater resource protection is provided by the many acts,
regulations, guidelines, by-laws, standards and objectives enacted over the years
by federal, provincial and municipal levels of government. However, to effectively
manage the groundwater resources of British Columbia will require legislation that
is coordinated and integrated with the various levels of government and interest
groups involved with its management, protection, development and use and with
those who have authority and jurisdiction over activities that impact on the resource.
The purpose of this volume, "Groundwater Resources in British Columbia," is to
make an authoritative and informative document on the Province's groundwater
resources readily available to individuals, communities and organizations in British
Columbia who presently are using groundwater or may do so in the future. It is
hoped that this book will assist in future groundwater resource planning initiatives at
all levels in the public and private sectors. The aim has been to present the
information in a form which can be readily understood and used as a reference by
individuals, planners, engineers, managers, geologists, water well drillers, students
and others requiring information on the resource.
Work on this volume was initiated in 1985 by the senior staff of the Groundwater
Section, Water Management Division of B.C. Environment. Early support and
approval in principle for the publication of this volume was received from the former
Director, Water Management Division (Peter Brady) and the former Deputy Minister
of Environment (Ben Marr). Support and encouragement was also received in the
very early stages from several groundwater professionals working in the province
and from other interested individuals. Encouraged by this interest and support, a
letter outlining the proposal, together with a proposed classification of groundwater
regions and sub-regions for the province, and a suggested outline of the proposed
contents of the publication along with a request for contributions, was sent out in
late 1985 to twenty-five individuals connected with the groundwater field in British
Columbia. These twenty-five individuals were from the private sector, consulting
firms, industry, universities, federal and provincial governments; some individuals
were members of the International Association of Hydrogeologists, British Columbia
Region, the Association of Professional Engineers of British Columbia and the
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British Columbia Water Well Drilling Association.
The response to the letter and the proposed volume was enthusiastic and in favour
of proceeding with the proposal as planned. Verbal and written support and
commitments for future contributions to the volume were received including offers
from some who were willing to take on the responsibility as task leaders for a
chapter or a section and for completing a draft text and illustrations by a proposed
deadline. Inevitably the deadlines had to be changed due to the ongoing
commitments of many of the contributors. A first draft of the text was finally
circulated in February of 1989 to all contributors for review and comments. These
comments were subsequently forwarded to the authors concerned for necessary
revision. A second draft was circulated in November 1991 for further comments.
Final editing was undertaken in the Groundwater Section and Water Management
Division.
The completion of this volume and its publication is due to the work and support of
the many individuals concerned and to the financial support and services made
available through B.C. Environment for preparation of additional material, typing,
drafting and publishing of this volume. Authors for each chapter and section have
been identified and a complete list of all those individuals who contributed to this
volume is included.
Previous publications including Halstead (1967a) and Foweraker et al (1985) have
provided some preliminary overview information on the groundwater resources of
British Columbia as a whole, however, this present volume is the first attempt to
provide a detailed and authoritative document on what is currently known of the
Province's groundwater resources.
The completion of this volume and its publication are due to the work and support of
the many individuals concerned and to the financial support and services made
available through B.C. Environment for preparation of additional material, typing,
drafting and publishing of this volume. Authors for each chapter and section have
been identified and a complete list of all those individuals who contributed to this
volume is included.
A special thanks is given to the following individuals for their assistance in
completing this project: Denise Archibald, Sherry Zukiwsky, Joan Greenwood, Lara
Marriott and Cheryl Routley for wordprocessing; Bill McGuinnes and Byron Woods
for drafting many of the figures; Jean Wood for assembling and completing the final
version of this document in Aldus Pagemaker; Rod Zimmerman for preparation and
editing of the hypertext version.

http://wlapwww.gov.bc.ca/wat/gws/gwbc/C01_introduction.html (3 of 4) [7/2/2003 12:51:45 PM]

Groundwater

http://wlapwww.gov.bc.ca/wat/gws/gwbc/C01_introduction.html (4 of 4) [7/2/2003 12:51:45 PM]

http://wlapwww.gov.bc.ca/wat/gws/gwbc/C02_origin.html

GROUNDWATER RESOURCES OF BRITISH COLUMBIA
CHAPTER 2
ORIGIN, OCCURRENCE AND MOVEMENT OF GROUNDWATER
by
M. Wei
2.1 INTRODUCTION
The goal of this chapter is to provide a concise summary of the origin and occurrence of groundwater, the
basic theory of groundwater flow, and basic concepts of groundwater systems. This should prepare the
reader for the discussions of groundwater resources in Chapters 8 through 11.
Chapter 4 discusses the "geology" part of hydrogeology. Here, we will look at the "hydro" part of
hydrogeology. We shall see where groundwater fits into the hydrologic cycle, and what causes and governs
groundwater flow.
This chapter is meant to provide neither a rigorous theory of groundwater flow nor the fundamentals of
groundwater resource evaluation. For this, the reader should refer to texts by Walton (1970), Freeze and
Cherry (1979), United States Department of Interior (1981), Driscoll (1986), Fetter (1988), Domenico and
Schwartz (1990) and more theoretical texts such as Bear (1972), Bear (1979) and Bear and Verruijt (1987).
The reader may also refer to the glossary in Appendix 1 to clarify definitions used in developing the concepts
in this chapter.
2.2 GROUNDWATER AND THE HYDROLOGIC CYCLE
Water continually circulates between the ocean, atmosphere and land. This continual circulation is called the
hydrologic cycle. Water that participates in the hydrologic cycle is referred to as meteoric water (e.g.,
rainwater, river and lake water, and groundwater). Water that does not participate in the hydrologic cycle is
called connate water. Figure 2.1 shows meteoric water circulates through this cycle.
Out of the total amount of water that evaporates from the ocean and land, about 20% falls as precipitation
back onto the land (the remaining 80% falls as precipitation over the ocean). Looking at the land-based
portion of the hydrologic cycle, water enters this part of the hydrologic system as precipitation (rain and
snow) and most (68%) leaves as evapotranspiration back to the atmosphere. The rest leaves as surface
water discharge (31%) and groundwater discharge (1%), returning to the ocean.
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Within the system, water travels through different routes. Some initially flows overland into channels and
eventually into streams before ultimately discharging out to the ocean. Some water will infiltrate into the
ground and travel as groundwater and either discharge directly into the ocean or back to the land surface
into lakes and streams. Water commonly travels both surface and subsurface routes through the system.
Groundwater is part of the land-based portion of hydrologic cycle and groundwater flow is one of the ways
through which meteoric water moves through the cycle.

Figure 2.1 Groundwater and the hydrologic cycle.
2.3 GROUNDWATER FLOW
2.3.1 Concept of Hydraulic Head
Groundwater flow occurs because of the difference in energy of the water from one point to another.
Groundwater flows from a point of higher energy to a point of lower energy. The energy of water at a
particular point in the groundwater system consists of potential energy, elastic energy and kinetic energy.
The kinetic energy can be ignored in most cases, however, because the groundwater flow velocity is
typically very low; kinetic energy is usually considered negligible compared to the potential and elastic
energy.
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A convenient way to measure the energy of the water is to measure the groundwater level or hydraulic head
(energy per unit weight of water) in a piezometer, a cased well opened only over a very short section of its
length. This opening or intake is the point of measurement. The level to which water rises in the piezometer
with reference to a datum such as sea level is the hydraulic head (Figure 2.2). The hydraulic head in the
groundwater system at the piezometer intake consists of the elevation head (potential energy per unit weight
of water) and pressure head (elastic energy) and is shown in Figure 2.2. The sum of the two types of head is
the hydraulic head and is mathematically expressed below:
h=z+Ý
where h = hydraulic head [L]
z = elevation head [L]
Ý= pressure head [L]

Figure 2.2 Concept of hydraulic head (h), elevation head (z) and pressure head (Ý) at point A.
2.3.2 Hydraulic Gradient
The difference in hydraulic head between two points implies a hydraulic gradient. The gradient is along the
direction of the lower head. The horizontal component of the hydraulic gradient in a given area can be
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measured by installing three or more piezometers to the same level in the ground, measuring the hydraulic
head in each piezometer, and contouring these head values. It follows that the gradient is in the direction
perpendicular to the hydraulic head, or equipotential contours, toward the decreasing hydraulic head (Figure
2.3).

Figure 2.3 Horizontal hydraulic gradient.
The vertical component of hydraulic gradient at a given location can be measured by installing several
piezometers to different depths and measuring the hydraulic head at each piezometer. Groundwater flows in
the direction of decreasing hydraulic head. Figure 2.4 shows three cases of vertical hydraulic gradient
between points A and B: upward (Figure 2.4a), downward (Figure 2.4b), and no vertical gradient (Figure
2.4c). Note that in Figure 2.4b, even though the pressure head at B is greater than at A, the total hydraulic
head at A is greater than at B and groundwater will flow from A to B. In general, hydraulic gradients have
both a horizontal and vertical component.
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Figure 2.4 Vertical hydraulic gradient.
Hydraulic gradient is the driving force for groundwater flow. The gradient direction indicates the
potential for groundwater flow in that direction. However, the actual flow direction is also governed by the
permeability of the porous medium and by the geology, For example, if the aquifer in Figure 2.3 is
homogeneous and isotropic with respect to permeability, (i.e. permeability does not vary in space nor in
direction), groundwater will flow in the direction of the hydraulic gradient (or perpendicular to the
equipotential contours). Though the assumption of a homogeneous, isotropic aquifer is often used in
practice, especially in sand and gravel, it should be pointed out that groundwater flow in anisotropic and
heterogenous aquifers would be sub-parallel to the hydraulic gradient. The deviation in direction would
depend on the degree of anisotrophy or heterogeneity. This is an important point to remember, especially in
flow in fractured bedrock or in groundwater contamination studies and subsequent assigning of liability in
case of groundwater pollution.
2.3.3 Darcy's Law
Groundwater flow can be described quantitatively by Darcy's Law which was derived empirically by Henry
Darcy from his experiments in 1856 of water flowing through filter sands (refer to Figure 2.7). Darcy
observed that for a given sand, the flow increased directly proportional to the difference in hydraulic head
and inversely proportional to the length of flow. Darcy's Law can be expressed one dimensionally as:
q = Q/A = -K dh/dl
where Q
=flow rate [L3/T]
A
=cross-sectional area through which flow occurs [L2]
q
=specific discharge, or flow rate Q, through cross-sectional area A [L/T]
K
=proportionally constant [L/T]
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Figure 2.5 Darcy's experiment.
The term dh/dl is the hydraulic gradient [-] and is the driving force for groundwater flow (hydraulic gradient is
also represented by the term "i"). The negative sign in Darcy's Law, by convention, signifies flow from a
higher to a lower head. The proportionality constant called the hydraulic conductivity, is a combined property
of the fluid density and viscosity, and the permeability of the porous medium. Hydraulic conductivity is a
measure of the ability of the fluid to flow through a porous medium. Darcy's Law is a linear relationship. A
change in the hydraulic gradient causes a directly proportional change in the specific discharge.
Hydraulic conductivity is often confused with permeability. However, the latter is a property of the porous
medium only, while the former is a property of the porous medium and the fluid. For example, if the Darcy
experiment in Figure 2.5 was performed using maple syrup instead of water (keeping everything else the
same), the hydraulic conductivity of the system would decrease, but the permeability of the sand would still
remain the same. To avoid confusion, the units for reported values of permeability and hydraulic conductivity
should always be checked. Permeability has units of [L2] (e.g., cm2 or ft2), whereas hydraulic conductivity
has units of [L/T] (e.g., m/day or ft/day).
The specific discharge, q, also has units of [L/T]. However, it is important to realize that specific discharge is
not the "speed" of groundwater flow, but the flow per unit area. The velocity of an actual water particle
moving in the experiment in Figure 2.5 will, on average, be much greater than the value of specific
discharge, because the water particle travels a tortuous path which is much longer than the macroscopic
linearized path from one end of the experiment column to the other (Figure 2.6). The average groundwater
velocity can be estimated by dividing the specific discharge, q, by the porosity, n: v=q/n where v is the
groundwater or "Darcy" velocity.
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Figure 2.6 Concept of macroscopic and microscopic groundwater flow (after Freeze and Cherry, 1979).
Darcy's Law is valid only for laminar flow at very low velocities. If flow velocities become high and turbulent
flow exits, the relationship between specific discharge and hydraulic head gradient becomes non-linear;
specific discharge would not be directly proportional to the hydraulic gradient. Since groundwater generally
moves very slowly (typically up to 1 m/day), Darcy's Law applies in most situations of groundwater flow
through porous media. Darcy's Law breaks down when turbulent flow occurs, such as in flow through very
large fractures, karstic bedrock, or near very high pumping wells.
Darcy's Law forms the basis for all quantitative groundwater analyses. Equations for pumping test analysis,
groundwater infiltration, and contaminant transport all invoke Darcy's Law.
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Figure 2.7 Concept of saturated zone, unsaturated zone, capillary fringe and water table.
2.4 Water Table and the Saturated Zone
Figure 2.7 is a typical section of the subsurface. Below a certain depth, the ground is saturated with
groundwater. This is the saturated zone. Above this depth, the ground is not saturated, but the pores and
fracture spaces in the geologic deposit may contain some water and air. This is the unsaturated or vadose
zone. At the top of the saturated zone, (as well as in the vadose zone), the groundwater is held in the pores
and fracture spaces under tension (negative or vacuum pressure) by capillary forces. This thin saturated
layer where water is held under tension is the capillary fringe (Figure 2.7). The pressure head increases from
a negative value at the top of the capillary fringe to zero at the bottom of the capillary fringe. The bottom of
the capillary fringe layer where the pressure head is zero (h = z) is defined as the water table. The depth to
the water table can be measured by measuring the depth to which water stands in a well that just penetrates
into the saturated zone (Figure 2.7) The concepts of hydraulic head, hydraulic gradient, and groundwater
flow apply equally to the vadose zone. Discussions of groundwater occurrence and groundwater flow in this
publication, however, will be focused primarily in the saturated zone.
In areas where a confining layer of low permeability occurs in a more permeable material, a saturated zone
may become locally "perched" above the main saturated zone as infiltrating water collects atop this confining
layer. This perched groundwater zone is called a perched groundwater system and the corresponding water
table above the confining layer is a perched water table (Figure 2.8).

Figure 2.8 Concept of perched and main groundwater systems.
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2.5 Groundwater Flow System
Figure 2.9 shows a model of groundwater flow in a ridge and valley terrain bounded at some depth by an
impermeable boundary. This model illustrates some notable features of a groundwater flow system. The
geologic material underlying the ridges and valleys is homogeneous and isotropic with respect to hydraulic
conductivity. Several general observations can be made from this model:
1. The water table forms a subdued replica of the topography and its depth beneath the ground surface is
greatest in the highlands and least in the lowlands;
2. The groundwater flow is downwards in the highlands - this region of the flow system is the recharge area and upwards in the lowlands - this part of the flow system is the discharge area;
3. The recharge areas are normally much larger than the discharge areas;
4. Groundwater flows from the highlands to the lowlands; from the recharge areas to the discharge areas;
5. There are imaginary boundaries beneath the valleys and ridges called groundwater divides across which
there is no flow.

Figure 2.9 Hubbert's model of groundwater flow (after Hubbert, 1940).
Groundwater flow becomes more complex as the topography and geology become more complex. Figures
2.10a and 2.10b show the effect of topography on groundwater flow patterns. Figure 2.10b shows that local
topography creates local groundwater flow systems. The groundwater at a greater depth still eventually
reaches the major valley through the regional groundwater system.
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Figure 2.10 Effect of topography on regional groundwater flow patterns (after Freeze and Witherspoon,
1967).
Figure 2.11 shows the effect of geology on the groundwater flow patterns. Groundwater tends to flow along
zones of higher hydraulic conductivity and across zones of lower hydraulic conductivity. If the higher
hydraulic conductivity zones are of sufficient permeability and thickness, these zones form aquifers from
which groundwater can be withdrawn or pumped economically. The lower hydraulic conductivity zones
bounding the aquifers form aquitards.
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Figure 2.11 Effect of geology on regional groundwater flow patterns (after Freeze and Witherspoon, 1967).
Figure 2.10 depicts the groundwater flow system in its natural steady state. That is, groundwater flow
everywhere in the system remains constant with time. Human activity such as groundwater withdrawal
through pumping, excavating and diversion of surface water for example may significantly alter the natural
flow patterns. These activities cause transient flow where groundwater flow in the system changes with time.
Eventually the flow system will adjust to a new steady state.
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GROUNDWATER RESOURCES OF BRITISH COLUMBIA
CHAPTER 3
GROUNDWATER QUALITY
CHEMICAL PROPERTIES OF GROUNDWATER
by
W.S. Hodge
3.1 INTRODUCTION
The importance of groundwater quality has become increasingly recognized as
development of groundwater continues to expand in British Columbia. Monitoring of
groundwater quality is becoming more important because of contamination
concerns and development of new equipment and techniques for measuring
contaminants in minute concentrations.
Although groundwater is generally less susceptible to contamination than surface
waters it is usually more highly mineralized in its natural state. As water moves
slowly through the ground it can remain for extended periods of time in contact with
minerals present in the soil and bedrock and become saturated with dissolved
solids from these minerals. This dissolution process continues until chemical
equilibrium is reached between the water and the minerals with which it is in
contact. Important mineral constituents found in groundwater and their relative
abundance are listed in Table 3.1. The types and relative concentrations of the
chemical constituents in groundwater provide information on the evolution of
groundwaters, age (residence time), solubility, rates of movement, flow history and
sources of recharge. Older groundwaters for example are generally more
mineralized than younger groundwaters. Fresher groundwaters are normally
associated with recharge areas whereas groundwaters in discharge areas are more
mineralized. Groundwaters can be classified according to the most dominant
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percentage of cations and anions being present based on concentrations in
equivalents per million [epm] (e.g., calcium-magnesium bicarbonate type).
3.2 MINERAL CONSTITUENTS
The greater part of the soluble constituents in groundwater comes from soluble
minerals in soils and sedimentary rocks. The more common soluble constituents
include calcium, sodium, bicarbonate and sulphate ions. Another common
constituent is chloride ion derived from intruded sea water, connate water,
evapotranspiration concentrating salts, and sewage wastes for example. Nitrate can
be a natural constituent but high concentrations often suggest a source of pollution.

3.3 QUALITY CHARACTERISTICS
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The measure of total dissolved solids (TDS) is a good indicator of the mineralized
character of the water. Groundwater having less than 500 mg/L of total dissolved
solids is generally satisfactory for domestic and industrial use while groundwater
having greater than 1000 mg/L of total dissolved solids is generally unsatisfactory
for these uses. High total dissolved solids are often indicative of other
characteristics such as hardness.
Other properties that are especially useful in determining groundwater character are
hardness, specific conductance and pH. These constituents can be determined by
simple procedures using field equipment.
In order to more precisely identify and measure the quality characteristics of
groundwater, chemical, physical and biological analysis are usually required.
Chemical analysis require the laboratory determination of the concentrations of
common ions found in groundwater and are commonly reported in units of
milligrams per litre (mg/L). Concentrations may also be expressed as equivalents
per million (epm) which is the moles of solute multiplied by the valence of the solute
species in 10,000,000 g of water. Properties of groundwater often evaluated in a
physical analysis include temperature, turbidity, odor, taste and colour. Biological
analysis include coliform bacteria tests which indicates the sanitary quality of the
water for human consumption. A list of recommended parameters for chemical
analysis are given in Table 3.2. Additional parameters may be tested if a more
detailed analysis is requested or where known or suspected sources of pollution
exist.
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Some substances even in small concentrations can be troublesome. For example,
iron concentrations of 1 to 5 mg/L in groundwater are common throughout British
Columbia and can cause staining to plumbing fixtures and laundry, encrust well
screens and clog pipes. Manganese in small concentrations can also cause staining
and is even more objectionable as stains are harder to remove than those caused
by iron. Chloride contamination is possible in wells located near to the sea where
pumping of these wells can move sea water into the freshwater aquifer making
water unpotable. Groundwater containing dissolved hydrogen sulphide gas is
another common problem which imparts a characteristic "rotten egg" odor and taste
to the water. Hydrogen sulphide will combine with other impurities in the water to
form iron sulphide (black water), calcium sulphide, sodium sulphide, and so forth.
Table 3.3 lists these and other substances found naturally in some groundwaters
which can cause problems in operating wells.
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While TDS, specific conductance, hardness and pH are good indicators of the
character of groundwater, tritium (3H) and carbon 14 (14C) which are radioactive
isotopes are good indicators of the age of groundwater. Between 1952 and 1962
large scale atmospheric testing of thermonuclear bombs was carried out and
atmospheric contamination occurred. It is therefore apparent that groundwater from
a location in the northern hemisphere, containing tritium at levels of hundreds or
thousands of TU (tritium units), entered the groundwater zone after 1953. If the
water has less than 5-10 TU it must have entered the groundwater zone prior to
1953.
Two non radioactive isotopes which occur in water are oxygen 18 (18O) and
deuterium (2H) and serve mainly as indicators of groundwater source areas and as
evaporation indicators in surface water bodies (Freeze and Cherry 1979).
3.4 WATER QUALITY STANDARDS
Water quality standards are needed to determine whether groundwater of a certain
quality is suitable for its intended use. Guidelines for Canadian Drinking Water
Quality have been published by Health and Welfare Canada (1989). For irrigation
water, quality is commonly expressed by classes of relative suitability, although
most classification systems include units on specific conductance, sodium content
http://wlapwww.gov.bc.ca/wat/gws/gwbc/C03_quality.html (5 of 6) [7/2/2003 12:51:50 PM]

Groundwater

and boron concentration. Table 3.4 provides a classification of water for irrigation
(after Wilcox 1955).
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GROUNDWATER RESOURCES OF BRITISH COLUMBIA
CHAPTER 4
GEOLOGY AND ITS IMPORTANCE IN THE SEARCH FOR, AND ASSESSMENT
OF, GROUNDWATER RESOURCES IN BRITISH COLUMBIA
by
E. Livingston
In any examination of the groundwater resources of British Columbia, it is important
to keep in mind that our knowledge and understanding of groundwater resources of
any part of the Province is usually related to the local population density or, in
certain rural areas, the amount of groundwater which is being used for irrigation. In
some fairly densely populated areas, where there is plenty of surface water to
supply gravity supply systems, very little is known about groundwater. An example
of this is the City of Penticton which has, in the past, obtained water from large
creeks and from Okanagan Lake.
Thus, because of the uneven distribution of population and development, the
groundwater resources of the Province are very poorly known. Certainly there are
many large and highly productive aquifers which have not been discovered and
which at present, because of their location, are of no interest. Productive aquifers
are likely located in the basalt plateaus of the Cariboo and Chilcotin areas and in
the valleys of most of the northern rivers. In contrast, an area where the
groundwater resources are quite well known is the Saanich Peninsula north of
Victoria. This area was largely dependent on groundwater from the time of
settlement. Many wells in the area were drilled by contractors who kept excellent
records. Surface water from the Victoria system now serves much of the area's
population.
Other factors also have a bearing on how much is known about the groundwater
resource in a specific area. An important factor on the north side of the Fraser River
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in the Maple Ridge area is difficult drilling conditions. This area is largely underlain
by a very compact till containing many large, hard boulders. Drilling is extremely
difficult and therefore expensive, with many unsuccessful and abandoned holes.
Productive aquifers may exist in this area which have not been found because of
drilling problems.
Complex surficial geology, with a very erratic and uneven distribution of aquifers
has also discouraged groundwater exploration. This is particularly true in areas of
extensive ice contact deposits. Once the presence of such deposits is known, it is
then possible to explore for groundwater in a rational way. Examples where
complex geology has made groundwater development difficult are found on the east
side of Vancouver Island and in the valley of the Columbia River between Castlegar
and Waneta.
Much of the previous discussion about groundwater resources can be applied to the
surficial geology of British Columbia. Where there is sparse population and little
development, there has been little study of the surficial geology at least in the
degree of detail which is helpful in the assessment of groundwater resources. Large
scale studies of glacial geology are a first step in the understanding of surficial
geology. An example is the Geological Survey of Canada Bulletin 196, Glacial
Geomorphology and Pleistocene History of Central British Columbia by H.W.
Tipper. A number of engineering studies, mostly by B.C. Hydro in the 1950's, have
also added to our understanding of the surficial geology of several major valleys.
In considering the groundwater geology and hydrology of British Columbia, it is
necessary to realize that the surficial geology of this Province is extremely complex,
certainly more complex than the areas to the south and east of British Columbia.
This is the result of several glaciations in an area of complex topography including
mountain ranges, islands and a long sea coast with fjords. For this reason, it is not
possible to make the type of general statements about the geology of aquifers
which have been made about the Northwest States. It is not possible to describe
the complex groundwater geology of the Lower Fraser Valley on one page. An
exception to this is an important aquifer in the coastal areas of Georgia Strait called
the Quadra Sand, as described in Chapter 9.1.2. The surficial geology may also be
somewhat simpler in the northeastern corner of the Province which is part of the
Northern Canadian Prairie.
In the search for small sources of groundwater suitable for domestic use, geology is
often less important. Assuming that drilling and well construction are carried out by
a competent contractor, it is usually possible at almost any site to construct a drilled
or dug well which can supply enough water for domestic purposes. In an area
where a cover of glacial debris overlies rock, it is often possible to get water from a
dug well in till or a drilled well in glacial sediments. If no water is found in the
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overburden, some water can usually be found in fractured rock.
A working knowledge of the local geology is important to water well drillers. The
most productive aquifers are typically identified from local experience. This
information is generally available to others where there is an government agency
compiling and storing driller's logs.
When larger amounts of water are required for community supply, for industry or for
irrigation, an understanding of geology is essential. Exploration methods which
involve such unimaginative techniques as drilling on a grid or hiring dowsers have
often produced results in some instances. The advantages of using the geologic
approach are that exploration usually costs less and takes less time. It may also be
successful where other methods fail. It may also prevent the implementation of
expensive exploration programs where there is virtually no chance of success.
Geophysical techniques are often used in groundwater exploration, especially
outside of North America. The most popular method is ground resistivity in which an
array of 4 electrodes is either "expanded" or is moved over the ground with a fixed
spacing. The data are then interpreted by use of model curves or by computer
calculation to indicate whether or not water-bearing material is likely to be present.
This is often done where there is virtually no knowledge of the local geology.
Interpretation of "soundings," as the use of the expanding array is often called, can
now be done by a computer using a suitable program. The resistivity technique and
other geophysical methods can be useful but must be tied to the local geology.
They are useful in tracing or extending certain geologic conditions which are
already known from drilling and/or careful field mapping.
In British Columbia, the most productive aquifers are related to glaciation. The
surficial geology, which is dominantly glacial geology, is therefore important in
exploration for, and evaluation of, high capacity aquifers. Many glacial deposits are
limited in extent and must be studied in the local area where the search for water is
taking place. This is especially true in areas of medium to high relief. At the same
time, in order to work out complex local geology, it is usually very helpful to
understand what happened in late Pleistocene time on a regional scale. For
example, to be able to deal with local problems involving the silty lake beds which
are a major unit in the surficial geology of the Okanagan Valley, it is helpful to have
an understanding of how they were deposited and the conditions which prevailed
while deposition was taking place.
In studying glacial geology where little subsurface information is available from
drilling, land forms are often a major source of information. Air photos are extremely
valuable and should be used whenever possible. In densely wooded areas may
smaller features, and even some larger features, may be missed on air photos.
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Ground reconnaissance must not be neglected. Remote sensing, particularly sidescan radar imaging, is likely to be helpful but is not available at reasonable cost, for
most areas at this time.
In the study of geology, drillers' logs are very useful. In order to make the best use
of the logs, it is necessary to know who drilled the hole, how it was drilled and the
objective of the drilling. In considering the objective, we want to know whether the
owner was looking for a domestic water supply, a large supply of water or
foundation conditions. Terminology is often a problem; for example, What did the
driller mean by "hardpan"?, Did the driller differentiate between silt and clay? In
working with logs, it is often possible to get to know which contractors or which
individual drillers produced the best logs. Even the poorest logs may be valuable in
identifying such things as ice contact deposits which are often quite difficult to
identify without subsurface information.
A misinterpretation of subsurface geology may have an important bearing on the
success of exploration. Exploration in ice contact deposits is best carried out using
different procedures than exploration in fluvial or deltaic deposits. The chances of
success in ice contact deposits are less than in alluvial fans. Exploration, or even
production drilling, should be started with a geologic hypothesis which the geologist
must be prepared to change as work proceeds and more information comes to light.
An understanding of geology and geologic processes prevents the assumption of
impossible or very improbable conditions. For example, in a situation involving
buried drainage, the drainage must be rational. It must flow in one direction with a
downstream gradient. Interpretation of geophysical surveys must be geologically
possible.
The preceding discussion about geology may also apply to the hydrology of
groundwater. This is particularly true with flow systems in fractured rock where the
amount of water in storage is usually very small. Rock wells near the discharge end
of a large active flow system will usually respond to long term pumping in a much
different way than similar wells in the recharge zone of a slow moving, poorly
recharged flow system. A correct assessment of the flow system has an effect on
the interpretation of pump tests of such wells.
In other words, a well or a well field or even a groundwater flow system should not
be considered in isolation but should be related to the geology and hydrology of the
area to the extent that this is possible. A correct geologic and hydrologic
assessment results in a better understanding of the situation and avoidance of both
unreasonable conservatism or the unpleasant surprises which come with aquifer
depletion.
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Water quality is usually less easily related to geology. There are very obvious
situations; for example, certain shales contain water with dissolved iron and highly
mineralized water may be found at the discharge end of large, slow moving flow
systems. In other cases, it is more difficult to relate water quality to geology. Much
early work on groundwater did not include chemical analyses. More analyses are
now available and a detailed study of water quality in the Lower Fraser Valley is
being carried out by Environment Canada.
It is often quite difficult to sell the idea of systematic groundwater exploration which
really includes geologic mapping, examination of air photos and may involve test
drilling for geologic and hydrologic information. Yet, systematic exploration will
increasingly become necessary in order to keep ahead of the demand for
groundwater in many areas.
Up to the present, systematic exploration for groundwater has been confined to
small areas usually with many constraints imposed by existing distribution systems.
Such constraints are imposed by budgets, political boundaries, land ownership and
other considerations. Much more expensive surface water schemes, which may
have persistent problems caused by sediment, treatment problems, low flows, ice
problems and the risk of contamination and pollution are much more popular
politically because they involve little or no initial risk - the water is there and can be
seen. As long as a large part of the population believes in dowsers and the
mystique of groundwater, this situation is likely to persist.
Little work is being done by government agencies on surficial geology in British
Columbia at this time. Some excellent early work was done in the Fraser Valley and
in the south coastal area by the Geological Survey of Canada. More recent G.S.C.
reports deal with the Lower Fraser Valley and parts of the Interior. The Department
of Mines of the Provincial Government published a report on the surficial geology of
the Okanagan Valley, (Nasmith, 1962). More recently, the Ministry of Lands has
published several reports in the form of terrain analysis maps which are concerned
with an assessment of the suitability of land for development and other uses.
Where a single, widespread formation often serves as an aquifer, a geologic report
and map showing the occurrence and extent of the formation and a discussion of its
origin are very useful. A good example of this is The Geological Survey of Canada
report on the Quadra Sand, (Clague 1977). This can seldom be done in British
Columbia with surficial aquifers which are very local in extent. It is necessary, then,
to map the geology of small areas. Such maps may show units which are actually
aquifers but generally they are most useful in pointing out the possibility of the
existence of aquifers where no drilling has been done.
In British Columbia the most important as well as the most widespread and
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productive aquifers are of glacial origin. Western Canada was glaciated several
times within the past 3 million years. The advance of ice during each glaciation
removed most of the sediments deposited during previous glaciations. Much of the
removed material was "reworked" by the ice and deposited under the ice as till.
Only glaciations of the most recent glacial period, the Wisconsinan, have left much
sediment in British Columbia. Even within the Wisconsinan, only the most recent ice
advances were important in aquifer deposition.
A very important effect of glaciation is the production of vast quantities of gravel
sand, silt and clay. One of the major differences between a glaciated area and one
which was not glaciated, is the amount of granular material, especially gravel. This
is particularly true in mountainous areas where melting ice in upland areas supplied
huge quantities of sediment-laden water to streams with a high gradient. In contrast,
much of the breakdown of rock in areas which have not been glaciated is by
chemical processes to produce saprolite, clays and other fine-grained weathering
products.
The most productive aquifers are deposits of gravel and sand, mostly products of
glacial erosion. Deposition of much of the sand and gravel took place during the
retreat phase of glaciation when melting ice was producing streams of water
capable of moving gravel and sand. Much drainage was disrupted and partially
blocked by ice and glacial debris. This formed various types of traps which retained
much of the sediment in the upper part of the drainage basins. Huge glacial lakes in
the upper reaches of the major river systems of British Columbia trapped huge
volumes of fine-grained sediment in the form of lake beds and raised deltas.
Sudden releases of water from these huge lakes were responsible for reworking
and deposition of torrential gravels to form some of our most productive aquifers.
Much sediment of all kinds was trapped and deposited in and around melting ice to
form complex ice contact deposits in which many important aquifers are located.
The glaciation of upland areas, especially in the southern part of the Province, left a
very youthful topography in which much water is trapped in lakes and swamps.
These areas are important in recharging major groundwater flow systems which
contribute to the base flow to streams. Much of the irrigation water used in the dry
Okanagan Valley comes from the glaciated uplands.
Extensive areas of British Columbia are underlain by relatively unaltered volcanic
rocks of Tertiary age. These are mostly basaltic in composition and are in the form
of flat-lying flows often with total thicknesses of hundreds of metres. These rocks
usually underlie plateau areas at high enough elevations so that only marginal
agriculture is possible because of climatic limitations. These volcanic plateaus are
rather sparsely populated and are generally well supplied with surface water. Since
the demand for, and exploration of, groundwater has been negligible, very little is
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known about these groundwater resources. Experience in similar areas in
Washington, Idaho and Oregon where there is intensive agricultural activity,
indicates that there may be large quantities of good quality groundwater in the
volcanic rocks, mostly in interflow zones.
In parts of North America, carbonate rocks (mostly limestone) are important
aquifers. Dissolution of carbonate minerals makes open space in the rock for
storage and passage of water. Weathering at or near surface may produce large,
continuous, cavernous openings through which very large scale recharge can take
place and from which springs discharge. Springs of this type may have very high
discharge rates.
There are several fairly extensive areas of British Columbia which are underlain by
limestone. These include the western side of the Rocky Mountains, the Marble
Mountains near Clinton, part of the Lardeau area north of Kootenay Lake, and parts
of central Vancouver Island. However, little is known about the groundwater
resources of these areas because of the reasons stated earlier - there has been
virtually no demand and, therefore, no interest in groundwater.
There are a number of known occurrences of warm and hot groundwater in British
Columbia. Most of these are small and temperatures are usually not high. Study of
the geology of these occurrences shows that the sources of heat for most of these
is the normal geothermal gradient. In other words, the water has travelled deep
enough below the surface to be warm. However, in a few areas; for example, near
Pemberton, the source of heat is igneous activity. In such areas it may be possible
to construct steam wells to serve as sources of power as has been done in New
Zealand, in Italy and in California. Some exploratory drilling was done in the recent
past by B.C. Hydro but no exploration is going on at this time. If the demand for
geothermal power or heat increases, the study of geology of such areas will be
encouraged.
In general, geology is important in dealing with groundwater problems whether they
be problems of exploration for water, evaluation of groundwater use data, problems
of water quality, prevention of groundwater contamination, design of drainage works
or exploration for geothermal steam.
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GROUNDWATER RESOURCES OF BRITISH COLUMBIA
CHAPTER 5
GROUNDWATER CONTAMINATION: OCCURRENCE, SOURCES AND TRANSPORT OF
CONTAMINANTS IN GROUNDWATER
by
R. Allan Freeze, James Atwater, and Hugh Liebscher
5.1 INTRODUCTION
The first four chapters of this report have introduced the hydrogeological principles that control the storage
and movement of groundwater. Application of these principles in the development of groundwater
resources requires the identification of high permeability geological formations that can serve as aquifers,
and an assessment of the quantity and quality of groundwater that can be developed from them.
British Columbia is blessed with many major aquifers that have the potential to yield large quantities of
water to serve domestic, industrial, and agricultural needs. In most cases, the natural chemical quality of
groundwater in the province remains very good. However, if groundwater is to continue to play an
important role in serving the water needs of the province, then it will have to be protected from the
subsurface contamination that accompanies growth in population and increased industrial and agricultural
production.
Pupp (1985) and Beak Consultants (1986) have produced a preliminary compilation of specific
groundwater contamination events in Canada, including those known to have occurred in British Columbia.
According to their lists, the number of documented cases of groundwater contamination in British Columbia
is limited. In this chapter, we present an updated compilation. Even with respect to this updated list, the
known sites of contamination are probably greatly outnumbered by those that have not yet come to light.
Contamination incidents usually occur in areas of intensive agricultural production, and in the more highly
industrialized and more densely populated regions of the province. These are the very regions where the
greatest demand for increased groundwater development is likely to occur. In a recent assessment of
groundwater contamination in Canada, Cherry (1987) provides a gloomy prognosis. He predicts that: (1)
aquifer contamination that already exists will gradually spread; (2) many water supply wells that are not
presently known to be contaminated will be identified as being contaminated; (3) many aquifers that are not
now contaminated will become contaminated; and (4) the discharge of contaminated groundwater into
wetlands, streams and lakes will increase. He concludes that public concern and fear with regard to
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contamination will increase, fueled by the seemingly unexpected occurrences of contamination and the
inability of government and industry to predict trends or to resolve the problem.
If British Columbia is to avoid being a part of the unfolding of this unpleasant groundwater scenario, then it
is important that the citizens and decision makers of the province understand the nature of the problem,
and that they be aware of the technical and regulatory tools that are available to mitigate the occurrences
and impacts. This chapter is a first attempt to provide such information. This introductory section is followed
by three additional sections: Section 5.2 describes the occurrence of groundwater contamination, and
provides an overview of groundwater contamination problems in British Columbia; Section 5.3 discusses
the principles of contaminant transport; and Section 5.4 discusses available preventative measures for the
protection of groundwater quality.
5.2 OCCURRENCE OF GROUNDWATER CONTAMINATION
5.2.1 Definition of Groundwater Contamination
Water is a solvent for many chemical constituents. As a result, most groundwater contain a wide variety of
dissolved inorganic chemicals (and to a much more limited extent, natural occurring organic constituents)
due to the dissolution of the geological materials through which it flows. Concentrations usually lie in the
parts per million (mg/L) range down to fractions of parts per billion (ug/L). Chapter 3 provided a summary of
the usual ranges of concentration of the naturally occurring, dissolved, inorganic constituents of
groundwater. These dissolved constituents are responsible for the character of the water, be it soft, hard,
tasty, or smelly. The distinct character of many of the "natural mineral waters" available for purchase is a
reflection of the particular mix of dissolved constituents.
The chemical make-up of groundwater is a reflection of where the water has been, and what kind of
material it has flowed through or over. It depends on whether it first fell onto a farmer's field, or onto an
undisturbed forest; and whether it has passed by an underground storage tank, or first served us in a
household or industry before being discharged again to flow in a river or through the ground. The ground,
and the water that makes up groundwater, are intimately connected, and as we alter the groundwater or
the path that the water takes, the chemical constituent make-up of the water changes.
Groundwater contamination is said to occur when the chemical constituent make-up of the groundwater is
altered as a result of man's activities, either directly, due to the spill or leakage of a liquid, or indirectly,
through the alteration of the ground through which water passes, as is the case for agricultural fields on
which fertilizers and pesticides have been applied.
In some cases, the alteration may raise the concentrations of dissolved chemical species already present.
In other cases, the alteration may introduce new chemical species not formerly present in the natural
background groundwater chemistry.
Groundwater contamination causes degradation of water quality. It becomes important when the
concentrations of one or more of the constituents reach levels that render the water unsuitable for its
intended use. The critical chemical species and the maximum acceptable chemical concentrations depend
on the intended use. The concentrations that define suitability are often encoded in water quality standards
or guidelines. Legally enforceable water quality standards exist in most jurisdictions for drinking water. Less
stringent water quality guidelines often exist for water that is to be used in specific industrial or agricultural
processes. The standards, guidelines and regulations pertaining to groundwater quality in British Columbia
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are discussed in Section 5.2.4.
The question of what level of groundwater quality contamination renders a water unsuitable for its intended
use is not straightforward to answer. Certainly, if concentrations exceed standards, contamination has
occurred; but then standards tend to change through time, and they often vary from one jurisdiction to
another. More importantly, there are large numbers of chemical constituents for which standards have not
yet been set. In such cases, the onset of concern may well be a function of the intended use for the water,
and the available knowledge concerning the chemical species in question. Like the standards, both these
aspects are liable to change through time and vary from one place to another. In a political sense,
groundwater contamination is a de facto event; if a realistic concern about groundwater quality is raised,
and if it is linked to man's activities, then contamination has occurred.
5.2.2 Potential for Groundwater Contamination and Loss of Water Quality
The very act of living results in changes to the world around us. The acquisition of resources to sustain us
and the discharge of our wastes cause alteration to the surface environments and, therefore, result in
alteration of the underlying groundwater.
It is impossible to conceive of a situation in which our activities will not result in the alteration of the
chemistry of groundwater. That change may be the addition of one molecule of a particular material to a
litre of water, a change so small that we can accept the reality of the possibility, but we cannot measure the
change or the consequence of the change. On the other hand, the consequence of the activity may be the
degradation of the groundwater to such an extent that we can no longer use the water.
The very soils and geologic material that dictate the chemical constituent make-up of a natural groundwater
also affect the impact of chemicals introduced by human activities. This concept will be discussed in some
detail in the section on contaminant migration, but it can be said at this point that an activity carried out in
one geologic environment may result in undisputed groundwater degradation, whereas the same activity
carried out in another geological environment may result in negligible alteration of the groundwater
chemistry. With respect to the potential for groundwater degradation from human activities, we then have
two aspects: the activity itself, and the soil and geologic environment in which the activity takes place.
Sources of groundwater contamination can be classed as: (1) point sources, or (2) non-point sources. Most
so-called point sources arise from waste management facilities of one kind or another. Such facilities may
be quite large, creating sources of a square mile or more; they are "point" sources only in the sense that
they are concentrated and areally bounded. Among the types of facilities that have the potential to
contaminate groundwater are: (1) sanitary landfills for solid non-hazardous municipal waste, (2) chemical
landfills for soil and liquid hazardous industrial waste, (3) tailings ponds for slurried mining waste, (4)
sewage lagoons and rapid infiltration ponds for liquid municipal waste, and (5) near surface buried tanks for
liquid industrial waste. In all cases, waste fluids (or leachates formed from the passage of rainwater and
snowmelt through the waste) can infiltrate across the unsaturated zone and deliver contaminated water to
the water table. Examples of non-point sources of groundwater contamination include the areal application
of herbicides, pesticides and fertilizers in agricultural areas.
In British Columbia, there are a number of activities, none of them particularly unique, that have led to
groundwater contamination. A suite of examples of contamination resulting from each of these activities
can be found in Table 5.1. This information was compiled as of late 1987. Corrective actions subsequent to
1987 may have been taken and would not be noted. The following discussions should be read in concert
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with Table 5.1.
1. Agriculture
The application of fertilizers and pesticides to land to facilitate the growing of crops presents a non-point
source that makes wide areas covered with these materials available for leaching. The raising of animals
normally results in the generation of large quantities of waste. The spreading of these wastes on the land
as fertilizers, and their storage, also constitutes a source of pathogenic material. In respect to the
agricultural industry, nitrogen in the form of nitrate is the most significant contaminant, and the one that is
appearing on the widest scale. Pesticides are starting to be found in British Columbia at trace levels, but as
yet they have not appeared on a wide basis.
2. Sewage Disposal
The use of septic tanks and subsurface disposal fields is a common and widespread form of domestic
sewage treatment and disposal in British Columbia. It is generally practiced everywhere outside the major
urban centres, and even to a limited extent, in enclaves within urban centres. Phosphorous, nitrogen, and
pathogenic materials are the principal constituents of concern in septic tank effluent, with nitrogen as
nitrate the most significant contaminant occurring in the provincial groundwaters.
Contamination of water supplies with bacteria from septic tank effluent is common, although it is generally
very local in extent. Septic tank effluents are thought to be a significant source of phosphorous in
groundwaters entering lakes in the Okanagan Basin.
3. Solid Waste Disposal Sites
Where solid waste has been landfilled, water passing through the emplaced material leaches chemicals
from the waste and this "leachate" can subsequently move from the landfill into surface water or
groundwater. The chemical constituents in the leachate reflect the kinds of materials landfilled and the age
of the landfill. Every conceivable inorganic and organic material may be found in leachate, although they
are not all found in all leachate. Landfills constructed in the past constitute significant point sources of
contaminants since little attempt was made in earlier years to control the types of materials landfilled or the
generation and movement of leachate. Landfills constructed today are not as significant a risk to
groundwater, primarily because of the closer scrutiny of placed materials. Fortunately, most, but not all, of
the major landfills in British Columbia have been sited where they do not impact significantly on major
groundwater resources.
4. Mining
Widespread ground disturbances that result from mining activities can alter the flows of groundwater. From
a chemical alteration point of view, the most significant problems arise where acid mine drainage develops.
The mining process can, in certain circumstances, result in a situation where sulphuric acid is produced as
a result of chemical and biochemical action in the presence of water and oxygen. The sulphuric acid
depresses the pH of the water and enhances its ability to dissolve metals. A number of these situations
exist in the province. In addition, most metal mines in British Columbia have tailings ponds which create
large areas of fine grained materials containing metals that are subject to leaching.
Nitrates are also available for leaching from mines. A commonly used bulk explosive consists of a mix of
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ammonium nitrate and diesel fuel. The nitrate source occurs as a residual on the broken rock. Increases in
nitrate levels are primarily seen occurring from the mines in the south-east corner of the province.
5. Industrial Processing and Product Storage
The handling and storage of bulk chemicals is a common source of groundwater contamination.
Regardless of whether the chemicals are a consumptive commodity, such as gasoline, a feedstock for a
particular process, or an intermediary within some process, leakage out of storage and spillage during
transfer occurs. As often as not, the storage and transfer facilities are underground and losses can go
undetected for extended periods. Where industrial facilities have been in place for extended periods of
time, chemical loss will be extensive irrespective of how good the plant housekeeping has been.
Underground storage tanks at service stations bring the sources into residential and rural settings, so the
problem is not limited solely to industrial areas. Loss of petroleum derived products is the most widespread
type of leakage in British Columbia. Leakage and spillage of wood preservatives, primarily in the form of
chlorinated phenols, has been a common occurrence in the forest products industry.
6. Transportation
Three activities related to the transportation industry routinely result in chemical releases to the ground.
The most dramatic are spills resulting from accidents on both road and rail. There have been significant
increases in the types and quantities of various material being transported within the province, and as a
consequence, when accidents occur, they more frequently involve commodities that can result in
contamination of groundwater. The highly publicized ethylene dichloride spill from a rail accident outside of
Langley is perhaps the most notable contamination, particularly of rural water supplies. Secondly,
transmission line and railroad right of ways are routinely sprayed with herbicides. The large areal extent of
these spraying activities can potentially result in groundwater contamination. The third activity is the
application of de-icers at airports and on roadways. At airports, urea is used on the runways which can
result in nitrate contamination. Sodium chloride or calcium chloride is normally used for road de-icing.
Of the above activities, only leachate from solid waste facilities and the bacterial content of sewage are
explicitly recognized in existing regulations. Attempts are being made to deal with the acid mine drainage
problem. These three are all seen as problems related to waste products and tend to fall into waste
management regulations. With the exception of recent efforts to control fugitive chlorinated phenols, no
such net exists for contamination that results from non-waste generating practices.
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5.2.3 Risks Associated with Contaminated Groundwater
The occurrence of contaminated groundwater constitutes a risk to human health. Among the many organic
and inorganic chemicals that have been detected in groundwater are liver and kidney toxicants, known or
suspected carcinogens, and chemicals capable of damaging the reproductive and central nervous
systems. Actual health damage requires that a pathway exist for the toxic chemical species from the
source to the human organ. In order to make a quantitative estimate of the risk that such a pathway exists,
it is necessary to understand: (1) the physical, chemical and biological properties of the contaminant
species, (2) the principles of contaminant transport through the hydrogeological environment, (3) methods
of estimating human exposure through ingestion, inhalation or dermal contact, and (4) the toxicological
principles of dose response under acute and chronic conditions. Emphasis in this chapter is on the first two
links in this chain. It is hoped that the last two links can be avoided by the setting and meeting of
groundwater quality standards, and by timely and effective remedial action at sites where standards have
been exceeded.
Contaminated groundwater can also constitute an environmental risk. If it discharges into surface bodies of
water at sufficiently high concentrations, it can contribute to fish kills, and it may have a deleterious effect
on animal populations that drink such water. In addition, because many plants have a limited tolerance to
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specific metals and organics, groundwater contamination can also lead to negative impacts on plant life
and crop yields.
Groundwater contamination represents a cost to society in that the water is no longer available for
beneficial use. However, at prevailing market rates, the value of clean water is not particularly high, and it
is likely that the public demand for groundwater cleanup is based on a desire for risk reduction with respect
to human health rather than a desire for the preservation of water resources. In fact, unless a large worth is
assigned to the reduction of health risk, it is hard to develop economic justification for remedial action at
many contaminated sites. Remedial costs at waste management sites can commonly reach $5-10 million,
and at some are as high as $100 million or more. In cases where groundwater supplies have been lost
through contamination, the costs of remediation and/or alternative supplies can reach $10,000-50,000 per
household.
5.2.4 Standards, Guidelines and Regulations Affecting Groundwater Quality in British Columbia
There is no federal or provincial legislation directly related to the prevention of groundwater contamination.
There are, however, government acts and programs at both levels that provide standards, guidelines and
regulations that have an indirect bearing on groundwater quality. They can be classified into three groups:
(1) drinking water quality standards, (2)federal statutes, and (3) provincial statutes.
The British Columbia Drinking Water Quality Standards (B.C. Ministry of Health, 1982) grew out of a
federal-provincial task force that updated the 1978 Canadian drinking water guidelines. Although they are
called standards, they are actually guidelines in that they are not legally enforceable. Two types of
recommended limits are specified: (1) Maximum Acceptable Concentration, and (2) Objective
Concentration. Drinking water that contains substances in concentrations greater than the Maximum
Acceptable Concentration is either capable of producing deleterious health effects or is aesthetically
objectionable. The Objective Concentration is interpreted as the ultimate quality goal. Both types of limit
are specified for: (1) Coliform Organisms, (2) Chemical Substances Related to Health, (3) Pesticides, (4)
Radionuclides, (5) Physical Characteristics, and (6)Substances Related to Aesthetic and other
Considerations. Table 5.2 reproduces the recommended limits for Chemical Substances Related to Health.
The list emphasizes inorganics, including nitrates and several heavy metals, but it lists only three classes
of organics.
There are two federal statutes that could conceivably play some role in protecting groundwater quality. The
Fisheries Act makes it an offence to deposit a deleterious substance in water frequented by fish. Landfill
owners whose leachate enters surface streams by groundwater flow paths could presumably be
prosecuted under the Fisheries Act. The Canadian Environment Protection Act empowers Environment
Canada and the Department of National Health and Welfare to compile of list of substances that cannot be
manufactured or imported, except for designated uses. Thus far, five substances have been listed: (1)
polychlorobiphenyls, (2)polybromobiphenyls, (3) polychlorinated terphenyls, (4) mirex, and
(5)chloroflourocarbons. In the long run, this bill will reduce the environmental burden of these materials.
At the provincial level, British Columbia groundwater quality is protected by provisions of: (1) the
Environment Management Act, (2) the Waste Management Act, (3) the Health Act, and (4) published
Pollution Control Objectives.
The Environment Management Act gives the Ministry of the Environment the right to require
Environmental Impact Assessments for any activity that may have adverse environmental impact. It also
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mandates Environmental Protection Orders that can be used to delay or stop activities which could have
negative environmental consequences, and Environmental Emergency Measures that can be invoked in
the case of an environmental emergency such as a major chemical spill.
The Waste Management Act states that no waste may be introduced into the environment without a
permit. Water Managers who adjudicate applications for permits under the Waste Management Act are
guided in part by Pollution Control Objectives, originally issued by the now superceded Pollution Control
Board. Pollution Control Objectives have been published for: (1) Chemical and Petroleum Industries, (2)
Forest Products Industry, (3)Mining, Smelting and Related Industries, (4) Food Processing, Agriculturally
Orientated and Other Miscellaneous Industries, and (5)Municipal Type Waste Discharges. These
publications outline minimal requirements for the siting and design of solid waste landfills, exfiltration
basins, septic systems above 5,000 gal/day, and effluent disposal on land. Consideration of groundwater
conditions is limited to statements that facilities be 4 feet (or in some cases 5 feet) above the water table,
and that siting take into account hydrogeological considerations.
Sections of the Health Act deal with small ground disposal systems (less than 5,000 gal/day) and dictate
isolation distances for disposal fields with respect to placement above the water table and proximity to
wells.
In 1983, the Ministry of the Environment issued updated Pollution Control Guidelines for Municipal Effluent
Application to Land. In this publication, the importance of potential groundwater contamination is
recognized. The guidelines are divided into two sections, one for Disposal Without Significant Groundwater
Recharge, and one for Disposal With Significant Groundwater Recharge. These guidelines also mandate
groundwater monitoring programs to determine both short- and long-term changes in groundwater quality
in response to waste disposal activities.
In order to determine baseline groundwater quality in the province, the Ministry of Environment maintains a
network of 145 observation wells (as of 1985). Systematic water quality sampling for all wells in this
network was initiated in 1975. In addition, a new groundwater quality monitoring program was initiated in
1983 to obtain baseline water quality in major developed aquifers.
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5.3 PRINCIPLES OF CONTAMINANT TRANSPORT
Most groundwater contamination arises from sources at the ground surface. Landfill leachates, spills, and
non-point agricultural contaminants are all introduced at or near the surface, and before they enter the
groundwater system, there is an initial percolation phase in which the contaminants move downward
through the unsaturated soil moisture zone to the water table. The unsaturated zone plays a significant role
in determining what percentage of the mass of the contaminants migrates from the ground surface to the
underlying groundwater. Some materials, such as some fertilizers and pesticides, can initially find their way
into the ground in a dry state, or at a moisture content or total volume, that allows for considerable retention
in the unsaturated zone. Subsequent movement of the constituents requires dissolution in the soil moisture
and downward percolation under the influence of infiltration due to precipitation or applied irrigation water.
Geochemical conditions and transport mechanisms in the unsaturated zone are quite complex and they will
not be discussed in detail here. Our emphasis will be on migration of contaminants in groundwater, after
they have reached the water table by percolation from above.
5.3.1 Properties of Contaminants
From the point of view of understanding contaminant migration in groundwater, it is necessary to
differentiate between three types of contaminants: (1) soluble contaminants that dissolve in groundwater,
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(2)insoluble contaminants that are lighter than water, and (3) insoluble contaminants that are heavier than
water.
Most inorganic and many organic chemical constituents fall into the first category. They dissolve in
groundwater and form elongated plumes of contamination that arise at a point source and stretch out in the
direction of the groundwater flow paths. The formation and behaviour of contaminant plumes are discussed
in the next section.
Many petroleum products, and especially gasoline and its derivatives, fall into the second category. They
do not dissolve readily in groundwater but rather occur as a separate phase, and because this phase is
lighter than water, it floats. Contaminants of this type occur as pools and thin films floating on the water
table surface.
Many chlorinated solvents, most pesticides, and many other types of liquid organic contaminants, fall into
the third category. They occur as a separate phase that is heavier than water. Such contaminants sink
through course grained sand and gravel aquifers and pool on the top of fine grained clay and silt aquitards.
The transport of insoluble contaminants, both lighter than water and heavier than water, is treated in
Section5.3.3.
Table 5.3 lists a variety of common organic contaminants together with their solubility and specific gravity.
Those that have a solubility greater than 1000mg/l are highly soluble; those that have a solubility less than
100mg/l are practically insoluble. For the insoluble contaminants, those with a specific gravity less than 1.0
are "floaters"; those with a specific gravity greater than 1.0 are "sinkers".
5.3.2 Soluble Contaminants; the Formation and Behaviour of Contaminant Plumes
When a soluble contaminant species is introduced into a groundwater flow system, there will be an
increase in concentration of that species relative to its background concentration. This zone of increased
concentration constitutes a contaminant plume. For a point source, this zone will initially be quite small. In
the case of agricultural sources or septic tank fields, the many overlapping point sources may coalesce to
form a very large plume. If the source provides a continuous supply of contaminants, the plume will grow in
size as a function of time, and the plume front will migrate through the groundwater flow system. The rate
of migration of the contaminant plume is controlled by three transport mechanisms: (1) advection,
(2)dispersion, and (3) retardation.
Advection is the primary transport mechanism in high permeability aquifers. The term refers to the carrying
along of dissolved contamination by flowing groundwater. The rate of advective contaminant migration is
equal to the rate of groundwater flow. As shown in Figure 5.1a, the result of advective transport from a
point source is a "plug-flow" situation in which the contaminant plume has sharp boundaries, with
concentrations equal to the source concentration Co inside the plume and concentrations equal to
background (taken as zero on Figure 5.1a) outside the plume. If a monitoring well were installed so that
samples could be taken at point X* at regular intervals through time, the concentration, C(t), measured
there could be used to develop a breakthrough curve like that shown in Figure 5.1c. For advective
transport, the breakthrough curve is a step function, with C=0 up until t=t* and C=Co, thereafter. It is
common to plot breakthrough curves in terms of relative concentration, C/Co, so that C/Co=0 until t=t* and
C/Co=1, thereafter.
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Figures 5.1 a to e Effects of advection and dispersion on contaminant plume.

In reality, dissolved contaminant plumes tend to spread laterally and longitudinally. This spreading process
is called dispersion. Comparison of Figure 5.1b with Figure 5.1a shows that the effect of dispersion is to
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create a large plume of lower concentration. The breakthrough curve at X* now shows an earlier arrival of
the first contamination, but the concentration at X* at time t=t* is now only half what is was under advection
alone. For the range of leachate concentrations commonly encountered, and for most common
contaminants of interest, the relevant water quality standards usually translate into a relative concentration
of C/Co=0.1 or less. Under these circumstances, the time of travel for a critical concentration to reach
some critical distance from a specific source will be less in a dispersed plume than in an advective plume.
Many groundwater contamination incidents resulting from point sources occur in high permeability surficial
sand and gravel aquifers underlain at shallow depth by clay silt aquitards. In these cases, flow paths are
near horizontal, advective velocities are large, and lateral dispersion tends to be very small. The result for a
source of small to moderate size is a long, skinny plume with relatively sharp boundaries. Longitudinal
dispersion creates concentration gradients parallel to the flow path, but observed travel times are
nevertheless close to those calculated assuming advective flow alone.
Advective flow velocities are calculated from Darcy's law:
v = Ki/n
where
v = advective velocity [L/T]
K = hydraulic conductivity of aquifer [L/T]
n = porosity of aquifer [decimal fraction]
i = hydraulic gradient [decimal fraction]
In most hydrogeologic settings, hydraulic gradients in aquifers lie in the relatively narrow range, 0.01 to
0.001. Aquifer porosities in unconsolidated deposits also lie in a narrow range around 0.3. Advective
velocities are therefore highly dependent on the value of the hydraulic conductivity of the geologic
materials, which can vary over many orders of magnitude (Freeze and Cherry, 1979). In sand and gravel
aquifers, advective plume migration rates of 10 to 100 m/y are not uncommon. In less permeable silts and
clays, migration rates may be less than a few cm/y. In fractured rocks porosities tend to be much smaller,
and advective migration rates can become quite large, even if the hydraulic conductivity is low.
Dispersion is apparently caused by a combination of two phenomena, both of which are related to the
presence in most aquifers of lenses and layers of lower permeability, fine grained material. The first, which
affects lateral dispersion, is the divergence of flowlines around such lenses, leading to a natural spreading
of dissolved constituents. The second, which affects longitudinal dispersion, is the capture of some of the
dissolved constituents through molecular diffusion into and out of the fine-grained layers.
Retardation is a catch-all term that describes the reduction in migration rates due to a wide variety of
chemical reactions between the contaminated water, the native water, and the geological materials. These
include adsorption desorption reactions, solution-precipitation reactions, oxidation-reduction reactions, and
biochemical transformations. The effect of retardation on a breakthrough curve is shown in Figure 5.1e. For
a retardation factor of three, migration rates are reduced threefold and travel times are increased threefold.
One of the most common causes of retardation is adsorption of contaminant species from the pore water
onto the grains of the porous medium. This process is most effective in fine-grained geological materials
with high organic content. Retardation factors are contaminant dependent. They are highly correlated with
the octonal water partition coefficient, which is a chemical property easily measured in the laboratory. Table
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5.3 includes the octonal water partition coefficients for some organic contaminants. Those species with
value near 1.0 are only slightly retarded in the presence of organic water; those species with values above
3.0 are significantly retarded.
A contaminant spill is a point source that differs from that produced at a waste management facility in that it
is not continuous. A spill introduces a slug of contaminant into the groundwater flow system. In the ideal
case, it will take on an elliptical shape that is elongated in the direction of flow. The centre of mass will
migrate at the advective flow rate, or at a reduced rate under the influence of retardation. With time, the
size of the ellipse will increase and the concentrations will decrease, under the influence of dispersion.
It is possible to provide a more quantitative description of contaminant transport in groundwater than has
been presented here. Such a description would be in the form of a set of equations that describe these
phenomena. In modern hydrogeological practice, these equations are the foundation for computer models
that are used to predict the migration of contaminant plumes in groundwater flow systems. Such models
have proven useful in the analysis of point source groundwater contamination events and in the design of
remedial action at contaminated sites.

5.3.3 Insoluble Contaminants
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Oil spills and leakage from gasoline tanks result in the downward seepage of petroleum products across
the unsaturated zone to the water table (Figure 5.2a). Because they are lighter than water and relatively
insoluble, the oil or gas tends to accumulate on the water table and spread laterally along it. However,
because many hydrocarbon fractions are not totally insoluble, the petroleum accumulations can act as a
secondary source for a dissolved plume of hydrocarbon contaminants. Concentrations tend to be low, but
even very low concentrations produce an unpleasant taste and odor.

Figure 5.2 Movement of insoluble contaminants in groundwater.
The same situation arises with respect to heavier than water contaminants that form pools at the base of
aquifers on the top of underlying fine-grained aquitards (Figure 5.2b). The slight solubility of these
contaminants is sufficient to produce plumes of dissolved constituents emanating from these subsurface
sources. For many of the most common organics, even the very low concentrations that arise are bound to
exceed the extremely low water quality standards that are being proposed for many organic contaminants.
Consider the common solvent, trichloroethene (TCE). The proposed maximum contaminant limit in the U.S.
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Safe Drinking Water Act is 0.005 mg/l. A plume 1,000 m long, 100 m wide, and 10 m deep at a
concentration 10 times the standard contains only 50 kg of TCE. Serious groundwater contamination over
relatively large volumes of aquifer can arise from very small spills or leaching rates.
5.4 PREVENTATIVE MEASURES FOR THE PROTECTION OF GROUNDWATER QUALITY
If the quality of the groundwaters of the province are to be protected in the longterm, then some
fundamental decisions must be made with respect to land usage in those areas where there are high
permeability near surface aquifers. At this time in this province, the solid waste disposal facilities which are
receiving a fair amount of environmental attention probably have less impact on the groundwater resource
than do the widely accepted practices of septic tank effluent disposal, traditional agricultural application of
fertilizers, herbicides and pesticides, and the transportation and storage of commodities. Notwithstanding
the above, there are accepted steps than can and should be taken in the short term to protect wells, to site
disposal facilities, and to remediate areas that are presently contaminated.
5.4.1 Good Well Design
The British Columbia Ministry of Environment (1982) has published a set of Guidelines for Water Well
Construction in British Columbia. From the point of view of protection of a well against the entry of
contaminants, the essence of good well design involves three aspects: (1) an effective seal, (2) well
disinfection, and (3) sampling and analysis of well water.
The guidelines recommend that all wells should be effectively sealed with grout to a depth of 15 feet if
possible, such that the wellhead construction ensures that no contaminant can enter the well or seep down
around the annulus that may exist between the drillhole and the well casing.
They also recommend that all wells be disinfected by the drilling contractor after completion. Before using
the well water for consumption, the well should be pumped until the smell of chlorine from the chlorine
solution used in the disinfecting process has dissipated.
Lastly, the well water should be sampled and analysed for chemical and bacteriological quality. Results
should be compared against the British Columbia Water Quality Standards.
5.4.2 Siting and Design of Waste Disposal Activities
The prevention of groundwater contamination from waste management facilities must be achieved through
some combination of siting and engineering design.
In years past very little of either was done. Landfills were often sited in abandoned gravel pits; tailings
ponds were sited purely on the basis of convenience; few precautions were taken to cope with spills at
wood preservative dipping tanks. As a result, contaminated leachates were a common occurrence, and
they often led to the formation of contaminant plumes in high permeability surficial aquifers.
There are an emerging set of design features that offer hope for improvement. Modern landfill design
features basal liners, surficial caps and leachate collection systems. The basal liner can be a natural clay
material or a synthetic polyethylene membrane. It is not uncommon in the United States for regulatory
agencies to require more than one liner at the base of a hazardous waste landfill.
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There is concern, however, that modern design technology does not really prevent groundwater
contamination, but merely postpones it. There is little solid information yet on the expected life of synthetic
liners, for example, but estimates run in the range of 10 to 50 years. It is known that liners can be breached
by pinhole flaws, improperly constructed seams, animal burrows, and breakdown by acidic or corrosive
leachates. The next few decades will provide needed information on whether improved engineering
provides a long-term solution to waste containment at land-based facilities.
Given these doubts about the effectiveness of improved design, the issue of siting takes on greater
importance. It is clear from Section 5.3 that the rate of migration of contaminants in groundwater is
controlled by the hydraulic conductivity of the geological materials at the site. If land-based waste
management facilities could be sited on thick, unfractured clay or silty clay deposits, then contaminant
migration rates would not exceed a few centimeters per year. Good siting is the single most important step
that could be taken to reduce groundwater contamination from waste management facility. Unfortunately,
siting issues tend to lie in the political arena rather than the technical arena, and there seems little
likelihood that this situation will change.
If good siting cannot be guaranteed and good design is still unsure, the need for effective monitoring
networks and good leachate collection systems becomes paramount. Land-based waste disposal facilities
seldom contain waste fluids completely; their design must be based on a philosophy of leachate
management.
5.4.3 Remedial Action at Contaminated Sites
Once a contaminant plume has migrated any distance into an aquifer, corrective action is far from simple.
Remediation is expensive and technically difficult, and complete success is unlikely. There are no remedial
case histories yet on record where the groundwater quality in an aquifer has been returned to precontamination levels. Nevertheless, there are techniques available to arrest the further migration of
contaminated water into uncontaminated regions, and to reduce the levels of contamination in areas
already affected. Most techniques fall into one of two categories: (1) source control, or (2) plume control.
Source control attempts to stop or reduce the influx of contaminants into the groundwater system at their
source. For small sources, it can take the form of excavation and incineration. In cases where excavation is
not economically feasible, containment is often attempted by the construction of vertical slurry-walls of lowpermeability materials. Soil bentonite or cement bentonite mixtures are fed into deep narrow trenches
around the source. The method is most applicable where a relatively shallow surficial aquifer is bounded at
depth by a low permeability aquitard.
Plume control is carried out with a network of pumping wells. The wells serve two purposes: first, they
remove contaminated water from the plume, and second, they alter the natural flow system by drawing the
groundwater flow lines into the wells, thus preventing downstream migration of the plume. The
contaminated water produced by the pumping wells is treated on surface, usually by carbon adsorption or
air stripping towers. In some cases, plume control systems involve injection wells as well as pumping wells.
Often, the injection wells can be located in such a way that they provide a "waterdrive" to push
contaminated water more efficiently toward the pumping wells.
5.4.4 The Need for Improved Regulation
Existing federal and provincial statutes, and the administrative structures that support them, do not provide
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an integrated and comprehensive program to protect groundwater quality in Canada. Weaknesses in the
regulatory process have been identified at the federal level by Cherry (1987), and at the provincial level by
the Association of Professional Engineers of B.C. (1985). Among the specific identified needs are:
(1) improvements in the drinking water standards, (2) improved handling of "special" wastes, (3) tighter
monitoring requirements, (4) identification and remediation of contaminated sites, and (5) increases in
funding for surveillance an enforcement.
Current drinking water standards do not reflect recent advances in knowledge on health risks associated
with synthetic organic chemicals. The three organic groups listed on Table 5.2 represent a small subset of
the organic pollutants currently under scrutiny. There is a need to update Canadian standards. However, it
should be recognized that a tightening of Drinking Water Standards does not in itself protect groundwater
quality. It will protect the consumer and it may very well sensitize decision-makers to the cost of
groundwater contamination. The implementation of tighter standards normally results in the need to find
new supplies or in increasing the level of treatment on the existing supply.
Provincial Pollution Control and Waste Management Objectives once allowed the disposal of hazardous
and toxic wastes in landfills under certain circumstances. It is now recognized that separate waste facilities
for these "special" wastes are needed and the overall requirements for management of such wastes is
embodied in the new regulations. A provincial commission is investigating potential sites and disposal
methods. It is worth noting, however, that the current Pollution Control Objectives for the Forest Products
Industry do not take special note of wood preservative spills, and those for the Mining Industry to not
address leakage from tailings ponds.
Protection of groundwater quality in the vicinity of waste management sites requires careful monitoring.
There is a need for tighter groundwater monitoring requirements in revised Pollution Control Guidelines.
It is likely that there are cases of contaminated groundwater in British Columbia that have not yet come to
light. A concerted effort is needed to identify such sites and assess the health risks associated with them.
There may be special problems associated with non-point contamination from agricultural pesticides and
fertilizers.
The setting of regulations, and the issuing of permits that include specific conditions and restrictions, have
little value if the regulatory agencies do not have adequate funds to check for compliance, and enforce
regulations where compliance has not been achieved. Surveillance and enforcement have historically been
the weak links in the application of Canadian environmental policy.
Groundwater is a resource of the Crown in British Columbia. However, no rights to its usage, nor charge for
its use exist, and as such, the Province does not at this time have a vested interest in protecting the
resource for its own sake. In the long term, there is a need for an Act that protects the resource.
The existing legislation embodied in the Waste Management Act and the Health Act can be strengthened
to minimize releases of wastes, but it would not be reasonable to use these acts to control agricultural
practices, land-use issues, and commodity storage practices. Legislative action on these fronts is
necessary if there is to be long term maintenance of the quality of groundwater resources in British
Columbia.
Information Sources for Table 5.1
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Information is known to exist on each contamination incident, however all the information may not be
readily available due to litigation or specific confidentiallity agreements. Published material is subscripted
with a "(p)".
1) Assoc. of Professional Engineers(p)
2) Atwater(p)
3) Atwater Personal Communication
4) Beak(p)
5) B.C. Ministry of Environment and Parks Survey
6) B.C. Ministry of Environment and Parks - Groundwater Section
7) Burnett(p)
8) Consultants reports to clients
9) Dakin(p)
10) Environmental Protection - Pacific Region
11) IWD Data
12) Jasper(p)
13) NHRI Files
14) Okanagan Basin Study(p)
15) Pacific Hydrology Consultants
16) Reports to Environment Canada - Pacific Region
17) Reports to Waste Management Branch - Surrey
18) Soper (p)
19) Stroscher, Mark - personal communication
20) Vancouver Sun Newspaper (1986)
The authors wish to acknowledge the efforts and contributions of the numerous individuals who assisted in
the acquisition of information for Table 5.1.
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GROUNDWATER RESOURCES OF BRITISH COLUMBIA

CHAPTER 6
GROUNDWATER AND HUMAN HEALTH
by
Harold D. Foster
It is extremely difficult to evaluate the human health implications of the various
substances found in groundwater (National Academy of Sciences, 1977; Reeder,
1979). Data is often incomplete and relationships between health and contaminants
are complex and characterized by uncertainty (Rohlich, 1978). Nevertheless, it is
clear that groundwater can, and does, contain a wide variety of substances that
have health implications. In addition, it is also possible that even deficiencies of
certain elements may pose serious health threats (Marier, Neri and Anderson,
1979; Foster, 1986).
For convenience, water contaminants can be subdivided into four major classes;
physical, microbiological, chemical, and radionuclides. Of these the chemical
contaminants are unique in that many are essential in maintaining human health;
whilst others are a major threat to it. Included amongst elements that are thought to
play an essential role in human nutrition are calcium, chlorine, chromium, cobalt,
copper, fluorine, iodine, iron, magnesium, manganese, molybdenum, nickel,
phosphorus, potassium, selenium, silicon, sodium, strontium, sulphur, tin, vanadium
and zinc (Kirschmann and Dunne, 1984). In contrast, aluminum, cadmium, lead and
mercury are definitely toxic, but in widely varying concentrations. Arsenic, however,
may be an essential trace element at low concentrations, despite the fact that it is
clearly harmful when ingested at higher doses (Frost, 1984). Similarly, boron may
be critical in calcium utilization by the body (Nielsen, Hunt, Mullan and Hunt, 1987).
The roles played by beryllium and silver are less clear (Rohlich, 1978; Kirschmann
and Dunne, 1984). Naturally, the percentage of human intake of any of these
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substances obtained from drinking water is greatly influenced by both their solubility
and the nature of local bedrock geology and soils.
The situation is further complicated because even potentially beneficial elements
may give rise to a whole spectrum of negative health effects, depending on the
levels ingested in drinking water and foods, or taken in through the lungs or skin.
This dose dependency can be represented by a dose-response curve; one group of
illnesses being associated with too little of the element and another group with too
much. This complexity can be illustrated with reference to fluorine. At groundwater
concentrations of 1 to 1.5 mg/L fluoride reduces tooth decay. At levels of up to 6
mg/L, it depresses the incidence of osteoporosis, giving some protection against
bone loss. However, when water levels rise to more than 8 mg/L, excessive bone
formation occurs in the periosteum and ligaments begin to calcify (Cargo and
Mallory, 1974; Bernstein, et al., 1966). Similarly, whilst iodine deficiency has been
clearly linked to both goitre (the overdevelopment of the thyroid gland) and
cretinism (mentally retarded dwarfism) (Matovinovic, 1983), it is possible that in
Caucasions excessive amounts may be associated with the skin cancer, melanoma
(Foster, 1986).
Many inorganic solutes are present in both surface and groundwater due to natural
processes, such as the chemical weathering of bedrock and soil leaching. The
presence of others may be due to contamination caused by waste disposal, mining,
agriculture, or manufacturing. In addition, various forms of water treatment,
including chemical coagulation, lime softening, and ion exchange are used to
reduce trace metal concentrations in drinking water. In British Columbia, many
surface waters do not receive adequate treatment and, in consequence,
groundwater supplies from protected aquifers are generally considered to be safer.
However, the chemicals used in some treatment processes, together with the
corrosion of pipes in the distribution system may also add trace metals, such as
iron, copper and lead, to the water supply. It is unlikely that groundwater provided
by major suppliers will reach harmful levels of any of these inorganic solutes; since
federal and provincial water standards must be met by source utilized for public
consumption. However, private wells may be of concern, especially if the
distribution system is being corroded, or if they are in close proximity to sources of
groundwater contamination. Unfortunately, the testing of water quality by private
suppliers is often limited to the more common elements and compounds. In general,
however, when compared with surface waters, groundwaters tend to be
bacteriologically safer, cheaper to treat, less affected by radionuclides from fall out,
have a lower turbidity and tend to be less affected by accidental chemical spills.
There is considerable controversy over the significance of the relative absence of
certain solutes from many surface and groundwater supplies. In particular,
disagreement has focused on the health implications of drinking soft, low-pH
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waters. According to the U.S. National Academy of Sciences (1977) there have
been more than 50 studies, in nine countries, that have indicated an inverse
relationship between water hardness and mortality from cardiovascular disease.
That is, people who drink water that is deficient in magnesium and calcium
generally appear more susceptible to this disease (Foster, 1987a). The US National
Academy of Sciences has estimated that a nation-wide initiative to add calcium and
magnesium to soft water might reduce the annual cardiovascular death rate by
150,000 in the United States. However, this suggestion is very controversial, other
authors being unwilling to accept that water hardness influences the death rate from
cardiovascular disease (Hammer and Heyden, 1980).
Soft water, deficient in calcium and magnesium, has also been linked to elevated
rates of Sudden Infant Death Syndrome (Caddell, 1972), diabetes (Foster, 1987b),
cerebrovascular disease (Foster, 1987a) and cancer (Allen-Price, 1960; Foster,
1986). It should be noted that both surface and groundwater hardness in British
Columbia is very variable, being generally highest in the east of the province and
lowest in the west (Swain, 1985). However, groundwater in general has a tendency
to be harder than surface water supplies because of its greater contact with
bedrock.
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GROUNDWATER RESOURCES OF BRITISH COLUMBIA

CHAPTER 7
THERMAL SPRINGS
by
L.V. Brandon
There are many hundreds of cold springs throughout the Province but those springs which have a
water temperature that significantly exceeds the local mean annual air temperature are described as
thermal springs. A further subclassification of thermal springs into hot springs refers to those springs
with water whose temperature exceeds 32° C (90° F).
Flows from these thermal springs, which are usually found to have water bubbling up through pools or
flows of water emerging from rock fractures commonly exceed 10 litres per minute. Many have flows
of several hundred litres per minute and the largest springs exceed a thousand litres per minute. At
many springs there are several effluent points and it is not uncommon to find tufa or travertine
(crystalline forms of calcium and magnesium carbonate) that surround the flow area and create layers
of white to brown crystalline mineral deposit. Sometimes the travertine seals off a flow vent and the
water then finds another outflow nearby.
More than seventy thermal spring locations have been identified in the Province and it is beyond the
scope of this summary to describe the location and hydrogeology of all these. Some springs, such as
Harrison, Lakelse, Fairmont and Radiium, have become popular tourist attractions. Many others are
well known to local inhabitants, and some are in remote areas and are difficult to find without detailed
maps.
Geological reports on most spring localities are available in publications of the Geological Survey of
Canada and the British Columbia Mines Branch. One useful summary description has been published
by Souther and Halstead (1973), and reference has been made to this in quoting many of the
chemical analyses. An interesting book with excellent sketch maps has been prepared by McDonald
et al (1978)). This book describes how to obtain access to many remote hot springs and provides
good estimates of flow, temperature and other useful background information including ownership
and a rating system for scenery and setting. In the decade of the 1970's some studies of geothermal
areas were made by B.C. Hydro particularly at Meager Creek west of Lillooet River. Reports on these
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surveys were made by Nevin and Sadlier Brown (1973) and by Nevin (1975).
For the purposes of this summary, thermal spring regions have been classified into: 1. Northern
Rocky Mountain Region. 2. Kootenay and Selkirk Mountain Region. 3. The Coastal Ranges to the
Yukon Border. 4. The Islands. In all these regions, the water is of meteoric origin (i.e. precipitation)
which has percolated down through rock fractures and fault zones and is emerging from a lower
elevation in the groundwater flow system.
Heat has been derived from several sources, e.g. from deep circulation, or from the presence at
depth of warmer intrusive rocks such as granitic plutons and areas of vulcanism. A third heat source
may be from the exothermic reaction of waters of a low pH encountering sulphide minerals; this
reaction can generate heat as well as the gas hydrogen sulphide.
Table 7.1 provides some data on over 30 of the known springs and Figure 7.1 is a small map of the
Province showing the location of the springs referred to in the Table.
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Figure 7.1 Thermal springs in British Columbia.
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GROUNDWATER RESOURCES OF BRITISH COLUMBIA

CHAPTER 8
GROUNDWATER REGIONS OF BRITISH COLUMBIA
by
J. C. Foweraker
8.1 CLASSIFICATION OF GROUNDWATER REGIONS
In order to describe the groundwater resources of British Columbia, the province has been divided into
nine groundwater regions which are classified in relation to the physiography as described by Holland
(1964). About 90% of the area of British Columbia lies within three physiographic divisions namely:
1. the Western Systems
2. the Interior System
3. the Eastern System
The remaining 10 percent of the area of British Columbia lies within a fourth physiographic division
called the Interior Plains.
These physiographic divisions or systems (Figure 8.1), form one part of the main framework for the
classification of groundwater regions and sub-regions, details of which are given in Table 8.1
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The Western System in British Columbia includes all that part of the province lying west of a rather
sinuous line running northward from Keremeos through Lytton to Smithers and thence to Telegraph
Creek and Atlin (Holland 1964).
The Eastern System lies along the eastern side of the Rocky Mountain Trench and along the eastern
side of the Liard Plain. Within British Columbia northwest of the Narraway River, the Eastern System is
bounded on the east by the Interior Plains.
Between the Coast Mountains of the Western System and the Rocky Mountains of the Eastern System,
lies the Interior System.
The Interior Plains occupy the northeast part of the province.
The other main part of the framework for the classification of groundwater regions and sub-regions
given in Table 8.1, consists of three major divisions of physical features found in the province, namely:
1. basins, lowlands and plains
2. plateaus and highlands
3. mountains
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Table 8.1 provides a detailed breakdown of the groundwater regions and sub-regions adopted in this
classification. These are covered in detail in Chapters 9, 10 and 11. The order of presentation for each
groundwater region and sub-region in Chapters 9, 10 and 11 is also given in Table 8.1.
Figures 8.2 to 8.8 show the boundaries of the groundwater regions and sub-regions.

Figure 8.2 Groundwater Regions.
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Figure 8.3 Coastal Basins, Lowlands and Plains Groundwater Region (South Half).
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Figure 8.4 Coastal Basins, Lowlands and Plains Groundwater Region (North Half).
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Figure 8.5 Interior Basins and Plains Groundwater Region.
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Figure 8.6 Fraser Basin Groundwater Subregion.
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Figure 8.7 Groundwater Regions of the Plateaus and Highlands.
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Figure 8.8 Mountain Groundwater Regions.
8.2 DESCRIPTIVE COMPONENTS OF GROUNDWATER REGIONS:
Where information is available each groundwater region or sub-region described in Chapters 9, 10 and
11 contains all, or at least some of, the following descriptive components. (The descriptive components
have been adapted from Heath, 1984.).
1. General Setting:
Highlights of the physiographic, hydrologic and geologic framework of the groundwater systems within
the sub-regions.
2.Important Aquifers:
Comments on the locations, geology, hydrogeology, groundwater quality and use of the aquifers.
3.Withdrawals and Quality Trends:
Comments on location and purpose of major groundwater withdrawals and long-term trends in water
levels and groundwater quality. Identifications of key wells in important aquifers within the sub-regions.
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4.Other Aquifers/Underdeveloped Aquifers:
Comments where information is available.
5.Maps and Schematic Cross-Sections:
Areal distribution of principle developed aquifers and other aquifers, within a sub-region. Generalized
schematic cross-sections.
8.3 IMPORTANT AQUIFERS IN BRITISH COLUMBIA
Much of the information on groundwater resources in the province which is outlined in Chapters 9, 10
and 11 is to a large extent confined to the groundwater regions and sub-regions where known major
aquifers occur. These are the areas where major development of groundwater has taken place and
where information from well drilling records, hydrogeology, groundwater potential, and groundwater
quality is more readily available.
The following are some brief introductory comments on these important aquifers in British Columbia with
examples of individual well yields from Foweraker et al (1985). The reader may also refer to the
glossary at the back of the publication in Appendix 1 for definitions of terms used.
On the west coast of the province between the Coast Mountains and the Vancouver Island Mountains
and the Queen Charlotte Island Mountains lies the Coastal Trough. High capacity wells have been
completed within the sub-till sands and gravels and in alluvial deposits near rivers, in the lowlands of
this region. (Figure 8.9, Table 8.2, Site Nos. 1 and 2).
Only limited groundwater storage is available during dry summer periods in many coastal areas where
wells must be completed in fractured bedrock and well interference problems and high chloride content
occur in a few production well operations. Yields of over 6.0 L/s have been obtained, however, from
several bedrock wells in granite, for irrigation and municipal use, and one well completed in granite on
Saanich Peninsula (Kohut et al 1983) produces 15.8 L/s (Figure 8.9, Table 8.2, Site No. 3). The largest
settlement on the Queen Charlotte Islands is supported from water from wells in fractured rock.
In the Fraser Lowland, high capacity wells have been completed in many areas in unconsolidated
deposits which are commonly greater than 180 m thick and may reach thicknesses of 300 m. A
production well at Abbotsford for example, has a capacity of 158 L/s (Figure 8.9, Table 2, Site 4).
Between the Coast Mountains on the west and the Rocky Mountains on the east lies the Interior System
of mountains, plateaus, basins highlands and in the south intermountain valleys (Figure 8.9).
Unconsolidated deposits consisting of glacial, glacio-fluvial, lacustrine and alluvial materials mantle
much of the lower slopes and floors of the intermountain valleys and testholes have recorded thickness
of up to 579 m in these materials with aquifer thicknesses of 244 m recorded at one site. Within these
materials high capacity community water supply wells and irrigation wells have been completed (Figure
8.9, Table 8.2, Sites Nos. 5 to 11). Individual specific capacities of some large irrigation wells completed
at Keremeos are in the range 30 L/s/m to 66 L/s/m of drawdown and interference effects 23 m away are
as low as 0.6 m.
On the Fraser and Nechako Plateaus in the central part of the province within the Interior System are
found flat lying Tertiary lava flows. Well yields up to 1.6 L/s can be obtained from these lava in some
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areas while a yield of 11 L/s has been recorded in one well (Figure 8.9, Table 8.2, Site No. 12).
However, to date there has only been limited exploration for, or exploitation of, groundwater in the
Tertiary volcanic lava flows.
Dissected into these plateaus is an area called the Fraser Basin. This basin has considerable
groundwater potential (Figure 8.9, Table 8.2, Site Nos. 13 to 17). At Fort St. James for example, a high
capacity well was completed at a depth of 100 m. When initially completed this well had a free flow of
265 L/s, while at Vanderhoof a well 183 m deep free flows at 69.4 L/s. Transmissivity of the aquifer has
been recorded at 1.4 x 10-2 m2/s at Vanderhoof.
Within the Alberta Plateau area in the northeast part of the province well yields are commonly reported
to range between 0.4 L/s and 0.8 L/s in both bedrock and surficial deposits. One well has a reported
yield of over 7.6 L/s. Buried valleys with sand and gravel deposits locally form limited aquifers.
Outside of these major developed aquifer zones the groundwater potential is in many areas largely
unknown and this is reflected in the minor coverage which is given to several of the groundwater
regions and sub-regions in Chapters 9, 10 and 11.

Figure 8.9 Important aquifers in British Columbia.
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GROUNDWATER RESOURCES OF BRITISH COLUMBIA

CHAPTER 9
GROUNDWATER RESOURCES OF THE BASINS, LOWLANDS AND PLAINS
9.1 COASTAL BASINS, LOWLANDS AND PLAINS
9.1.1 Fraser Lowland
by
Allan Dakin
Acknowledgement: Much of this section has been adapted from Halstead, 1986.
GENERAL SETTING
Topography
The southwest corner of the Pacific coast mainland of Canada and the adjoining northwest corner of the continental United States
are commonly referred to as the Fraser Lowland (see inset on Figure 8.3). This triangular area extends from Hope westward to the
Strait of Georgia, a distance of about 105 km. It has relatively low relief and is bounded on the north by the Coast Mountains, on
the southeast by the Cascade and Chuckanut Mountains and on the west by the Strait of Georgia. The lowland covers an area of
about 2600 km2.
The Fraser River flows over Fraser Lowland sediments, which were deposited into a bedrock valley averaging 5 km wide and up
to 300 m deep during the late glacial and postglacial period. This river ends in a growing delta, 31 km long and 24 km wide. North
and south of the Fraser River, the Fraser Lowland consists mainly of gently rolling and flat-topped uplands, with elevation less
than 175 m and separated by wide flat-bottomed valleys. The area of these uplands range from small (3 km2) up to quite
extensive (400 km2).
In addition to the valley occupied by the present Fraser River, there are two other major flat-bottomed valleys which dissect the
upland areas of the Fraser Lowland. They are the Nicomekl and Sumas River valleys, with bottom elevations ranging from up to
100 m, both of which were once arms of the sea during the period 13,000 to 11,000 years B.P. (before present) (Armstrong,
1981). The Nicomekl Valley is more than 30 km long and 5 km wide and stretches from Boundary Bay northeast to the Fraser
River. The Sumas Valley also averages 5 km in width and, in Canada, extends northeast 25 km from the United States border
towards the Fraser River.
Surface Drainage
Most of the lowland is drained from east to west by the Fraser River into the Strait of Georgia. Estimated mean annual flow at the
mouth of the Fraser River is 3,700 m3/s with about 80% of the annual runoff occurring between May 1 and July 16 each, the
annual freshet period. Mean monthly flow ranges from about 483 m3/s (17,000 cfs) in March to 10,800 m3/s (380,000 cfs) in June.
The flow at Hope is about 75% of that at the mouth. Hydraulic gradients range from about 1m/km (metres per kilometre) at Hope
to about 0.1 m/km near the mouth. A tidal influence extends up to about Sumas, some 72 kilometres inland.
A number of tributary rivers and creeks originate in the adjacent Coast and Cascade Ranges. The larger rivers include the
Coquitlam, Alouette, Pitt, Stave, Harrison and Chilliwack Rivers, all of which drain through large lakes (see Figure 9.1). Smaller
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drainages into the Fraser River on its north side is through Silverdale, Whonock, Norrish and Kanaka Creeks and on the south
side through Sumas and Salmon Rivers and Nathan Creek.
There are, however, some creeks that do not drain into the Fraser River. The Nicomekl-Serpentine system and tributaries, as well
as the Campbell River, discharge into the Strait of Georgia at Semiahmoo Bay. Fishtrap and Bertrand Creeks drain south across
the International Border and into the Nooksack drainage system in Washington State. The lower reaches of all of these smaller
creeks are effluent streams, receiving groundwater discharge which maintains up to 100% of the flow during the drier summer
months.
Climate and Groundwater Recharge
The Fraser Lowland can generally be characterized as having warm, wet winters and relatively cool dry summers. During winter, a
fairly steady succession of low pressure systems moving eastward from the Pacific Ocean produces cloudy, rainy conditions,
whereas the summers have frequent long periods of sunny weather as high pressure cells extend over the coast. Temperatures
are warm and rainfall is low. Soil moisture deficiencies frequently develop, and irrigation is required on some soils to maintain
good agricultural production.

Figure 9.1 Map of Fraser Lowland Showing Significant Hydrogeological Features.
Since precipitation is the principle source of groundwater, its range and patterns are significant factors to be considered when
assessing aquifer yields. There are over 30 climate stations in the Fraser Valley, some of which have been in operation for more
than 50 years. There is a significant increase (over double) in total annual precipitation, as one moves from south to north and
from west to east, which are attributed to orographic effects of the nearby Coast and Cascade Mountains. Histograms in Figure
9.2 show the average monthly and the average annual precipitation for the 30 year period 1950 to 1981 at a few selected stations
in the valley.
About 75% of the annual precipitation occurs between October and March, when evaporation and evapotranspiration are minimal;
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hence it is only during this period that there is potential for rain water to percolate into the soils, and eventually to recharge or
replenish the aquifers. The effect of the recharge is illustrated in Figure 9.3, which shows a plot of groundwater levels in a
observation well (unpumped) in the north Langley area during the period 1971 to mid-1988. When the monthly water levels, as
shown in Graph 4 of Figure 9.3, are compared with monthly total Langley precipitation data (Graph 1 of Figure 9.3), it can be seen
that the water levels are affected by the amount of winter precipitation.
Variation in total annual precipitation is also significant, especially when there are many successive years of less than normal
precipitation. This effect is seen when comparing the two graphs for 1976 to 1980, i.e., a downward slope on the cumulative
deviation graph (Graph C of Figure 9.3), and for groundwater levels. The reverse is seen when successively wet years occur, such
as 1981 to 1982.
During dry years, it is not uncommon for recharge to the groundwater table to be insufficient to sustain yields in the shallower dug
wells, and hence deepening of wells is required to intercept the declining water table.

Figure 9.2 Precipitation and Temperature Trends in the Fraser Valley
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Figure 9.3 Hydrograph of Water Levels in Salmon River Aquifer, Showing Dependence Upon Precipitation Bedrock Geology
GEOLOGY
The geologic setting of the Fraser Lowland is that of a major structural trough which has subsided repeatedly since late
Cretaceous time (Mathews, 1972). This trough has been gradually filled, during the Quaternary period, the glacioclimatic episode
of the last 1.8 million years. First it was filled with sediment brought by rivers from denudation of the adjacent mountains, and more
recently with sediments of marine, fluvial and glacial origin. The shallower (i.e., less than 100 m deep) surficial deposits are the
common source of groundwater in the valley, but in some locations bedrock may also serve as an aquifer for providing a
dependable water supply.
Bedrock Geology
The Coast and Cascade Mountains that form the boundaries of the Fraser Lowland are major mountain systems that have existed
since Upper Cretaceous time, about 65 to 80 million years ago. The geological record for this area indicates that about 300 million
years ago, prior to the mountain-building episode, volcanic and sedimentary strata were subjected to the intrusion of magmatic
material which on cooling resulted in formation of coarse-textured crystalline igneous rocks, referred to as granitic rocks. They
make up 70% to 90% of the Coast Mountains and 30% to 40% of the Cascade Mountains (Roddick, 1965) and provide many local
aquifers with limited supplies.
Following the mountain building episode, the uplifted land masses were subjected to weathering. Streams and rivers carried the
weathered materials, namely clay, silt, sand, gravel organic material to the adjacent seas. These materials are now exposed as
shales, siltstones, sandstones and conglomerates along the flanks of the mountain and are found in drillholes that reach depths of
more than 300 m in the Fraser Lowland. They generally do not constitute favourable water bearing units.
Surficial Geology
The Fraser Lowland is underlain by Quaternary deposits up to 300 m thick, with bedrock hills projecting through the Quaternary
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covering at a few localities, such as Sumas Mountain (Armstrong, 1977). These sediments provide the physical framework which
controls the configuration and character of the groundwater flow system sin the Fraser Lowland.
Surface distribution of the Quarternary deposits in the Fraser Lowland is shown in Figure 9.1 and the stratigraphic record indicates
that the lowland was repeatedly invaded by glaciers from the adjacent high mountains during the last ice age (Pleistocene Epoch).
A complex sequence of low permeability tills were deposited by overriding ice followed by more permeable sediments being laid
down and by fluvial, marine and mass-wasting processes during nonglacial intervals, each successive advance and retreat of the
ice causing significant to partial erosion of the older sediments. As a result of these processes, the Quaternary deposits in the
Fraser Lowland and consist of several drift advances separated by unconformities and by nonglacial deposits (Clague and
Luternauer, 1982).
Each major glaciation was accompanied by a depression of the land surface and relative changes in sea level of up to 200 m. As
a consequence, low lying land areas were repeatedly inundated by the sea, with consequent deposition of marine, glaciomarine
and deltaic sediments.
The early Quaternary history of the Fraser Lowland is little known, except for records of deep drillholes which indicate thick marine
sequences underlying large parts of the lowland. The late Quaternary stratigraphic units, revealed in surface exposures, have
been divided into the nine mappable units shown in Table 9.1.

HYDROSTRATIGRAPHIC UNITS
Halstead (1986) has grouped these sediments into six units of significance to groundwater, either acting as barriers to flow or as
units that readily transmit groundwater. These hydrostratigraphic units are described on Table 9.1 and are indicated on the
hydrogeologic profile shown on Figure 9.4. A brief description of each unit, starting with the youngest follows:
Hydrostratigraphic Unit A
Hydrostratigraphic Unit A includes clay, stoney clay and silty clays, with varying stone content, as well as silty lenses, sandy silts
and in some places marine shells. In outcrop, this unit has a characteristic buff colour and a weathered stony clay with blocky
structure. This material was mainly derived from ice sheets ending in the sea during the overall retreat of the last major Fraser
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Lowland ice. Thin layers of low permeability, postglacial materials, such as peat and floodplain deposits, which typically overlie the
stony clays are included in this unit.
Unit A is present at or near ground surface, throughout the central part of the Lower Fraser Valley, with the exception of areas
where it is overlain by Unit C, which consist of permeable, glaciofluvial ice-contact deposits, glaciofluvial deltas and occasional thin
patches of till; all of which was left upon retreat of a final resurgence of glacier ice in the Fraser Lowland. Unit A is commonly less
than 30 m thick and includes the Capilano sediments and Fort Langley formations, listed on Table 9.1. Typically, at or near its
base, there is a sand layer with thin lenses of till, which often is sufficiently permeable to yield water sufficient only for domestic
use. Water analyses indicate that total dissolved solids are generally less than 120 mg/L, and pH ranges from 6 to 8.
Hydrostratigraphic Unit B
This unit is of glaciomarine origin and consists of stony clay with shells. Based on a review of driller's logs, the stone content as
well as the clay content appears to be greater than in Unit A. It is a unit of low permeability generally forming an aquiclude and is
found in the Langley Upland east of Abbotsford, as well as in the valley of the Nicomekl and Serpentine Rivers. In a deep test hole
near Aldergrove (see hole No. 10 on Figure 9.4), about 56 m of Unit B was penetrated (Halstead, 1964), while deep test holes in
the Milner and Fort Langley areas penetrated as much as 90 m of this material. Well yields from Unit B are generally less than 0.2
L/s and water quality is poor.
Hydrostratigraphic Unit C
Hydrostratigraphic Unit C consists mainly of glaciofluvial sand and gravel, deposited by meltwater streams. Where the streams
emptied into the sea, deltas were built up. With isostatic rebound of the land during and following deglaciation, these deltas are
now elevated above sea level and cover large parts of Townships 7, 10 and 11 (see Figure 9.2). This unit generally overlies Unit
B, and occasionally Unit A.
As is discussed in the following sections, all major aquifers are located in this unit. For example, a large raised delta, located south
of Langley forms the Langley Aquifer, and former meltwater streams that issued from stagnant melting ice masses in the vicinity of
Sumas Mountain have built up a plain of very permeable sand and gravel south of Abbotsford (the Abbotsford Aquifer). Discharge
of groundwater by springs is commonly observed along the edges of the deltas and is responsible for maintaining perennial flows
in many streams, such as Anderson, Fishtrap and Chilliwack Creeks (see Figures 9.5, 9.6 and 9.7, respectively).
Yields from wells developed in these aquifers range up to 153 L/s. This unit is the groundwater source for all of the municipal fish
hatchery and irrigation wells listed on Tables 9.3 and 9.4.
Water quality in Unit C is excellent; with total dissolved solids typically less than 200 mg/L and pH ranging from 6.5 to 7.5.
Hydrostratigraphic Unit D
Hydrostratigraphic Unit D includes a range of coarse to fine sediments, commonly referred to as till or diamictons, the components
of which are brought together by a wide variety of glacial processes. The advancing glaciers moved southward down valleys within
the Coast Mountains and overrode a landscape that had previously been fashioned by subaerial processes, especially river and
stream action. Plenty of loose material was available for pickup and transport beneath and within the ice masses. Upon
disappearance of the ice, tills consisting of heterogeneous mixtures of clay, silt, sand, gravel and boulders of varied shape and
size were left.
Although the tills represent repeated invasions by glaciers in the lowland, all are included in Hydrostratigraphic Unit D.
Till has been found as deep as 90 m below sea level in the Nicomekl and Serpentine Valleys, and is representative of a
penultimate glaciation. The rest of the (shallower) tills shown on Figure 9.4 are related to the last or Fraser glaciation, 11,000 to
26,000 year B.P. (Armstrong, 1981).
These tills are not continuous across the valleys in the Fraser Lowland, but do underly the uplands at an elevation of between plus
and minus 15 m relative to present sea level. A multi-till sequence of till-outwash-till underlies the front of the Langley Upland, and
is interpreted as the deposits of a single glacier rather than an evidence of multiple glaciation. Tills were encountered in a deep
test hole near Aldergrove, with a base elevation of 12 m and a thickness of 13 m (Hole No. 10 and Figure 9.4).
Tills and till complexes of this Hydrostratigraphic Unit constitute significant confined aquifer systems with water quality
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characteristically of the sodium-bicarbonate type, with total dissolved solids less than 500 mg/L. Because ample supplies of good
quality groundwater (for households) are available in the upper Units A and C, within the top 90 m of drilling, test holes have rarely
been continued to depths where these deeper and older tills are found.
Hydrostratigraphic Unit E
All the materials included in Units A to D were deposited by processes related to retreating ice masses and sea level changes
brought about by glacioclimatic events accompanying the Fraser Glaciation. Unit E comprises older materials, mostly marine
sediments interbedded with estuarine and fluvial deposits consisting of fine sand, silt and clayey silts. All drillholes that penetrate
to depths of more than 90 m have encountered these materials. Typically, groundwater flow in this Unit has a long residence time
and hence water quality is poor.
Hydrostratigraphic Unit F
Unit F consists of bedrock. Within the Fraser Lowland bedrock is usually found at depth greater than 300 m, but evidence of
bedrock "highs" have been detected in some areas of townships 10, 14 and 16 (see Figure 9.1). Fractured bedrock is the source
of groundwater for areas north of the Fraser River sediments in Townships 12 and 15 as well as in upland areas such as
Chilliwack, Sumas and Vedder Mountains. Individual well yields rarely exceed 1 L/s.

Figure 9.4 West to East Hydrogeologic Profile Through Fraser Valley.
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Figure 9.5 Plan, Section, Water Balance and Water Level Trends in Langley Aquifer (No. II)
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Figure 9.6 Plan, Section and Hydrographs of Wells in Abbotsford Aquifer.
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Figure 9.7 Plan, Section and Hydrographs of a Well in Vedder Aquifer.
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Table 9.2
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Table 9.3
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Table 9.4

Table 9.5
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GROUNDWATER SOURCES
Availability of Data on Groundwater
The Groundwater Section of B.C. Environment estimates that there are records of over 10,000 wells having been drilled in the
Lower Fraser Valley.
The National Hydrology Research Institute (NHRI) recently published a paper on the groundwater supply in the Fraser Lowland
(Halstead, 1986). This paper deals with the area extending from Agassiz and westwards up to the Strait of Georgia. A series of
maps and diagrams illustrate the locations and stratigraphy of selected wells for townships 1, 7, 8, 9 (part only), 13, 14 and 16. In
addition, there are many unpublished reports prepared by consulting hydrogeologists, engineers and government hydrogeologists
(a partial list is included in the references).
In 1987, water levels were being monitored, using either chart recorders or by manual measurements, in about 18 unpumped
wells in the Fraser Valley. Locations of some of these are shown on Figure 9.1.
Plots of these water level data (called hydrographs) are vital for assessing precipitation/rainfall recharge relationships and the
effects of groundwater usage in a particular aquifer (see examples in Figures 9.3 and 9.5 to 9.7).
Inorganic water chemistry data has been collected on an intermittent basis by NHRI, B.C. Environment and Ministry of Health
personnel and by many private citizens and their consultants, and some of this has been entered into a computer data base
operated by B.C. Environment. Liebscher (1979) prepared preliminary generalized hydrogeochemical maps of the western portion
of the Lower Fraser Valley.
Significant Aquifers
The probable areal extent of thirteen significant aquifers with good water quality, in the Lower Fraser Valley are shown in Figure
9.1. There are a number of aquifers that could sustain high yield wells but, because of poor water quality, usually associated with
high dissolved iron, manganese or chloride, they have not been developed. All thirteen aquifers are capable of sustaining yields of
at least 80 L/s to wells in one or more zones, within the aquifer. They are mostly located in Hydrostratigraphic Unit C, with the rest
in recent river deposits included in Unit A. Approximate data on these aquifers is summarized in Table 9.2 and the following is a
brief description of salient features of each aquifer.
White Rock Sunnyside Aquifer (Aquifer I in TP 1)
This is a thin (10 m thick) areally extensive aquifer that consists of sand and gravel with lenses of till. White Rock Utilities Ltd. have
five wells in this confined aquifer, producing yields of between 28 and 63 L/s (see Table 9.3). These wells are located on the
Sunnyside Upland and all but one is deeper than 100 m, and have static water levels a few metres above sea level. Northeast of
the upland, the aquifer is confined with a high hydrostatic pressure and a number of wells reported to have free flows up to 30 L/s.
Halstead (1986) estimated that prior to 1972, the average annual aquifer yield was four million cubic metes (M m3/yr). However,
the ultimate yield and areal extent of the aquifer unknown.
Langley Aquifer (Aquifer II in TP 7)
This aquifer occupies a raised delta, located in the northwest corner of the Township No. 7 and consists of semi confined and
unconfined sands and gravels (Unit C). It extends over an area of about 25 km2, and has an average thickness of about 30 m. A
plan and section through this aquifer is illustrated in Figure 9.6. Recharge comes from direct precipitation and exfiltration from
Anderson and Campbell Creeks. It has been estimated that the potential average annual recharge to this aquifer is 430 L/s (14M
m3 yr) (Piteau Associates, 1983a).
The Corporation of the Township of Langley has nine production wells in the aquifer (see Table 9.2). Average yield in 1987, from
the wells, was about 40 L/s or 1.3M m3/yr. Irrigation for a large forest nursery, many small trailer parks and about 2,000 domestic
wells increases the total aquifer withdrawal by about 1.7M m3/yr for a total of 3M m3/yr. This represents about 14% of the average
annual recharge (see Table on Fig. 9.5).
Salmon River Aquifer (Aquifer III)
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There are a number of aquifers in Townships 10 and 11 and in the northwest and southwest corners of Townships 13 and 14,
respectively. Groundwater flow directions in these aquifers are quite varied and it is possible that many of these confined and
unconfined aquifers are likely interconnected. However, for sake of simplicity, they have been somewhat arbitrarily designated as
the Fort Langley, Salmon River, and Aldergrove Aquifers.
The Salmon River Aquifer covers an area of about 40 km2 and generally occupies the ridges extending between small creeks.
Groundwater flow in the aquifer is towards discharge areas in the upper Nicomekl River Valley, many tributaries of the Salmon
and Beaver Rivers and Natham Creek. Well yields are very variable and depend on many factors, such as boundaries, sources of
recharge etc. Local perched water table aquifers are present in many areas, about the Salmon River Aquifer.
Soon after a number of high capacity irrigation wells (up to 125 L/s) started pumping the Sperling area of North Central Langley,
the water level in the aquifer started to drop quite significantly and piezometric levels have continued to decline ever since. This
effect is illustrated by B.C. Environment monitoring well No. 10 (shown on Figure 9.3), which is located in the aquifer.
Fort Langley (Aquifer IV)
The Township of Langley operates a 20 m deep well, which penetrate sediments of a backfilled former channel of the Fraser
River. This unconfined aquifer is located south of Fort Langley and has an arcuate shape. The well yields about 126 L/s, and is in
a zone that is well flushed by exfiltration from the Salmon River, and hence has good quality water. In contrast to this, a well in a
less flushed portion of the same aquifer had the same potential yield but, because of a high dissolved iron concentration, the water
was undrinkable (Dakin and Holmes, 1987).
Aldergrove (Aquifer V)
This is a thin, mostly confined aquifer, positioned between the Salmon River and Abbotsford Aquifers, in the west central area of
Township 13 (see Figure 9.1). The degree of hydraulic connection between all three aquifers is not well known, but is likely well
connected to the Abbotsford Aquifer. The Township of Langley have four production wells in the aquifer that pump an average of
about 4 M m3/yr.
Abbotsford (Aquifer VI)
The Abbotsford Upland, encompassing a broad area of 48 km2, is situated southwest of Abbotsford (TP's 13 and 16) and is
underlain by a succession of glaciofluvial sand and gravel deposits which constitute a major aquifer (Kohut, 1987). This aquifer
extends from Sumas Mountains southwestwards and into the State of Washington (Figure 9.6) and groundwater outflow from this
portion of the aquifer feeds into the Nooksack River system (State of Washington, 1960).
The outwash sediments are highly stratified and often interspersed with minor till and silty lenses. The base of the aquifer has not
been fully explored, but is known to be at least 70 m thick. Profiles through the aquifer are shown on Figures 9.4 and 9.6.
Groundwater flows in all directions with significant discharge to the west and east. The easterly discharge was formerly via a
series of large springs that flowed into Lonzo Creek. Prior to development of high yield wells in this aquifer, the total spring
discharge was estimated at 263 L/s or 8.3M m3/yr (Halstead, 1986). Kohut (1987) estimated that the average annual groundwater
recharge to the aquifer was equivalent to at least 37% of the average annual precipitation and that the recharge was about 26.8M
m3 (or 850 L/s). Groundwater extraction has been centred in the southeast corner of the upland where the four wells of the Fraser
Valley Trout Hatchery abstract about 4M m3 per year (see Table 9.4) and the District of Abbotsford wells used to pump about
3.7M m3/yr and accounted for more than 60% of the total aquifer withdrawals.
The total quantity of water in 1985 from all wells tapping the aquifer was estimated at 12M m3/yr (Kohut, 1987). An approximate
breakdown is industrial (41%), municipal (34%), irrigation (21%) and domestic (4%).
Groundwater level monitoring at a number of places in the Aquifer has not detected any persistent groundwater level decline (see
hydrographs on Fig. 9.6).
Vedder (Aquifer VII)
Chilliwack River enters the Fraser Valley beneath the community of Vedder Crossing on TP 26. At this location, the aquifer
consists of a very permeable sandy, gravel fan deposit which is thickest at an apex near the bridge and thins out towards the north
and west of the village (Figure 9.7). As with the Langley Aquifer, recharge comes both from infiltration of precipitation and leakage
from the perched bed of the Vedder River (see Sections on Figure 9.7). The estimated total recharge is about 15M m3/yr and total
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abstraction is about 8M m3/yr.
Two of the 30 m deep wells in the area, owned by the District of Chilliwack, have proven safe yields that each exceed 200 L/s.
Water quality is very good and water temperatures vary significantly throughout the year, confirming the relatively fast rate of
movement through the aquifer.
Rosedale (Aquifer VIII)
The areally extensive river channel deposits and possibly some of the underlying glaciofluvial sediments form good aquifers in the
areas east and north of Rosedale. A rapid flattening of the hydraulic gradient in the former Fraser River channels has resulted in
deposition of coarse sand and gravel alluvium. In areas where subsequent groundwater flushing has prevented a buildup of
dissolved iron the sediments, high yielding wells (> 50 L/s) can be developed to produce potable water. However, south and west
of Rosedale, where organic content in the aquifer is higher and where flushing rates are low, the groundwater is typically has a
high dissolved iron content, and is generally not potable. To date, this aquifer has not been extensively developed.
Chawuthen and Flood (Aquifers VIX)
Good well yields (> 25 L/s) can be expected in these two gravelly sand aquifers which have not yet been extensively developed.
Upper Chilliwack Artesian (Aquifer X)
This a deep (150 m) confined sandy, gravel aquifer that probably extends for many kilometres up the Chilliwack River valley, from
its confluence with Slesse Creek. The Chilliwack Salmon Hatchery well field has three artesian wells; free flow is about 30 L/s and
pumped yields from two of the wells are greater than 120 L/s (PAEL, 1985). The full extent of this aquifer has never been
explored.
Chehalis, Alouette and Norrish Creek (Aquifers XI, XII, XIII)
These are all relatively thin, very permeable sand and gravel water table aquifers, that are almost directly connected to a nearby
creek or river source. Hatchery well fields have been developed in all three aquifers. See locations on Figure 9.1 and summary of
data on Chehalis, Alouette and Inches Creeks (in Norrish Aquifer) hatcheries on Table 9.4.
GROUNDWATER QUALITY
Groundwater in water table aquifers of the Fraser Lowland are commonly of calcium bicarbonate type, with a total dissolved solids
content less than 200 mg/L. The pH of groundwater is commonly low, resulting in corrosive properties. Groundwater in the
confined intermediate flow systems, has a total dissolved solids concentration ranging from 150 to 500 mg/L, and is mainly of a
sodium and bicarbonate type water. Sodium chloride type water, with total dissolved solids greater than 1000 mg/L, are found in
the discharge areas of deeper regional groundwater flow systems, where residence times may be several hundred years and
groundwater movement is slow. For example, many deep wells in the Nicomekl Valley have chloride concentrations exceeding
800 mg/L (Halstead, 1978).
Iron and manganese are the most troublesome water quality parameters in the Fraser Lowland and are prevalent in many of the
water table aquifer. This is particularly common in areas where organic matter is deposited in the aquifer sediments or recharge
areas, and where groundwater movement is slow.
It is not uncommon to find good quality water in the middle or below less well flushed zones containing high concentrations of
chloride or dissolved iron. Aquifer contamination has occurred in the Fraser Lowland, but in most cases a point source, such as a
manure stockpile, a nearby landfill or seepage from buried fuel tanks, can be identified. A build up of nitrate concentrations has
been identified in the Abbotsford Aquifer (Kwong, 1986) and the Langley Aquifer (PAEL, 1983). Nitrogen sources appear to be a
combination of agricultural waste spreading and septic tanks.
GROUNDWATER TEMPERATURE
Groundwater temperatures are generally very close to the average annual air temperature in the recharge areas. Anomalous
zones have been identified in only two areas: a deep sluggish aquifer, located northeast of Langely (Area A1 on Figure 1) and an
elongated Bedrock Zone (A2) extending from the Harrison River mouth, northwards to Harrison Hotsprings (Nevin, et al 1985).
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GROUNDWATER USAGE
The estimated total volume of groundwater abstracted in 1987 from aquifers in the Fraser Valley is 4M m3, which is an increase of
about 26% over the 32 million m3 volume estimated for 1981 (Halstead, 1986). Most of the increased usage was for fish
hatcheries. Usage is conveniently discussed under the following categories:
Municipal
There are four organizations supplying large quantities of groundwater through municipal water distribution systems. These are
District of Chilliwack, Town of Hope, Corporation of the Township of Langley, and White Rock Utilities Ltd. The Dewdney/Alouette
Regional District and District of Matsqui have a number of capacity wells, but use them only as a backup source for a surface
water supply coming from Norrish Creek.
Estimated annual municipal consumption in 1987 was 15.2M m3. This compares with an estimated 16.6M m3 consumed in 1981
(Halstead, 1986). This small decrease is mainly due to the Districts of Abbotsford and Mission switching to a surface water source.
Domestic Wells
There are an estimated 10,000 domestic wells in the valley and, assuming an average per well consumption of 1.4 m3/day
throughout the year, the total annual domestic usage is estimated at about 5.1M m3.
Industrial
Industrial usage includes forest nurseries, dairies, gravel pit operations and industries located in isolated areas away from
municipal water sources. The estimated annual consumption is 1.6M m3.
Hatcheries
There are five major fish hatcheries located in the valley using an estimated 14.3M m3 of groundwater. In addition, there are a
dozen or more small private hatcheries and small trout rearing operations that use warm groundwater during the late winter for fish
rearing. A summary of data on larger hatcheries is given on Table 9.4.
Irrigation
A number of berry farmers use high capacity wells for irrigation during the summer months. There are no accurate records for this
water usage, but it is not expected to exceed 5M m3/yr (Halstead, 1981).
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GROUNDWATER RESOURCES OF BRITISH COLUMBIA

9.1.2 Nanaimo and Georgia Lowlands
by
K. Ronneseth, W. Hodge, and A. P. Kohut.
PHYSIOGRAPHIC SETTING
The Georgia Depression (Figure 9.8) is partly submerged beneath the Strait of
Georgia and Puget Sound, and includes the Georgia Lowland along the mainland
coast and the Nanaimo Lowland along the east and south coast of Vancouver
Island (Holland, 1964).
The Georgia Lowland south of Sayward includes parts of numerous islands as far
south as the Malispina Peninsula south of Powell River. From there southeastward
a narrow strip of land 3 to 16 km wide together with a few offshore islands constitute
the Lowland. The lowlands rise eastward merging with the Coast Mountain Range.
High areas between Sayward and Menzies Bay, and on Quadra and Texada
Islands, rise as monadnocks above the prevailing lowland surface (Holland, 1964).
The Nanaimo Lowland is a strip of low lying country, below 600 metres elevation,
which extends for 280 km along the east coast of Vancouver Island from Sayward
on Johnstone Strait to Jordan River west of Victoria. The Lowland is flanked on its
western side above the 600 metre contour line by the Vancouver Island Ranges
and reaches its maximum width of 32 km between Galiano Island and Shawnigan
Lake (Holland, 1964). (Note: The Gulf Islands adjacent to Vancouver Island, though
part of the lowland, are discussed separately in Section 9.1.3).
The major geomorphic features of the study area are the result of structural,
erosional and depositional processes. Folding and faulting of the bedrock, erosion
and repeated glaciation, isostatic and eustatic changes of sea level have all
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contributed to the physiographic features of the Georgia and Nanaimo Lowlands.

Figure 9.8 Physiographic setting, Nanaimo and Georgia Lowlands.
The climatic uniqueness of this region enhances the importance of groundwater as
a source of freshwater supply. Kerr in 1951-52 divided the Georgia Depression into
three climatic regions (Figure 9.9); the Cool Mediterranean, the Transitional (the
most extensive) and the Maritime (or West Coast Marine). Cyclonic storms are
responsible for the majority of the precipitation in the area with winter months
usually being the wettest. An increase in high pressure systems in the summer in
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conjunction with the rain shadow effect caused by the mountains of the Olympic
Peninsula and Vancouver Island result in less measureable precipitation.
Precipitation increases both northwestward in the Georgia Basin away from the
influence of the Olympic rain shadow and southwestward or northeastward from the
centre axis of the Georgia Strait. Mean annual precipitation ranges from 50 to 250
cm in the region. Conversely, evapotranspiration and irrigation requirements tend to
decrease from south to north in the Georgia Basin and away from the central axis of
the Georgia Strait. Based on the Thornthwaite classification there can be a moisture
surplus of 40 - 160 cm in winter but a moisture deficit of 5 - 20 cm in summer. This
lack of precipitation in the summer season is the prime factor for many water
deficiency related problems encountered in the Georgia and Nanaimo Lowlands.
Stream erosion under moist temperature climatic conditions has been the dominant
process in developing British Columbia landforms (Holland, 1964), especially during
the recent past when the relief was greatly increased through the uplift of the land.
Rivers within the study area, especially those on Vancouver Island, show a
seasonal pattern that suggests that they are predominately rain fed, the discharge
being much higher in the fall and winter months than in the summer when the
rainfall is modest. Baseflow is usually experienced in late summer and early fall.
The water temperature of the rivers found in the area vary widely throughout the
year. Turbidity is considered low with the exception of flood times. These variations
(discharge, temperature and turbidity) limited the uses of river water as a supply
source.
Groundwater supplies in the region often have the advantage of consistant year
round availability, low temperature variation and low turbidity. Rivers can either
augment groundwater supplies or be augmented by groundwater. One example is
in the lower reaches of the Cowichan River near Duncan. The abnormally high base
flow conditions of Nile Creek for example are believed to be the result of
groundwater discharge (pers. comm. J. S. Mattison, Ministry of Environment, 1984).
At present all major and most minor sources of surface water in coastal areas are
licensed to their full capacity. Any additional sources of fresh water supplies must
come from distant inland lakes, damming of more streams and rivers or from
underdeveloped or unused groundwater aquifers.
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Figure 9.9 Climatic regions, Nanaimo and Georgia Lowlands.
GEOLOGY
Glacial and Surficial Geology
In British Columbia the second most important agent of erosion has been glacial ice
(Holland, 1964). "Glaciation within the Georgia Depression was intense. Ice pouring
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westward from the Coast Mountains and eastward from the Vancouver Island
Ranges coalesced in the strait to form a composite glacier which flowed
southeastward and southward, and escaped to the sea westward through Juan de
Fuca Strait. The depression in part is of structural origin, but in part was over
deepened by ice erosion. Low lying rock surfaces were stripped by weathered
materials and were shaped, while elsewhere glacial materials were deposited as
ground moraines, or as outwash of which Herrando, Savory and Harwood Islands
are remnants" (Holland, 1964).
Most of the unconsolidated materials found in the study area may be attributed to
the regimen and wasting of glacial ice during the Late Pleistocene. Though some of
the unconsolidated deposits are the result of older glacial (Dashwood Drift) and
interglacial (Mapleguard and Cowichan Head Sediments) activity, the majority of the
deposits are from the Fraser Glaciation. The Fraser Glaciation probably represents
the same geologic-climatic time period as the Classical Late Wisconsin Glaciation
of the mid-continent region (Alley and Chatwin, 1979).
The unconsolidated deposits of Pleistocene and Holocene age, comprised of
marine, fluvial and glacial materials are quite extensive and locally may exceed 100
metres in thickness. Elsewhere these unconsolidated deposits are found to be thin
or absent with bedrock being widely exposed.
A stratigraphic framework of unconsolidated sediments and a chronology of Late
Pleistocene and Holocene environments in the study area is shown in Figure 9.10.
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Figure 9.10 Chronology of Holocene and Late Pleistocene environments and
stratigraphic framework, Nanaimo and Georgia Lowlands.
BEDROCK GEOLOGY
Geologically the study area is situated between the St. Elias Insular Belt on the
west and the Coast and Cascade Belt on the east. These belts form the two
western most tectonic regions of the Canadian Cordillera.
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The different bedrock geology on either side of the Strait of Georgia suggests that
the strait between the two areas lies over a boundary between two structural
regions. The Strait of Georgia and Johnston Strait essentially follow the contact
between the granitic rocks of the coast intrusions of Jurassic age and older rocks of
the Vancouver Group and other assemblages which lie to the west (Figure 9.11).

Figure 9.11 Generalized geology, Nanaimo and Georgia Lowlands.
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The Georgia Lowland (Holland, 1964) is underlain by granitic rocks as well as by
inliers of older formations. Accordant summits represent remnants of a dissected
late Tertiary erosion surface, which is warped and rises gradually eastward from the
Georgia Strait until it is sufficiently high in the Coast Mountains to be completely
dissected and destroyed. Below the 600 meter contour in the Georgia Lowland
remnants are more extensive and are to be seen as gently sloping upland surfaces.
The Georgia Lowland contains Paleozoic rocks (granitic rocks associated with the
Coast Plutonic Complex which range in age from the Paleozoic Era up to the Early
Tertiary Period of the Cenozoic Era); Upper Paleozoic rocks (consisting of
sedimentary and basaltic rocks); Lower Mesozoic rocks (consisting of volcanic and
sedimentary rocks); Middle Mesozoic (consisting of volcanic and sedimentary
rocks); and Upper Mesozoic rocks (consisting of volcanic and sedimentary rocks).
The Insular Belt which includes the Nanaimo Lowlands, contains a Middle
Paleozoic and a Jurassic volcanic-plutonic complex, both apparently underlain by
gneiss-migmatite terrains and overlain respectively by Permo-Pennsylvanian and
Crestaceous clastic sedimentary rocks. A thick shield of Upper Traissic basalt,
overlain by carbonate-clastic sedimentary rocks separates these two complexes in
space and time. Post orogenic Tertiary clastic sedimentary rocks fringe the west
coast of Vancouver Island. The Pacific Belt on the western and southern rim of
Vancouver Island contains in its inner (eastern) part an assemblage of Late
Jurassic to Cretaceous slope and trench deposits, deformed to melange and schist,
and an outer part of Eocene oceanic basalt and subjacent basic crystalline rock.
The major rock type found in the Nanaimo Lowlands are the Upper Cretaceous
carbonate-clastic sediments of the Nanaimo Group. They consist of upward fining
sequences of conglomerate, sandstone, shale and coal of non-marine or near
deltaic origin, succeeded by marine sandstone, shale and thin bedded, graded
shale-siltstone sequences (Muller and Jeletzky, 1970).
The Nanaiamo Lowland "consists of many low cuesta-like ridges separated by
narrow valleys. The northwesterly elongation of the ridges is the result of differential
erosion of Upper Cretaceous sedimentary rocks. The ridges are underlain by hard
sandstone and conglomerate beds and the valleys are eroded in shales and softer
rocks or along fault zones. In the south between Saanich Inlet and Jordan River, the
lowland is underlain by granitic and older rocks, which are more resistant to erosion.
This fundamental difference in bedrock is reflected in somewhat greater elevations
and in different topographic forms", (Holland, 1964).
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Figure 9.12 Major sand and gravel deposits, Nanaimo and Georgia Lowlands.
GROUNDWATER POTENTIAL
Bedrock
Groundwater within the bedrock can be found in fractures, along bedding plane
partings, lithologic contacts in the inter-flow zones of lava, in the intergranular
openings of the rock, and in the case of limestone, in the channels formed by the
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dissolution of the rock by water.
The majority of bedrock wells in the Nanaimo Lowland portion of the study area are
generally completed in rocks of the Nanaimo Group, principally sandstones, shales,
coal and to a lesser extent conglomerates. The rapid accumulation of the sediments
which make up these shales, sandstones and conglomerates, accounts for their
being poorly sorted, massive and in general, lacking in highly permeable pore
spaces for the transmission of water (Halstead and Treichel, 1966). Water wells
drilled in these sediments indicate that fractures, bedding place partings and
lithologic contracts are probably the main sources of groundwater flow.
Water wells reported to be completed in sandstone generally produced higher
yields than wells completed in shales. Existing data reports wells completed in
sandstones generally yield water supplies greater than 5 litres/second.
A number of wells are reported to be completed in granitic rocks of the Island
Intrusives (found principally in the southern east coast and Saanich Peninsula
regions of Vancouver Island. Clapp (1913) reported that all intrusive rocks on
Saanich Peninsula are highly fractured and that the Saanich granodiorite has
regular and large joints and fracturing. These large, open fractures in the
granodiorite extend to depths beyond 200 metres (Al-Mooji, 1982). It is through this
network of joints and fractures that groundwater is stored and transmitted. Based on
water well log information, the yields from wells constructed in the granitic bedrock
of the Saanich Peninsula are generally low (< 1 L/s) and large capacity wells are
the exception (Zubel, 1980). In places, however, the fracturing can be so great the
rock is unfit for building purposes (Clapp, 1913). Some wells for example must be
screened the way sand is screened in unconsolidated deposits (Brown, et al.,
1976).
According to Al Mooji (1982), in the Island Intrusives of the Saanich Peninsula there
tends to be a general increase of well yields with depth, with the greatest yields
observed between 40 and 80 metres, the second highest yields reported between
80 and 140 metres and the lowest yields between 0 and 40 metres. Some wells
constructed in granitic rocks of the Saanich Peninsula and Mill Bay area are
capable of yielding sufficient supplies of groundwater for irrigation purposes. One
well on the Saanich Peninsula is reported to yield over 15 L/s. Eight other wells on
the Saanich Peninsula have been reported to yield over 3 L/s. Further studies would
be required to verify if other granitic rocks found on Vancouver Island, other Islands
and the Georgian Lowlands are of similar hydrogeologic character to the granitic
rocks founds on Saanich Peninsula where locally high sustainable withdrawal rates
maybe available.
UNCONSOLIDATED DEPOSITS
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Most of the groundwater extracted on Vancouver Island comes from aquifers within
the unconsolidated deposits which are recharged by infiltration of either
precipitation or surface water sources. The amount of water that can be extracted
by individual wells constructed in these aquifers, depends on the permeability of the
aquifer materials, the thickness and extent of the aquifer, the rate of aquifer
recharge and on well construction.
The unconsolidated deposits which are hydrogeologically the most significant in
terms of groundwater potential are primarily comprised of sand and/or gravel. The
deposits which fall into this category are discussed and listed below.
The shore, deltaic, fluvial and alluvial deposits of the Salish Sediments are
hydrogeologically significant. These deposits range up 20 metres in thickness and
3000 metres across. The glacial fluvial deposits which include hummocky, knob and
kettle, ridged, esker, terrace and pitted terrace, kame terrace, kame delta and ice
contact alluvial fan deposits of the Vashon Drift. These deposits are found resting
on the ground moraine of the Vashon Drift. Usually located within a few kilometers
of the mountain slopes, these deposits may range up to 2 km wide and 7 km long
and locally may exceed 15 metres in thickness. Lenses of sand and/or gravel are
associated with the ground moraine deposits of the Vashon Drift. Though these
deposits are potential aquifers, their location and viability must be confirmed by
drilling, which can be both expensive and time consuming.
The primary targets for groundwater development (Ronneseth, 1984a, 1984b,
1984c, 1985a, 1985b, 1986a, 1986b) from the above listed deposits, would include
the fluvial deposits near present day stream channels and deltas, the deltaic
terraces, the kame terraces and the kame deltas. The location of the major deposits
can be seen in Figure 9.12.
Additional unconsolidated deposits which are hydrogeologically significant in terms
of groundwater potential include the glaciofluvial deposits of the Quadra Sediments
(Fyles, 1963) known as the Quadra Sand (Clague, 1977). The groundwater
potential of this geologic unit merits an expanded understanding of its distribution
and origin. Overlain by glacial sediments (mainly till) of the Fraser Glaciation and
underlain by sediments of the Olympia Interglacial interval, the current theory on the
origin of Quadra Sand is summarized by Clague (1977) below:
"The sand was deposited, in part, as distal outwash aprons at successive positions
in front of and perhaps along the margins of glaciers moving from the Coast
Mountains into the Georgia Depression and Puget Lowland during Late Wisconsin
time. After deposition of the unit at a site, but before burial by ice, the sand was
dissected by meltwater and the eroded dettritus was transported farther down the
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basin to sites where aggradation continued. The sand was also eroded extensively
by glaciers during the Fraser Glaciation."
Refer to Figure 9.13 (after Clague, 1977) for inferred distribution of Quadra Sand
and the underlying Cowichan Head formation. Quadra sand was deposited in the
northern region of the study area about 29,000 years ago and in the Saanich
Peninsula region about 22,000 years ago. The extensiveness of the Quadra Sand,
its thickness and locally proven yields of 6 L/s make these deposits a primary target
for groundwater exploration. Quadra sand may be located elsewhere in the study
area. Aquifers consisting primarily of sand have been encountered but it is unknown
if these sands are of the Quadra Formation.
OBSERVATION WELLS IN THE NANAIMO AND GEORGIA LOWLANDS
B.C. Environment operates a network of approximately 145 groundwater
observation wells in British Columbia. Of this number, 33 are located within the
Georgia Depression. This number does not include 16 observation wells presently
established on the Gulf Islands.
The majority of these observation wells are 152 mm (6-inch) diameter and equipped
with Stevens type F automatic water level recorders which allow for continuous
monitoring of groundwater movement. Most of these wells have been established to
assist in the evaluation, inventory and management of the groundwater resource.
Although a few wells have water level records going back to 1966, most active wells
have been established since 1976.
Observation wells, both bedrock and surficial, show a seasonal water level
response to precipitation or show additional erratic fluctuation caused by pumping
thereby effecting the response of water levels to precipitation. A few observation
wells show a response to river stage fluctuation (Observation wells constructed
near the Nanaimo and Cowichan Rivers). Water wells that respond to precipitation
simply reflect the changes in groundwater storage. When recharge exceeds
discharge, storage increases and water levels rise. This is normally evident in wells
during the wet winter months when precipitation is greatest. The reverse is normally
true in the late summer/early fall period when precipitation is lowest.
Observation wells located on the Saanich Peninsula, Cassidy, Lantzville, Qualicum,
Coombs and Comox have shown an overall water level decline from 1984 to 1988
due mainly to the below normal annual precipitation experienced over this period.
Many of these wells recorded historic low water levels in 1987.
Depending on the vertical permeability of material in the zone of aeration and the
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depth to water table or bedrock fracturing, a time lag can exist where peak water
levels in wells lag behind precipitation periods. Kohut et al (1982) have shown a two
and three month time lag exists in some surficial wells on the Saanich Peninsula
near Victoria. A time lag also exists in bedrock wells and varies in length depending
on factors such as rock type, degree of fracturing and depth to water bearing
fracture zone.

Figure 9.13 Inferred distribution of Quadra Sand and Cowichan Head Formation in
the Georgia Depression.
http://wlapwww.gov.bc.ca/wat/gws/gwbc/C0912_Nanaimo_Georgia.html (13 of 16) [7/2/2003 12:53:24 PM]

Groundwater

GROUNDWATER USAGE
In more than l10 water well records it was reported that water yields greater than 3
L/s were possible in the Nanaimo and Georgia Lowland region. Over 25 water wells
had reported yields of greater than l0 L/s.
Municipal usage accounts for 26 water wells with yields greater than 3 L/s. Some of
the munidpalities or towns which have developed large capadty wells include:
Duncan, Nanaimo Regiona1District, Village of Qualicurn, Village of Parksville,
Village of Comox, Sunshine Coast Region and Village of Gibsons.
Water users which are isolated from municipal water supplies have developed their
own sources. Water districts, larger subdivision developments, trailer parks and
individual property owners account for most of the domestic consumption of
groundwater outside the municipalities. There are over 12,000 water wells drilled in
this region.
Industr1al usage includes forest nurseries, dairies and other farming operations,
fish hatcheries, gravel pit operations, pulp and paper mills and green houses.
Irrigation usage is confined primarily to farms and golf courses. Other users indude
parks, schools, Indian reserves, nursing homes, airports and marinas.
GROUNDWATER QUALITY
Natural groundwater quality found in unconsolidated and bedrock aquifers of the
Nanaimo and Georgia Lowlands, is generally acceptable for most uses. The groundwaters from the unconsolidated sand and/or gravel aquifers were generally found to
be of higher quality than the groundwaters from the bedrock aquifers. The quality of
the groundwaters from the granitic rocks were usually of higher quality than those
found in the shale rocks (Ronneseth, 1984a, 1984b, 1985a, 1985b, 1986).
Though the quality of the groundwater is generally considered good in this region, it
is sometimes unfit for domestic, irrigation or other purposes. Naturally occurring
chemical constituents sometimes exist at unacceptable levels. Another area of
concern is human induced pollution to groundwater. Human activity, such as the
placement of landfill sites, sometimes produces a negative impact in these same
sand and/or gravel deposits on Vancouver Island which contain productive aquifers.
Other groundwaters are contaminated with sea water, resulting from poor well
development and excessive groundwater withdrawal rates. Examples of sea water
intrusion can be found in a number of locations along the coast.
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Groundwater Quality for Specific Rejons
Natural water quality is expected to be acceptable for most uses from the
groundwaters of unconsolidated deposits. Analyses of these waters in the Saanich
region (Ronneseth 1986a) indicate a low salinity hazard, low chloride levels and a
low proportion of sodium to other cations. The analyses of groundwaters from
bedrock aquifers, also in the Saanich region, were generally reported to be suitable
for irrigation and domestic consumption. However, it was reported Sonneseth
1986a) that the salinity and sodium levels were sometimes very high. These waters
may not be suitable for all uses. Chloride levels for iii of IN analyses were reported
to be less than 150 mg/L. The remaining analyses reported chloride levels which
range between 150 and 1500 mg/L.
In the Duncan to Nanoose Bay region the water quality information is based on nine
laboratory analyses of groundwaters from unconsolidated aquifers and 12
laboratory analyses from bedrock aquifers (Ronneseth,1985bl. Natural water quality
is expected to be acceptable for most uses from the groundwaters of
unconsolidated deposits. Analysis ofwaters of unconsolidated deposits in the
Duncan-Nanoose region indicate a low to medium salinity hazard which should not
affect most irrigation practices. Electrical conductivity ranged from 41 to 340
micromhos/cm. The few analyses of groundwaters from bedrock aquifers report the
salinity and sodium hazards ranging from low to very high. When levels are high
enough then special agricultural practices would be required. The'electrical
conductivity ranged from 312 to 6900 micromhos/cm. The very high saline readings
found in two of the bedrock wells are probably the result of sea water intrusion. A
salty taste in the groundwater was reported in 22 water wells. This indicates
chloride levels greater than 300 mg/L. Wells with a salty taste were constructed
primarily in shales, though some wells were reported to be constructed in
sandstone and clays.
In the Parksville area of Vancouver Island, the water quality information is based on
nine Hach field test kit analyses and 18 laboratory analyses (Ronneseth 1984b).
These analyses show groundwaters are generally favourable for domestic or
irrigation purposes. However, some of the bedrock groundwaters may contain high
levels of sodium relative to the levels ofcalcium and magnesium. Waters high in
sodium relative to the leveh of calcium and magnesium may be undesirable for
some crops.
In the Qualicum River to Union Bay region of Vancouver Island, the water quality
information is based on just six laboratory analyses of groundwaters from
unconsolidated aquifers (Ronneseth1984c). These six analyses show groundwaters
are either the calcium bicarbonate type or the calcium-magnesium bicarbonate type
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based on equivalent per million (epm) percentages. The electrical conductivity
values in these six samples ranged from 51 to 183 micromhos /cm. Total dissolved
solids (TD5) ranged from 50 to 128 mg/L.
In the Union Bay to Oyster River region of Vancouver Island, the water quality
information is based on just six laboratory analyses of groundwaters from
unconsolidated aquifers (Ronneseth1985a). Natural water quality is expected to be
acceptable for most uses from the groundwaters ofunconsolidated deposits. Five
ofthese six analyses show electrical conductivity values ranging from 14 to l12
micromhos/cm. These readings indicate low salinity levels and these waters would
be suitable for most purposes. A salty taste in the groundwater was recorded on 12
water well records which implies a chloride reading greater than 300mg/L. All twelve
ofthese wells were completed in shales. A petroleum taste was also reported in the
water from two wells.
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GROUNDWATER RESOURCES OF BRITISH COLUMBIA

9.1.3 Gulf Islands
by
A. P. Kohut, J. Foweraker and W. Hodge
GENERAL SETTING
The Gulf Islands comprise a number of islands, situated over a distance of 160 kilometres in the Strait of
Georgia off the eastern coast of Vancouver Island (Figure 9.14). The Gulf Islands as popularly known
(Williams and Pillsbury, 1958) include a northern group of two islands (Hornby and Denman) and a
southern group of 11 major islands (Gabriola, Valdes, Thetis, Kuper, Galiano, Saltspring, Prevost, Mayne,
North and South Pender and Saturna) plus several smaller islands (Figure 9.15). The islands lie within the
Nanaimo Lowland physiographic region (Holland, 1964). Topography of the lowland exhibits moderate
relief up to 600 m and is primarily controlled by northwesterly trending bedrock structures. Elevations
below 500 m are characterized by a cool Mediterranean type of climate in which precipitation falls primarily
as rainfall during the period September to May. The coastal areas are dominated by the flow of air from
the Pacific Ocean and coastal winters are mild and wet. Mean total annual precipitation ranges from 811
mm at Victoria to 1506 mm at Courtenay (Environment Canada, 1975). The summer months, June to
September are normally very dry and subject to drought conditions.
Apart from a small number of freshwater lakes used for water supplies on some islands, groundwater has
been developed extensively and in some cases is the only viable source of potable water supply available.
Although groundwater availability is of on-going concern in this area, present and future groundwater
quality is of particular importance. Apart from natural water quality variations which can be significant, the
effects of man's activities have in some cases resulted in groundwater quality deterioration.
GEOLOGY
The area was extensively glaciated during the Quaternary period. Deglaciation was progressive and
relatively rapid with the area becoming free of ice about 12,000 years ago (Halstead, 1967b). During
deglaciation, sea level reached a maximum of 75 m above present levels near Victoria and 150 m near
Courtenay (Fyles, 1963). Following deglaciation, isostatic uplift and eustatic changes caused a relative
lowering of sea level to its present position. The unconsolidated deposits of Pleistocene and Holocene
age, comprised of marine, fluvial and glacial material are generally thin (less than 18 m in thickness) or
absent on the islands (Halstead, 1967b). Bedrock consequently is widely exposed and hence the major
target for groundwater exploration. A relatively thick section of unconsolidated deposits is found along the
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northeast portion of Denman Island.

Figure 9.14 Location plan, Gulf Islands.
Bedrock formations underlying the Gulf Islands consist primarily of clastic rocks of the Nanaimo Group of
Late Cretaceous age (Muller and Jeletzky, 1970). The Nanaimo Group (Figure 9.16) consists of a
sequence of indurated marine and non-marine sedimentary rocks comprised of conglomerate, sandstone,
shale and coal. Regionally the Cretaceous strata are gently folded with a uniform direction of dip towards
the northeast into the Georgia Basin. Older rocks belonging to the Sicker Group are also found on
Saltspring Island. These consist of Permian and older volcanic, sedimentary and metamorphic rocks
comprised mainly of massive tuffs, volcanic breccias, limestone, argillite, quartzite and greenschist (Muller,
1977).
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Figure 9.15 Location of specific Gulf Islands.
Faulting believed to be related to late Cretaceous and Tertiary differential uplift of Vancouver Island and
the simultaneous depression of the Georgia Basin has affected most of the rocks in the region (Muller and
Jeletzky, 1970). Major longitudinal reverse faults trending northwesterly occur on Vancouver Island,
parallel to the margins of the Georgia Basin and subsidiary transverse faults striking northeasterly have
also been mapped. The major faults mapped by Muller (1977) which comprise geologic contacts are
shown in Figure 9.16. Other numerous and widely distributed structural lineaments probably reflecting
bedding planes and joint systems are readily observed on air photographs of the region. Outcrops of
sandstone units often exhibit closely-spaced joints normal to bedding planes. It is most likely that the joint
systems owe their origin to the post-Tertiary faulting, tilting and uplift that has affected the region. Isostatic
rebound following glacial unloading and stress relief may have resulted in further development of bedrock
fractures particularly flat-lying or sheet-type fractures. Open fracture zones in the bedrock are important as
they constitute zones for groundwater storage and movement.

http://wlapwww.gov.bc.ca/wat/gws/gwbc/C0913_Gulf_Islands.html (3 of 8) [7/2/2003 12:53:26 PM]

Groundwater

Figure 9.16 Bedrock geology, Gulf Islands.
HYDROGEOLOGY
The dominant factor governing groundwater availability is secondary porosity due to structurally controlled
fracturing while intergranular porosity is generally of minor importance. Bedding plane partings and
geologic contacts between different rock types also constitute important water-producing zones.
Systematic fracture traces (lineaments) observed on air photographs are widely distributed and appear
interconnected suggesting the possibility of hydraulic continuity of groundwater in fractured bedrock on a
regional scale. Widespread fracturing in the bedrock appears to be more important than individual major
fault zones in governing the regional availability and movement of groundwater. Major faults however may
play an important hydrogeologic role locally, either as preferred conduits or as relative barriers to
groundwater flow resulting in short circuiting of deep and shallow groundwater flow systems.
Groundwater from bedrock wells is an important source of water supply for individual domestic use, small
communities and for small mixed farming operations in the region. Well depths range from 30 to 150 m.
Confined and unconfined aquifer condition exist with non-pumping water levels generally within 5 m of the
ground surface. Well yields range from less than 5 to as much as 250 litres per minute (L/min) but
normally vary from 10 to 20 L/min. Groundwater demand is greatest along waterfront areas and interior
valleys where subdivision density is high. The majority of wells completed since 1970 have been drilled by
the air rotary method. This method enables well drillers to identify the depth and approximate yield and
water quality of individual major water-producing fracture zones. In most instances the bedrock wells are
unlined except for a shallow surface casing completed in overburden materials. Where unlined, the wells
may interconnect deep and shallow groundwater flow systems.
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Regionally, areas of groundwater recharge and discharge have been recognized in the sedimentary terrain
(Foweraker, 1974; Dakin et al, 1983). Areal distribution of composite hydraulic head data and spatial water
quality variations suggest that upland areas are groundwater recharge areas. In these areas water levels
generally lie several metres below ground surface. Water levels in low lying regions on the other hand are
generally close to the ground surface or under flowing artesian conditions indicative of groundwater
discharge regimes. These latter areas are for the most part localized along coastal shorelines, near the toe
of slopes and within valleys. Figure 9.17 depicts the generalized groundwater flow conditions which are
believed to exist on most of the islands.
Data from numerous bedrock observation wells in the region (Kohut et al, 1984) indicate groundwater
levels respond cyclically on a seasonal basis to climatic variations. Groundwater recharge occurs as water
levels rise in response to fall and winter precipitation. Water levels decline during the dry summer and
early fall months reaching a seasonal minimum between October and December. Long term (10-year)
hydrograph records (Kohut et al, 1984) show a similar seasonal response in wells completed in different
areas, in different rock types and different depths in various positions in groundwater flow systems. This
suggests that there is significant hydraulic continuity within the fractured flow systems regionally.

Figure 9.17 Generalized groundwater flow in the Gulf Islands (modified after Dakin et al, 1983).
GROUNDWATER QUALITY
Significant spatial and temporal groundwater quality variations occur at shallow depth (<150 m) within the
fractured sedimentary bedrock of the Upper Cretaceous Nanaimo Group underlying the Gulf Islands
(Kohut et al, 1986). Information on water quality variations within the older rock units is sparse. Natural
groundwater quality is found to vary relative to sampling position within evident groundwater flow systems.
Recharge areas are characterized by low mineralized (low specific conductance), calcium and sodiumbicarbonate type groundwaters while deeper portions of flow systems and discharge areas are dominated
by brackish sodium - choride type groundwaters. Magnesium is not found to be a dominant cation in
groundwaters on the islands. TDS values range from less than 100 mg/L in recharge areas to 15,000 mg/L
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in discharge areas. Some representative water quality analyses for recharge and discharge areas are
shown in Table 9.6. Unfortunately the poorer quality groundwaters occur in coastal discharge zones and
interior valleys which are the most attractive for residential land development. Groundwater quality
deterioration in these areas can be further accelerated by groundwater development.

Figure 9.18 General areal relationship of high well density and poor groundwater quality on Hornby Island.
Figure 9.18 shows the general areal relationship existing on Hornby Island where poorer quality
groundwaters high in total dissolved minerals and characterized by a high specific conductance (> 1000 S)
and high chloride content (> 100 mg/L) are associated with areas of high well density. Groundwaters with
a sulphurous odor attributed to the presence of hydrogen sulphide gas and also high iron (> 0.3 mg/L)
concentrations, are often associated with these high density areas. The presence of hydrogen sulphide
gas, high mineralization, high chloride and iron content contribute to undesireable taste and odor problems
and nuisance problems such as corrosion of pipes, and staining of toilet fixtures and laundry. The
association between quality problems and high density development is also evident on Gabriola and
Galiano Island (Hodge, 1978; Hodge and Mordaunt, 1983).
Fluoride concentrations up to 13.4 mg/L have been found in bedrock wells at a number of localities in the
Gulf Islands (Kohut and Hodge, 1985). The high concentrations appear associated with water-producing
zones in shale and clay strata and may be attributed to the release of fluoride ion from fossiliferous marine
shales containing fluorapatite, through dissolution and anion exchange processes under elevated pH
conditions. The high fluoride groundwaters are generally of the sodium-chloride, sodium-calcium-chloride
or sodium-bicarbonate-chloride types characterized by a moderately high pH value in the range 8.2 to 9.4
pH units, TDS in the range 250 to 1800 mg/L and negligible sulphate content (<10 mg/L). Fluoride
concentrations in excess of 1.5 mg/L (British Columbia Ministry of Health, 1982) may produce dental
fluorosis (tooth mottling) particularly among children ingesting these waters.
Since most bedrock wells are not lined and open throughout their length to water-producing zones located
http://wlapwww.gov.bc.ca/wat/gws/gwbc/C0913_Gulf_Islands.html (6 of 8) [7/2/2003 12:53:26 PM]

Groundwater

at different depths the resultant water quality of a sample taken at an arbitrary depth often represents a
mixture of water from different depths and zones of differing lithology. For these reasons it is not always
possible to relate groundwater quality variations with changes in lithology. Structural variations (folding and
faulting) further complicate assessment of the role of rock type on water quality. Samples collected during
drilling often indicate quality variations with depth with higher mineralized sodium-chloride type waters
often underlying lower mineralized, near surface bicarbonate type groundwaters. Dakin et al (1983) have
compared for example Na+ and Cl- concentrations in groundwater with the corresponding element
concentrations in rock samples at various depths for a 153 m deep borehole on Mayne Island. Highest
concentrations were found in the rock and groundwaters at depth near the bottom of the hole while in the
upper 100 m of the hole the concentration of Cl- in the rock and water was very low. Heisterman (1974)
has compared TDS values for samples from wells completed to three depth ranges on Mayne Island. This
information (Figure 9.19) shows the general relationship of increasing mineralization with depth in broad
upland recharge areas and localization of more mineralized groundwaters in discharge areas. Evident in
Figure 9.19 is the association of highly mineralized groundwaters adjacent to a major northwest-southwest
striking transverse fault in the western portion of the island. Dakin et al (1983) also report the association
of saline groundwaters on Mayne Island in discharge zones along fault or fracture zones. On Mayne
Island, these saline groundwaters were found (Dakin et al, 1983) to be of meteoric origin based on
analyses of natural stable isotopes (018 and deuterium) and not the result of seawater intrusion. The salt
content of the saline groundwaters has been attributed to the slow release through molecular diffusion of
Na+ and Cl- from the low permeability matrix of shale beds to the active paths of groundwater flow in
fractures in the shale and sandstone strata (Dakin et al, 1983). Na+ and Cl- in the shales may have
originated as trapped marine waters during Tertiary time or from penetration of seawater during episodes
of glacial loading and erosion during Pleistocene time when much of Mayne Island was submerged below
sea level (Dakin et al, 1983).

Figure 9.19 Comparison of TDS values for three depth ranges on Mayne Island (modified after
Heisterman, 1974).
Brine springs having TDS concentrations up to 72,000 mg/L (Table 9.6) occur on Saltspring Island
associated with a major fault. These discharges of probable deep sedimentary basin origin (Dakin et al,
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1983) are however very localized and do not have a significant effect on the overall quality of shallow
groundwaters on the island.
Sea water intrusion caused by pumping of wells also occurs locally within some coastal communities
where well density is high but generally is not extensive. Upconing of brackish groundwaters (Todd, 1980)
into wells completed into upper freshwater zones underlain by saline waters occurs in many areas as
evidenced by seasonal groundwater quality deterioration in pumped wells during the summer months.
Reduced pumping demands and groundwater recharge from infiltration of precipitation in the winter
months generally results in improvement of water quality.

Table 9.6 Representative Water Quality Analyses in the Gulf Islands.
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9.1.4 Suquash Basin and Islands
by
J. C. Foweraker and E. Livingston
GENERAL DESCRIPTION
At the northern end of Vancouver Island there is an area of low relief and low
rounded hills which was overridden by ice, called the Nahwitti Lowland (Holland,
1964). Within this lowland there is a triangular area bounded by Englewood,
Quatsino and Port Hardy which is mainly below 1000 feet in elevation and called
the Suquash Basin (see Chapter 8, Figure 8.3). This basin also includes Malcolm
Island and Cormorant Island. The area is underlain by gently dipping Upper
Cretaceous coal measures (Holland, 1964). According to Holland, erosion of the
soft Cretaceous sedimentary beds has produced the low lying topography within the
Suquash Basin whereas the harder and more resistant volcanic rocks of the older
Vancouver Group resulted in the higher elevations of the Nahwitti Lowland.
GROUNDWATER POTENTIAL
Available information on groundwater potential, apart from domestic wells of limited
yield, is mainly confined to wells constructed for communities at Port McNeill, Port
Hardy, Sointula and Alert Bay.
PORT McNEILL
The production well at Port McNeill is a 15.2 m well, completed in sands and
gravels. These sands and gravels appear to be outwash deposits overlying the
glacio-marine stony silts which form the broad east-west ridge on which Port
McNeill is located (Livingston, 1971). The Port McNeill well has a sustained yield of
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15.8 L/s. The transmissivity is 2.01 X 10-3 m2/s.
PORT HARDY
At Port Hardy a few well records have reported yields from 36 to 68 L/min. These
wells are completed in bedrock at depths between 9 and 45 m and draw
groundwater from fractures in the bedrock. On the east side of Beaver Harbour in
the Port Hardy area, and in the vicinity of the airport, good domestic well yields are
reported to have been obtained from shallow sand and gravel deposits.
MALCOLM ISLAND
Malcolm Island is located opposite the Nimpkish Valley. Both Malcolm Island and
adjacent Cormorant Island have a prominent embayment on the south side known
as Rough Bay and Alert Bay respectively. The presence of kettled areas, icecontact deposits and lineations showing on air photos suggest surficial deposits
associated with ice, which possibly came from the direction of the Nimpkish Valley
(Foweraker, 1965). Water supply for the early Malcolm Island residents came from
dug wells, and wash bored holes put down using a half inch to one inch pipe with an
open pointed end and through which water was forced under pressure as the pipe
was raised and lowered.
Depths over 61 m were recorded for wells drilled by this method. Production well
drilling for Sointula (Foweraker, 1966; Badry, 1983) indicate a heterogeneous
mixture of unconsolidated sediments probably ice contact deposits to 85 m with
several aquifers in this sequence capable of supplying excellent quality water.
Production well No. 3 at Sointula has a a reported yield of 12.6 L/s.
CORMORANT ISLAND
On Cormorant Island, the Village of Alert Bay obtains its water supply from a 108 m
deep well located at the air strip approximately 61 m above sea level. This well
drilled through a varied sequence of surficial deposits is completed with a 10 m
length of screen with blank sections opposite a sand and gravel aquifer. The well
yields 10.1 L/s with a static water level at 62 m below surface. The transmissivity is
1.4 X 10-2 to 2.9 X 10-2 m2 /s (Foweraker, 1975). The water is of the calciumbicarbonate type, relatively low in dissolved mineral content with TDS near 120
mg/L and low sodium and chloride contents close to 10 mg/L. Preliminary Tritium
analyses indicate the groundwater is a mixture of pre-1953 and post 1953 waters
indicating some of the water is less than 35 years old and recharge is active on the
island.
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Although the pumping water levels in the aquifer are below sea level, pumping from
the main production well at an average continuous rate of approximately 11.4 L/s
has not resulted in any significant changes in water quality due to proximity of the
sea. This suggests that a minimum recharge rate equivalent to 15.7 cm of water
over the entire island or 12 percent of the annual precipitation of 137 cm is returning
to the aquifer. A shallow observation well sited in sands and gravels in the Village
and near sea level yields 75.6 L/min.
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9.1.5 Alberni Basin and Estevan Coastal Plain
by
J. C. Foweraker
ALBERNI BASIN
This basin, located on Vancouver Island, extends north-westward from Port Alberni
for about 40 km and is 8 to 13 km wide (see Chapter 8, Figure 8.3).
The basin is drained by the Ash, Stamp, Sprout and Somass Rivers into the Alberni
Canal. The abrupt fault-line scarp with the Beaufort Range forms the eastern
boundary of the basin which is surrounded on the other sides, for the most part, by
mountainous terrain. The basin is underlain by Upper Cretaceous sedimentary
rocks (Holland, 1964).
The largest groundwater reserves are likely to be contained in recent alluvial
deposits, terraced fluvial and deltaic deposits and possibly other sediments beneath
the upper drift sequences (Ronneseth, 1986).
There is potential according to Ronneseth for locating groundwater supplies
capable of meeting some irrigation requirements in the Alberni Basin. Ronneseth
reports surficial geology maps indicate extensive deposits of sand and/or gravel are
located at surface, and that a few wells constructed into these deposits show
aquifer thicknesses greater than 7 metres and yields greater than 3 L/s. Many of the
existing well records in the Alberni Basin, however, are for single family dwellings
where the demand is often for only 0.3 L/s.
Site specific assessments are required to prove up the potential for larger yielding
wells in the Alberni Basin.
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According to Ronneseth, there are reports for seventy wells completed in bedrock in
the Alberni Basin, including 30 in granite and 24 in sedimentary rocks. Groundwater
is stored in fractures or along bedding plane partings in the rock.
Ronneseth believes the possibility of obtaining adequate supplies of groundwater in
bedrock for irrigation purposes are generally considered to be poor and although a
few bedrock wells constructed in sandstone and granite rock types in the Basin
have reported yields of between 1 and 9 L/s, long duration pumping tests would be
required to verify if the bedrock aquifers are capable of a sustained high withdrawal.
Based on very limited information, groundwater quality for wells completed in
unconsolidated deposits would appear to be acceptable. However, further data is
required.
ESTEVAN COASTAL PLAIN
The Estevan Coastal Plain (Holland, 1964) is a narrow plain divided into sections by
various inlets and generally 1.6 to 3.2 km wide and less than 46 m above sea level
which extends along the West Coast of Vancouver Island from a point east of
Brooks Peninsula south eastward for almost 270 km to a point south east of
Carmanah Point (see Chapter 8, Figure 8.3). Where the Coastal Plain is underlain
by softer Tertiary or Pleistocene and Recent deposits its surface is almost
featureless, elsewhere harder rocks of the Vancouver Group have produced bluffs
and hummocks (Holland, 1964).
Information on groundwater potential is available from a limited number of well
records and confidential groundwater reports by consultants which are on file in the
Groundwater Section. This information is restricted to the Tofino-Ucluelet area.
Bordering Florencia Bay and extending back towards Kennedy Lake is a coarse
sand and gravel aquifer approximately 18 m deep in which test wells producing 15.1
L/s have been constructed for the Pacific Rim National Park (Brown, 1979). Test
well drilling over the remaining Long Beach area of the plain has shown a veneer of
silts, sands and gravel and till overlying a considerable thickness of clay possibly 30
- 90 m thick. Marginal wells have been completed in these overlying thin deposits of
sand and gravel above 7.6 m and produce up to 4.5 to 9 L/min. In 1974 a system of
seven shallow sandpoints yielding a total of 59 L/min was designed to extract
groundwater from thin sand layers below near surface till, overlying the thick clay
sequence.
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9.1.6 Queen Charlotte Lowland
by
J.C. Foweraker and E. Livingston
The Queen Charlotte Lowland includes the largest part of Graham Island and a
minor insignificant area of Moresby Island (see Chapter 8, Figure 8.4). The lowland
is bounded on the southwest by a line running from Langara Island to Sandspit.
Much of the lowland is covered by muskeg, surrounded by scrubby pine, yellow
cypress and small spruce. (Sutherland Brown, 1968). Drainage on the lowland
surface is poorly organized (Holland, 1964).
Glacial deposits consisting of till, marine drift, stony clays and outwash sands are
distributed throughout. Along the bluffs from Tlell to the Oeanda River these
deposits are fairly continuously exposed. There are four main members - a lower
marine till, a middle sand, an upper till and an uppermost sand unit (Sutherland
Brown, 1968).
Well records for the lowland are limited in number. Wells have been constructed for
community water supply, industrial purposes and for the airport and associated
services and residential buildings.
Wells constructed at Masset yield 18.9 L/s or more, from sands and gravels at
depths less than 18.3 m. Treatment is required for iron in the groundwater supply.
Wells 30.5 m deep completed in thick 21.3 m sand and gravels, produce between
1.1 and 3.8 L/s at Juskatla. 61 m deep wells completed in layers of sand and gravel
6.1 m thick produce 1.1 to 1.5 L/s at Port Clements. However there are also many
marginal domestic wells in this area. At Sandspit wells with reported yields of over
1.1 L/s have been completed at depths less than 18.3 m in layers of sand and
gravel less than 6.1 m thick. Iron is a problem in these groundwater supplies with
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reported concentrations often between 0.5 to 1 mg/L and up to 4 mg/L in some
instances.
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9.1.7 Hecate Lowland
by
J. C. Foweraker
Hecate Lowland consists of a strip of low-lying country including both the mainland
coast and adjacent islands which extends along the eastern side of the coastal
trough southward from Prince Rupert to Sayward (see Chapter 8, Figure 8.4). The
eastern boundary of the lowland is arbitrarily taken as a generalized line along the
610 m contour (Holland, 1964). Many of the low areas display numerous well
marked lineaments and are occupied by large expanses of muskeg where drainage
is poorly established. The lowland has been heavily glaciated and bare bedrock
everywhere shows the sculpturing effects of ice erosion (Holland, 1964).
There is little information available on groundwater potential except for the Prince
Rupert area. Limited groundwater supplies for domestic requirements could be
expected to be developed in fractured bedrock and in shallow surficial deposits
where there is sufficient recharge potential. Saltwater intrusion could be a problem
in deeper bedrock wells.
On Digby Island west of Prince Rupert a well drilled to 36 m for the Metlakatia
Indian Band yielded less than 4.5 L/min from fractures in the bedrock. Groundwater
flows were encountered in some permeable shallow surficial deposits above clay.
At Diana Lake Provincial Park south of Prudhomme Lake a 34 m deep well has
been constructed for the Park and obtained a reported 1.1 L/s from fractures in the
bedrock.
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9.2 INTERIOR BASINS AND PLAINS
9.2.1 Fraser Basin
by
J. C. Foweraker
GENERAL SETTING
The Fraser Basin is located within the Interior System of the Province (Figures 8.5
and 8.6). The basin is classified as a distinct groundwater sub-region. However,
there is some disagreement between writers on the need for having a basin
subdivision at all. Tipper (1971) for example, includes the Fraser Basin area within
the boundaries of the Fraser and Nechako Plateaus.
The Fraser Basin boundary as described by Holland (1964) and adopted here,
generally follows a 915 m contour. The basin is an irregular shaped area of low
relief which lies below the surface of the Nechako Plateau on the north and west
boundaries of the basin, and to the south the basin extends into the Fraser Plateau.
At the most north eastern part of the basin where the boundary adjoins the Rocky
Mountain Trench, the basin limit is set at the 610 m contour and elsewhere on the
north east the McGregor Plateau forms the basin boundary.
The Fraser basin extends northward from near Lac la Hache to Mcleod Lake, and
from Fraser Lake on the west to Sinclair Mills, southeast of Upper Fraser, on the
east. Highway 97 traverses the basin in a north, south direction through the major
centres of Prince George, Quesnel and Willams Lake, while Highway 16 traverses
the basin in an east-west direction through Prince George, Vanderhoof and Fort
Fraser. Fort St. James north of Vanderhoof also lies within the Fraser Basin.
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PHYSIOGRAPHY
The Fraser Basin is described by Holland as a flat or gently rolling surface lying
mostly below 915 m. The drainage is poorly organized over much of the basin and
there are numerous lakes and poorly drained depressions.
Sinclair Mills, at the eastern boundary of the basin, marks the location where the
Fraser River commences its swing around the north end of the Cariboo Mountains
before flowing south through the Fraser Basin and on into the Fraser Plateau. The
Fraser River is joined successively by the McGregor, Nechako, West Road and
Quesnel Rivers, and just south of the basin boundary, by the Chilcotin River. The
drainage of the Fraser River and its tributaries does not everywhere show the
normal pattern of a southward flowing river. According to Holland (1964), it is
apparent that at one time a divide existed in the vicinity of Riske Creek, south of
Williams lake, between a south flowing ancestral Fraser River and a north flowing
segment.
At Prince George, the Fraser River flows at an elevation of 565 m. South of
Quesnel the river becomes more constricted and more deeply incised. At Soda
Creek the river elevation is 425 m, and the valley walls rise to the floor of the Fraser
Basin above, at an elevation of about 915 m (Holland, 1964). Downstream of Soda
Creek, the river is constrained by a gorge over 305 m deep, incised in the bottom of
the main valley.
GEOLOGY
Much of the Fraser Basin is covered by drift and there are few exposures of
bedrock. Sedimentary and volcanic rocks underlie much of the unconsolidated
deposits. According to Holland (1964), the Fraser Basin was occupied by ice during
the glaciation period and the ice movement created drumlin and drumlin like forms
in the glacial drift. These forms indicate an eastward and north eastward movement
of ice in the basin area north of Prince George, and movement northward from the
Quesnel area.
During deglaciation, the preglacial drainage channels were blocked with drift and
wasting ice according to Holland (1964) and ice dammed lakes were formed in
basins located about Prince George, Vanderhoof and Fort St. James.
Unconsolidated deposits, including sand, silt and clay, were laid down at that time in
the basins. According to Tipper (1971), the glacial lake level in the Prince George
Basin generally lay below the 760 m level and the lake was largely formed by ice
blockage to the south. Near Prince George, silt and clay deposits are over 120 m
thick in places, and display typical varve structure. The Fort St. James and
Vanderhoof basins drained easterly into the Prince George Basin which in turn
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drained northerly to the Peace River (Tipper 1971). Subsequent melting of the ice
dams permitted rapid drainage and dissection of the lake deposits and the reestablishment of the major drainage system southward, Tipper (1971). At Prince
George the channel of the present river is some 215 m below the upper level of the
glacial lake clays (Holland, 1964).
GROUNDWATER RESOURCES
The major rivers of the Fraser Basin have eroded into and reworked the glacial,
glaciofluvial and lacustrine deposits which fill the large river valleys within the basin.
Within the heterogeneous deposits there exist productive aquifers, water bearing
sands and gravels, which have been developed for domestic, industrial and
community water supplies.
The distribution of wells within the Fraser Basin shows a high density in the general
areas of major population centres and a scattered distribution adjacent to roads and
highways which traverse the basin. The majority of the wells are for domestic and
livestock use. The higher capacity wells for industrial and community water supply
use are, for the most part, located within the major river valleys, and near the major
population centres of Prince George, Vanderhoof, Fort St. James, Quesnel and
Williams Lake.
There are over 5,940 well records on file in the Groundwater Section, for the Fraser
Basin area, and there may be many more wells in this area for which information is
presently not available. The majority of well records, 83% or 5,030, are for low
capacity wells producing less than 1 L/s.
It should be mentioned here that the well record information used in completing the
following sections was supplied gratuitously to the Province by well drilling
contractors and others, it may be incomplete and its accuracy and reliability has not
been independently confirmed. The information summarized in the following
sections should be used with caution.
Approximately 80% or 4,727 of the wells in the Fraser Basin which are on record,
are completed in unconsolidated deposits, and 83% or 3,946 of these wells have
either no reported well yields or the reported well yields are under 1 L/s. The
remaining 17% or 781 `unconsolidated' wells are higher capacity wells, which fall
into one of three groups based on reported potential well yield. Group 1 consists of
655 wells which range in yield from 1 L/s to less than 4 L/s. Group 2 consists of 33
wells which range in yield from 4 L/s to less than 7 L/s, and group 3 consists of 93
wells which have recorded yields of over 7 L/s.
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Bedrock wells within the Fraser Basin account for 20% or 1,212 of the total number
of wells in the basin. Approximately 89% or 1085 of these bedrock wells have either
no record of well yield or the reported yield is less than 1 L/s. Only 10% or 125 of
the remaining bedrock wells have yields between 1 L/s and 4 L/s. Two bedrock well
records show reported potential yields estimated at over 7 L/s.
More detailed well record information on the high capacity wells completed in
unconsolidated deposits of the Fraser Basin is presented below, commencing with
the Prince George area.
In the Prince George area, within the glaciofluvial, fluvial, alluvial and lacustrine
deposits located in the valleys of the Nechako and Fraser Rivers, high capacity
wells have been completed for water supply and industrial use, with reported
potential well yields between 7 L/s up to, and even exceeding in one case, 250 L/s.
Estimates of aquifer transmissivity are in some locations very high, perhaps 1.7 x
10-1 m2/s. In some areas of the Nechako Valley these aquifers may be as much as
76 m below surface, or as shallow as 15 m. Static water levels are generally high.
Specific capacity of these wells can be very high. One large collector unit when first
constructed was estimated to produce about 789 L/s. The specific capacity was
calculated at the time as 414 L/s/m of drawdown, and the transmissivity of the
aquifer calculated at approximately 1.3 x 10-1 m2/s. These highly productive
aquifers may in some locations be vulnerable to pollution from surface
contaminants.
North of Prince George in the Willow River - Eaglet Lake area, two higher capacity
wells estimated at over 7 L/s, have been completed in shallow sands and gravels,
while near Bear Lake near Highway 97, two wells producing 11.4 and 18.9 L/s
respectively are reported to have been completed in glaciofluvial deposits at a
depth of 52 to 55 m.
East of Prince George in the Pineview area and further north, potential yields of
15.1 to 30.3 L/s have been reported in wells constructed in water bearing sand and
gravel zones as deep as 40 to 46 m, and 116 to 128 m below surface. Overlying
these aquifers are glacial deposits and lake beds. Aquifer transmissivity is
calculated at 3.6 x 10-2m2/s.
At Beaverley, south west of Prince George there are reports of wells yielding over 7
L/s, which have been developed in gravels located below lake deposits. These
gravels are as deep as 55 to 114 m below surface.
South of Prince George, high yield wells of 15.1 L/s and more have been reported
completed north of Tabor, in sands and gravels located less than 30.5 m deep,
within the glaciofluvial and fluvial sequence. South of Tabor high yield wells, with
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low static water levels have been constructed in aquifers located below 90 to 122 m
of lake beds and silts.
West of Prince George, within the Vanderhoof Basin area, in some cases near the
Nechako River, several high capacity wells have been constructed in aquifers
located at varying depths from 40 to 183 m. Overlying these water bearing sands
and gravels are glacial, glaciofluvial, fluvial and lake bed deposits. Artesian flows as
high as 7.6 to 30.3 L/s, and in one instance 69.4 L/s, have been recorded. When
first constructed the 69.4 L/s flowing well had a specific capacity of 20.7 L/s/m of
drawdown and the transmissivity of the aquifer was calculated as approaching 1.4 x
10-2 m2/s.
At Engen, on Highway 16, west of Vanderhoof, a well constructed into sands and
gravels below 119 m of glacial, glaciofluvial, fluvial and lacustrine deposits,
produced 15.1 L/s. The static water level was recorded at 30.5 m from surface.
Further to the southwest of Vanderhoof in the upper reaches of the Nechako River
Valley, near Murray Lake and the Kenney Dam, three wells have been completed
with screens set in glaciofluvial and fluvial deposits located between 21 and 46 m in
depth with reported yields of 7.6, 46.7 and 56.8 L/s respectively.
North of Vanderhoof, at Fort St. James, high capacity flowing artesian wells have
been constructed in sands and gravels located at a depth of 94.5 to 100 m. This
aquifer is overlain by glacial, glaciofluvial and lacustrine beds of the Fort St. James
Basin. One high capacity water supply well for Fort St. James, when first
constructed and tested, flowed at 265 L/s.
In the southern part of the Fraser Basin, just north of Quesnel and lying within the
Fraser River Valley, a well constructed for industrial use, had a reported yield of 176
L/s. The well screen is located between 18 and 27 m below surface in sand and
gravel of the valley fill deposits.
The City of Quesnel has constructed a number of high capacity wells, some records
dating from the 1950's. A 53 L/s well is located on the east side of the Fraser
Valley, north of Quesnel in a sand and gravel aquifer screened between 36 and 39
m. Another city well completed in 1963 produced 64.4 L/s from a site upstream of
the confluence of the Quesnel River with the Fraser River at Quesnel. This well is
screened in permeable valley fill deposits in a zone 21 to 30 m deep. On the west
bank of the Fraser River, just downstream of where the Quesnel River enters the
Fraser, is the site of a 53 L/s well which is screened between 23.8 and 29.9 m in
permeable valley fill deposits.
On the east side of the Quesnel River, just north of Quesnel, two pulp mill wells
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have been completed at depths of 42.7 to 48.8 m in permeable valley fill deposits.
One of the two wells was rated in 1970 at 40.1 L/s, the other at 30.3 L/s. The static
water level in both wells was measured at 24.4 to 27.4 m from surface.
Between Quesnel and Williams Lake several higher capacity wells are located
within the Fraser Basin. For example near Australian, between Highway 97 and the
Fraser River, there are two reports of wells yielding 15.1 L/s which have been
completed in a gravel aquifer at a depth of 26 m. Other higher capacity wells have
been constructed at Alexandria, near Marguerite and Soda Creek according to the
records available for those areas.
The city of Williams Lake has constructed a number of wells on Scout Island. A
production well completed in 1965 and screened in gravels between 55 and 61 m
produced 50.5 L/s. This aquifer is overlain by compact silts, sands and some gravel
beds. Transmissivity at the Scout Island site has been calculated at 1.0 x 10-1
m2/s. Another city well completed at this site in 1976 produced 75.7 L/s, with the
well screen set in sands and gravels at a depth of 47.2 to 59.4 m. A further city well
constructed at this site is reported to have produced 126 L/s. The well specific
capacity was calculated at 14.5 L/s/m of drawdown.
GROUNDWATER QUALITY
In general, records of groundwater quality analyses reviewed for the Fraser Basin,
show the groundwater is usually high in dissolved mineralization and also hard. The
dissolved mineralization is in the form of calcium-magnesium-bicarbonate or
calcium-magnesium-sodium-bicarbonate-sulphate. Locally as at Prince George and
some other centres, iron and/or manganese can cause problems in water quality
and ongoing well screen treatment may in some cases be required to maintain well
yield.
Specific comments on a number of groundwater analyses for wells located within
the Fraser Basin are as follows:
North of Prince George near Bear Lake a high iron concentration of 10 mg/L, has
been reported, the groundwater is moderately hard, 150 mg/L, and the dissolved
mineralization is of the calcium-magnesium-bicarbonate type.
In the immediate Prince George area, some groundwater quality analyses from
higher capacity wells located within the valleys of the Nechako and Fraser Rivers,
show hard water in the range 180 mg/L to 400 mg/L (as Ca CO3) also a
manganese concentration of 0.1 mg/L has been reported in this area. The
manganese concentration here is above the maximum 0.05 mg/L objective set in
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the Guidelines for Canadian Drinking Water Quality 1989. Total dissolved solids
vary from 150 mg/L up to 680 mg/L.
West of Prince George, at Vanderhoof, analyses show groundwaters vary from
moderately hard, 130 mg/L (as Ca CO3), to very hard, 330 mg/L (as Ca CO3).
Dissolved mineralization is of the calcium-magnesium-sodium-bicarbonate-sulphate
type.
South of Prince George at Red Rock, a groundwater field analyses indicates a very
hard water, 400 mg/L (as Ca CO3), and a high concentration of dissolved
mineralization of 550 mg/L. This analyses showed a calcium-magnesiumbicarbonate-sulphate type groundwater.
At Quesnel, records of analyses from several older city water supply wells located
near the Fraser River, show the groundwater to be moderately hard, 110 mg/L (as
Ca CO3), moderately mineralized, 135 mg/L, and the dissolved mineralization to be
of the calcium- magnesium-bicarbonate-sulphate type. Near Dragon Lake, at
Quesnel, very hard groundwater of 600 mg/L (as Ca CO3), and an iron
concentration of 0.9 mg/L have been reported.
Further south at Australian on the east side of the Fraser River, hard groundwater,
245 mg/L (as Ca C03) and dissolved mineralization of the calcium-magnesiumbicarbonate type have been reported.
At Williams Lake groundwater analyses taken from a high yield well on Scout
Island, show the water to be very hard 330 mg/L (as Ca C03) and highly
mineralized 410 mg/L. The dissolved mineralization is of the calcium-magnesiumbicarbonate-sulphate type.
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GROUNDWATER RESOURCES OF BRITISH COLUMBIA

9.2.2 Rocky Mountain Trench
by
B. I. Ingimundson
INTRODUCTION
The Rocky Mountain Trench is a remarkable structurally controlled valley, extending from south of the
Canada/US border northwest almost to the Yukon border. The total distance is over 1,000 km, with a
definite physiographic division about midway at the McGregor River. The trench is breached by the
McGregor Plateau east of Prince George. Therefore, the trench has been divided into north and south
sections. South of the McGregor River the trench forms a defined valley between the Rocky Mountains
to the east and the Columbia Mountains to the west. The valley varies from 3 to 12 km wide and is
occupied by Kinbasket Lake and the north flowing Columbia River. North of the McGregor Plateau, the
Rocky Mountain Trench is a straight northwest trending valley containing the Williston Lake reservoir,
the south flowing Finlay and Fox Rivers and the north flowing Kechika River.
NORTH ROCKY MOUNTAIN TRENCH SECTION
GENERAL SETTING
The physiographic division separating the north section from the south section of the Rocky Mountain
Trench occurs approximately at the drainage divide between the headwaters of the Parsnip and
McGregor Rivers. The nearest community is the tiny settlement of Summit Lake, north of Prince George
on Highway 97. The trench becomes a well defined north-west (North 33° West) trending valley, for
approximately 500 km., as shown on Figure 8.5. This trench section is bounded by the Omineca and
Cassiar Mountains to the west and the Rocky Mountains to the east, which rise up to 4,800 m above the
valley floor. The trench floor is 6 km wide, narrows to approximately 3 km along the Fox and Kechika
Rivers and then broadens again near the Yukon boundary. The north section of the trench is drained
into the Peace River system by the Parsnip River system from the south, and by the Finlay and Fox
River systems from the north. At the head waters of the Fox River, at the Sifton Pass, the drainage
divides again and the trench is then drained north by the Kechika River which drains into the Liard River
drainage system.
Since 1968 much of the southern half of the north trench section has been inundated by the Williston
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Lake reservoir, created by the damming of the trench rivers by the W. A. C. Bennett Dam.
GEOLOGY
Bedrock Geology
The north section of the Rocky Mountain Trench forms the physiographic and structural boundary
between the Rocky Mountains and the Omenica/Cassiar Mountains. Sedimentary rocks, primarily
Palaeozoic, form the Rocky Mountains to the east, while the mountains west of the trench, the Omenica/
Cassiar mountains, consist primarily of folded volcanic and some sedimentary Mesozoic rock.
Throughout the length of northern section of the trench, the underlying rocks consist of Precambrian and
Lower Palaeozoic age. Generally the trench bottom is overlain by thick glacial lake and stream deposits,
with relatively few bedrock outcroppings.
Surficial Geology
The floor of the northern section of the trench is overlain with several hundred metres of glacio-fluvial,
glacio-lacustrine and glacial till deposits. Multiple glaciation has been a major factor in the distribution of
the surficial deposits present in the trench today.
The oldest unconsolidated materials are sands and gravels overlain by the oldest major till unit. With the
Early glacial advance, outwash sediments were deposited in the major river valleys. The advance of
glaciers originating west of the Trench was extensive. During deglaciation, glaciolacustrine and
glaciofluvial sediments were deposited. The following glacial advance, the Early Portage Mountain,
extended from west to east across the Trench and the Rocky Mountains into the plateau area to the
east. During the following deglaciation a massive glacial lake formed, dammed by Laurentide ice, east of
the Trench. Again, more glaciofluvial and glaciolacustrine sediments were deposited within the trench.
The Late Portage Mountain advance which followed, was less extensive and more topographically
controlled. The ice flowed down the Finlay and Peace valleys and up the Parsnip valley. During
deglaciation, more glaciofluvial and glaciolacustrine sediments were deposited. Some time after this, a
minor event known as the Deserters Canyon advance occurred. Radiocarbon dating indicate the Early
and Late Portage Mountain advances and the Deserters Canyon advance are of late Wisconsin age.
The early advance tills and underlying inter-glacial deposits are probably early Wisconsin or older.
HYDROLOGY
Relatively little information pertaining to the hydrogeology is available in the north Rocky Mountain
Trench section, mainly due to the lack of settlement. The largest community within the northern trench is
Mackenzie, population 5,000. North of Mackenzie are the native settlements of Fort Ware and Ingenika.
In all of the drilling information studied, most of the wells were completed in overburden sediments. In
only two cases did any of the wells reach or penetrate bedrock. In both cases the wells were located on
the outer edges of the trench in the adjacent mountain foothills and the wells were abandoned or
completed above the bedrock. Therefore, we have directed our assessment to overburden aquifers only.
Well drilling information indicates random depths for water wells within the trench zone from 15 m to 120
m. Therefore it is safe to conclude that the full stratigraphic section of the trench sediments has not been
penetrated to date. In all cases except two, the required amount of groundwater has been achieved by
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depth drilled, therefore it was not necessary to drill deeper. In the exception, the wells were reported to
have been abandoned at 120 and 140 m in till, presumably without having encountered a suitable
groundwater supply.
The most extensive drilling and hydrogeologic exploration within the northern trench as been done at
Mackenzie, in unconsolidated glacial deposits, for municipal supply and industrial process water. Where
water bearing glaciofluvial outwash sandy gravels have been penetrated and properly developed wells
have been constructed, the well yields are high.
The examination of the drill logs generally indicates an extensive complex statigraphic sequence of
discontinuous sediments. In most drill holes till was encountered and often glaciolacustrine clay. Figure
9.20 shows the lithology as noted at the Finlay Forest Industries (FFI) mill at Mackenzie, adjacent to the
Williston Lake reservoir. In many of the well logs examined, the water bearing glaciofluvial sands and
gravels were overlain by a confining layer of glacial till or glaciolacustrine silt or clay, thus resulting in an
artesian condition. Table 9.7 gives a range of well information from wells drilled within the trench
sediments.

Figure 9.20 Stratigraphic Section at the Finlay Forest Industries Process Well at Mackenzie, B.C.
TABLE 9.7: TYPICAL WELL CHARACTERISTICS
Location

Rated Yield
(L/s)

Mackenzie
Mackenzie
Mackenzie
Mackenzie

Drilling Depth
(Metres)

17
6
49
92*

66
81
68
76
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Mackenzie
Mackenzie
Fort Ware

153*
123*
+8*

87
15
28

Only the industrial and municipal wells at Mackenzie and Fort Ware have been fully tested and
analyzed. Table 9.8 shows the aquifer characteristics represented by the testing of these wells and
should be taken as being only representing the aquifers penetrated at that location. However these
characteristics are expected to exist elsewhere within the trench.
TABLE 9.8
AQUIFER CHARACTERISTICS
Location

Transmissivity
(m2/d)

Fort Ware
7949*
Mackenzie (ind.)
620**
Mackenzie (ind.)
595**
Mackenzie (mun.)
2484*

Storativity
10-3
10-4
10-5
10-5

* water table aquifers, possibly receiving recharge from
surface sources
** confined artesian aquifers
Aquifer characteristics are as variable as the trench sediment stratigraphy. The potential for water supply
from within the north Rocky Mountain Trench sediments is extremely variable, depending upon location.
Close to the centerline of the well-defined trench lineament north of McLeod Lake, one would expect
potentially high yields in the glaciofluvial coarse granular sediments. As noted, the known drilling to date
has probably not penetrated the entire depth of the trench sediments, and further aquifers may exist at
depths greater than the approximately 100 m drilling depth.
Observed recharge to the trench aquifers during studies at Mackenzie is seasonal precipitation.
Hydrographs plotted from recording wells at Mackenzie show a 14 metre variation in non-pumping water
levels over an annual cycle. The low water levels occur during the month of May. Once the ground frost
is gone the water levels rise rapidly to a peak height during September - October before declining. The
studies also indicate the artesian aquifer does not appear to have a direct hydraulic connection to the
Williston Lake reservoir. However it is expected that a body of water of that size will have some impact
upon the aquifer characteristics. To date no information is available on this impact.
GROUNDWATER QUALITY
Water quality information is limited to the few locations where wells have been developed for human
consumption and industrial use. Both the artesian and water table aquifers, developed within the trench,
indicate water of moderate mineralization. Most parameters tested fall within the Canadian drinking
water standards; however, the samples often tested high in concentrations of iron and manganese. This
has resulted in treatment for process water use to eliminate incrustation.
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SOUTH ROCKY MOUNTAIN TRENCH SECTION
by
J. C. Foweraker
GENERAL SETTING
The south section of the Rocky Mountain Trench, see Figure 9.21, extends from south of the McGregor
River for 725 km to the International Border. Holland (1964) describes this feature as a somewhat
sinuous valley lying between the Columbia Mountains on the west and the Rocky Mountains on the east.
The valley varies from 3 km to 16 km in width and it is occupied by the northward flowing section of the
Fraser River, Kinbasket Lake, the north flowing section of the Columbia and between Canal Flats and
the International Border, by the south flowing Kootenay River. At Canal Flats the Rocky Mountain
Trench is intersected by two smaller `u' shaped valleys, a west trending hanging valley containing
Findlay Creek and a north east trending valley containing the Kootenay River (Haughton, 1978).
The western front of the Rocky Mountains forms the eastern wall of the Trench and the eastern front of
the Columbia Mountains forms the western wall of the Trench. At the north end, near the McGregor
River, the Trench mergers into the Fraser Basin at an elevation of 610 m (Holland 1964).
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Figure 9.21 South Section of the Rocky Mountain Trench Subregion.
SURFICIAL GEOLOGY
The south section of the Trench was probably drained during Tertiary times according to Holland (1964),
by a south flowing Columbia River and the Kootenay River. Holland believed the Trench developed as
an erosional form during the Tertiary period by streams whose courses were antecedent to the building
of the Rocky Mountains. Further, the erosion of the Trench was essentially completed by the end of the
Pliocene. One major effect of subsequent glaciation was to derange the previously established drainage
systems in the Trench.
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During deglaciation, the present day river courses became established and since then the river have
become incised to varying degrees into the deep drift deposits of the Trench valley floor. The south
section of the Trench valley floor has been filled to varying depths with fluvial, glaciofluvial, glacial
lacustrine and till deposits.
GROUNDWATER RESOURCES
Within the heterogeneous valley fill deposits of the South Rocky Mountain Trench Section there exist
productive aquifers of sand and gravel which have been developed for domestic, community and
industrial water supplies. One of the most accessible sources of groundwater in the southern section of
the Trench is outwash gravel underlying major meltwater channels in the Trench floor. This gravel
according to Clague (1973), is permeable, and underlain by silt and clay. The City of Cranbrook for
example, constructed high capacity wells in the gravels of a large meltwater channel.
The distribution of wells within the south section of the Trench shows a higher density associated with
such communities as Golden, Edgewater, Invermere, Athalmer, Windermere, Canal Flats, Wasa, Fort
Steele, Cranbrook, Wardner, Jaffray and Baynes Lake.
Well records indicate the unconsolidated deposits in some areas of the Trench are deep. A well record
for a site north of Athalmer reportedly reached a depth of over 180 m in unconsolidated materials, and a
well depth of 143 m is recorded at Fort Steele, while at Elko, Wardner and Canal Flats, wells completed
in unconsolidated deposits have reached depths of over 91 m.
There are over 1,700 known well records on file in the Groundwater Section for the South Rocky
Mountain Trench Section. This well record information is supplied gratuitously to the Province by well
drilling contractors and others. The following sections are based in part on these records, and the
information presented below should be used with caution as the records may be incomplete and their
accuracy and reliability have not been independently confirmed.
The majority of the available well records, namely 79% or 1,360, are for low capacity wells producing
less than 1L/s. Approximately 90% or 1,540 of the recorded wells are completed in unconsolidated
deposits and 78% or 1,205 of these have either no reported well yield or the reported yields are
estimated as under 1 L/s. The remaining 22% or 335 wells completed in unconsolidated deposits, are
reported to have higher potential yields. These remaining wells have been divided into two groups based
on yield. Group 1 consists of 250 wells which range in potential yield from 1 L/s to less than 4 L/s. Group
2 consists of 85 wells with reported potential yields of over 4 L/s.
Bedrock wells account for 10% or 170 wells out of a total of over 1,700 wells located in the south section
of the Trench. Approximately 88% or 150 of these bedrock wells have either no record of well yield or
the yield is less than 1 L/s. Only 12% or 20 bedrock wells have reported potential yields greater than 1
L/s.
Details on some selected higher capacity wells completed in unconsolidated deposits in the South
Rocky Mountain Trench Section are given below, commencing at the north end.
North end of the South Trench Section: Very little information is available on the groundwater
potential at the north end. Shallow wells have been completed near Dome Creek, and at Crescent Spur,
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three 150 mm wells ranging in depth from 20 m to 52 m have been completed in unconsolidated
deposits approximately 60 to 150 m from the Fraser River. These wells were reported to have potential
yields from 2.3 L/s to 3.8 L/s.
Northwest of McBride: Near the McBride Provincial Park, two wells 22 m and 14 m deep, were
completed in water bearing gravels lying below clay. These wells were reported to have produced yields
of 1.9 L/s and 1.5 L/s respectively.
Tete Jeune Cache: The potential yield estimates of six wells constructed for a subdivision at Tete Jeune
Cache, south of the Fraser River, ranged from 1.5 to 7.5 L/s.
South of Valemount: A well drilled for a subdivision site approximately 1.6 km south of Valemount was
rated at 2.7 L/s. The well was completed in sand and gravel at a depth of 49 m below a sequence of silts
and fine sand, transmissivity of the aquifer was calculated at 1.38 x 10-4 m2/s. A second well drilled to
27 m at this location yield 3.3 L/s and the transmissivity value was calculated at 2.59 x 10-4 m2/s.
Golden: South of Kinbasket Lake, are several wells with reported potential yields of over 7 L/s.
Groundwater has been used extensively in Golden and in the communities to the south, where a thick
complex sequence of unconsolidated materials have been deposited, including till, gravel, sand, silt and
clay. A 150 mm observation well has been completed in unconsolidated material to a depth of 45 m at a
site 5.6 km south east of Golden at Hobart. The estimated yield in this well was 1.46 L/s and the aquifer
transmissivity was calculated at 3.2x10-4 m2/s (Hodge, 1990).
Also at Golden, at well sites near the Kicking Horse River, there are reported potential well yields from
13.6 L/s up to 151 L/s being produced from industrial wells completed in water bearing gravels at depths
less than 30 m. The transmissivity in one aquifer at a site on the north side of the Kicking Horse River at
Golden, was calculated to be 1.87 x 10-2 m2/s. South of Golden at Brisco there is a report of a well
penetrating to a depth of 140 m in unconsolidated deposits.
Radium Hot Springs: A 150 mm diameter well at this location reached a depth of 112 m in
unconsolidated deposits, however the well is reported to have only yielded an estimated 1.5 L/s. Also at
Radium a 16.5 m deep well was reported to yield an estimated 11.4 L/s for a subdivision supply and the
specific capacity of the well was calculated at 9.6 L/s/m of drawdown. The theoretical specific capacity
for a larger production well at the site could be much higher.
Athalmer-Invermere area: Many wells have penetrated fine gravel, clay, silt and fine sand in this area.
This fine gravel fraction is also often present within the water bearing zones of sand and gravel. At
Athalmer, potential yields of over 7 L/s were reported in a number of early well records from the 1950's.
These wells were generally shallow, less than 15 m deep and water bearing sands and gravels were
encountered below the overlying silts and clays.
Fairmount Hot Springs: Six well records in this area report potential yields between 1 L/s and 4 L/s, the
wells are less than 30 m deep. One well record for a 19 m deep well developed in gravel below
impermeable beds, reports a yield of 25 L/s.
Canal Flats: There are 10 well records with potential yields reported being between 1 L/s, and 4 L/s and
two well records with estimated yields greater than 4 L/s at Canal Flats. With one exception , all these
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wells are reported as being less than 30 m deep.
Skookumchuck: A 200 mm diameter industrial well completed in sand and gravel at a depth of 40 m at
Skookumchuck, yielded an estimated 22 L/s based on a 24 hour pumping test. Another well at
Skookumchuck is reported to have a potential yield approaching 7 L/s. This well was completed in
unconsolidated deposits at a depth of 18 m at a site close to the Kootenay River.
Wasa: A 18 m deep, 152 mm diameter well completed in 1960 at the Wasa Lake picnic area, was
reported to have a potential yield in excess of 7 L/s, specific capacity was calculated at 11.3 L/s/m of
drawdown. This sand and gravel aquifer was overlain by impermeable clay with some gravel. A second
well constructed at the site was drilled to a similar depth and was pump tested for 8 hours. The
preliminary results indicated that a large production well constructed at this site may have a theoretical
specific capacity as high as 105 L/s/m of drawdown. Early records of three additional wells at Wasa
between 18 m and 61 m deep in unconsolidated materials, report potential yields greater than 7 L/s.
Fort Steele: A 9 m deep community water supply well at Fort Steele, completed in 1955 in
unconsolidated sands and gravels, was retested in 1978. The reported yield of this well based on the
pump test was estimated at over 12.6 L/s. The specific capacity was calculated at 18 L/s/m of
drawdown, however available drawdown in this well was only 1.4 m.
Cranbrook: Well yields in the Cranbrook area, are according to LeBreton (1979), commonly less than
20 L/min and generally low permeability values for aquifers in the bedrock and in the surficial deposits
can be expected. However data for a shallow aquifer in the main valley running through the west side of
the city show well yields up to 63 L/s are possible. Production wells for the city of Cranbrook have been
completed in these deposits and are capable of producing 31.5 L/s to 63 L/s. From an analysis of the
pumping test data, transmissivity values of 2.9 x 10-2 m2/s have been reported for shallow sand and
gravel aquifers in the main valley. (Le Breton, 1979). Also a deeper aquifer below the aquifer in which
the City of Cranbrook wells are completed is moderately productive and according to Le Breton, wells
yielding 3.2 L/s to 6.3 L/s or higher are possible.
Bull River: Near the junction of the Bull River with the Kootenay River, high capacity wells have been
developed for a provincial fish hatchery. These wells have been completed in a shallow coarse sand and
gravel aquifer with potential yields reported as high as 126 L/s.
Wardner: There are some, earlier, 1950 well records reporting good domestic yields from a shallow, 6 m
to 9 m deep sand and gravel aquifer at Wardner. Domestic supplies were also located in a deeper
aquifer located approximately 30 m from surface.
Galloway: Some productive water bearing sands and gravels have been developed at varying depths
down to 30 m for both industrial and domestic wells at Galloway.
Jaffray: Reports of potential well yields between 1 L/s and 4 L/s have been developed from a shallow
sand and gravel aquifer 6 m to 9 m deep at Jaffray.
Elko: Northeast of Elko at Morrisey on the Elk River, an artesian well was reported in 1966 to be flowing
at 26.5 L/s. The well was completed in a 40 m deep sand and gravel aquifer below impermeable
confining beds. At Elko the potential yield from a community water supply well was reported to be 15.2
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L/s. This well was screened in a gravel aquifer located between 72 m and 78 m below surface. The
specific capacity was calculated at 27.3 L/s/m of drawdown. Early 1950's domestic and industrial well
records for Elko indicate that productive aquifers were encountered in unconsolidated deposits at depths
ranging from 29 m to 73 m.
Baynes Lake: Groundwater at Baynes Lake occurs under water table conditions at shallow depth within
sand and gravel outwash deposits overlying glacial till and lacustrine clays. The outwash deposits vary
up to 15 m in thickness (Kohut, 1976). The heterogeneous nature of these deposits also makes the
development of domestic supplies in any specific area, uncertain.
Grasmere: In the Grasmere area, clays and tills are commonly encountered during drilling and
consequently wells are generally shallow and low yielding, less than 23 L/min. Gravels and sands found
in the upper 30 m at some locations may have some potential for limited groundwater development
(Petrie, 1976). Gravels interbedded with clays and tills were encountered in one 30 m deep well near
Grasmere and the reported potential yield at the time of well construction in 1960, was estimated at over
7 L/s.
GROUNDWATER QUALITY
Records of selected groundwater quality analyses reviewed for the South Rocky Mountain Trench
Section show that the groundwater is usually very hard, averaging approximately 285 mg/L, while the
total dissolved solids (TDS) concentration averaged approximately 345 mg/L.
The dissolved mineralization of groundwaters located within the south section of the Trench generally
falls into one of two types:
In the Type 1 groundwaters, the major constituents are calcium, magnesium, sodium, bicarbonate and
sulphate, while in the Type 2 groundwaters, the major constituents are calcium, magnesium, bicarbonate
and sulphate. In Type 2 groundwaters sodium is either absent or the concentration of sodium is low
compared to the other major constituents.
Concentrations of manganese in groundwater at sites located at Valemount and Golden are reported to
be close to or to exceed the aesthetic objectives set in the Guidelines for Canadian Drinking Water
Quality (1989).
At Radium Hot Springs, arsenic was reported in a 1974 analysis at concentration of 0.012 mg/L. The
maximum acceptable concentration for arsenic is 0.05 mg/L.
Table 9.9 provides a comparison of major constituents found in groundwaters, as well as hardness and
total dissolved solids (TDS) concentration, at a number of site locations in the South Rocky Mountain
Trench Section.
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9.2.3 Liard Plain and Nass Basin
by
J. C. Foweraker
LIARD PLAIN
The Liard Plain lies within the drainage area of the Liard River and its tributaries
and is a low area of slight relief (Chapter 8, Figure 8.5). The plain is to a large
extent surrounded by plateaus and mountains of considerably greater elevations.
To the south the plain merges with the Rocky Mountain Trench (Holland, 1964).
The Liard Plain was completely covered by glacial ice and glacial sculpturing is very
evident today. According to Holland (1964) ice moved across the plain and shaped
and modelled bedrock and drift into drumlin like forms parallel to the direction of ice
movement. Shallow lakes now fill depressions previously gouged out by ice, and
eskers and morainal features are clearly shown on air photos.
No subsurface information, office or field studies on groundwater potential of the
Liard Plain are available except for Lower Post, where a preliminary investigation
for a well site for Lower Post school recommended test well drilling in sand and
gravels of the lower terraces of the Liard River Valley.
Southeast of Lower Post at the Hyland River Park a well yielding 27.3 L/min was
completed in a silty, sand and gravel aquifer. The aquifer was encountered at a
depth of 12.8 m and extended down to 17.4 m. The aquifer is overlain by clays and
silts.
NASS BASIN
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The Nass Basin is of low relief, most below 760 m elevation, and it is drained by the
Nass River and its tributaries and by tributaries of the Skeena River. Holland (1964)
describes the basin as extending from the junction of Teigen Creek with the Bell
Irving River south-eastward for 209 km to the Skeena river at Hazelton (see
Chapter 8, Figure 8.5). The maximum width of the basin, northeasterly from
Hazelton at Swan Lake, is about 40 km. The basin is encircled by mountains which
rise abruptly from the gently rolling floor of the basin. Bedrock underlying the basin
is dominantly volcanic (Holland, 1964). The basin was occupied by glacial ice and
the numerous depressions now lakes are of glacial origin.
Available information on groundwater potential is limited to a few well records and
preliminary studies for groundwater availability at New Hazelton, Kitwanga and
Meziadin Lake.
In the area around New Hazelton a discontinuous sand and gravel aquifer up to 7.6
m thick underlies a 38 - 53 m thick blue bouldery till. Wells completed in this aquifer
may produce 45 - 103 L/min. The static water level in some of these wells may be
as deep as 37 m. Some potential for groundwater development exists in shallow
sands and gravels along some areas of the Bulkley River but silt content in the
groundwater during spring freshet may be a problem.
A 305 mm production well 30 m deep near Kispiox Village north of Hazelton was
constructed in a 21 m thickness of sand and gravel, for a fish hatchery. The well
was tested at 75.7 L/s. Transmissivity is 1.7 X 10-2 m2/s (Wei, 1986).
Northeast of Kitwanga on the north side of the Skeena River wells have been
completed for domestic and industrial uses in shallow sands and gravels, and in
some instances reported yields are between 45 and 136 L/min. A 91 m deep well
completed in bedrock on the upland 3.2 km northeast of Kitwanga townsite and east
of the Kitwanga River has a potential yield of 45 - 68 L/min. West of Kitwanga and
east of Cedarvale, wells completed in sands and gravels less than 21 m deep yield
up to 45 to 136 L/min (Kohut, 1977).
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9.3 FORT NELSON LOWLAND
by
Kevin D. Ronneseth
The dissection of the Alberta Plateau by the Fort Nelson, Hay and Petitot Rivers
and their tributaries has produced the Fort Nelson Lowland (See Chapter 8, Figure
8.2). The Fort Nelson Lowland is an area of extremely low relief, with an average
elevation of 450 m. Drainage is poorly organized over much of the region resulting
in extensive areas of muskeg. The Fort Nelson and Petitot Rivers are incised as
much as 150 m below the general level of the lowland. Elsewhere, streams
meander across a surface little changed since the retreat of glacial ice during the
Pleistocene (Holland, 1964).
The lowland for the most part, is underlain by flat or gently dipping Cretaceous
shale and sandstone. Bedrock out cropping is rare except along river channels
(McLearn and Kindle, 1951).
During the Pleistocene, the Fort Nelson Lowland was covered by the continental
Keewatin ice sheet. The lowland is covered with a veneer of glacial drift which is
comprised of debris transported from Precambrian areas far to the east. The
direction of ice flow is marked by the lineation of elongated drumlins and glacial
fluting in the ground moraine. The ground moraine and pitted outwash are extensive
with lakes occupying the numerous undrained depressions. There is also a complex
of glacial meltwater channels associated with retreating ice (Holland, 1964).
Currently, there are no groundwater maps available for the Fort Nelson Lowland
area. Hydrogeological information presented below, comes from water well records
and reports on file with the Groundwater Section of the Provincial Government.
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Water well depths range from 12 to 140 m. Water well logs show local thickness of
unconsolidated materials greater than 130 m. A number of water wells have been
completed in unconfined water bearing sands and/or gravel deposits with yields up
to 10 L/s (litres per second) being reported. The reported location of these high
yielding sand and/or gravel aquifers are adjacent to the Muskwa River and the Fort
Nelson River south of the Muskwa River. It was noted in one report, that local sands
and/or gravel deposits, are thicker adjacent to the Muskwa River channel and
become thinner away from the river. Other water well records report confined
unconsolidated aquifer conditions. One water well record shows 125 metres of clay
overlying water bearing gravels.
Twenty of the water wells on file with the Groundwater Section, report wells
completed in bedrock. When recorded, the bedrock type was shale. Water yields
were normally sufficient for domestic supplies, ranging from .06 to .4 L/s.
Three main types of aquifers are identified in this region. The unconfined sand
and/or gravel aquifers which currently report the highest water yields. The quality of
the groundwater from these aquifers has been locally reported to be a bicarbonate
of calcium and magnesium type (Hall, 1971). Total Dissolved Solids (TDS) range
form 300 to 400 mg/L, hardness from 250 to 300 mg/L and iron has been reported
up to 5 mg/L. The confined sand and/or gravel aquifers have TDS ranging from 600
to 700 mg/L, hardness from 400 to 500 mg/L and iron being recorded as high as 10
mg/L. These confined groundwaters were also reported locally to be bicarbonate of
calcium and magnesium type. The final groundwater source is the bedrock aquifer.
The groundwater type from the bedrock was reported locally as being bicarbonate
of soda (Hall, 1971). TDS ranged from 100 to 1500 mg/L, hardness was less than
100 mg/L and iron was reported up to 5 mg/L. The unwanted existence of natural
gas was also reported in some of these bedrock aquifers.
Available information suggests groundwater resources are historically developed to
meet domestic, commercial, industrial and municipal water supplies. Government
agencies and industry are responsible for the larger groundwater exploration and
development programs.
It should be noted, that the hydrogeological information presented here comes from
a geographically small area of the Fort Nelson Lowlands. Therefore, the
hydrogeological environment the water well logs describe, cannot be considered
representative of the region as a whole. However, the confirmation of high yielding
sands and/or gravels aquifers adjacent to present day stream channels indicate the
probable existence of additional productive aquifers. In addition, the existence of
large abandoned glacial meltwater channels offer the potential as a major
groundwater supply source. Highly productive aquifers have been developed in
glacial meltwater channels south of this region on the Alberta Plateau. The available
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data suggests that groundwater can be a major contributor to future water supplies
in the Fort Nelson Lowland.
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CHAPTER 10
GROUNDWATER RESOURCES OF THE PLATEAUS AND HIGHLANDS GROUNDWATER REGIONS
10.1 INTERIOR PLATEAUS AND HIGHLANDS
10.1.1 Thompson Plateau
by
M. Zubel
GENERAL SETTING
Figure 10.1 outlines the general extent of the Thompson Plateau, bounded on the east by the Okanagan
and Shuswap Highlands and on the west and south by the Cascade Mountains. The main population
centres include Kamloops, Kelowna, Penticton, Princeton, Merritt and Cache Creek.
PHYSIOGRAPHY
Holland (1964) described this plateau as a gently rolling upland of low relief, generally between 1,200 m
(4,000 ft.) and 1,500m (5,000 ft.), covering an area of approximately 28,500 sq. km. (11,000 sq. miles),
and representing the late Tertiary erosion surface that has been dissected by three major rivers, i.e.
Thompson, Similkameen and Okanagan and their tributaries. Other major hydrologic features include
Kamloops Lake and Okanagan Lake.
GEOLOGY
According to Nasmith (1962), this area was occupied by Pleistocene ice. A thick mantle of glacial drift
covers bedrock over a large proportion of the plateau. According to Holland (1976), the plateau is
comprised of a diversity of rocks; stocks of granitic rock intrude sedimentary and volcanic formations of
Palaeozoic age; flat-lying or gently dipping early Tertiary (Eocene) lavas obscure large areas of older
rocks.
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Figure 10.1 - Thompson Plateau and Watershed Areas
GROUNDWATER RESOURCE
The groundwater resources within the Thompson Plateau are described as follows for each of the
watershed areas within this plateau. For each of these areas, the corresponding figures (i.e. 10.2, 10.3,
10.4, 10.5) outline the general extent of known and potential major aquifers or groundwater reservoirs
within unconsolidated sediments. The delineation of these aquifers is based primarily on surficial geology
( i.e. locations of sand and/or gravel deposits), and water well drillers' lithological descriptions as
reported on water well records.
THOMPSON RIVER WATERSHED
The principal aquifers within this watershed are located in the main river valleys. About 73% of the
approximately 1100 reported wells in the area have been constructed in water-bearing sand and/or
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gravel deposits (i.e. unconsolidated aquifers). About 90% of these wells have reported yields of less than
1 L/s (i.e. sufficient for domestic needs), while the remainder (approximately 70 wells) have reported
higher yields between 6 L/s and 95 L/s.
These higher yield wells, used for irrigation, municipal and agricultural purposes are located primarily in
the Cache Creek area (i.e. Semlin valley, Bonaparte River floodplain), the Cherry Creek area, and the
Salmon River area (particularly Westwold), as shown in Figure 10.2. Based on available well record data
and extent of aquifers, there is a significant potential for further groundwater development.
There are approximately 300 wells constructed in bedrock, mostly located in the Kamloops area.
Reported yields vary up to 5 L/s (Barriere area), with a large proportion at about 0.1 L/s.
An analysis of limited groundwater quality data indicates that groundwater from wells constructed in
bedrock are principally bicarbonate and/or sulphate type, while groundwater from wells constructed in
unconsolidated materials are predominantly a bicarbonate type. Most of the water samples analyzed
showed high levels of Total Dissolved Solids, i.e. greater than 500 mg/L, and some samples showed
high levels of Sulphate, exceeding the Canadian Drinking Water Quality Standards' maximum
acceptable concentration of 500 mg/L. A probable source of the Sulphate may be from sulphate-rich
rocks located around the east end of Kamloops Lake.
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Figure 10.2 - Thompson River Watershed
Chemical analyses of groundwater samples from wells in the Deadman River area indicate that the
water is very hard, highly mineralized and contains mercury levels at concentrations of up to 0.005 mg/L.
The Canadian Drinking Water Quality Standards' maximum acceptable concentration is 0.001 mg/L.
Mercury levels in excess of 0.0002 mg/L are considered toxic to fish culture. The probable source of
mercury may be from mercury bearing rock occurring in the Deadman River watershed and the west end
of Kamloops Lake.
Other groundwater concerns within the Thompson River watershed include:
*potential groundwater-surface water interference in the Cherry Creek valley west of Kamloops, where
there is evidence suggesting that major groundwater withdrawals affect creek flows indirectly, by
lowering the head in the aquifer and inducing recharge from the creek. Other areas where groundwater
use may affect creek flows include Peterson Creek just south of Kamloops, Campbell Creek east of
Kamloops, and the Salmon River valley area.
*groundwater mining conditions east of Cache Creek, where it is reported by Livingston (1983) that
extensive groundwater withdrawals from large capacity irrigation wells are depleting the artesian aquifer
underlying the Semlin valley and threatening to significantly diminish production from this aquifer.
*impacts of proposed municipal sewerage disposal schemes on groundwater in high population areas.
NICOLA RIVER WATERSHED
There has been only a limited amount of groundwater development within this watershed area. A review
of the 242 well records on file with the Ministry of Environment indicates that 110 wells were constructed
in bedrock (providing sufficient water for domestic needs), while the remaining 132 wells, constructed in
unconsolidated deposits, 31 wells have reported yields between 6 L/s and 128 L/s. Most of these higher
yielding wells, being utilized for municipal water supply needs and industrial (mining) needs, are located
in the Douglas Lake area, Lower Moore Creek area and the Monck Park campsite area on the north side
of Nicola Lake.
There are three known aquifers in the Merritt area; two confined aquifers located about 60 m and 100 m
below ground. and a third, shallow, but discontinuous aquifer about 16 m below ground in the Nicola and
Canford areas and as much as 50 m deep in the Merritt area, where yields from wells constructed in this
shallower aquifer have been reported up to 120 L/s.
In the Highland Valley, there is a significant artesian aquifer extending throughout most of the valley,
approximately 30 m in thickness and located at a depth of about 75 m. Wells constructed in this aquifer
have been reported to yield in excess of 38 L/s, with some wells flowing as much as 6.3 L/s.
According to Brown et al (1980), the quality of groundwater in the Highland Valley area can be classified
as a moderately hard, calcium bicarbonate type water, low in Total Dissolved Solids (250 mg/L to 400
mg/L) and suitable for domestic and industrial use. Elsewhere in this watershed, the results of very
limited chemical analyses of groundwater indicates that the water quality is generally good; within
recommended drinking water quality standards.
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The amount of groundwater use within this watershed is not definitely known due to a lack to metered
data. However, based on the extent of known and potential aquifers and the limited amount of
groundwater wells, it appears that there is a significant potential for further groundwater development
particularly in the Highland Valley, Logan Lake area, Douglas Lake area, Pennask Lake area, Lower
Moore area and the area at the confluence of the Lower Coldwater River and Nicola River.
SIMILKAMEEN RIVER WATERSHED
The Groundwater Section of the Ministry of Environment has on file the records of approximately 800
water wells constructed within this watershed area, for domestic, livestock, irrigation and municipal use.
About 550 of these wells (drilled to depths of up to 126 m) have been constructed within the
unconsolidated deposits of the valley bottoms, on the terraces of the Similkameen River and its
tributaries, and on fans at the mouths of tributary creeks. These unconsolidated deposits comprise the
major aquifers as shown in Figure 10.4. Depths to the tops of the shallow unconfined sand and gravel
aquifers range from 1 m to 66 m and averages 8 m. In most cases, drilling did not penetrate to the
bottoms of the aquifers, estimated to be at least 10 m thick. Deeper aquifers also exist, as evidenced by
one well in the Cawston area reported to have penetrated 67 m of water bearing sands and gravels.
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Figure 10.3 - Nicola River Watershed

Figure 10.4 - Similkameen River Watershed
About 440 wells are located in the Keremeos/Cawston area. More than 100 of these wells have reported
yields in excess of 6.3 L/s, and up to 150 L/s (i.e. Fairview Heights Irrigation District). Observation well
data indicates the depth to the water table ranges between 1 m to 8 m. The estimated potential
withdrawal from these wells is about 3000 L/s. Transmissivity values obtained from 24 hr. pumping tests
at rates between 30 L/s and 100 L/s were calculated at between 0.14 m2/sec to 0.29 m2/sec. Production
well pumping test drawdown measurements taken in observation wells located at distances of about 23
m to 70 m showed less than 0.3m of drawdown from pumping at rates up to 100 L/s for more than 24
hrs. Based on analyses of pumping test data and observation well data it appears that interference
effects among large production wells and with Similkameen River flows is not significant.
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Between Princeton and Hedley there are more than 200 wells constructed in unconsolidated deposits in
the vicinity of the Similkameen River. Groundwater from these wells is used primarily for domestic,
irrigation and municipal use, and wells are reported to have yields as high as 60 L/s (e.g. Hedley
Waterworks District).
Analysis of groundwater level data from observation wells in the Keremeos area (for the period between
1967 - 1982) and the Princeton area (for the period 1977 - 1980) indicates that the groundwater levels
are stable (i.e. showing no overall declining or rising trends), notwithstanding the increased amount of
well construction and groundwater use during this period. It appears that there is good potential for
further groundwater development in both these areas.
Groundwater within the bedrock can be found in joints and/or fractures, along bedding plane partings
and in the interflow zones of lava. An analysis of well record data for wells within this watershed
indicates that the majority of wells (approximately 200) constructed in sedimentary or volcanic bedrock
have yields generally less than 1 L/s, (i.e. sufficient for domestic purposes). Some of the bedrock wells
are reported to be dry. The potential for further groundwater development from bedrock is limited.
OKANAGAN WATERSHED
As a result of intense glaciation in the Okanagan valley during the Pleistocene period, a thick sequence
of unconsolidated sediments filled the valley. Test wells drilled in the Okanagan valley north of
Armstrong encountered more than 570 m of unconsolidated sediments. However, it is within the top 100
m of these sediments that the greatest amount of groundwater development has occurred.
Of the approximately 3,600 reported wells within this watershed, about 50% are shallow dug wells of
limited capacity and yield; 10% are reported to be constructed in bedrock and have limited yields (i.e.
less than 0.6 L/s). Of the remaining 40% of reported wells (i.e. about 1,500), approximately 250 wells
have yields in excess of 6 L/s. These higher yield wells, used primarily for irrigation, municipal, water
works districts and agricultural purposes are located as shown in Figure 10.5, mainly in the Osoyoos to
Okanagan Falls area, Kelowna and Vernon areas.
The actual amount of groundwater utilization within this watershed is not fully known. Groundwater level
trends in the Westwold and Summerland areas appear to be declining, suggesting that the potential for
further groundwater development may be limited, while groundwater levels in other parts of the valley,
such as Osoyoos, do not show any long term declining trends, suggesting that there is good potential for
further groundwater development in these areas.
Based on limited groundwater chemical analysis data, the quality of groundwaters throughout the
watershed is generally good, and may be classified as calcium and magnesium bicarbonate type, with
moderate Hardness and low Total Dissolved Solids (generally less than 500 mg/L).
Groundwater concerns include:
*anomolously high levels of Fluoride (3.5 mg/L to 4.0 mg/L) in groundwaters in wells located south-east
of Naramata and on the slopes of Silver Star Mountain.
*high Nitrate levels (>10 mg/L) in groundwater in wells in the Rutland, Okanagan Landing and Osoyoos
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areas; the possible sources may be from septic tank effluent discharge, treatment plant disposal fields
(Rutland area), and leaching of Nitrates from fertilized soils (Osoyoos area).
*high (total) Phosphorous concentrations of 0.337 mg/L to 0.675 mg/L in groundwater in flowing artesian
wells in the Okanagan Landing area.

Figure 10.5 - Okanagan Watershed
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10.1.2 NECHAKO PLATEAU
by
J. C. Foweraker and D. Johanson
GENERAL SETTING
The Nechako Plateau (Figure 8.7) is located within the Interior System of the
Province to the north of the Fraser and Thompson Plateaus. West of the Nechako
Plateau lie the Hazelton Mountains and to the north, the Omineca and Skeena
Mountains. The southern boundary with the Fraser Plateau is in part defined by the
West Road River. The plateau is bounded on the east by the Fraser Basin.
Remnants of the Nechako Plateau also occur within the Fraser Basin, in areas
where the plateau rocks were not destroyed by earlier erosion. On the eastern
margin of the Fraser Basin there is also a small plateau area, the McGregor
Plateau, which Holland (1964) included in his discussion of the Nechako Plateau.
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Population density within the Nechako Plateau is to a considerable extent
concentrated along the Endako and Bulkley River valleys, for example at Fraser
Lake, Endako, Burns Lake, Decker Lake, Topley, Houston and Telkwa. There are
additional settlements around such areas as Granisle near Babine Lake, Ootsa
Lake and Francois Lake.
PHYSIOGRAPHY
The plateau is described by Holland (1964) as an area of low relief with large areas
of flat or gently rolling land, sometimes almost undissected, but elsewhere incised
deeply to the level of the Fraser River and its tributaries. The major valleys such as
the Nechako, West Road, Ootsa Lake etc., are broad and uneven. The complex
drainage pattern, according to Tipper (1963), forms a disjointed network of shallow
V shaped valleys cut into the broad irregular valley bottoms. Much of the plateau
surface is between 1220 and 1525 m in elevation. Several round topped mountain
areas project above the general plateau surface in the southwestern area of the
plateau where some more erosion resistant rock occurs.
http://wlapwww.gov.bc.ca/wat/gws/gwbc/C1012_Nechako_Plateau.html (2 of 4) [7/2/2003 12:53:56 PM]

Groundwater

GEOLOGY
Much of the plateau is overlain by flat or gently dipping Tertiary lava flows which are
underlain by volcanic, sedimentary and intrusive rocks, (Holland 1964). Glacial drift
covers much of the bedrock.
In Pleistocene times, ice moved across the plateau towards the northeast and east
and marked the surface with thousands of grooves and drumlin like ridges.
After the ice retreated, depressions were left in the plateau surface which formed
the many lakes now found on the plateau. Babine Lake for example is the second
largest lake in the province.
Eskers and meltwater channels are a noticeable feature of the plateau and
according to Tipper (1971), many meltwater channels, often bounded by stagnant
ice, were eroded into the till and bedrock surfaces to provide drainage routes for the
torrential streams coming from the rapidly melting ice sheet at that time.
In the Nechako and Bulkley River valleys and major tributaries located on the
plateau, varying thicknesses of heterogeneous unconsolidated deposits containing
both productive sand and gravel aquifers and impermeable deposits were laid down
during the deglaciation periods. Present day rivers are now reworking these
materials.
GROUNDWATER RESOURCES
These are over 700 recorded wells located within the Nechako Plateau area. There
may be many additional wells for which no records are presently available. Over
70% or over 500 of the records are for wells completed in unconsolidated water
bearing deposits. Approximately 85% or 430 of these wells have either no known
information on well yield or the well yield is reported to be less than 1 L/s. These
wells are for the most part used for domestic requirements. The remaining 15% or
80 higher yield wells, completed within unconsolidated deposits, can be separated
into two groups. In the first group approximately 75% or 60 wells have reported
potential yields between 1 L/s and 4 L/s, while in the second group 25% or 20 wells
have reported potential well yields between 7 L/s and 30 L/s. These higher yield
wells, which include a number of test wells, are located along the Bulkley and
Nechako River valleys.
Productive sand and gravel aquifers occur as deep as 100 m at Endako and at 46
m at Burns Lake, while at Houston most high capacity wells have been completed
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in sands and gravel less than 30 m deep. There are also records of higher capacity
wells located to the west of the plateau boundary at Smithers, in the Bulkley Valley.
However, heterogeneous deposits, aquifer boundary conditions which can limit well
yield, and high static water levels can be expected at many locations in these valley
fill deposits. There are also over 200 bedrock wells on the Nechako Plateau, 5% or
10 of these wells have estimated capacities in excess of 1 L/s, but less than 4 L/s.
The remaining bedrock wells are reported to yield less than 1 L/s or the yield is
unknown.
GROUNDWATER QUALITY
Records of groundwater quality analyses are mainly confined to the Nechako and
Bulkley River valley areas. Based on these limited analyses, it would appear
groundwaters are generally moderately to very hard and the waters are most
commonly of the calcium-magnesium bicarbonate type, or the calcium-magnesiumsodium bicarbonate type.
Concentration of dissolved iron exceeds the recommended limits in some areas of
the Nechako Plateau. At Endako, 1981 analyses from two deep wells, one in
unconsolidated deposits, one in bedrock, showed uranium concentrations ranging
from 10 to 14 ug/L in the former and 53 to 68 ug/L in the latter. A high capacity well
completed in a 46 m deep sand and gravel aquifer at Burns Lake, was reported to
contain manganese concentrations in the groundwater of 0.30 to 0.42 mg/L.
According to the Guidelines for Canadian Drinking Water Quality (1989), the
aesthetic objective for manganese is less than 0.05 mg/L concentration.
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10.1.3 FRASER PLATEAU
by
J. C. Foweraker
GENERAL SETTING
The Fraser Plateau (Figures 8.7 and 10.6) is located within the Interior System of
the Province. Over half of the area of the plateau is located on the west side of the
Fraser River. This area includes the Chilcotin country which is traversed by the road
from Williams Lake to Anahim Lake. The northern boundary with the Nechako
Plateau is defined west of the Fraser river by the West Road River, while the
eastern part of the plateau is bounded on the north by the Fraser Basin. The Fraser
Plateau is bounded on the south by the Thompson Plateau. The south west
boundary of the plateau is flanked by the Coast Mountains, while on the east side,
the plateau meets the Quesnel Highlands, which Holland (1964) has drawn at
approximately the 1525 m contour.
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Figure 10.6 Fraser Plateau.
A number of population centers and settlements are located within the Fraser
Plateau which include the southern boundary centers at Lytton, Lillooet and Clinton
and north along Highway 97 through 70 Mile House, 100 Mile House to Lac La
Hache. Towards the east side of the plateau there are settlements at Canim Lake,
Horsefly, Big Lake and Likely, while along Highway 20 west of the Fraser River and
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Williams Lake there are several settlements including Hanceville, Chilanko Forks,
Tatla Lake and Anahim Lake.
PHYSIOGRAPHY
The Fraser Plateau is described by Holland (1964) as a flat and gently rolling
country having large areas of undissected upland lying between 1220 and 1525 m.
In the north western part of the plateau, Tipper (1971) describes three prominent
volcanic centers, the Rainbow, Ilgachuz and Itcha Mountain Ranges. In the
southern corner of the Fraser Plateau are located the Camelsford, Marble and Clear
Ranges which rise prominently above the plateau surface and consist of older
rocks. The central part of the Fraser Plateau has been deeply incised by the broad
valleys of the Fraser River and its tributaries, the Quesnel River and the San Jose
River which together form the southern portion of the Fraser Basin as defined by
Holland (1964).
GEOLOGY
A large part of the Fraser Plateau is underlain by volcanic lava rocks which have
steep escarpments along rivers and creeks and almost flat upper surfaces. Tipper
(1971) refers to the widespread accumulations of Tertiary volcanic rocks of several
ages within the plateau. He notes that the younger Tertiary lavas flooded the lower
Chilcotin River Valley and the south eastern part of the plateau and are generally
much less dissected than the earlier Tertiary volcanics. Today the Fraser and
Chilcotin Rivers have incised into the younger lavas.
The Fraser Plateau is covered to a great extent by glacial drift which has been
molded into elongated drumlin forms by the movement of ice across the plateau.
Holland (1964) describes the direction of ice movement across the plateau as
eastward and north eastward from the vicinity of Anahim Lake and north eastward
to northward from the area between Chilko Lake and the mouth of the Chilcotin
River. Major rivers such as the Chilcotin and Fraser flow in deep valleys within the
plateau and the rivers have eroded into the glacial and outwash materials including
till, silts, sands, gravels and lacustrine deposits which fill the older valleys. Kettles,
eskers and other ice contact features are scattered along the valleys and according
to Tipper (1971) indicate that at one time meltwaters associated with melting ice
occupied these valleys within the plateau area.
GROUNDWATER RESOURCES
It should be mentioned here that the well record information used in completing the
following sections was supplied gratuitously to the Province by well drilling
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contractors and others, it may be incomplete and its accuracy and reliability has not
been independently confirmed. The information summarized in the following
sections should be used with caution.
The majority of the water wells completed within the Fraser Plateau are lower yield
wells of less than 1 L/s. However, within the heterogeneous unconsolidated
deposits which make up the materials filling the broad valleys of the major rivers
within the plateau, there are some highly productive aquifers in which some high
yield wells have been completed. Also a few deep higher yield wells have been
completed in the basalt lavas and brecciated zones of the plateau bedrock.
There are almost 2000 recorded wells located in the Fraser Plateau if the
population centers at the southern border of the plateau, namely Lytton, Lillooet and
Clinton are included. It should also be recognized that there may be many
additional wells within the plateau for which no records are presently available.
Approximately 54% or 1070 of the available records on file are for wells completed
in unconsolidated deposits. About 82% or 880 of these wells have either no
reported yield or the well yields are reported as being less than 1 L/s. These wells
are mainly used for domestic or stock requirements. The remaining 18% or 190 well
records are for higher yield wells which fall into one of three groups based on
reported potential yield. Group 1 consists of 170 wells which range in yield from 1
L/s to less than 4 L/s. Group 2 consists of 7 wells which range in yield from 4 L/s to
less than 7 L/s, and the third group consists of 12 wells which have recorded yields
of over 7 L/s.
The wells in the third groups of over 7 L/s are located at Lillooet, Deadman River,
Canhim Lake, 108 Mile Road, Horsefly Lake, Chilanko Forks and also other
locations. For example, wells completed in productive sand and gravel aquifers
have been developed at depths below 30 m to produce well yields of 15.1 L/s at
Lillooet, 37.9 L/s at Deadman River and 15.1 L/s at 108 Mile Ranch. At Horsefly
Lake a 22.7 L/s well was completed in a gravel aquifer located between 23 and 30
m deep, while at Chilanko Forks, three wells with yields of over 7.6 L/s have been
completed at depths between 46 and 61 m in sands and gravels.
A number of wells in the second group with yields reported between 4 L/s and less
than 7 L/s are located in the general area west of 100 Mile House, where more
productive sand and gravel zones within the unconsolidated deposits have been
found.
Approximately 46% or 900 records are on file for bedrock wells located in the
Fraser Plateau and 88% or almost 800 of these wells have either no known
recorded yield or have recorded yields of less than 1 L/s. Over 10% or over 90
bedrock wells have recorded yields between 1 L/s and 4 L/s, while less than 2% or
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10 bedrock wells have recorded yields of over 4 L/s.
Examples of higher yield bedrock wells include a 9.1 L/s bedrock well north of
Lillooet, a test well producing 11.1 L/s completed for the Groundwater Section to a
depth of 152 m in basalt lava flows and brecciated zones at a location near Mile 80
on Highway 97 and two wells completed in basalt lava flows and brecciated zones
to depths of approximately 183 m at 100 Mile House which produced 12.1 and 7.6
L/s respectively. There are also reports of high yield wells being completed in
bedrock at a depth of about 107 m at 108 Mile Ranch.
GROUNDWATER QUALITY
Available records for groundwater quality are mainly confined to the south east
portion of the Fraser Plateau between Clinton and Canim Lake. Generally the
analyses show the groundwater to be very hard, highly mineralized and of a calciummagnesium-sodium- bicarbonate-sulphate type. Apart from hardness, other
constituents at some locations, do exceed the recommended limits set by the
Guidelines for Canadian Drinking Water Quality, 1989.
A discussion of some specific groundwater quality analyses from the Fraser Plateau
are as follows: North of Clinton a 46 m deep well completed in sands and gravels
provides hard water which is high in sodium. Further north from Clinton, off Highway
97, analyses of a 14.3 m deep well showed the water to be hard but of acceptable
quality for domestic use. Near 70 Mile House an analysis of a 20 m deep bedrock
well showed the water to be high in sodium and iron and it would require treatment
before use. An analysis of a 152 m deep bedrock test well constructed for the
Groundwater Section at 80 Mile on Highway 97 showed the water to be hard and
high in iron. Similarly at Lone Butte an analysis from a 9.4 m deep well completed in
unconsolidated material also showed the water to be hard and high in iron. At 100
Mile House analyses of two high yield bedrock wells about 183 m deep indicated
the water to be hard, highly mineralized and high in sodium. This water was of the
calcium-magnesium-sodium-bicarbonate-sulphate type. An analyses of a high yield
61 m deep well completed in sands and gravels at 108 Mile Ranch showed that the
groundwater was slightly alkaline, very hard and highly mineralized. The water was
of the calcium- magnesium-sodium-bicarbonate-sulphate type. At Forest Grove and
Canim Lake, well analyses showed the groundwater to be very hard and highly
mineralized with bicarbonates and sulphates of magnesium, calcium and sodium. In
addition, the well analyses at Canim Lake showed phosphate concentrations of 3.7
mg/L PO4.
At Deadman River within the Fraser Plateau area, two high yield test wells
completed in sands and gravels at about the 30 m depth, contained hard, highly
mineralized groundwater with mercury levels up to 0.005 mg/L which are above the
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maximum acceptable concentrations of 0.001 mg/L set by the Guidelines for
Canadian Drinking Water Quality. The mercury is likely associated with the bedrock
in the general area and tests showed the mercury concentrations increased with
pumping of the wells. At Big Lake, a field analysis of a 9.1 m deep dug well in
unconsolidated deposits showed the groundwater to be highly mineralized with a
high Ph and a high sodium concentration.
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10.1.4 Okanagan Highland
by
E. Livingston
This is the upland area bounded on the west by the Okanagan Valley, on the north
by the Coldstream Valley, on the east by the Kettle River and on the south by the
U.S. Boundary. The area is at an average elevation about 1350 m with little relief on
the upland surface except for a few major mountains like Big White and Little White
southeast of Kelowna. The main drainage was altered by glaciation and ice tongues
advanced down the major valleys. The minor drainage on the upland surface was
almost completely disrupted by glaciation. It is still at a very youthful stage with
many small ponds, swamps and lakes. The drainage has been modified further by
construction of small dams to store irrigation water in the major drainage systems.
Precipitation is much higher than in the Okanagan Valley or in the valleys to the
north and east. It is the recharge area for large groundwater flow systems which
discharge in the main valleys.
Little is known about groundwater resources as there has been no demand, and
consequently no exploration for groundwater in the upland area. Much of the area is
probably underlain by sandy, silty mountain-type till resting on rock. Locally, there
may be aquifers under the till, especially in old buried drainage channels. There
may also be groundwater in areas underlain by outwash gravel and such glacial
features as eskers. It will really not be possible to even speculate about the
groundwater resources of the area until more work is done.
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10.1.5 Shuswap Highland
by
R.A. Dakin
PHYSIOGRAPHY
The Shuswap Highland (see Figure 10.7) extends southward from Mahood and
Murtle Lakes to the Coldstream Valley east of Vernon, and lies between the
Thompson Plateau on the west and the Monashee Mountains on the east. It is 230
km long and 80 km wide. The western boundary of the highland is along a line from
the east end of Canim Lake along Mann Creek to Barriere, and thence, to Vernon
along a lineament coinciding with the Louis Creek fault zone. The eastern boundary
is along a line from Blue River down the upper Adams River and across to the head
of Anstey Arm of Shuswap Lake, thence, via Three Valley to Mable Lake and
Shuswap Lake to Sugar Lake.
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Figure 10.7 - Physiographic map of Quesnel and Shuswap Highlands
The Shuswap Highland consists of gentle to moderate sloping plateau areas rising
from 1,500 to over 2,200 m, dissected by the Clearwater, North Thompson, Adams,
and Shuswap Rivers and their tributaries into large polygonal upland tracts. The
valley sides are commonly steep because of glacial erosion, and the total relief may
be fairly great even though the local relief in the uplands is moderate.
http://wlapwww.gov.bc.ca/wat/gws/gwbc/C1015_Shuswap_Highland.html (2 of 4) [7/2/2003 12:54:09 PM]

Groundwater

The Shuswap Highland reaches heights of 2,726 m at Mount Mahood, 2,743 m at
Trophy Mountain. The high points are progressively lower to the south. Most ridges
and summits are rounded, and despite the height of much of the terrain the country
lacks the jagged sawtooth profiles of the mountains to the east.
Numerous large lakes, such as Murtle, Adams, Shuswap and Mabel Lakes, occupy
some of the major valleys of the area, and these, as well as the rather extraordinary
pattern of the drainage, quite obviously diverted from its pre-glacial flow, are
legacies of Pleistocene ice occupation.
CLIMATE
Precipitation is highest on the western flanks of the mountains and lowest in the
southern valleys. Annual precipitation ranges from about 250 mm up to about 1,000
mm, and average monthly temperature from well below zero in January up to about
25°. C in July.
GEOLOGY
Much of the area is underlain by mid-Palaeozoic sedimentary and volcanic bedrock.
In the north, there are outliers of more recent basaltic flows and in the mid and
south of the region, small scattered batholiths are present. The sedimentary rocks
have poor sorting of grains (typical eugeosynclinal sediments), and hence,
secondary permeability associated with structural discontinuities are important
conduits controlling groundwater movement in the bedrock.
The effects of glaciation in the region were largely to soften and reduce the upland
relief while steepening and deepening the valleys. Cirqui glaciation on northeastern
exposures was a minor feature. The typical "U" shaped valleys are known to have
deep (up to 120 m) sequences of fluvioglacial and glacial detrital sediments (Fulton,
1975). Sediment size and gradation is very variable, and hence, permeability also
varies significantly.
HYDROGEOLOGY
Bedrock
In general, the bedrock has a low permeability and well yields are low, especially in
the more arid areas. Bedrock groundwater typically also has a high total dissolved
soils content (>800 mg/L). One of the reasons for the low number of bedrock wells
in this region is that most areas of habitation are located in the valleys. One of the
exceptions is the Silver Star Ski Resort, which has developed a groundwater source
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using bedrock wells with yields in the order of 1.5 L/s.
Surficial Sediments
All of the valleys transecting the Shuswap Highland have been glaciated and
backfilled with layers of glacial and post-glacial sediments, many of which are very
permeable. The most extensive of which are the well populated North and South
Thompson Valleys, and the North Okanagan and Shuswap Valleys, where there are
numerous wells. Reported yields range up to 150 L/s.
Recharge to these aquifers is generally sufficient to maintain the present
abstraction rates, and as many of the aquifers are hydraulically connected to nearby
rivers, induced recharge ensure a significant supply. In one study for a large
proposed well field (300 L/s) in the Clearwater area, it was found that the nearby
Dutch Lake was being supplied by groundwater leaking from the Clearwater River,
through surficial sediments which underlie basalt lava, thereby ensuring adequate
recharge (Piteau Associates, 1983).
A large well field has also been developed for the Shuswap Salmon Hatchery.
In the relatively arid North Okanagan area, where there typically is no well
developed surface water flow, recharge is a major limitation to potential well yields.
For example, wells drilled in the Armstrong-Falkland area have had high initial
yields, but were generally not able to sustain this flow due to the limited areal extent
of the aquifer and low recharge.
There are a number of artesian aquifers in the region. A test hole drilled in the
Coldstream Valley south of Vernon encountered a very high pressure artesian zone
that proved to be very difficult to control (Scott, 1968).

http://wlapwww.gov.bc.ca/wat/gws/gwbc/C1015_Shuswap_Highland.html (4 of 4) [7/2/2003 12:54:09 PM]

Groundwater

GROUNDWATER RESOURCES OF BRITISH COLUMBIA

10.1.6 Quesnel Highland
by
R.A. Dakin
PHYSIOGRAPHY
The Quesnel Highland lies on the western side of the Cariboo Mountains and east
of the Fraser Plateau and extends from Bowron Lake on the north to Mahood Lake
on the south (see Figure 10.7) It has a length of 160 km and a width of about 48
km. Two isolated remnants of the highland lie north of Two Sisters Mountain in the
vicinity of Narrow Lake.
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Figure 10.7 - Physiographic map of Quesnel and Shuswap Highlands
In the Quesnel Highland there are upland areas which are remnants of a highly
dissected plateau of moderate relief. These remnants rise gradually from about
1,500 m on the western side to over 2,000 m on the eastern side and become
progressively more dissected in that direction. Two of the highest points are Mount
Watt (2,520 m) and Mount Perseus (2,548 m). The Snowshoe Plateau east of
Bakerville is a large remnant of the uplifted and dissected erosion surface of late
Tertiary age.
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GEOLOGY
The area in large part is underlain by closely folded schistose sedimentary rocks of
Proterozoic and Lower Cambrian age containing infolds of volcanic and
sedimentary rocks of Carboniferous and Permain age. There is a distinct
relationship between topography and the type of underlying bedrock; notably, where
limestone and quartzite formations form many of the high peaks.
Pleistocene ice covered most of the high areas and consequently, most summits
are rounded, but cirques which developed on the northern sides during the late
stage of glaciation have sharpened the profiles of the highest peaks. Valley glaciers
truncated spurs and deposited glacial material over much of the area.
At the southern end of the Quesnel Highland and in the immediately adjoining
areas, there are four or more volcanic vents within a 30 km radius of the south end
of Clearwater Lake. All these volcanic features are of such recent age that
subsequent erosion has hardly modified their original forms.
GROUNDWATER RESOURCES
As with the Shuswap Highlands, yields from bedrock are generally low and in the
major valleys where clean outwash sediments or alluvium is present, potential well
yields are high, especially where there is a large river nearby. For example, the
Quesnel River Salmon Hatchery, which has a 500 L/s well field, is located on a river
terrace about 3 km downstream from Quesnel Lake (Piteau Associates, 1985).
Hydraulic and water temperatures analyses have shown that this well field draws in
relatively warm groundwater that has entered the aquifer from beneath the lake.
In the mountainous region located east of Clearwater Lake, there are permeable,
karstic, limestone formations and basalt interflows which have potential for yielding
significant groundwater. However, as this region is in a provincial park, it may never
be utilized.
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10.1.7 Yukon Plateau and Stikine Plateau
by
J.C. Foweraker
YUKON PLATEAU
In British Columbia the Yukon Plateau comprises parts of the Tagish Highland and
the Teslin and Nisutlin Plateaus (Chapter 8, Figure 8.7). The Tagish Highland is a
mountainous area in which there are numerous areas of gently sloping upland. The
valleys are wide and U shaped and many to west of Atlin are occupied by lakes
(Holland, 1964).
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Figure 8.7 Groundwater Regions of the Plateaus and Highlands.
The Teslin Plateau consists of an upland surface 1830 to 2130 m in elevation. It is
dissected into large blocks by the wide valleys of Atlin and other lakes and tributary
valleys of the main rivers. Evidence of glaciation is widespread on the widely flaring
valleys and gently sloping upland surfaces. The Nisutlin Plateau is located east of
Teslin Plateau and apart from several high points between 1220 and 1525 m, much
of the country is low lying and covered with glacial drift; numerous small lakes
occupy depressions in the drift (Holland 1964).
No detailed subsurface information, office or field studies on the groundwater
potential of the Yukon Plateau is available.
STIKINE PLATEAU
The Stikine River between the Coast Mountains on the west and the Cassiar
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Mountains on the east, drains a large area of dissected plateau country called the
Stikine Plateau. On the north the Stikine Plateau merges in the Yukon Plateau, it is
bounded on the west by the Boundary Ranges, on the south by the Skeena
Mountains (see Chapter 8, Figure 8.7). For the most part the plateau lies below the
level of the surrounding mountains located to the west, south and east (Holland
1964).
The plateau according to Holland (1964) was completely covered by glacial ice
during the Pleistocene, which eroded upland surfaces and deposited a veneer of
drift over most of the country. Blockage by ice or drift diverted the drainage of
Dease Lake northward into the Liard. Within the plateau, depressions of glacial
origin, are occupied by numerous lakes and drainage is often poorly established.
There is only limited information available from well logs or groundwater reports on
field or office studies within the Stikine Plateau area.
Preliminary investigations at Telegraph Creek show a limited thickness of surficial
deposits on the volcanic bedrock within the terraced river valley indicating only
limited groundwater potential (Jaundrew, 1973).
Dease Lake Townsite area, according to (Livingston 1974), was underlain by a
raised delta built from the south into Dease Lake when the lake was at a much
higher level than at present.
Investigations for groundwater supply at Dease Lake, (Livingston, 1974), show that
the kettled deltaic deposits which underlie the entire area between the Tanzilla
River and the swamp at the south end of Dease Lake, are probably waterbearing
and that good quality water in moderate quantity can be obtained from wells located
in the area. The groundwater is a good quality calcium bicarbonate type water of
moderate hardness.
Conservative estimates of the capacities of two test production wells at Dease Lake
are 10.1 and 37.1 L/s. The well water is warm, 12° C to 16° C and this may be
associated with a deep flow system of warm water along the steep east-west fault
which is clearly visible west of the valley (Livingston, 1974). Transmissivities of 2.9
X 10-2 m2/s to 3.6 X 10-2 m2/s are reported for the aquifer.
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10.2 Liard Plateau
by
J. C. Foweraker
The Liard Plateau is located within the Eastern Physiographic System north of the
Liard River; to the south lie the Rocky Mountains. The plateau extends north into
the Yukon while on the west the plateau is bordered by the Liard Plain (Chapter 8,
Figure 8.7). Holland (1964) describes the plateau as mainly consisting of rounded
and flat topped summits and timbered ridges lying below 1525 m elevation and
gradually diminishing in height to the east. The upland is incised to elevations below
760 m by the Grayling, Scatter and Crow Rivers.
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Figure 8.7 Groundwater Regions of the Plateaus and Highlands.
The area was covered by the Pleistocene ice sheet and ice and glacial meltwater
moved eastward down the Liard Valley.
No information on groundwater potential from well logs, field or office reports on the
Liard Plateau is available.
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10.3 Alberta Plateau
by
K. Ronneseth
PHYSIOGRPAHIC SETTING
Holland (1964) quotes that the Interior Plains in northeastern British Columbia are
represented by the Alberta Plateau and its subdivision, the Nelson Lowland
(Figures 8.2 and 8.7). Both comprise approximately 10% of the land area of British
Columbia. Lying east of the Rocky Mountains, the region is underlain by
sedimentary rocks which are flat lying and gently dipping. The Alberta Plateau, to
be discussed in this section, are upland areas generally standing between 3,000 4,000 feet and are flat or gently rolling.
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Figure 8.2 Groundwater Regions.
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Figure 8.7 Groundwater Regions of the Plateaus and Highlands.
The region is drained and incised by the Liard and Peace Rivers and their
tributaries. Peak discharge occurs at the time of maximum snow and/or glacial melt
and is complimented by precipitation which reaches its maximum in the summer
months. The drainage if often poorly organized in the upland areas where large
areas of muskeg exist. Refer to Figure 8.7 for the names and locations of major
rivers found in the study area.
The majority of the Plateau is heavily wooded except along the Peace River (below
760 m elevation) which is only lightly wooded and under cultivation.
BEDROCK GEOLOGY
The Alberta Plateau is the product of numerous cycles of broad subsidence, marine
and freshwater sedimentation, emergence and erosion cycles. The geology
includes a succession of strata that range from Cambrian to Upper Cretaceous in
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age. It is the Cretaceous rocks of the Mesozoic Era that outcrop in Plateau Region.
The rock types of importance from a hydrogeological standpoint, are the Dunvegan
Formation (sandstones, shales and siltstones; minor conglomerates; few thin coals;
largely non-marine; over 365 m thick) of Upper Cretaceous age and the Fort St.
John Group (predominantly shales of marine origin; mudstones, sandstones,
conglomerates and minor siltstones; 1500 - 1800 m in thickness) of Lower
Cretaceous age.
For further information on bedrock geology, refer to Kindle (1950); Irish (1958) and
(1961); Muller (1961); Thompson (1977); and Stott (1968) and (1982).
SURFICIAL GEOLOGY
The initial pattern of topography was developed during the Tertiary Period by mass
wastage and fluvial action. Post orogenic and recent uplifts accelerated these
processes (Hughes, 1967). The regime and wasting of glacial ice during the
Pleistocene further modified these landforms and are responsible for the majority of
the unconsolidated deposit found within the study area today. It was this Quaternary
activity which has played an important role in controlling movement, storage and
availability of groundwater (Mathews, 1978).
In the latter part of the Quaternary, the study area has experienced at least three
major advances of Continental and Cordilleran ice. It was the Continental (or
Laurentide) ice sheets which dominated the Plains region during the Pleistocene.
The greatest extent of Cordilleran ice occurred about 15,000 years ago when it
overrode the foothills, then extending eastward it probably abutted the Continental
ice sheet occupying the plains regions. Much of the Plains region experienced
cyclical deposition sequences of fluvial gravels during non-glacial periods;
lacustrine sands, silts and clays resulting from aggradation and ponding of the
Peace River by advancing Continental ice; till deposition by the ice itself; and then
sands, silts and clays deposited in a series of ice damned lakes (named Lake
Peace) during the retreating stages of Continental glaciation (Mathews, 1978).
As the eastern front of the Cordilleran ice retreated from the Plains, back to the
Foothills and the Rocky Mountains, it was responsible for the deposition of tills,
glacial fluvial sands and gravels and glaciolacustrine sediments in numerous
localities throughout the Plains/Foothills region.
Throughout the study area, post glacial times saw many of the former deposits
removed by the fluvial action of today's streams and rivers. Remnants of these
interglacial and glacial sediments can still be viewed throughout the study area in
the stream cut trenches. With a few exceptions, the courses of streams fell within
the boundaries of the interglacial stream trenches (Mathews, 1978). Many of these
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boundaries, however, along with other stream channels are as yet buried under
many of the Quaternary sediments. Figure 10 outlines the boundaries of buried
interglacial valleys and possibly bedrock channels. Figure xxx provides a
stratigraphic framework of unconsoldiated deposits and a chronology of Quaternary
events for the study area. For further information on surficial deposits, the reader is
referred to Mathews (1978), Reimchen (1980) and Ronneseth (1983).
GROUNDWATER POTENTIAL
As of 1988, approximately 900 water wells records are on file with the Provincial
Government of B.C. for the area. The following information is based on a report
(Ronneseth, 1983) where just over 700 water wells were investigated.
The water wells and test holes range in depth from 4 to 213 m and average 46 m
deep. Of these wells about 40% are reported to be completed in bedrock, about 305
are reported to be completed in the surficial deposits and completion of the
remaining 30% is not known.
TABLE 10.1 STRATIGRAPHY AND PLEISTOCENE EVENTS FOR THE PLAINS
REGION OF THE STUDY AREA
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*Though it is probable that lacustrine sediments were laid down during the retreat of
this ice, none have been recognized (Mathews, 1978).
**The accuracy of the dating is very subjective on dates earlier than 27,000 years
B.P. The only radiometrically dated sample (up to 1978 was 27,400 to 580 years
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B.P. from a gravel pit near Taylor, B.C. (Mathews, 1978).
The yields of bedrock wells are known for one-quarter of the wells and range from a
few pails per day to 6.3 L/s (litres per second) and average 0.63 L/s. A study of
yields of bedrock wells also shows that wells obtaining water supplies from
sandstone commonly produce about 50 percent more water than wells drawing
groundwater from shale, average 0.64 L/s and 0.44 L/s, respectively.
Well yields were reported for only 10 percent of wells completed in the surficial
deposits and these range from a few pails per day up to 10.1 L/s. The wells
completed in sand and gravel commonly have much higher yields, up to a
maximum reported yield of 10.1 L/s, than wells completed in clay or silt with a
maximum reported yield of 0.5 L/s.
POTENTIAL GROUNDWATER PRODUCING REGIONS
Groundwater appears favourable as a water supply source for specific regions
within the study area.
Investigations to date identify certain sandstone units located in the Upper
Cretaceous strata (primarily the Dunvegan Formation) which represents a bedrock
aquifer with the potential of yielding up to 0.6 L/s of domestic groundwater supplies
(Mathews, 1955 and Callan, 1973). Other rock types which locally may have the
potential to yield groundwater supplies are sandstone and limestone formations
such as those underlying the Dunvegan Formation. The possibility of obtaining
greater quantities of groundwater from the bedrock by deeper drilling should also be
given consideration if other water supply options are limited.
Although the Cretaceous rocks of the study area represent potential aquifers for
domestic water supplies, they are limited in their ability to meet irrigation,
commercial/industrial or municipal water requirements. To fulfill such requirements
would entail locating and developing a viable sand and gravel aquifer. Table 10.2
lists various unconsolidated surficial deposits found in the study area, their genetic
origin, probably composition and the geomorphological feature they are normally
associated with. This table has been divided into two sections; those deposits which
make good aquifer materials and those which would make poor ones. The locations
of these two categories can be found in Map . This map identifies potential aquifer
regions as well as regions which may be sensitive to pollution sources because of
the presence of overlying highly permeable materials. It should be understood,
however, that these categories are general in nature and, as such, the permeability
of the unconsolidated sediments can vary both areally and with depth. For example,
viable aquifer sediments or conditions may be located beneath overlying low
permeable materials and low permeable materials may underlie sediments which
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would make good aquifers.
TABLE 10.2 UNCONSOLIDATED SURFICIAL DEPOSITS

Though groundwater may be found in any of the sand and/or gravel deposits listed
in Table 10.2, some of the littoral, deltaic and other deposits may be too thin to
provide adequate storage for any purpose other than domestic supplies (Mathews,
1978). Sand and gravel deposits located on buried bedrock channels, larger fans
and delta kames, and spillway floor deposits offer some potential of yielding greater
than domestic quantities of groundwater. The deposits which have the best
potential for yielding high quantities of groundwater are recent alluvium adjacent to
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present day streams and rivers, some stream cut terraces (where excessive
drainage is not a problem) and interglacial gravels located at depth.
According to Mathews (1978), interglacial gravels (generally less than 100 m below
the surface) supplied a moderate amount of potable subartesian water to the town
of Fort St. John prior to 1952. He identified an area near Clayhurst from the Alberta
border west to Golata Creek which may yield groundwater from interglacial gravels
similar to the Fort St. John aquifer gravels. Data collected by the Groundwater
Section shows a confined gravel aquifer 20 to 45 m below ground surface in the
Clayhurst area. In corroboration with Mathew's finding, there are five wells
penetrating 5 to 18 m into the saturation zone and yielding from 1.3 to 6.3 L/s. Total
aquifer thickness is not known. Three other wells completed in the Clayhurst area
were also reported to be higher than average yielding wells for the Plateau region.
Two of these well logs reported yields of 1.9 and 3.2 L/s from sandstone at a depth
of 122 and 140 m, respectively. The third well log reported a yield of 6.3 L/s from
the top of a sandstone formation 13 m below ground surface.
With clay being the overlying material, probable water source might either be a
weathered and/or fractured zone in the upper portion of the sandstone formation or
a layer of gravel may be lying upon the sandstone formation and was not identified
because of the drilling method utilized.
Though the sustained yield for these two or more aquifer zones is unknown, it does
exemplify that the Plains region may still have developable groundwater supplies of
consequence.
GROUNDWATER QUALITY
The available data show the quality of groundwater from aquifers in the bedrock
and in the surficial deposits of the Alberta Plateau to be quite variable (Ronneseth,
1983).
The groundwater found in bedrock may be described as mainly calcium and
magnesium bicarbonate types with some calcium and magnesium sulfate and
sodium bicarbonate types. The total dissolved solids (TDS) content of the
groundwater was not analyzed for most samples. The following numbers were
estimated from available data.
In an area covered by Townships 85 to 87 and ranges 17 to 20, west of the 6th
Meridian, to the north of the Peace River, TDS may range from over 2,000 mg/L
(milligrams per litre) to about 6,600 mg/L. The groundwaters may be described as
mainly calcium and magnesium bicarbonate types.
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South of Township 85 to Swan Lake on the British Columbia- Alberta border the
TDS content of groundwaters range from about 900 to 3,300 mg/L, with many
probably less than 1,500 mg/L. The groundwaters again may be described as
mainly calcium and magnesium bicarbonate type, with some calcium and
magnesium sulfate mostly in an area near Dawson Creek.
Groundwater can be categorized as very hard to extremely hard north of Township
84 and in the Dawson Creek - Swan Lake area, commonly ranging from 1,000 to
2,5000 mg/L. Elsewhere groundwater may be considered moderately hard to hard
commonly ranging from about 100 to 500 mg/L. The iron content of groundwater is
quite variable throughout the area and is commonly greater than 1.0 mg/L. South of
the Peace River and up to 0.6 mg/L north of this river.
From the incomplete data on chemical analyses for groundwater in the surficial
deposits, it would appear that the total dissolved solids content in groundwaters
may range from about 1,000 mg/L to about 2,500 mg/L north of the Peace River
and from about 1,000 to 5,000 mg/L south of the Peace River. While the
groundwater may be described as mainly calcium and magnesium or sodium
bicarbonate types, there are some sulfate types in the Dawson Creek - Swan Lake
area and near Groundbirch. Groundwater in the surficial deposits is less hard than
in the bedrock. Bedrock groundwater may be described as moderately hard to hard.
The hardness ranges mainly from moderately hard at 200 to 600 mg/L to very hard
at 1,000 to 2,000 mg/L. The concentration of iron ranges from about 1 to 10 mg/L
south of the Peace River and up to 0.6 mg/L north of the Peace River.
POLLUTION OF GROUNDWATER
The pollution of groundwater is usually a local problem. Potential sources for
groundwater pollution include domestic septic tanks, the use of fertilizers,
herbicides and pesticides, municipal sewage ponds, landfill sites, waste water from
industrial plants, areas where storage, handling and transport of petroleum products
and special wastes and the disposal of gas field brines.
Groundwater occurs under confined or unconfined conditions. Unconfined or water
table aquifers are areas where the potential for pollution may occur because of the
occurrence of highly permeable materials (i.e. sands and gravels) overlying the
water table. It would be advantageous to avoid disposing of wastes in areas where
these conditions exist.
GROUNDWATER USE
Available information suggests that groundwater resources within the Plateau
Region were historically developed to meet domestic, agricultural (primarily for
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watering stock animals), commercial/industrial, and municipal water use
(Ronneseth, 1983). Of the 258 plotted wells (in 1983) which reported intended well
water use, 70 percent were reported for domestic use, 23 percent for agriculture,
4.3 percent for commerical/industrial and 2.37 percent for municipal requirements.
Water well records from 1980/81 report increased groundwater development activity
by the commercial/industrial sector such as oil field injection in the petroleum
industry of the Plateau region. Of over 700 wells which are on file with the
Groundwater Section, approximately 9 percent were reported to be either filled in,
abandoned or put to some use other than as a water supply source; the reasons
stated included cave-ins, inadequate yield and poor water quality.
SUMMARY
Cretaceous sedimentary rocks of the Mesozoic Era, outcrop in the Plateau region.
Glacial and post-glacial activity are responsible for the majority of the
unconsolidated deposits found within the study area today. Many post and interglacial valleys or bedrock channels are buried beneath extensive Quaternary
sediments and these features may be significant from a hydrogeological viewpoint.
Groundwater has been developed primarily to meet domestic, livestock, municipal,
and industrial requirements. Economic growth in the area has resulted in increased
groundwater development for municipal and industrial needs.
Average water well depth in the Plateau region is 46 m.
Groundwater is usually able to meet domestic requirements throughout the region.
Sandstone units of the Cretaceous Period are probably the most significant from a
hydrogeological standpoint. Fluvial gravels adjacent to present day streams,
fluvioglacial outwash sands and/or gravels and interglacial fluvial gravels offer the
best potential for yielding greater than domestic quantities of groundwater.
Some deterrents to groundwater development include: sand and/or gravel deposits
too thin to provide adequate storage, excessive drainage occurring in stream-out
terraces, and groundwater of unsatisfactory quality and/or too deep to be
economically viable.
The chemical quality of groundwater may be described as mainly of a calcium and
magnesium bicarbonate type, with some calcium and magnesium sulphate and
sodium bicarbonate types as well. Total dissolved solids range from about 900 to
6600 mg/L and the hardness of groundwater ranges from about 1000 to 2500 mg/L
in the Plateau region. The iron content is often above the recommended limit of 0.3
mg/L throughout the area.
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As the region experiences increasing economic growth, the demand for
groundwater and the possibility of pollution will increase. Since much of the
groundwater is developed from water table aquifers, sites for waste disposal to the
ground should be carefully selected and monitored to minimize risk of groundwater
pollution. In areas of confined aquifer conditions, proper well construction and well
abandonment procedures must be implemented.
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GROUNDWATER RESOURCES OF BRITISH COLUMBIA

CHAPTER 11
GROUNDWATER RESOURCES OF THE MOUNTAIN GROUNDWATER
REGIONS
11.1 INSULAR AND COASTAL MOUNTAINS, INTERIOR MOUNTAINS
by
M L. Parsons and O. Quinn
INTRODUCTION
The mountains of British Columbia occupy vast areas throughout the province as
illustrated in Figure 8.8. For the purposes of this discussion the mountains are
grouped into major geographic regions, each of which has relatively distinctive
geological and geographical features. The mountain regions of the province can be
conveniently grouped as follows:
-Insular and Coastal Mountains comprising the mountains of the Queen Charlotte
Islands and Vancouver Island as well as the Coast Mountains and Cascade
Mountains.
-Interior Mountains comprising the Columbia Mountains of the southern interior and
the Omineca, Cassiar, Skeena and Hazelton Mountains of the northern interior.
-Rocky Mountains and Foothills of the eastern part of the province.
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Figure 8.8 Mountain Groundwater Regions.
These mountainous regions collectively form more than half of the geographic area
of the province, and thus in areal terms at least, represent a significant component
of the province's groundwater resources. However, these regions comprise some of
the remotest, least populated and least developed parts of the province. In these
areas, groundwater is of limited consequence for water supply and has received
little attention and study. As a result, much of this chapter is of necessity based on
inference and conjecture.
Notwithstanding the relative unimportance of groundwater as a water resource in
the province's mountainous regions, it plays an important role in the hydrologic
cycle and in sustaining streamflow during periods of low surface runoff. Thus the
environmental significance of groundwater mandates that it not be ignored in the
remote regions, and that it be conserved and protected as it should be in the more
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populous, developed parts of the province.
GEOLOGICAL FRAMEWORK
INSULAR AND COASTAL MOUNTAINS
The Coast and Cascade Mountains comprise the Coastal Mountain region which
extends in a continuous belt from the US border to the Yukon. The Coast Mountains
consist primarily of granite intrusions and the Cascades primarily of sedimentary
and volcanic rocks. The Insular Mountains of Vancouver Island and the Queen
Charlotte Islands are also composed mainly of sedimentary and volcanic rocks,
intruded in places by granitic plutons.
Glacial processes during and since the Pleistocene ice age have had a significant
impact on the hydrogeology of the region. The most important effect has been the
deposition of unconsolidated sediments in many of the valleys which dissect the
mountain ranges. These deposits include significant thicknesses (commonly
hundreds of metres) of silts, sand, gravel and till, all of which have an important
bearing on the occurrence and behaviour of groundwater. In some coastal areas
such as Kitimat, located at the head of the Douglas Channel, lowlands may be
infilled with marine clays deposited at a time when the sea level was relatively
higher.
COLUMBIA MOUNTAINS
The Columbia Mountains, which include the Cariboo, Monashee, Selkirk and
Purcell ranges, are composed mainly of metamorphic rocks including highly
metamorphosed schist, gneiss, amphibolite and quartzite as well as unaltered
siltstone, sandstone, conglomerate, limestone and dolomite.
The Columbia Mountains are drained by major river systems - the Columbia,
Fraser, Kootenay and Thompson Rivers. These rivers were deeply scoured by
glaciers during Pleistocene time and subsequently infilled with deposits of silt, sand,
gravel and till. These deposits generally represent the most important aquifers in
the region.
CASSIAR AND OMINECA MOUNTAINS
The Cassiar and Omineca Mountains constitute a continuous belt of largely plutonic
rocks, in places associated with sedimentary strata of shale, greywacke and
limestone. The granitic plutons of Jurassic and Cretaceous age deformed and
altered much of the older sedimentary rocks of the area.
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Although much of the Cassiar and Omineca mountain region was glaciated during
Pleistocene time, glacial deposits apparently are not extensive in occurrence. The
rivers of the area are actively eroding and downcutting and the valleys tend to lack
the thick valley fill deposits common in the Columbia Mountains and other
mountainous regions.
SKEENA AND HAZELTON MOUNTAINS
The Skeena Mountains are largely formed of sedimentary strata (shale, siltstone,
coal, greywacke and conglomerate) deposited in the Bowser Basin during the
Jurassic and Cretaceous periods. The mountain ranges are closely spaced,
separated by a network of northwesterly trending main valleys and northeasterly
trending transverse valleys. The area was glaciated during the Pleistocene but the
distribution of glacial deposits and nature of valley-fill is largely unknown.
GROUNDWATER FEATURES
Occurrence
Groundwater occurs in the mountain bedrock masses and the intervening valley fill
deposits. In the mountains, groundwater occupies voids and fractures within the
rock, often with irregular distribution because of the heterogeneous nature of rock
fractures. Spatial variations in bedrock permeability are common, and in
combination with topographic relief, have a strong effect on determining direction of
groundwater flow. Mountain springs often occur where downward movement of
groundwater through fractured bedrock is impeded by a reduction in rock
permeability, forcing groundwater to move in a lateral direction toward a slope or
stream. In limestone terrain, such as is encountered in parts of Vancouver Island,
karst features (natural underground channels and caverns) originally formed by
circulating groundwater now control its distribution.
In contrast to the mountain masses, groundwater in the valleys occurs in porous
granular deposits, most notably sand and gravel. Sand and gravel often has a
widespread distribution within valleys and such deposits provide favourable
conditions for storage and extraction of groundwater for water supply development.
However, these valley deposits also often include silts, clays and tills typically of low
permeability, and not suitable as sources of groundwater supply. However, these
low permeability deposits have a significant bearing on the groundwater regime
generally, and play an important role in groundwater resource management and
protection.
Recharge and Flow
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Management of groundwater resources depends on an understanding of
groundwater recharge potential and direction of flow. For practical purposes the
amount of groundwater recharge is commonly determined as a percentage of mean
annual precipitation. Throughout the mountainous regions of the province, mean
annual precipitation varies considerably as reported by Farley (1979) and
summarized below:
Insular and Coastal Mountains 1500 to more than 3500 mm
Columbia Mountains
500 to 2500 mm
Omineca and Cassiar Mountains 400 to 750 mm
Skeena and Hazelton Mountains 500 to 750 mm
Estimates of recharge range from a few percent to as much as 30% or 40% in the
extreme. However, little research on recharge in mountainous terrain has been
completed.
Lawson (1968) in his study of groundwater flow in Trapping Creek (a mountain
basin east of Kelowna) estimated recharge of local scale flow systems to be about
55% of precipitation. Jamieson (1981) in his study of the Lillooet basin in the Coast
Mountains estimated that 17% of precipitation enters the groundwater system.
Because most precipitation in the mountains falls during the colder months, it is
likely that groundwater recharge occurs predominately in associated with snowmelt.
In any case infiltration in the mountain masses is generally dependent on the
presence of rock fractures, and groundwater flow is associated with the network of
rock discontinuities. The majority of rock discontinuities and thus flow systems are
concentrated at shallow depths (<100 m). Such systems primarily discharge to
mountain streams, springs and lakes.
In addition to local systems, larger scale flow systems originate in mountainous
recharge areas, penetrate to hundreds and even thousands of metres in depth
through fractured bedrock networks, eventually discharging along major river
valleys. The geometry of such flow systems in mountainous regions, and
particularly the influence of geological and topographic variation on their
configuration at depth is well illustrated by Hodge and Freeze (1977).
Quality
The chemical composition of groundwater normally reflects the mineral composition
of the rock or soils through which groundwater moves. Thus, in crystalline bedrock
of low solubility, such as the granitic plutons of the Coast Mountains, groundwater
typically has low concentrations of dissolved chemical constituents and is likely of
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good chemical quality. In areas where base metals mineralization (Cu, Po, Zn, Fe,
etc.) occurs, groundwater may contain relatively high concentrations of those
metals and be unacceptable for drinking water. Still elsewhere, where limestone
and dolomite formations predominate, groundwater will have high calcium and
magnesium carbonate content which imparts hardness to the water. However,
groundwater in both crystalline bedrock and sand and gravel aquifers throughout
the mountainous regions of the province is normally of good chemical quality and
suitable for drinking and other uses.
Geothermal Effects
Groundwater flow systems that penetrate to considerable depths are influenced by
the geothermal gradient of the earth and sources of heat associated with centres of
volcanic activity. Geothermal effects include increased temperature as well as
increased concentration of dissolved minerals in the groundwater.
The Coastal Mountains contain a number of warm and hot springs, (less than and
greater than 32° C, respectively), generally coinciding with regional fault zones
associated with areas of relatively recent volcanic activity. However, Clark (1985)
has identified and investigated 15 sites between Bella Coola and the Yukon Border
within the Coast Mountains as well as on the Queen Charlotte Islands, where
springs are primarily associated with intrusive rocks, and are unrelated to centres of
recent volcanism. These waters have temperatures ranging from 23° C to 85° C,
and generally discharge at elevations near sea level.
In geothermal areas such as Meagher Mountain, circulating groundwater often
incorporates dissolved geothermal gases and encounters geothermally mineralized
zones. Under these conditions, and with the long residence time associated with
deep percolation, groundwater may substantially increase its dissolved mineral
content. Upon discharge to the surface in the form of hot springs, precipitation of
minerals commonly produces deposits of travertine.
GROUNDWATER USE
Groundwater usage in mountainous regions of the province is not well documented,
however, groundwater is used as a source of supply by many rural residents as well
as by a number of communities. These include for example, Blackcomb and
Whistler Mountain Resorts in the Coast Mountains and the City of Greenwood in the
Monashee Mountains. In most cases, groundwater sources are sand and gravel
aquifers located in valleys, along which most communities have developed and
where agriculture is carried out. In mountainous areas beyond the valleys, where
bedrock terrain is predominant, the availability of groundwater is somewhat
unpredictable and often limited in quantity, reflecting the hydrogeologic nature of
http://wlapwww.gov.bc.ca/wat/gws/gwbc/C111_Insular_Coastal_Mtns.html (6 of 7) [7/2/2003 12:54:15 PM]

Groundwater

fractured rock. Water supplies in the mountains are often obtained from streams
and springs rather than from wells.
ENVIRONMENTAL CONSIDERATIONS
The subsurface plays an important role in the hydrologic cycle in terms of collecting
and storing groundwater, which is then slowly released to lakes, streams and rivers.
During drier months, groundwater often constitutes the total flow of smaller streams
and rivers, referred to as base flow. Stream base flow, much of which in British
Columbia originates in mountainous regions, is important to the province's river
systems, particularly in the drier areas and during low rainfall periods. During these
periods, baseflow is essential for maintaining fish and other aquatic populations as
well as water supplies for communities and agriculture. Thus, groundwater of
mountainous regions has significance far beyond the boundaries of a mountain
mass itself.
The water balance in mountainous terrain is in large part dependent on the
preservation of a stable watershed. Groundwater recharge in such areas is
enhanced by the absorption and storage of precipitation by soil and vegetation
cover on the mountain slopes. Lack of such cover through deforestation increases
soil erosion and reduces the potential for groundwater recharge.
Taking into account the dynamic nature of groundwater flow systems, the potential
for contamination of groundwater through introduction of chemicals into the
environment is apparent. Potential sources of chemical contaminants in
mountainous regions include mining developments, forestry and agricultural
operations (which use pesticides, herbicides and fertilizers) and highway and
railway right-of-ways along which herbicide spraying, salting of roads and accidental
spillage of hydrocarbons and chemicals may occur.
Mountainous terrain is particularly vulnerable to contamination because soil cover
with its natural contaminant attenuating capacity is generally limited. In addition,
fractured crystalline bedrock has little potential for retarding contaminant movement.
Once pollutants enter fractured bedrock, little attenuation is likely to occur and rates
of migration can be relatively rapid. Thus, management of groundwater resources in
mountainous regions should include preservation of vegetation and soil cover.
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11.2 ROCKY MOUNTAINS AND FOOTHILLS
by
R.A. Dakin
11.2.1. Rocky Mountains
PHYSIOGRAPHY
The Rocky Mountains extend in a northwesterly direction along the eastern side of
the province for 1,360 km between the 49th parallel and the Liard River. Their
western boundary is the Rocky Mountain Trench, which, except for the interruption
at the McGregror River, exists as a continuous valley for the entire distance. On the
east the Rocky Mountains are flanked by the Rocky Mountain Foothills, which are
not everywhere inferior in height to the main mountains.
There are four divisions in the Canadian Rocky Mountains (Holland 1975). These
are the Border Ranges between the International Boundary and a line between Elko
and North Kootenay Pass; the Continental Ranges extending northwestward from a
line between Elko and North Kootenay Pass to Jarvis Creek just north of Mount Sir
Alexander; the Hart Ranges between Jarvis Creek and the Peace River; and the
Muskwa Ranges between the Peace River and the Liard River (see Figures 11.1
and 11.2 ). The highest peaks are in the Continental Ranges section, with many
peaks exceeding 3,100 m, and Mount Robson (3,954 m) being the highest.
CLIMATE
Temperatures are below freezing for much of the year and hence, over 50 percent
of the annual precipitation (1,000 mm) falls as snow. Precipitation is higher on the
west side of the mountains than on the east side, and is greatest at higher
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elevations. Many of the intermountain valleys are relatively dry.
GEOLOGY
The Rocky Mountains are underlain mostly by sedimentary and metamorphic rocks,
which range from Proterozoic to Cretaceous in age. The youngest rocks are
exposed in the foothills, and progressively older rocks lie to the west. The
predominant rocks of the Rocky Mountains are Palaeozoic and Proterozoic
limestones, quartzites, schists and slates. In contrast, the foothills contain a
predominance of Mesozoic, especially of Cretaceous formations. Two formations of
volcanic origin are known to occur, one of possible Mississippian age and the other
Lower Cretaceous. The intrusive rocks are so few that they have no regional
geomorphic significance.
During the Pleistocene the ranges were covered to heights of 2,100 to 2,500 mm by
continental ice, the errosional effects of which are slight compared to the
modifications wrought by alpine and valley glaciers. In the southern Rocky
Mountains there is an area where the Cordilleran ice reached a height of only 2,000
m; hence, there are extensive areas that were not glaciated.
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Figure 11.1 Physiographic map of the southern portion of the Rocky Mountain
Region.
GROUNDWATER RESOURCES
Bedrock
Permeability of bedrock is very variable, with more permeable zones occurring in
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zones of discontinuity, such as along cross and/or thrust faults and in the nappe of
tight folds. As there are not many people living high up on the side of mountains,
there are not many bedrock wells. However, in some of the mountain coal areas,
deep dewatering wells have been drilled to control in-pit seepage, and a few wells
have been developed for mine use. Typical well yields range from 0.8 to 4 L/s in
fractured shale and/or coal aquifers.
In areas where the bedrock is predominantly limestone, permeability is much
higher. Hot springs are common in areas where either deep seated thrust faults or
transect faults, which allow regional groundwater flow systems to flow rapidly to the
surface. Most of the hot springs are in national parks and only a few occurring in
British Columbia (Van Everdingen, 1972, and Souther and Halstead, 1973).
Surficial Sediments
As indicated earlier, the north and south intermountain valleys have all been
glaciated, and have a characteristic "U" shape. These valleys have been backfilled
with a wide range of sediments ranging from dense fill, up to very permeable sands
and gravels. Because of the relatively inhomogeneous nature of these sediments,
groundwater potential is difficult to predict with any certainty.
Some examples of wells in these sediments are three wells operated by the Village
of Elkford, two developed in lateral moraine and one in river alluvium (Piteau
Associates, 1979). The Fording Coal Wash Plant utilizes a groundwater source and
so does the Greenhills Mine (Hardy Associates, 1981) located farther down the
same valley.
Groundwater Quality
Due to the calcareous nature of the sediments, groundwater is typically moderate to
very hard. Total dissolved soils typically range from 300 is 500 mg/L in some of the
slow moving groundwater flow systems. In some of the coal mine areas, high
barium concentrations of up to 80 mg/L have been encountered.
11.2.2 Rocky Mountain Foothills
PHYSIOGRAPHY
The Rocky Mountain Foothills (see Figure 11.2) lie along the eastern margin of the
Rocky Mountains in a continuous belt from the 49th parallel to the Liard River. In
the south the foothills are in Alberta, but the belt enters British Columbia just north
of latitude 54 degrees, at the headwaters of the Narraway and Wapiti Rivers and
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continues northwestward for about 640 km to their northern termination at the Liard
River. The belt of foothills ranges from a width of 17 km where crossed by the
Muskwa River to 72 km at the head of the Pine and Sekunka Rivers.
Elevations of summits and high longitudinal ridges mostly range from 1,830 m to
2,130 m, the highest being Mount Laurier (2,350 m) near the head of the Halfway
River. Summits increase in height southward from the Liard River to the area
between the heads of the Prophet and Pine Rivers and then diminish southward
where the Monteith quartzite is thinner.
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Figure 11.2 Physiographic map of the Rocky Mountain Foothills and northern
portion of the Rocky Mountain Region.
CLIMATE
With temperatures well below freezing for much of the year, much of the annual
precipitation falls as snow which feeds the many mountain glaciers. Annual
precipitation ranges from 500 to 1,000 mm, with more than 60 percent falling as
snow. Mean monthly temperatures range from - 15° C in the winter up to 15° C in
July.
GEOLOGY
The western boundary of the foothills for the most part is along a structural line
which follows the trace of the easternmost major fault that thrusts Palaeozoic over
Mesozoic formations. This fault normally brings thick cliff-forming Palaeozoic
limestones into position to form typical grey limestone Front Ranges, which stand
out prominently on topographic maps and are easily distinguished on the ground.
The eastern boundary of the foothills, especially between the Narraway and Peace
Rivers, is a series of southwesterly dipping echelon thrust faults which separate
strongly folded and faulted sedimentary formations of the foothills from flat-lying or
gently dipping formations of the plains.
The foothills are entirely underlain by sedimentary rocks that in northeastern British
Columbia are largely of Mesozoic age, but throughout their length range from
Precambrian to Tertiary. The rocks are folded about northerly to northwesterly
trending axes and are cut by southwesterly dipping thrust faults. Bedrock has a
strongly developed structural grain which is closely reflected by the character of the
topography.
The structural grain of the bedrock has resulted in prominently developed
northwesterly trending longitudinal ridges and a trellis pattern of drainage. Valleys
are eroded along belts of soft rock and along fault zones and are generally wide
and flaring. They lie at 760 to 915 m elevation, producing a variable and moderate
relief.
The foothills were occupied by continental ice during the Pleistocene and easterly
trending valleys were glaciated by ice moving outward from the mountains. The
northwesterly trending valleys generally were not eroded, but they, like the others,
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received a mantle of drift when the ice disappeared. By and large the foothills
display landforms only slightly modified by glaciation.
GROUNDWATER RESOURCES
The Rocky Mountain Foothills of British Columbia are not well populated; however,
many of the communities with a municipal water supply system have chosen a
groundwater source. For example, Tumbler Ridge has a well field tapping
Quatenary sediments in a river valley. Groundwater development potential is
generally good, from either surficial sediments in the valleys or deep bedrock holes
in the hillsides.
Bedrock
In areas where surficial sediments are thin to absent, a number of deep holes in
sedimentary bedrock have encountered artesian zones with modest flows.
Hydrogeological studies for coal mine development have shown that typical
hydraulic conductivity for fractured sedimentary rocks is variable, ranging from 1010 m/s for a tight shale to 10-3 m/s for a vuggy limestone. Hence, it is not
uncommon to have yields from bedrock holes ranging up to 13 L/s.
Surficial Sediments
In areas where there is thick sequence of permeable alluvium or glacial outwash
sediments, individual well yields of 100 L/s or more are possible, provided that the
sediments are hydraulically connected to a significant source of recharge, such as a
river.
For example, a well field was designed for the proposed Monkman Open Pit in the
Kinuseco Creek Valley and projected steady state pumping from the well field was
between 200 and 300 L/s.
GROUNDWATER QUALITY AND TEMPERATURES
Because of the calcareous nature of the local bedrock and sediments, groundwater
is generally moderately hard, and in some areas elevated concentrations of barium,
iron and manganese are a problem.
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GROUNDWATER RESOURCES OF BRITISH COLUMBIA

CHAPTER 12
MANAGEMENT OF GROUNDWATER RESOURCES IN BRITISH COLUMBIA
by
J. C. Foweraker, H. Foster and A. P. Kohut
12.1 INTRODUCTION
British Columbia possesses many important aquifers (Chapter 8, Figure 8.9) which
are locally a viable and economic source of good quality water supply for individual
and community water supply systems as well as for agricultural and industrial uses.
If the water supplies for Greater Victoria and Vancouver are excluded, then
groundwater sources supply approximately 25% of the total municipal water
demand. Communities such as Keremeos, District of Langley, Merritt, Abbotsford,
Vanderhoof, Lumby, Fort St. James and others have developed using low capital
cost groundwater supplies (Association of Professional Engineers of British
Columbia, 1985).
Agriculture and industry are the major users of groundwater in the Province and
include irrigation, pulp and paper, fish hatcheries, food processing, mining,
chemical, petrochemical, parks, airports etc. (Liebscher, 1987).
12.2 THREATS TO GROUNDWATER RESOURCES
Depletion of groundwater supplies, conflicts between groundwater users and
surface water users, potential for groundwater contamination are concerns that will
become increasingly important as further aquifer development takes place in the
Province (Foweraker et al, 1985).
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The consequences of aquifer depletion can lead to local water rationing, excessive
reductions in yields, wells going dry or producing erratic groundwater quality
changes, changes in flow patterns of groundwater resulting for example in the
inflow of poorer quality water and sea water intrusion in coastal areas. Below
normal groundwater recharge to creeks and steams during low flow periods could
result in reduced supplies for licensed surface water sources, and may prevent
salmon from reaching spawning areas.
While groundwater quality in British Columbia is generally very good, a growing
number of local contamination problems are occurring. Examples of activities that
have lead to groundwater contamination are discussed in Chapter 5. In brief,
incidents of nitrate concentrations have increased and in some areas have
exceeded the maximum acceptable levels for drinking water standards. Leakage of
gasoline from storage tanks and discharge to the ground of wood preservative from
mill operations, leachate from landfill sites contaminating local aquifers, pesticide
contamination and acid-mine drainage are some of the local groundwater problems
being experienced today in British Columbia.
12.3 GROUNDWATER MANAGEMENT INITIATIVES IN BRITISH COLUMBIA
In British Columbia, water, including groundwater is a resource vested in the Crown
in right of the Province and is managed by the B.C. Environment. Permission to use
surface water is obtained by license or approval issued under the Water Act. A
water license, however, is not required to use groundwater.
While there is no federal-provincial legislation directly related to protecting
groundwater or regulating its use, some measure of protection is afforded by the
many acts, regulations, guidelines, by-laws, standards and objectives enacted over
the years by federal, provincial and municipal levels of government.
Federal government groundwater responsibilities relate to trans- boundary flows,
federal lands, federal resources-fisheries etc. Work has been carried out since the
mid 1950's through the Geological Survey of Canada and shortly after through
Environment Canada. Hydrogeological work has included both research and
operational investigations. During the early years (1950's to early 1960's) major
activities in British Columbia involved groundwater inventory and supply in the
Lower Fraser Valley. Since the 1970's, most operational activities have focused on
groundwater contamination impact assessments relating primarily to federal
interests (Liebscher, 1987).
Provincial statutes, regulations, objectives and guidelines provide a measure of
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control for concentrations of substances discharged to the ground and thus helps to
preserve groundwater quality. These include the Waste Management Act, the
Environment Management Act, Pollution Control Objectives for Municipal
Effluents and Industrial Wastes Discharges, and the Health Act. These provide
restrictions on the location of discharges, quality of waste discharged, design and
operation of treatment and disposal facilities and toxic and special substances
transport. Some of these details are given in Chapter 5.
B.C. Environment, Groundwater Section undertakes a groundwater program in
cooperation with Regional Water Management offices. The program consists of
inventory, monitoring, assessment of groundwater supply capability, well drilling and
testing projects, review of local and regional groundwater conditions and source
availability, groundwater resource potential studies for river basin operational
planning and review of pollution impact assessment reports. Technical advisory
services and information on groundwater availability are provided to the general
public, industry and government agencies. A computerized data storage and
retrieval system for groundwater information has been developed and allows for
direct regional access to the information bank in Victoria. Guidelines have been
published, in cooperation with industry, the British Columbia Water Well Drilling
Association, consulting firms specializing in groundwater, government agencies and
others, on minimum standards in water well construction for British Columbia (B.C.
Environment, Groundwater Section, 1982; B.C. Environment, 1985).
The Water Utilities Act provides for provincial approval of the adequacy of sources
of water supply including groundwater for community water systems and the Health
Act provides for checks on potability of public water supplies and special minimum
distances between wells and potential sources of contamination (Section 42 of
Sanitary Regulations, Health Act).
Municipal and Regional Districts pass by-laws to control land use or building
construction and where there is a need to ensure that adequate groundwater
sources are available for future house owners, these regulations provide some
control.
The well drilling industry and some groundwater consulting firms provide
information on well drilling and groundwater projects to the Provincial government,
B.C. Environment on a voluntary basis. There is no mandatory submission of all
well log information or all groundwater reports in the Province.
Recently well drilling has been established as a trade and qualified journeyman
drillers can be certified through the Ministry of Advanced Education and Job
Training. The British Columbia Water Well Drilling Association has continued to
press for legislative changes to make certification mandatory and also for other
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regulations pertaining to licensing and well construction standards.
The Association of Professional Engineers of British Columbia has issued a policy
statement and supporting brief on the need for more government action with regard
to the preservation of groundwater quality in British Columbia particularly with
respect to point and non-point sources of contaminant discharge to the ground. The
Association has pressed for more funding and the implementation of new and
enhanced groundwater programs including an inventory of aquifers, groundwater
quantity and quality information, and passage of legislation to control well drilling
and ensure collection of well logs.
12.4 LONG TERM GROUNDWATER MANAGEMENT NEEDS
As discussed in Chapter 5 and in the above sections of this chapter, while there are
many statutes and regulations etc. which provide some protection for groundwater
quantity and quality, there is no official recognition by the Province through
legislation for groundwater to be designated as a resource with specific
groundwater laws to manage and protect it.
Long-term effective groundwater management in this Province will require
legislation that is also coordinated and integrated with the various levels of
government and interest groups involved with its management, protection,
development and use and with those who have authority and jurisdiction over
activities that impact on the resource.
Some considerations for long-term groundwater management in British Columbia
should include the following in addition to those recommendations given in Chapter
5 to protect groundwater quality.
1. A comprehensive inventory of all groundwater information available in this
Province. An accessible computerized data storage and retrieval system for this
information. The information bank would be greatly assisted by the passage of
groundwater management legislation to control well drilling and to ensure the
submission of all well logs for wells drilled in the Province.
2. A comprehensive hydrogeological mapping program and synthesis of data aimed
at determining: delineation of aquifers, classification of aquifers, probable sources
of recharge to aquifers, quantities of groundwater being extracted and point and
non-point sources of contaminant discharges which could reach aquifers.
3. Identification and focusing of local groundwater protection programs on
hydrogeologically sensitive aquifers as a priority where there is a specific need to
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do so.
4. Implementation of groundwater legislation to help meet the long term
management needs discussed in this section and in Chapter 5.
5. Land use controls to prevent non-point sources of pollution to groundwater
should be implemented in areas underlain by shallow water table aquifers
susceptible to pollution from surface sources.
6. Monitoring and analyses of groundwater quantity and quality data, observation
well networks, groundwater withdrawals, forecasting of trends with time aided by
computer analyses and modelling as required.
7. Coordinated management approach to both groundwater and surface water
issues.
8. Recognition of the importance of groundwater resource management/protection
through increased funding at Federal and Provincial levels for Provincial priority
research needs and new, enhanced and existing groundwater programs.
9. Economic analyses, cost/benefit studies to facilitate the implementation of
controversial groundwater management/protection proposals and programs where
required.
10. Studies to evaluate the long term human health implications both positive and
negative, of various substances which are found in groundwaters presently being
used for human consumption in this Province.
11. Public involvement, information meetings, media coverage should be
encouraged particularly at the local level on groundwater issues. A program which
makes provision for the initiation of groundwater management studies at the local
level is desirable to focus activities on demonstrated needs.
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CHAPTER 13
CASE HISTORIES
by
J. C. Foweraker, E. Livingston, W. L. Brown, R. A. Dakin and A. T. Holmes
In this chapter are found examples on the applications of groundwater engineering
and hydrogeology to exploration development, use and management of
groundwater in British Columbia for agriculture, industry and community water
supply. Also an example on dealing with the impact on groundwater resources of an
accidental spill which resulted in the contamination of the subsurface.
The first five case histories presented in this chapter are from a previous publication
by Foweraker, Livingston and Brown (1985). Those authors wish to thank A. P.
Kohut, M. Zubel, R. B. Erdman and A. Badry, for reviewing drafts of the original
manuscripts of these case histories and providing helpful comments and
suggestions, also R. A. H. Sparrow an G. O. Nielsen for information on fish
hatcheries.
Case histories No.'s 6 and 7 entitled "Exploration and development of a
groundwater source for the town of Smithers" and "Poor management of an aquifer
supplying irrigation water to two ranches in the Semlin Valley, east of the Village of
Cache Creek" are by E. Livingston.
Case history No. 8 is from a previous publication by Dakin and Holmes (1987)
entitled "Monitoring, migration and control of an ethylene dichloride contaminant
plume in a gravel aquifer."
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13.1 GROUNDWATER SUPPLIES USED IN AGRICULTURE
Groundwater has been used for irrigation on a small scale in British Columbia since
before 1900 when small domestic artesian wells were used to irrigate gardens. The
first use of groundwater for large scale irrigation depended on the development of
the well screen and the arrival of electric power in rural areas. In British Columbia,
the first use of groundwater to supply a major irrigation district was in 1963 when a
high capacity well was constructed at Oyama in the Okanagan Valley (Figure 13.1).
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Figure 13.1 Intermontane valleys in the Southern Interior System showing locations
of Keremeos wells (adapted from Foweraker et al, 1985).
The change to groundwater for irrigation supply was brought about largely by
economic factors. In addition, there was a need to supply domestic quality water to
residents in irrigation districts on a year-round basis. It was often found to be less
costly to supply untreated water from wells in the district than to treat existing
surface water supplies and to replace long canals and ditches with buried pipes for
winter operation. More recently, groundwater is used for irrigation where no other
sources of irrigation water are available and in places where all available surface
water has been allotted to existing water users.
Most of the large irrigation districts using groundwater in British Columbia are
located in the Okanagan Valley where a variety of fruit tress, grapes and
commercial crops are grown. The use of groundwater for irrigation to commercial
crops (primarily raspberries and strawberries) in the Fraser Lowland has become
significant in the last 10 years, but still represents only 10% or less of total water
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use.
A good example of the use of groundwater for large scale irrigation in British
Columbia is the Keremeos Irrigation District (Figure 13.1) located in the valley of the
Similkameen River near the United States Boundary. The floor of the Similkameen
Valley in this region is 1 1/2 to 2 km wide; the valley sides are very steep above low
gravel terraces.
The Keremeos area was settled at the turn of the century and irrigation started in
1908. A large irrigation scheme that was built about 1930 used water flowing by
gravity from the Ashnola River, a large tributary of the Similkameen River. When the
irrigation system required major repairs in 1967, the feasibility of using groundwater
was investigated. The cost of a system based on groundwater was found to be less
than repairs to the Ashnola Surface Water System so the system was reconstructed
using two well fields to supply the entire demand which reaches about 700 L/s. The
present system was put into operation in 1973; two additional wells were added and
minor changes to the system were made in 1978.
The nature of the surficial deposits filling the Similkameen Valley is known mostly
from many water wells that have been constructed in the near-surface aquifer. A log
from a 126 m deep test well shows two other gravelly sand aquifers separated by till
below the upper gravel aquifer.
The upper aquifer which extends from near surface to 43 m is very productive so it
is the only one being exploited. Recharge is mostly from the Similkameen River
which is a meandering stream with a coarse gravel bottom and an average gradient
over 51 km of about 2.6 x 10-3. A number of topographic features and geologic
exposures show that the valley was the site of a huge flood of short duration at the
end of the last glacial episode in the area about 10,000 years ago. This flood, and
similar events in other valleys in Southern British Columbia, occurred when a dam
of ice and glacial debris impounding a glacial lake suddenly broke. These floods
were essentially erosive events but, at the end of the flood, large amounts of sand
and gravel were deposited, especially at places where the valleys became wider.
The upper aquifer may well be torrential gravel which is usually very highly
permeable.
Two well fields (East and West) supply the Keremeos system. The East Well Field
consists of 6 wells with a total pump capacity of about 438 L/s. The West Well Field
consists of 4 wells with a total pump capacity of 263 L/s. All wells are 400 mm
diameter except for one 200 mm well in each of the well fields. The 400 mm wells
are completed with 300 mm pipe size stainless steel spiral-wound well screens.
Specific capacities of the 400 mm wells vary from 30 L/s/m to 66 L/s/m of
drawdown. Pump testing shows that the transmissivity at both well fields is about
http://wlapwww.gov.bc.ca/wat/gws/gwbc/C131_Agriculture.html (3 of 4) [7/2/2003 12:54:19 PM]

Groundwater

1.4 x 10-1m2/s.
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13.2 PULP MILLS USING GROUNDWATER SUPPLIES
In British Columbia, groundwater has been used to supply pulp mills only since the
Second World War. Groundwater was first used to supply a pulp mill at Harmac on
Vancouver Island in 1950. Three other mills in the province presently use
groundwater for a major part of their requirements.
On Vancouver Island between the cities of Nanaimo and Ladysmith is the large,
highly productive Cassidy Aquifer (named after the settlement of Cassidy). The
aquifer furnishes an important part of the water supply for the large pulp mill-sawmill
complex at Harmac situated on the Strait of Georgia a short distance north of the
Cassidy Aquifer (Figures 13.2 and 13.3). The Harmac Mill also takes water from the
Nanaimo River, but this contains sediment during high river stages so the
groundwater is used for clean water supply.
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Figure 13.2 Southern Coastal Trough area, locations of selected high capacity wells
(adapted from Foweraker et al, 1985).
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Figure 13.3 Cassidy Aquifer and location of Harmac Pulp Mill and wells (adapted
from Foweraker et al, 1985).
The main Cassidy Aquifer consists of post-glacial deltaic sediments deposited by
the Nanaimo River and Haslam Creek at the end of the last glacial event about
10,000 years ago. It is underlain by till, which is shown by several water well logs to
overlie another gravel aquifer. The upper aquifer, which supplies the Harmac Mill
and a number of domestic wells, is about 26 m thick in the thickest part. It consists
of gravel and sandy gravel.
Before the Harmac Mill was built, a drilling and pump testing program explored the
aquifer which was virtually unknown at that time. Three Ranney type collectors and
three screened tube wells all about 20 m deep were constructed to supply the Mill.
Each concrete caisson of the collectors has as many as 23 radial, slotted steel
collector pipes approximately 30 m in length. Two of the collectors have capacities
in the range 380 to 400 L/s; the third, because of its location close to the edge of
the aquifer, has a lower capacity - about 190 L/s. In initial attempts to increase the
capacities of the collectors and during subsequent maintenance, surface
excavations above the lateral pipes caused the collectors to behave partially as
intake structures for surface water.
The transmissivity of the shallow aquifer is high - about 7 x 10-2 m2/ s. The present
demand at Harmac, of about 1.26 m3/s is pumped through a long wood stave pipe
about 8.6 km to the mill. There is an observation well with a continuous water level
recorder in the aquifer. The hydrographs from this well indicate that much more
water can be taken from the aquifer. A limiting factor in the use of this aquifer may
be the necessity to maintain a minimum flow in the Nanaimo River to permit
upstream migration of salmon.
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13.3 THE USE OF GROUNDWATER IN FISH HATCHERY OPERATIONS
An important use of groundwater in British Columbia is directly related to the
production of trout and salmon stock for sport and commerical fishing industries. In
several hundred lakes in British Columbia good trout fishing is partly or entirely
dependent on the regular liberation of young fish raised in provincial government
hatcheries. Five to eight million fish are stocked annually from these hatcheries.
Salmon stocks which were once so abundant in our coastal waters have
dramatically declined over the years and a joint federal-provincial government
program to build new facilities and upgrade natural habitats has been established.
The favoured fish spawning grounds are those regions in streams where there is an
upwelling of groundwater through clean sand and gravel. To simulate these natural
conditions, facilities have been constructed in British Columbia which utilize
groundwater during the periods of egg incubation and later development of alevins
and fry. The locations of public fish hatcheries in British Columbia using
groundwater supplies from wells and springs are shown in Figure 13.4.
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Figure 13.4 Locations of public fish hatcheries in British Columbia using
groundwater supplies from wells and springs (adapted from Foweraker et al, 1985).
Advantages of groundwater for these facilities include stable temperatures usually
between 6° and 14° C, the greater protection of a well source from surface
contamination, low suspended solids content at all times of year, and the greater
hardness of groundwater which provide a buffering action against such things as
toxic metals (Cd, Cu, and Zn). On the other hand, there are drawbacks to the use of
groundwater including well pumping costs, potential for mechanical breakdowns
and the need for aeration of the water which is low in dissolved oxygen.
The Fraser Valley Trout Hatchery, owned by the provincial government, is an
example of a hatchery dependent solely on a continuous supply of groundwater for
its operation. The hatchery is located at the eastern slope of the Abbotsford Aquifer
within the Fraser Lowland, near the city of Abbotsford (Figure 13.2). The aquifer
which covers an area of 60 km2 is part of a broad upland area which extends south
of the Canada-United States Border (Kohut et al 1982). The aquifer is essentially an
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outwash plain of glacio-fluvial sands and gravels that developed during the
downwasting of an ice mass during the last stages of Pleistocene ice retreat in the
Sumas Valley to the east.

Figure 13.2 Southern Coastal Trough area, locations of selected high capacity wells
(adapted from Foweraker et al, 1985).
Groundwater occurs under water table conditions and recharge to the Abbotsford
Aquifer is provided by an average annual precipitation of 1425 mm. Spring flow
along the eastern edge of the aquifer was formerly 250 L/s on a year round basis
(Kohut et al 1982). However, high capacity production wells with yields of up to 158
L/s have reduced the flow in the springs substantially. The hatchery requires 950
L/s of groundwater, but because this amount is not available, the hatchery has been
designed to run on only 158 L/s. The reduction in daily demand has been
accomplished through the recycling of a large portion of the water used. The water
is treated after each cycle through filtration and aeration.
Four production wells have been constructed at the hatchery, but at the present
time only one well, a 500 mm diameter screened well, tested at 159 L/s, is
supplying the total hatchery demand (Zubel 1980b). This well penetrates 80 m of
saturated sands and gravels. The well is fitted with a 44 m long screen assembly
with blank sections. The well has a specific capacity of 14.9 L/s/m of drawdown.
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Since the hatchery facilities were completed, there have been two periods of annual
decline in groundwater levels in nearby observation wells. The first decline occurred
during the period 1976-79 and was due to below average precipitation, however,
concern has been expressed that the second decline which started in 1982 and is
continuing may be due to groundwater "mining." The situation is being monitored
closely.
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13.4 GROUNDWATER DEVELOPMENT FOR MINING IN THE HIGHLAND
VALLEY OF BRITISH COLUMBIA
Three open pit copper mines are located in the Highland Valley 200 air km
northeast of Vancouver (Figure 13.1). In 1983, these mines produced 124.4 million
kg of copper worth 233 million dollars Canadian. This production amounted to 20%
of all the copper produced in Canada. Small amounts of silver, gold and
molybdenum are also produced as a by-product of the copper production. In 1983,
1600 people were directly employed by the three producing mines. The three mines
are dependent upon groundwater for their milling process. This water is obtained
from wells completed in the unconsolidated sediments of the Highland Valley. The
valley has a width of approximately 1.5 km, is fault controlled, glaciated and filled
with up to 350 m of unconsolidated glacial, glacio-fluvial and lacustrine deposits.
The sediments consist of glacial tills, sand and gravels, silts and clays. The sands
and gravels were deposited in a cut and fill environment and form the three main
aquifers of the valley.
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Figure 13.1 Intermontane valleys in the Southern Interior System showing locations
of Keremeos wells (adapted from Foweraker et al, 1985).
Prior to 1959, several international mining companies had looked at a proven high
tonnage low grade copper deposit in the valley. At that time no suitable mill water
supply was thought to be within economic reach of the valley. The nearest
dependable surface water supply was 22 km distant and 1.2 km below the mill site.
In the winter of 1959-60, the Canadian owner of this proven deposit retained a
hydrogeologist.
Calculations made on limited precipitation and runoff data indicated that sufficient
groundwater to satisfy the mill needs should be available beneath the valley floor
adjacent to the deposit. Therefore, a test drilling groundwater exploration program
was undertaken. The first test well discovered a water-bearing sand and gravel
aquifer between depths 75 and 90 m. This aquifer had an artesian head of 2.4 m
above ground surface and free flowed at 6.3 L/s through perforated casing. Pump
testing of the well showed that a properly designed and constructed production well
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would have a productive capacity of 75 L/s. A well field of two production wells with
large diameter casings and wire wound well screens was completed in January,
1962. The mine went into production in 1963 and though the original open pits have
been worked out, the mill is still using groundwater from this well field to mill ore
from a new open pit.
In the late 1960's, the second mine was developed in the valley. An extensive
groundwater drilling and testing program was undertaken to determine if sufficient
groundwater was available for the much larger milling operation. This program
consisted of a series of mud rotary wells which were electrologged. A 200 mm cable
tool test hole was drilled to confirm the electrolog data and to test the water
producing potential of the aquifers present.
This testing program proved that sufficient groundwater was available in the
Highland Valley. However, the financiers of the mine decided to construct a river
intake and pipeline in the belief that a surface water supply is more reliable than a
groundwater supply. A 24 km pipeline was built from the Thompson River to a
surface storage reservoirs above the mill. The reservoir is 1.2 km above the river.
During this period a highly productive pressure relief well was also constructed
behind one of the tailings dams on the valley floor. When the mine and mill had
been operated for only a short time the use of river water decreased. With the
construction of a second pressure relief well in the valley the demand for river water
ceased entirely. A comparison of the pumping costs of groundwater from wells in
the valley with those of water from the Thompson River shows that the ratio of
pumping costs are 27 to 1 in favour of well water. The well water costs are also not
affected by a high electrical standby demand cost or the payment of fees for surface
water.
When development of the third mine started, a third groundwater exploration,
testing, and development program was conducted. This program finished with the
construction of three production wells using cable tool drilling machines and pull
down jacks. The wells are 400 mm and 600 mm in diameter and as deep as 135 m.
The total productive capacity of the well system is 250 L/s. After the tailings ponds
were filled at mill startup, the water demand decreased to 100 L/s.
By the end of 1983, the total amount of groundwater being pumped from the
Highland Valley was equivalent to 1 x 107 m3 per year. This amount of water is
equivalent to 42 mm of precipitation over the drainage basin of the valley. The
average precipitation across the basin is 376 mm per year.
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GROUNDWATER RESOURCES OF BRITISH COLUMBIA

13.5 THE USE OF GROUNDWATER IN AIR CONDITIONING
Woodward Stores Limited, one of Vancouver's three original department stores,
opened the city's first suburban shopping centre at Oakridge in 1959. Oakridge lies
at the heart of the main residential area of Vancouver. The centre was expanded in
1983-84 and now includes a completely covered and air conditioned shopping area
with adjacent office, residential and parking spaces. The complete complex covers
an area of 12 ha.
The shopping area is air conditioned continuously throughout the year using outside
air and groundwater. Groundwater provides 40% of the peak cooling load capability.
The use of groundwater provided capital cost savings in excess of 600,000 dollars
Canadian and will provide operating cost savings of 25% per year based on 1984
energy costs.
Seven wells were constructed close to the perimeter of the site and put into
production in 1959. These wells were drilled by a cable tool percussion rig using a
400 mm diameter working casing drilled to the bottom of the aquifer. Two hundred
mm diameter well screens were set in the lower half to one-third of the aquifer with
300 mm diameter blank casing being set to surface. A select formation stabilizer of
"pea" gravel was placed around the screens as the working casing was removed
and the screen was developed by surging and bailing.
During the 1983-84 expansion, the wells were redeveloped and the pumps
refurbished. The Johnson Everdur bronze screens were found to be in excellent
condition after being in the ground for almost 25 years. Testing revealed that the
wells had deteriorated by 11% to 30%. Redevelopment by surging and bailing in
conjunction with dry acid pellets and chlorine returned all wells to close to their
original 1959 specific capacities. Deterioration was found to be caused by iron slime
bacteria even though the groundwater contains only 0.21 mg/L of iron and is very
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low in total dissolved solids.
The sediments lying beneath the Oakridge complex consist of glacial till up to 10 m
in thickness overlying the sand and gravel aquifer that ranges from 25 to 15 m in
thickness. The aquifer in turn overlies 75 m of clays, silts and tills. Sandstone
bedrock lies below this sequence at a depth of 110 m or an elevation of 25 m below
sea level.
Pump tests run at various times during the past 25 years indicate that the
transmissivity at the wells averages 8.1 x 10- 3 m2/s, but that the transmissivity
between wells across the well field is approximately one-half this figure at 4.1 x 10-3
m2/s. The difference is probably caused by variations in the aquifer caused by the
"cut and fill" deposition of the sand and gravel from glacial meltwater streams.
Storativity is approximately 5 x 10-3 indicating an artesian aquifer condition.
Analysis of pumping rates, water levels and precipitation data indicates that the well
field can safely produce 4.75 x 105 m3 per year of groundwater with a peak monthly
production not to exceed 6.6 x 104 m3 during the summer months of July and
August.
Groundwater will be used throughout the year with monthly rates ranging from 1.25
x 104 m3 to 6 x 104 m3 totalling 4.09 x 105 m3 per year. The groundwater is
discharged to the sewer after use because recharge to the aquifer has been shown
to heat the groundwater to unacceptable levels of up to 18° C from a normal
temperature of 10° C.

http://wlapwww.gov.bc.ca/wat/gws/gwbc/C135_Air_Conditioning.html (2 of 2) [7/2/2003 12:54:40 PM]

Groundwater

GROUNDWATER RESOURCES OF BRITISH COLUMBIA

13.6 EXPLORATION AND DEVELOPMENT OF A GROUNDWATER SOURCE
FOR THE TOWN OF SMITHERS, BRITISH COLUMBIA
The Town of Smithers, with a population of about 5,000, is located in the broad
valley of the Bulkley River in Central British Columbia between Prince George and
the pacific port of Prince Rupert. Until the completion of several wells in 1974, the
town obtained raw water from the Bulkley River. In the 1960's, increasing pollution
in the Bulkley River, especially during the spring break-up, had motivated the
search for another water source. The alternatives considered were groundwater or
a new intake and treatment plant on the Bulkley River.
The first search for a source of groundwater for the Town of Smithers was carried
out in 1967. It consisted of drilling two deep test holes near the river intake; the test
holes were drilled by the cable tool method. This drilling was followed in 1968 by the
drilling of three test holes using the mud rotary method. One of the 1968 holes was
drilled near the river intake and two were drilled in the centre of the town. All were
considered unsuccessful.
In 1973, a review of the water supply situation showed that the work required to
modify the intake at the Bulkley River to obtain additional water for the town, and to
correct problems caused by low water and flooding, would be quite expensive.
Because of the high cost to upgrade the surface water intake, groundwater was
again considered as an alternative.
Up to this time, the surficial geology of the Bulkley Valley had not been studied and
no assessment had been made of how the geology of the surficial deposits might
affect the nature and distribution of aquifers. Information gathered in the 1973 study
included the logs and other information from a line of foundation test holes drilled by
British Columbia Ministry of Transportation and Highways in preparation for a new
highway bridge. This information, along with the logs of the previous test holes,
indicated that the valley fill is made up mostly of ice contact deposits that contain
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occasional patches of permeable sand and gravel. After an examination of air
photos and a brief reconnaissance examination of surficial geology, a test drilling
program of 200 mm diameter test production wells was proposed. The suggested
sequence of drilling was based on the estimated cost of completing a successful
well at each site along with the cost of coupling a successful well to the existing
distribution system and the cost of operation, particularly pumping cost.
In the Fall of 1973, drilling, using cable tool equipment, started on the gravel fans of
two creeks which flow out of Hudson Bay Mountain. Four test wells showed that the
fans were rather thin and fine-grained and did not contain aquifers of sufficient
capacity to be of interest to the town. The fifth test well in the 1973 exploration
program was then drilled at the Smithers Public Works yard in an effort to locate an
aquifer in the thick ice contact deposits filling the Valley; it encountered a silty gravel
aquifer between 48.5 and 64.6 m. The well was developed with some difficulty and
was pump tested at 33 L/sec. The sixth hole in the program, located about 150 m
from Well No. 1, was completed as Well No. 2 in the same non-flow artesian aquifer
as Well No. 1. In Well No. 2, the aquifer extended from 57.9 to 71.6 m. Well No. 2
was tested at a rate of 22.7 L/sec. The seventh test hole, which was also drilled in
the ice contact deposits, was a dry hole.
By this time, it was clear that the aquifers in the ice contact deposits in the Smithers
area consist of rather silty sand and gravel which do not appear to be very
productive. For this reason, it seemed possible that the previous drilling near the
Bulkley River had not been correctly evaluated and that an aquifer might have been
missed. To test this theory, a test well was drilled to 72.6 m at a location near the
river intake. This test well encountered an aquifer between 18.6 and 26.5 m. The
250 mm diameter well was completed with a screen and pump tested at a rate of
44.4 L/s and had a specific capacity of 6.21 L/s/m.
The Smithers situation is an example in which a correct evaluation of the geology
was an important first step in a program of systematic groundwater exploration.
Other important elements in the success of the program were the selection of an
appropriate drilling method and the ability of the driller to correctly evaluate aquifers
which at first appeared to have little potential. There is little doubt that highly
productive aquifers have been missed in drilling programs where the drilling method
has been inappropriate and also where the driller's evaluation of an aquifer has
been incorrect.
The total cost of the exploration and groundwater development program at Smithers
was about 15% of the estimated cost of a treatment plant required to treat Bulkley
River water. The warm groundwater has been important in minimizing freezing
problems in the Smithers water system.
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13.7 POOR MANAGEMENT OF AN AQUIFER SUPPLYING IRRIGATION WATER
TO TWO RANCHES IN THE SEMLIN VALLEY EAST OF THE VILLAGE OF
CACHE CREEK
An example of poor management of the groundwater resource in British Columbia
is that of the aquifer underlying the Perry and Semlin Ranches in the Semlin Valley
east of Cache Creek.
The Semlin Valley is a high eastward sloping valley which extends from the
Bonaparte River drainage on the west to the Thompson River drainage on the east.
The Perry Ranch occupies the eastern part of the Valley; the Semlin Ranch adjoins
it on the west. The Semlin Valley has been isolated from present day drainage by
the downcutting of both drainage systems, probably in Pleistocene time. Irrigation
water is brought into the western end of the Valley by ditches from Cache Creek,
but the water from Cache Creek is not sufficient to irrigate all of the arable land in
the valley.
In the late 1950's, the Perry Ranch started a search for groundwater as a source of
additional irrigation water. A dowser was hired and drilling was carried out on the
north side of the Semlin Valley without success. In 1961, at the suggestion of a
drilling contractor, a 200 mm diameter hole was drilled in the valley bottom. It
encountered a thick, permeable gravel aquifer under about 27 1/2 m of glacial till.
The aquifer was under artesian pressure and, after the casing had been perforated
with a mills knife between 28.4 and 39.6 m, the well flowed at about 57 1/2 L/s. In
1965, another 200 mm diameter well was constructed using a 16.5 m length of
slotted 150 mm diameter pipe instead of well screen. This was followed in 1970 by
construction a 400 mm diameter well with a 300 mm pipe-size diameter well screen
which was 15.2 m in length. The well constructed in 1970 was pump tested at 110.4
L/s.
In 1970, the adjacent Semlin Ranch started the search for groundwater as a source
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of irrigation water. The geology at the Semlin Ranch is somewhat more complex
than it is a short distance to the east on the Perry Ranch. Between 1970 and 1981,
eleven holes were drilled on the Semlin Ranch. Five of these were completed as
production wells to provide water for irrigation.
From the time of completion of the first Perry Ranch well in 1961, the artesian head
in the aquifer in the Semlin Valley has declined steadily from its original level of 4.9
m above ground. The water has been used for irrigation but large amounts of water
were wasted in the past when the wells were allowed to flow in the winter months to
water cattle. For irrigation, water was pumped into open ditches and repumped to
sprinklers in the fields; this practise led to additional losses.
As early as the mid-1960's, it was clear that the artesian aquifer was limited to the
Semlin Valley in which the Ranches are located and that it was unlikely, because of
its location and the dry climate, to receive much recharge. It was apparent that
management of the aquifer would be required to deal with the problem of eventual
aquifer depletion.
The aquifer depletion situation outlined has been further complicated by frequent
changes in ownership of the Perry and Semlin Ranches in the period of rapid rise in
the price of ranch land during the 1960's and 1970's. The high costs of financing the
speculative purchases of the ranches, along with low prices for cattle and
agricultural commodities, have brought about the end of profitable ranch operations
in the Semlin Valley. Under these economic conditions, the present owners have no
resources available to attempt to deal with the aquifer depletion problem by means
of artificial recharge and water conservation. With proper management, the life of
this important aquifer could have been prolonged and perhaps, with artificial
recharge, may eventually be recharged and its life prolonged indefinitely. There is
plenty of water in Cache Creek in the non-irrigation season for artificial recharge of
the aquifer if an artificial recharge scheme can be designed.
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13.8 MONITORING, MIGRATION AND CONTROL OF A ETHYLENE DICHLORIDE
CONTAMINANT PLUME IN A GRAVEL AQUIFER
SYNOPSIS
On February 15, 1986, derailment of a Canadian National Rail freight train near Fort Langley, B.C.
resulted in a 247,500 litre spill of ethylene dichloride (EDC). Within a few hours, the spilled chemical
had seeped into the ground.
Piteau Associates were retained to supervise a drilling program that was carried out to delineate the
extent of the contamination and to establish a monitoring network. A monitoring program was
instituted to determine temporal changes and to determine the direction and velocity of contaminant
migration. Initial monitoring indicated that a plume in a gravel aquifer was travelling towards the
Fraser River, about 350 m away, at a maximum rate of about 2.5 m/day.
Many plastics, (such as PVC) which are normally used for groundwater monitoring, could not be
used due to the corrosive nature of the EDC. Readily available steel and non-corrosive plastic
materials were used to avoid delays in implementing a monitoring system.
The hydraulics of the aquifer were analyzed, and the pumping rate required to control migration of
the plume was estimated. Subsequent to this study, a recovery program was instituted by others,
and recovery of the EDC is still ongoing.
INTRODUCTION
On the afternoon of February 15, 1986, a Canadian National freight train derailed at a point
approximately 2 km east of Fort Langley, B.C. (see Figure 13.5). The derailment site is in a rural
area, approximately 350 m from the Fraser River.
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Figure 13.5 Plan showing location of EDC spill site.
Ten tank cars carrying liquid chemicals were among those derailed. Eight of these cars contained
ethylene dichloride (EDC) and two contained sodium hydroxide. Some of the derailed cars
remained intact, however, an estimated 247,500 litres of EDC and 60,000 litres of sodium hydroxide
spilled or leaked from damaged cars into a ditch, and within a few hours had seeped into the soil.
PHYSICAL PROPERTIES OF SPILLED CHEMICALS
Ethylene dichloride (or 1, 2-dichloroethane) is used in the manufacture of vinyl chloride monomer, in
antiknock compounds for gasoline and in the processing of adhesives and coatings. It is a heavy,
colourless and flammable liquid, with a moderately low viscosity, moderate solubility in water, a
pleasant odour and a sweet taste. The ambient groundwater temperature is 10° C at the Fort
Langley site. At this temperature, the solubility in water and viscosity of EDC are 8,500 mg/L and
1.267, respectively (see Figure 13.6).
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Figure 13.6 Physical properties of ethylene dichloride.
EDC will evaporate quite rapidly from the surface of streams, especially under turbulent conditions.
It is readily broken down in the lower atmosphere, ultimately to hydrogen chloride, carbon dioxide
and water. The estimated half life of EDC in the atmosphere is about one month Dow Canada,
1986). In the ground, it is very slowly broken down by bacterial action (Dow Canada, 1986).
Ethylene dichloride is slightly toxic to fish, the static acute LC50 for rainbow trout ranging between
155 and 175 mg/L (Watts, 1982). Although fish eggs are fairly resistant to EDC, newly hatched fish
are very sensitive. For example, the no-effect level for fathead minnows is 20 mg/L (Dow Canada,
1986).
Based on its relatively low octanol/water partition coefficient (Log Kow 1.48, Jackson et al 1984),
EDC is not expected to bioaccumulate to any significant extent (Dow Canada, 1986).
Sodium hydroxide is one of the strongest alkalies known. It is readily soluble in water and is usually
transported as a 50% solution in tankers. Below 30° C, a concentrated solution becomes very
viscous, and at temperatures below 12° C, it is essentially frozen. At Fort Langley this solution was
virtually immobile once it had seeped into the ground, and the majority of it was recovered with
simple ditching and a sump pump. No anomalous pH vales were recorded for groundwater sampled
from the aquifer beneath the spill site. Thus, the unrecovered sodium hydroxide had very little
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apparent impact on groundwater flow under the site.
DESCRIPTION OF SPILL SITE
The area in which the spill occurred is low, undulating land used primarily for pasture. The actual
spill site was the edge of an aero club landing strip (see Figure 13.7). Prior to construction of the
landing strip, the area between the Canadian National tracks and the Fraser River had been raised
with wood waste fill to provide a level surface free from flooding.
Average annual precipitation at the spill site is about 1740 mm, with December typically being the
wettest month. Average annual air temperature is 9.8 ° C, ranging from mean monthly values of
1.8° C in January to 17.5° C in July.
Natural drainage in the area south of the Canadian National track is not well developed, but a
network of ditches which parallels the railway and some of the main roads serves to drain the area
fairly well. One of these ditches runs westward, from the site of the spill along the north side of the
CN track (Figure 13.7).
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Figure 13.7 Plan of EDC spill site.
GEOLOGY
The study area is underlain by more than 100 m of unconsolidated sediments, of which only the
near surface material will be discussed herein. Fraser River sediments, typically silty, fine to
medium sand, are exposed on surface at lower elevations (less than 8 m-asl) in the study area. In
the lowland area south of the derailment site, these sediments are overlain by peat, but generally,
wherever these sediments are present, they are exposed on surface (Halstead, 1986).
In the general area of the spill, Fraser River sediments are known to overlie Sumas Drift sand and
gravel, Fort Langley glacial, deltaic and glacial marine sediments, and Capilano marine and
glaciomarine sediments.
The sequence of surficial sediments at the spill site is shown in the accompanying section (Figure
13.8). From ground surface, the sequence consists of 0.5 to 1.0 m of silty find sand surface cover
and 4.5 to 7 m of wood waste, over 3 to 5.5 m of silty sand. The silty sand is underlain by 3 to 9 m
of sand and gravel, which is in turn underlain by clayey silt. None of the monitoring holes drilled for
the study penetrated more than about 1.2 m into the lowest unit. However, based on available
information from holes drilled in the surrounding area, this unit is likely to be in excess of 100 m
thick.

Figure 13.8 Regional hydrogeological section.
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Early in the hydrogeological field investigation, it became apparent that the wood waste had been
backfilled onto an irregular surface, hence a varying thickness of wood waste was encountered. A
set of pre-fill air photographs were located and a topographic plan of the pre-fill ground surface was
prepared. This plan indicated the presence of a shallow channel or slough, parallel to and
immediately north of the Canadian National track. As is discussed later, this channel had a
significant effect on the direction of migration of EDC from the spill site.
FIELD INVESTIGATION
Immediately following the spill, some test pits were dug in an attempt to located the EDC which had
leaked into the ground. Although these test pits were dug between four and five metres into the
wood waste, no sign of EDC was found. It was at this point hat a decision was made to carry out a
hydrogeological investigation to locate the spilled chemical.
DRILLING AND PIEZOMETER INSTALLATION
The initial hydrogeological field investigation was designed to delineate the local geology, the local
hydraulic gradients and the extent of contamination. Between February 19 and 25, 1986, a total of
12 test holes were drilled around the spill site and piezometers were installed. Access to sites near
the damaged tank cars was somewhat restricted, due to activities of work crews who were clearing
the cars and repairing the railway track.
Due to the presence of both gravel and wood waste at the site, and the need to implement the
monitoring quickly, a Becker Hammer rig was used to drill the holes. Penetration rates were fast
and the reverse air flush method allowed continuous sampling of sediments and formation water
during drilling. A photograph of the rigs set up near the derailed tank cars is shown in Figure 13.9.
All site staff were provided with gas masks, protective clothing and instruction on safety. While the
fumes issuing from some drillholes were highly concentrated, explosive mixtures in the air rarely
occurred. Only one explosion was reported where an acetelyene torch ignited EDC vapour in a
dewatering well.
Samples of sediments from above the water table were collected every 1.2 m, placed in plastic
bottles and analyzed with an organic vapour analyzer (OVA) which could detect EDC vapour down
to a concentration of about 10 ppm. Samples from below the water table were collected every 1.2 m
for analysis with the OVA to detect presence of EDC, and with a pH meter to detect presence of
sodium hydroxide. Water samples were also collected, and stored in glass bottles with sealed teflon
caps for analysis with a gas chromatograph (GC). The GC was on loan from DOW Chemicals Ltd.
and was set up for convenience, and a fast turn around time, at the nearby Fort Langley firehall.
Selection of materials for piezometer construction posed a problem, as PVC is dissolved when in
contact with high concentrations of EDC. The only readily available alternative to PVC was a
combination of black steel pipe and stainless steel well points. In the initial drilling program, 7 of the
holes were completed with 31 mm diameter, steel piezometers, and the 5 holes up gradient or most
distant from the spill site were constructed of 37 mm, flush coupled, threaded PVC.
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Figure 13.9 Reverse circulation Becker Hammer Drill set up on testhole near derailed tank cars.
Figure 13.10 Bundle type multiple point piezometer.
All piezometers were steam cleaned prior to installation. They were installed through the Becker
Hammer drill steel at the bottom of each hole. A clean Monterey sand was used as a pack around
the piezometer tip. The drill steel was then withdrawn to the base of the silty sand, and the sand
and gravel below this point was allowed to cave. Zones that did not cave were backfilled with
Monterey sand. In the first few holes, attempts were made to place bentonite seals in the gravel, but
this turned out to be a very time consuming and unnecessary exercise, as the sand and gravel was
very permeable (hydraulic conductivity of 10-2 m/s). Bentonite seals, generally between 2 and 5 m
in length, were placed at the base of the silty sand layer.
Twenty eight well points, constructed of one 6.1 m length of 31 mm steel pipe with a stainless steel
well point on the end, were also installed. The installation procedure involved digging a hole with a
backhoe to a depth of about 4 m, placing the well point assembly in the hole and then backfilling
around the pipe. Once the hole was backfilled, there was sufficient lateral support on the pipe to
allow it to be pushed, without buckling, to full depth or refusal with the bucket of the backhoe.
Depths varied between 4 and 6.5 m.
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Following completion of the first phase of drilling and installation of well points, an initial assessment
of the extent and migration rate of the contaminant plumes in both the wood waste and sand and
gravel units was made. A second phase of drilling was then carried out to further delineate the
plumes.
All piezometers installed in the second phase drilling program were of the bundle type, as illustrated
in Figure 13.10. A centre steel piezometer, constructed from 12 mm diameter (except TH-20, 31
mm diameter) steel pipe with a slotted bottom was used for the deep piezometer in each hole.
Polyethylene tubes, with a 9 mm I.D. and a 150 mm long stainless steel woven screen tip, were
taped around the steel pipe before it was lowered into the hole. The stainless steel tips were placed
at different locations along the pipe so that profile sampling could be carried out. While pulling the
drill rods out of the hole, small amounts of bentonite slurry were pumped into the hole in the interval
between each piezometer tip, to provide a seal against vertical migration of groundwater in the hole
annulus. Uniform sand was placed in the intervals where the piezometer tips were located.
Following installation, all piezometers and driven well points were developed by either blowing
water out of the piezometers with a compressor, or by pumping water out of the piezometers with a
peristaltic pump.
SAMPLING
As piezometric levels were typically within 6 m of ground surface, it was possible to use a peristaltic
pump to withdraw samples. The samples were drawn through dedicated sampling tubes, which
consisted of 3 mm diameter polyethylene tubes, with a short length of C-Flex tubing on the upper
end which was compatible with the peristatic pump head. The tubing materials were selected after
reviewing manufacturers recommendations and testing selected tubing at the site. Both
polyethylene and C-Flex were not noticeably affected by the EDC, although after repeated sampling
of highly concentrated EDC, the C-Flex tubing did rupture on two occasions, and was simply
replaced each time.
Some purging of each piezometer tube was carried out before water samples were obtained.
Extensive purging was not warranted, as the sampling tubes were of small diameter, were located
in the piezometer tips, and were pumped at rates which do not induce any significant drawdown in
the piezometers. Thus, minimal pumping time was required to get new formation water into the
piezometers and up through the 3 mm diameter sampling tubes. It was found that prolonged
pumping tended to draw in water preferentially to non-aqueous phase EDC.
Sampling was carried out on a schedule which became less frequent as time progressed. During
the drilling program, when there were only a few monitoring points, samples were collected almost
daily, and were delivered to the temporary field laboratory twice a day. This was done so that
results of samples obtained from the drilling program would be available about 4 hours after drilling.
Once the drilling program was completed, an entire suite of sampling required about 2 1/2 man
days. Starting at about one month after the spill, sampling frequency was reduced to twice per
week, and six weeks after the spill it was reduced to once per week. Contour plans showing EDC
concentrations were prepared for submission to the Waste Management Division of B.C.
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Environment, on a weekly basis, starting about 6 weeks after the spill.
The reasons for reducing the monitoring frequency were three-fold:
1) Migration rate and direction of movement became reasonably predictable;
2) The data generated by the frequent sampling of approximately 100 monitoring points was
expensive to collect and evaluate quickly and was not considered worthwhile;
3) The GC analyzer in the field laboratory was returned to DOW Chemicals Ltd. six weeks after the
spill occurred. This resulted in an increase in the costs and time required to analyse samples.
Weekly sampling of surface water for EDC analysis and Bioassay was also carried out at a number
of points along the Fraser River bank.
HYDRAULIC CONDUCTIVITY TESTING
Hydraulic conductivity of the sand and gravel unit was estimated by back analysis of an aquifer test
run on a nearby production well, and by applying the Hazen formula to grain size analyses. No
aquifer pump tests were run at the site. Based on these data analyses, the estimated hydraulic
conductivity of the sand and gravel was about 10-2m/s.
Rising head tests performed on well points in the silty sand, and the results of grain size analyses,
indicated the hydraulic conductivity of the silty sand ranged from about 10-6 to 10-4 m/s. A short
pump test performed in a shallow recovery well in the wood waste indicated that the hydraulic
conductivity of this fill was about 10-3 m/s.
HYDROGEOLOGY
The principal hydrogeologic units at the site, starting with the upper most, are:
Wood waste unconfined aquifer -Saturated thickness ranging from 0 to 3.5 m
Silty sand aquitard
-3 to 5.5 m thick
Sand and gravel aquifer -3 to 9 m thick, with significant lateral groundwater flow
Dense clayey silt aquiclude -top of glacio-marine sediment unit
Natural groundwater flow at the site is comprised of two main components:
1) Vertical flow from the wood waste and silty sand down into the sand and gravel (see Figure
13.8);
2) Horizontal flow in the sand and gravel aquifer towards the northwest (see Figure 13.8).
The vertical flow between the wood waste and the aquifer is a function of hydraulic head differential.
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The hydraulic head differential is a function of the quantity of precipitation which infiltrates to
recharge the water table in the wood waste, and the piezometric head in the aquifer. When the spill
occurred in mid February, the groundwater levels were near the annual high, following a period of
heavy precipitation. Water levels in the wood waste peaked on February 25, 1986, and continually
declined after that date. Water levels in the aquifer and in the silty sand aquiclude generally
declined from February 25, but fluctuated a great deal due to tidal activity in the Fraser River. The
relationship between the water levels measured in the aquifer, the silty sand, the wood waste and
the Fraser River, for a three day period in March, 1986, is shown in Figure 13.11. As illustrated in
this Figure, there is a varying but persistent downward hydraulic gradient between the wood waste
and the sand and gravel aquifer.
Flow from the wood waste into the aquifer, over the spill area, was estimated to be 0.54 L/s. The
natural flow in the aquifer directly under the spill site was estimated at 1.1 L/s, therefore dilution was
expected to be minimal (Piteau Associates, April, 1986).
Groundwater flow in the aquifer is generally in the northwest direction, although for brief periods
during flooding of the Fraser River groundwater flow may be to the southwest. The average velocity
of groundwater flow in the sand and gravel aquifer was estimated to range between 0.7 and 1.3
m/day (Piteau Associates, April, 1986 and J. F. Sykes, June, 1986).
POTENTIAL IMPACT OF EDC
There were two major concerns regarding the impact of the EDC on the local environment:
1) EDC contaminated groundwater would discharge into the Fraser River, producing a contaminant
plume of sufficient concentration to harm migrating salmon or other indigenous aquatic species.
2) The EDC contaminant plume could reach domestic wells located on McMillan Island (Figure
13.8) or a municipal well field located about 7 km southwest of the site.
Neither of the potential impacts above were very immediate, as travel distances to the Fraser River
and the nearest domestic well were 350 m and 2000 m, respectively. However, the potential long
term threat to aquatic life and human health required that the EDC eventually be recovered.
CONTAMINANT MIGRATION
GENERAL
There is currently very little information available which relates specifically to EDC migration into the
ground, other than a few case histories dealing with the migration of other dense, immiscible
chemicals in groundwater. some laboratory work has been carried out in Germany (Schwille, 1981)
to investigate the movement of dense, non-aqueous phase liquid (DNAPL) chemical in saturated,
porous media. Based on this work, and on published observations at a number of contamination
sites in North America, Stan Feenstra (1986) described three general concepts for the development
of contaminated zones in sandy aquifers by DNAPL chemical. The three general concepts are
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illustrated in Figure 13.12. All concepts consider two phase movement of the chemical (i.e. both
movement of the pure, heavier than water liquid chemical (non-aqueous phase), and movement of
dissolved chemical in water).
If the quantity of DNAPL chemical spilled is small, it is likely to penetrate into the unsaturated zone
where some residual amounts will be retained in the pore spaces by capillary tension. The limited
data available indicate that these residual contents of DNAPL chemical in sandy soils are generally
equivalent to 10% to 30% of the pore space (Feenstra, 1986). Rain which infilitrates and then
percolates down through the soil pores in which the residual DNAPL chemical is retained will
dissolved some of the contaminant and carry it down to the water table where a contaminant plume
will originate. This concept is illustrated in Figure 13.12a.
If the quantity of spilled DNAPL chemical is larger, it will exceed the retention capacity of the
unsaturated soil. Thus, some of the non-aqueous phase chemical will reach the water table in the
aquifer where it will remain as a residual in pore spaces in the aquifer until it is dissolved in
groundwater flowing under the site, thus initiating a contaminant plume. This concept is illustrated in
Figure 13.12b.
The third concept, illustrated in Figure 13.12c, is very similar to the observed distribution of EDC at
the Fort Langley spill site. This situation occurs when a spilled volume of DNAPL chemical exceeds
the retention capacity of both the unsaturated sediments above the water table and the saturated
aquifer material. A portion of the non-aqueous phase chemical will eventually settle on the bottom
of the aquifer to form a pool. If the bottom of the aquifer is sloped, the DNAPL can then migrate in
the downslope direction. In some circumstances this could even occur in the opposite direction to
groundwater flow. While a contaminant plume would develop over the entire thickness of the aquifer
(see Figure 8C), the contaminant concentration a short distance from the spill site would tend to be
greatest near the base of the aquifer.
Once in the aquifer, DNAPL chemicals migrate in two different phase: (1) dissolved in water
(aqueous) and (2) liquid (non-aqueous phase). Movement of dissolved DNAPL is primarily a
function of advection and dispersion. The DNAPL could also migrate through the aquifer, usually at
a slower rate than the aqueous plume. It is expected that EDC, which has a viscosity similar to
water, would flow readily through the aquifer in a non-aqueous phase. The rate of movement of any
non-aqueous phase EDC would depend on many factors, such as surface tension, vapour
pressure, relative densities, percentage of EDC in the pore spaces, etc.
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Figure 13.11 Hydrograph showing relationship between Fraser River level and piezometer levels
under the spill site.
Figure 13.12 Three concepts for development of DNAPL contaminant plumes.
Drilling with the Becker Hammer started four days after the spill occurred. Twelve test holes and
nineteen well points were installed over a six day period. Based on monitoring results from these
holes, it became apparent that a large quantity of EDC was ponding in the wood waste which had
been placed on the surface of the silty sand sediments. Initially, high concentrations of EDC were
present in the base of the wood waste along the trend of an old buried slough.
The second phase of drilling, which was initiated about nine days later (19 days from the time of the
spill), augmented the monitoring network both within the immediate spill area, and in the area
northwest and down gradient of the spill site. More well points were also installed along the trend of
the old slough to delineate migration of EDC in the wood waste.
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A series of plans and sections are presented in Figures 13.13 and 13.14, showing contours of EDC
concentration at various times after the spill occurred. The distribution of the EDC in the wood
waste and upper silty sand, approximately four weeks after the spill, is shown in Figure 13.13a. As
evident in this figure, initial migration of the EDC was in the east-west direction, along the
orientation of the old slough. The high concentration plume actually extends a few metres south of
this slough, but this was likely due to the ditch which parallels the Canadian National tracks, which
would have concentrated infiltration of the spilled chemical a few metres south of the old slough.
Within the area of high concentration, some samples of pure or very highly concentrated EDC were
obtained, indicating that in some areas, pods of EDC were accumulating at the base of the wood
waste. However, as illustrated in monitoring data plotted in Figure 13.15, these pods existed for
only relatively short periods. After a few weeks the plume in the wood waste and silty sand
expanded slightly to the east, but the major changes in the shape of the plume included
pronounced migration to the northwest of a low concentration front, represented by the 5 mg/L
contour, and a slight advanced of the same contour to the south. The area in which EDC must still
have existed as two phases (roughly the area inside the 10,000 mg/L contours) continued to
contract throughout the monitoring period. Eleven weeks after the spill, concentrations greater than
the solubility limit for EDC had all but disappeared in samples from the wood waste (Figure 13.13).
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Figure 13.13 Distribution of EDC concentrations at 4 and 11 weeks after the spill.
The vertical migration of the EDC is illustrated in Figure 13.14. Monitoring data for the sand and
gravel aquifer was not available for the spill area until week four. The first available profile (week
four) showing the vertical distribution of EDC concentration under the site indicates extremely high
concentrations of EDC in the wood waste in the base of the old slough, and at the base of the
aquifer. Concentrations of EDC at the base of the aquifer almost directly below the spill remained
greater than 70% from week four, when the first sample was obtained, until the end of week seven
(see Figure 13.15). Concentrations fell rapidly to less than 1% by the end of week nine, possibly
due to the installation of a low capacity recovery well (10 L/min) nearby. The series of three profiles
in Figure 13.14, which show the distribution of EDC concentrations at weeks four, seven and
eleven, all show the same pattern of highest concentrations at the base of the wood waste and the
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base of the aquifer immediately under the spill site, with a plume of lower concentrations migrating
to the northwest (left end of section). As illustrated in Figure 13.14, the highest concentrations in the
expanding plume were generally near the base of the two aquifers. EDC concentrations in the
overlying silty sand were much lower and less evenly distributed, possibly due to the presence of
permeable bedding planes in the sand which would allow relatively high lateral velocities of
groundwater flow.
Horizontal migration of EDC in the aquifer is depicted in Figure 13.13b. By week four, a zone of
very high EDC concentrations existed immediately under the spill site, and migration was
predominately to the northwest. Lower concentrations (represented by the 5 mg/L contour) migrated
in all directions, but primarily to the west and north. Dispersion was probably the mechanism which
controlled the advance of this low concentration front, as there was significant migration in the
southeast direction, which was against the natural gradient of groundwater flow through the area.
Between weeks four and eleven, the contaminant plume spread out mainly towards the north and
northwest, with little or no up gradient migration. The 5 mg/L contour contracted slightly on the west
side of the plume, apparently due to the flushing action of the natural groundwater flow.
Concentrations of EDC in the plume were also much reduced, due primarily to the dilution by
natural groundwater flow. Although sampled concentrations were generally below the solubility limit,
it was not conclusive evidence that very little EDC remained in the non aqueous phase. General
experience on site was that new holes would often encounter high concentrations of non-aqueous
phase EDC, but that after repeated sampling, concentrations would drop off, due to lack of mobility
of the DNAPL in the formation around the monitoring point. A short distance away from the
monitoring points, there was likely to be non aqueous phase EDC retained in the pore spaces.
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Figure 13.14 EDC concentrations along Section B-B through spill site.
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Figure 13.15 Time base plotting of EDC concentrations directly under spill site.
Based on the movement of EDC concentrations through the aquifer, the advective rate of transport
of the plume was estimated to be about 1m/day. The low concentration front (5 mg/L), which as
apparently controlled by dispersion and advection, was advancing at a rate of about 2.5 m/day.
Calculations based on these rates indicated that it would take about 2 years before the low
concentration front would reach McMillan Island, where the closest domestic wells were located.
SIMULATION OF PLUME MIGRATION
Preliminary computer modelling was carried out (Sykes June, 1986) to simulate the probable impact
of the spill upon the local groundwater resource, and to predict the time required for natural flow of
groundwater through the area to remove the EDC. Two models were used in the analyses. A twodimensional model was used to simulate the movement of dissolved and non-aqueous phase EDC,
and the dissolution rate of the non-aqueous phase EDC. A three dimensional model was used to
model the groundwater flow domain.
The results of the 3-D hydraulic modelling indicated that the estimated transport velocities were
reasonable, and that the migration of the plume in the sand and gravel aquifer could be controlled
by pumping. The results of the 2-D transport modelling indicated that flushing of non-aqueous
phase EDC from the wood waste and silty sand would require about 10 years, unless volatization or
recovery methods were instituted. Approximately 500 days would be required for the non-aqueous
phase EDC in the sand and gravel aquifer to be entirely dissolved by natural groundwater flow
through the area. Based on the modelling work, it was recommended that pumping of the aquifer be
continued until all EDC at the site had been dissolved, and acceptable concentrations were
reached. It was also concluded that unless measures taken to remove EDC from the wood waste
were successfully implemented, prolonged pumping of the aquifer would be required.
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It was estimated that a pumping rate of between 4 and 6 L/s was required to control migration of the
contaminant plume, as it existed in mid April, 1986.
MITIGATIVE MEASURES
Canadian National Rail and their consultants have been handling the spill clean up work and aquifer
decontamination, and Piteau Associates' involvement with the project ceased as of the end of April,
1986. We understand that the decontamination measures implemented at the site include:
1) Pumping the aquifer and air stripping the discharge water and/or decanting concentrated EDC
from the bottom of large temporary storage tanks; 2) Pumping with low capacity, positive
displacement pumps installed at the base of the aquifer in small ID wells which were drilled into
pools of undissolved EDC (typically at concentrations of >10%). The usual trend with these pumps
was that high concentrations of EDC would be pumped for periods of a few hours to a few days, but
then concentrations would quickly drop to levels below the solubility limit; 3) An air injection/venting
system in the wood waste to promote volatization of the EDC and to provide lateral containment.
CONCLUSIONS AND RECOMMENDATIONS
The movement of the DNAPL-EDC at the Fort Langley spill site was very similar to that which would
have been expected, based on the generally accepted concepts for development of DNAPL
contaminant plumes in saturated, granular aquifers. Due to density effects, vertical migration of the
EDC was very prevalent at the spill site. Lateral migration of EDC in the unconfined wood waste
aquifer unit was very limited. In the granular aquifer unit, located beneath the wood waste and the
silty sand units, lateral migration was very significant due to the high permeability and significant
natural groundwater flow. The density effect resulted in the highest EDC concentrations occurring
near the base of this aquifer. While recovery of the spilled EDC is possible, it will be a very slow and
expensive process. This is prolonged by the difficulty of removing residual DNAPL from pore
spaces into which it migrates.
Based on the experience at the Fort Langley spill site, the following two points should be
emphasized, which may be useful in the event of other, similar spills.
1. The importance of having a team of specialists capable of implementing a hydrogeological
investigation, monitoring, and recovery program at the site is very important. This team must
include personnel familiar with the various methods of on site treatment, and disposal of
contaminated wastes so that the appropriate systems can be installed soon after sufficient
information is available to design a recovery program.
2. If the initial investigation indicates that a large proportion of the contaminant is present at
relatively shallow depth, serious consideration should be given to excavating contaminated
sediments. As initial migration will have a significant vertical component, excavating directly under
the spill site should provide positive results.
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GROUNDWATER RESOURCES OF BRITISH COLUMBIA

APPENDIX 1 - GLOSSARY OF TERMS
ALLUVIAL DEPOSITS -The general name for all sediments, including clay,
(ALLUVIUM) silt, sand, gravel or similar unconsolidated material deposited in a
sorted or semi-sorted condition by a stream or other body of running water, in a
stream bed, floodplain, delta or at the base of a mountain slope as a fan.
AMBIENT GROUNDWATER FLOW -The rate of flow and direction of flow of
groundwater under unpumped, natural conditions.
ALLUVIAL FANS -A fan shaped deposit of detrital material deposited by a stream
where it emerges from a steep mountain slope or from an upland onto a less
steeply sloping terrain.
ANION -A negative electrically charged ion such as a nitrate or chloride ion.
AQUIFER -An aquifer is a formation, group of formations or part of a formation
containing enough saturated permeable material to produce significant amounts of
water to wells and springs. (See also confined aquifers or artesian aquifers and
unconfined aquifers.)
AQUIFER DEPLETION -Aquifer depletion occurs when groundwater is withdrawn
from an aquifer at a rate greater than it can be replenished.
AQUIFER VULNERABILITY -A measure of how vulnerable an aquifer is to
contamination.
AQUIFER VULNERABILITY MAPPING - Mapping the vulnerability of an aquifer to
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contamination from sources. Vulnerability mapping does not consider the type of
land use above an aquifer, only the intrinsic vulnerability of the aquifer, typically
based on the type, thickness, and extent of geologic materials overlying an aquifer,
depth to water, and type of aquifer materials.
ARTESIAN AQUIFER -See confined aquifer.
ARTESIAN WELL -A well obtaining its water from an artesian or confined aquifer in
which the water level in the well rises above the top of the aquifer. The water level
in a flowing artesian well rises above the land surface.
BASE FLOW -The sustained low flow in a stream. Generally base flow is the inflow
of groundwater to the stream.
BEDROCK -Rock underlying soil and other unconsolidated material.
BRECCIA -Fragments of rock, generally angular in a fine grained matrix, or a matrix
of cementing material. Breccias include tectonic brecccias, clastic brecccias and
volcanic breccias.
BRECCIATED ZONE -A zone converted into a breccia.
CAPTURE ZONE -The land area that contributes ground water to or recharges a
pumping well.
CATION -A positive electrically charged ion such as a sodium or calcium ion.
CIRQUE -A large size amphitheatre shaped hollow which has been excavated by
ice action in mountainous regions.
CLASTIC ROCK - (DETRITAL ROCK) -A sedimentary rock composed of
fragments ofpre-existing rocks or organic structures.
COEFFICIENT OF STORAGE -See storage coefficient.
COLLECTOR WELL -Constructed with horizontal lengths of screened collector
pipe radiating out from a central vertical well.
COLLUVIAL DEPOSITS -Weathered, unconsolidated materials transported and
deposited by gravity.
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CONFINED AQUIFER -Confined is synonymous with artesian. A confined aquifer
or an artesian aquifer is an aquifer bounded both below and above by beds of
considerably lower permeability than that existing in the aquifer itself. The
groundwater in a confined aquifer is under pressure that is significantly greater than
that existing in the atmosphere.
CONFINING BED -A bed of impermeable material stratigraphically adjacent to one
or more aquifers. Confining bed is now used to replace terms such as "aquiclude",
"aquitard" and "aquifuge".
CONTAMINANT -Solute which through human action intrudes into the hydrologic
cycle.
CONTAMINANT PLUME -Contaminants which encroach into a groundwater
system are moved down gradient. The area of the aquifer containing the degraded
water which resulted from the migration of a pollutant is called a contaminant
plume.
CONTAMINATION -Impairment of natural water quality by chemical or bacterial
pollution as a result of human activities. The degree of contamination allowed
before an actual hazard to public health is created will depend upon the intended
end use, or uses of the water.
CRETACEOUS -The most recent geologic period in the Mesozoic Era.
DISCHARGE AREA -An area where groundwater and water in the unsaturated
zone is released to the ground surface, to surface water or to the atmosphere.
DRAWDOWN -The variation in the water level in a well prior to commencement of
pumping compared to the water level in the well while pumping. In flowing wells
drawdown can be expressed as the lowering of the pressure level due to the
discharge of well water.
DRIFT (GLACIAL) -Glacial drift includes all rock material in transport by glacier ice,
the deposits made by glacier ice and all materials mainly of glacial origin deposited
in the sea or in glacial melt water bodies including materials rafted in by ice bergs or
transported indirectly in the water itself. Glacial drift therefore includes till, rock
fragments and stratified drift.
DRILLED WELL -A well that is constructed with a drilling rig, such as an air rotary
or cabletool drilling rig.
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DRUMLIN -Irish term for a small hill. Consists of glacial drift shaped by ice action
into a "hog- back", which is oval in plan and has its long axis pointing in the
direction of ice movement. Drumlins often occur in groups.
DUG WELL -A well that is dug by hand or excavated by backhoe. Dug wells are
usually shallow.
ESKER -A narrow long ridge like form comprised mainly of gravel and sand. These
stratified glacio-fluvial deposits were formed in a stream bed flowing inside the ice
of a glacier generally at the glacier bottom. The glacio- fluvial deposits were then
left in place after the ice melted.
EVAPOTRANSPIRATION -Loss of water from a land area through transpiration of
plants and evaporation from the soil.
FAULT -A fracture in the earth's crust along which dislocation has taken place so
that the rocks on one side of the fault have been displaced in relation to those on
the other side.
FLOODPLAIN -The flat land adjacient to a river, formed by deposition of fluvial
materials.
FLOWING ARTESIAN WELL -A well where the water level is above the ground
surface.
FLUVIAL DEPOSITS -Deposits related to a river or stream.
FRACTURE -A break or crack in the bedrock.
FRESH WATER-SALT WATER TRANSITION ZONE -The interface zone occurring
between fresh water and saltwater undelying marine islands and coastal areas with
groundwater occurring below the surface of the ground in geologic formations under
saturated conditions.
GEOMORPHOLOGY -Geomorphology is the science dealing with the origin and
evolution of land forms.
GLACIAL DRIFT -See Drift (Glacial)
GLACIO-FLUVIAL DEPOSITS -Deposits related to the joint action of glaciers and
meltwater streams.
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GROUNDWATER -Water in the zone of saturation, that is under a pressure equal
to or greater than atmospheric pressure.
GROUNDWATER CATCHMENT AREA -An area contributing natural replenshment
(recharge) of the groundwater regime. It may include localized discharge areas.
GROUNDWATER DIVIDE -The uppermost boundary of a groundwater basin.
GROUNDWATER MINING-Permanent depletion of groundwater reserves.
GROUNDWATER TABLE -That surface below which rock, gravel, sand or other
material is saturated. It is the surface of a body of unconfined groundwater at which
the pressure is atmospheric.
HANGING VALLEY -Where the valley floor of a tributary stream lies or "hangs"
above the floor of the main valley. Hanging valleys may occur where the main valley
has been glaciated.
HARDNESS -When hard water is used with soap it will form an insoluble residue
and hard water will form a scale in utensils in which the water has been allowed to
evaporate. Hardness is mainly caused by calcium and magnesium ions. Hardness
is generally expressed in mg/L calcium carbonate (Ca CO3).
HETEROGENEOUS DEPOSIT -Non uniform structure and composition throughout
the deposit.
HOMOGENEOUS DEPOSIT-Structure or composition of the deposit is uniform
throughout.
HYDRAULIC CONDUCTIVITY -Hydraulic conductivity is a measure of the ability of
a fluid to flow through a porous medium determined by the size and shape of the
pore spaces in the medium and their degree of interconnection and also by the
viscosity of the fluid. Hydraulic conductivity can be expressed as the volume of fluid
that will move in unit time under a unit hydraulic gradient through a unit area
measured at right angles to the direction of flow.
HYDRAULIC GRADIENT -The slope of the groundwater level or water table.
HYDRAULIC HEAD -The level to which water rises in a well with reference to a
datum such as sea level.
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HYDROGEOLOGY -Study of groundwater in its geological context.
HYDROGRAPH -A graphical plot of changes in elevation of water or flow of water
with respect to time.
HYDROLOGIC CYCLE -The continued circulation of water between the ocean,
atmosphere and land is called the hydrologic cycle.
ICE CONTACT DEPOSITS -Drift sediment deposited in contact with its supporting
ice.
IGNEOUS ROCKS -Rocks that solidified from molten or partly molten materials,
that is from a magma or lava.
IMPERMEABLE -Impervious to flow of fluids.
INCRUSTATION -Mineral matter deposited by water. One of the major causes of
well failure is the chemical and biological incrustation of well screen through
precipitation of calcium and magnesium carbonates or sulphates. The precipitation
of iron and manganese compounds and slime producing iron bacteria will also plug
well screens.
INDURATED -A compact rock hardened and solidified by post depositional
chemical and physical alterations.
INFILTRATION RATE -The rate at which water permeates the pores or interstices
of the ground.
INTERMONTANE VALLEY -A valley located between or surrounded by mountain
ranges, mountains or mountainous regions.
ISOTROPIC -Exhibiting properties with the same values in all directions.
KETTLE -A closed depression made in drift by a mass of underlying ice melting.
LACUSTRINE DEPOSITS-Sediments laid down in a lake. Includes gravelly
deposits at the margin and clay in deeper water. Sediments commonly show
seasonal banding or varve clays.
LEACHATE -Fluid percolating through a land fill.
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LEVEL OF GROUNDWATER DEVELOPMENT -The level of groundwater use of
an aquifer relative to the aquiferÕs ability to replenish itself.
LITHOLOGY -All the physical properties, the visible characteristics of mineral
composition, structure, grain size etc. which give individuality to a rock.
MARINE DEPOSITS -Mostly silt and clay materials deposited under a marine
environment.
MEDIAN - Being in the middle or in an intermediate position.
MELTWATER CHANNEL -A channel shaped by water coming from the melting of
snow or glacier ice.
MESOZOIC -Geologic era preceding the Cenozoic Era. The Mesozoic Era was a
time when the rocks of the Triassic, Jurassic and Cretaceous Systems were
deposited.
METAMORPHIC ROCKS -Any rock derived from pre-existing rocks by
mineralogical, chemical, and/or structural changes, essentially in the solid state, in
response to marked changes in temperature, pressure, shearing stress, and
chemical environment, generally at depth in the EarthÕs crust.
MONADNOCK -From Mount Monadnock in New Hampshire (1893). A Monadnock
is an isolated hill standing conspicuously above a peneplain. (A peneplain is a land
surface worn down to an area of low relief by stream erosion and mass wasting.
MORAINE -An accumulation of unsorted unstratified glacial drift mainly till,
deposited by glacial ice. Drift deposited in the flanks of a valley glacier form a lateral
moraine. Glacial deposits which have accumulated at the front of a glacier form a
terminal moraine. Deposits of drift which have been dragged along beneath the ice
form ground moraine.
OBSERVATION WELL -A well constructed for the objective of undertaking
observations such as water levels, pressure readings and groundwater quality.
OROGENY -The deformation of the earth's crust to form mountains.
OUTWASH DEPOSITS -Stratified drift deposited by meltwater streams flowing
away from melting ice.
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OVERBURDEN -The layer of fragmental and unconsolidated material including
loose soil, silt, sand and gravel overlying bedrock, which has been either
transported from elsewhere or formed in place.
OVERLAND RUNOFF -That part of precipitation flowing overland to surface
streams.
PALAEOZOIC -Geological era preceding the Mesozoic Era. The Palaeozoic is a
major division of geologic time and it includes in descending order the Permain,
Carboniferous, Devonian, Silurian, Ordovician and the Cambrian.
PERCHED WATER TABLE -A separate continuous body of groundwater lying
(perched) above the main water table. Clay beds located within a sedimentary
sequence, if of limited aerial extend, may have a shallow perched groundwater
body overlying them.
PERMEABILITY -The property of a porous rock, sediment or soil for transmitting a
fluid, it is a test of the relative ease of fluid flow in a porus medium.
PERMEABLE -The property of a porous medium to allow the easy passage of a
fluid through it.
pH - A numerical measure of the acidity or alkalinity of water ranging from 0 to 14.
Neutral waters have pH near 7. Acidic waters have pH less than 7 and alkaline
waters have pH greater than 7.
PHYSIOGRAPHY -Physical geography.
PIEZOMETER -Pressure reading and measuring instrument connected to a short
sealed off length of a drill hole or hydrogeologic unit.
PIEZOMETRIC SURFACE -Imaginary surface defined by the elevation to which
water will rise in wells penetrating confined aquifers.
PLATEAU -An elevated land surface of large areal extent where the surface is
nearly level.
PLEISTOCENE -The period following the Pliocene during which an ice sheet
covered the greater part of North America. Named by Lyell in 1839.
POLLUTION -Contamination of the environment with objectionable or offensive
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matter.
POROSITY -The volume of openings in a rock, sediment or soil. Porosity can be
expressed as the ratio of the volume of openings in the medium to the total volume.
POTENTIAL WELL YIELD - An estimate of well yield generally above the existing
yield rate or test rate, but considered possible on the basis of available information,
data and present well performance.
PUBLIC INVOLVEMENT -The process by which the views of all parties interested
in a proposed government decision are integrated into the decision-making process.
It is a dynamic process that attempts to identify, record, analyze and synthesize
ideas, concerns, needs and values before recommendations are given to
government decision makers.
PUMPING INTERFERENCE -The condition occurring when a pumping well lowers
the water level in a neighbouring well.
PUMPING TEST -A test conducted by pumping a well t odetermine aquifer or well
characteristics.
QUATERNARY -The period of geologic time that follows the Tertiary. The
Quaternary includes the Pleistocene and Recent Periods and is part of the
Cenozoic Era.
RADIUS OF INFLUENCE - The radial distance from a pumping well to the point
where there is no drawdown of the water table or piezometric surface. This point
marks the edge of the cone of depression around the pumping well.
RECHARGE AREA (GROUNDWATER) - An area where water infiltrates into the
ground and joins the zone of saturation. In the recharge area,there is a downward
component of hydraulic head.
SALINE GROUNDWATERS -Groundwater consisting of or containing salt.
SALT WATER INTRUSION -Movement of salty or brackish groundwater into wells
and into aquifers previously occupied by fresh or less mineralized groundwater
either through upconing or sea water encroachment.
SANDPOINT - A well pipe with a screen, equipped with a hardened, conical point at
the bottom, that is driven into the ground to tap shallow groundwater.
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SANDSTONE -A sedimentary rock composed of mostly sand sized particles.
SANITARY SURFACE SEALS -A grouted anular space around the well casing
which usually extends from the land surface to several metres deep. The sanitary
well seal funtions to prevent any contaminated surface and near surface water from
seeping down the side of the well to the aquifer.
SATURATED ZONE -The subsurface zone in which all voids are ideally filled with
water under pressure greater than atmospheric.
SEA WATER ENCROACHMENT -The lateral landward movement of sea water into
wells and freshwater aquifers.
SEDIMENTARY ROCKS - Rocks formed from consolidation of loose sediments
such as clay, silt, sand, and gravel.
SHALE - A fine-grained sedimentary rock, formed by the consolidation of clay, silt,
or mud. It is characterized by finely laminated structure and is sufficiently indurated
so that it will not fall apart on wetting.
SPECIFIC CAPACITY -The rate of discharge of a water well per unit of drawdown.
Specific capacity can be expressed as L/s/m of drawdown.
SPECIFIC CONDUCTANCE (GROUNDWATER)- The ability of a water sample to
conduct an electric current. Specific conductance is related to the concentration of
dissolved solids in a water sample. A rapid determination of TDS of a water sample
can be made by measuring the electrical conductance.
STATIC WATER LEVEL -The level of water in a well that is not being influenced by
groundwater withdrawals. The distance to water in a well is measured with respect
to some datum, usually the top of the well casing or ground level.
STORAGE COEFFICIENT -Volume of water stored or released from a column of
aquifer with unit cross section under unit change in head.
SURFICIAL DEPOSITS -Deposits overlying bedrock and consisting of soil, silt,
sand, gravel and other unconsolidated materials.
SUSTAINED YIELD -Rate at which groundwater can be withdrawn from an aquifer
without long term depletion of the supply.

http://wlapwww.gov.bc.ca/wat/gws/gwbc/appendices/glossary.html (10 of 13) [7/2/2003 12:55:11 PM]

Groundwater

TERTIARY -Geologic period of the Cenzoic Era and that period prior to the
Quatenary.
TILL -Till consists of a generally unconsolidated, unsorted, unstratified
heterogeneous mixture of clay, silt, sand, gravel and boulders of different sizes and
shapes. Till is deposited directly by and underneath glacial ice without subsequent
reworking by meltwater.
TOPOGRAPHY -The configuration of a surface including its relief and the position
of its natural features.
TOTAL DISSOLVED SOLIDS (TDS) - Concentration of total dissolved solids (TDS)
in groundwater expressed in milligrams per litre (mg/L), is found by evaporating a
measured volume of filtered sample to dryness and weighing this dry solid residue.
TRANSMISSIVITY -Rate at which water is transmitted through a unit width of an
aquifer under a unit hydraulic gradient. Transmissivity values can be expressed as
square metres per day (m2/day), or as square metres per second (m2/s).
TRANSPIRATION -The process by which water absorbed by plants, usually
through the roots, is evaporated into the atmosphere from the plant surface.
UNCONFINED AQUIFER - An aquifer in which the water table is free to fluctuate
under atmospheric pressure.
UNCONSOLIDATED DEPOSITS - Deposits overlying bedrock and consisting of
soil, silt, sand, gravel and other material which have either been formed in place or
have been transported in from elsewhere.
UPCONING -Upward movement of salty or brackish groundwater into wells and into
aquifers previously occupied by fresh or less mineralized groundwater.
UNSATURATED ZONE -The zone between the land surface and thewater table.
The pore spaces, interstices, contain water at less than atmospheric pressure, and
also air and other gases. Perched groundwater bodies (local saturated zones) may
exist in the unsaturated zone.
VARVE -Laminated clays and fine grained sedimentsof glacial origin deposited in
lakes during theretreat of glacial ice. Each lamina or varvehas a thicker coarser
layer and a finer layerwhich represent a years seasonal cycle ofdeposition. Varve is
the Swedish word forcycle.
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WATER BALANCE (HYDROLOGIC BUDGET) - A record of the outflow from,
inflow to, and storage in a hydrologic unit like an aquifer, drainage basin etc.
WATERSHED -A catchment area for water that is bounded by the height of land
and drains to a point on a stream or body of water, a watershed can be wholly
contained within another watershed.
WATER TABLE - See groundwater table.
WELL DEVELOPMENT -This operation helps make water enter the well more
easily and can make the difference between a satisfactory and an unsatisfactory
well. Different techniques for well development can be used, the aim is to remove
the smaller sized particles from the aquifer surrounding the well screen and to
provide a coarser filter zone around the screen. The smaller sized particles are
drawn into the well screen and can then be removed by bailing or pumping.
WELLHEAD PROTECTION -Protection of the recharge (or capture zone) area of a
pumping well.
WELL INTERFERENCE -When the area of influence, or the cone of depression
around a water well comes into contact with or overlaps that of a neighbouring well
pumping from the same aquifer and thereby causes additional drawdown or
drawdown interference in the wells.
WELL POINTS -Also referred to as sand points, gravel points,are used in shallow
permeable unconfined (usually) aquifers generally less than 30 feetdeep. Well
points consist of a short length of screened pipe with a sharp point on the bottom
end. As the pipe is driven into the ground, additional lengths of pipe are added to
the top end. Sand points are also available with a check valve at the lower end to
enable the pipe to be washed down in sand and fine gravel aquifers. Water can be
pumped down the pipe and it passes out the check valve at the bottom and washes
the sand up the hole to the ground surface.
WELL SEALS - Cover for the top of the well.
WELL SCREEN -A cylindrical filter used to prevent sedimentfrom entering a water
well. There are several types of well screens, which can be ordered in various slot
widths, selected on the basis of the grain size of the aquifer material where the well
screen is to be located. In very fine grained aquifers, a zone of fine gravel or coarse
sand may be required to act as a filter between the screen and the aquifer.
WELL YIELD -The volume of water discharged from a well in litres per minute
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(L/min), litres per second (L/s),or cubic metres per day (m3/day).
ZONE OF SATURATION -See saturated zone.
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Unit Conversion Table
Length: multiply by to obtain
inches
inches
feet
miles
millimetres
centimetres
meters
kilometres

25.4
2.5
0.3048
1.609
3.937E-2
0.3937
3.281
0.621

millimetres
centimetres
metres
kilometres
inches
inches
feet
miles

Area: multiply by to obtain
sq inches
sq feet
sq miles
sq miles
acres
sq centimetres
sq meters
sq kilometres
hectares
hectares

6.452
9.29E-2
2.59
259
0.4047
0.1550
10.77
0.3861
3.861E-3
2.471

sq centimetres
sq metres
sq kilometres
hectares
hectares
sq inches
sq feet
sq miles
sq miles
acres

Volume: multiply by to obtain
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cu inches
16.39
cu centimetres
cu feet
2.832E-2
cu metres
cu feet
7.481
gallons (US)
cu feet
6.232
gallons (Imp)
cu feet
28.32
litres
cu yards
0.7646
cu metres
gallons (US)
3.785
litres
gallons (Imp)
4.546
litres
gallons (Imp)
1.2
gallons (US)
gallons (US)
3.785E-3
cu metres
gallons (Imp)
4.546E-3
cu metres
cu centimetres
6.102E-2
cu inches
cu meters
35.31
cu feet
gallons (US)
1.337E-1
cu feet
gallons (Imp)
1.605E-1
cu feet
litres
3.531E-2
cu feet
cu metres
1.308
cu yards
litres
0.2642
gallons (US)
litres
0.22
gallons (Imp)
gallons (US)
0.8331
gallons (Imp)
cu meters
264
gallons (US)
cu meters
220
gallons (Imp)

Flow rates: multiply by to obtain
gals(US)/min
gals(Imp)/min
gals(US)/min
gals(Imp)/min
cu ft/sec (cfs)
litres/sec
litres/sec
cu metres/day
cu metres/day
litres/sec

6.309E-2
litres/sec
7.577E-2
litres/sec
5.453
cu metres/day
6.549
cu metres/day
2.832E1
litres/sec
15.85
gals(US)/min
13.21
gals(Imp)/min
0.1834
gals(US)/min
0.1527
gals(Imp)/min
3.531E-2
cu ft/sec (cfs)

Hydraulic Conductivity: multiply by to obtain
gals(US)/day/ft2
gals(US)/day/ft2

4.716E-5
0.1337

cm/sec
ft/day
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gals(US)/day/ft2
4.075E-2
metres/day
gals(Imp)/day/ft2
4.893E-2
metres/day
cm/sec
2.128E4
gals(US)/day/ft2
ft/day
7.479
gals(US)/day/ft2
metres/day
24.54
gals(US)/day/ft2
metres/day
20.44
gals(Imp)/day/ft2

Transmissivity: multiply by to obtain
gals(US)/day/ft
gals(US)/day/ft
gals(Imp)/day/ft
gals(Imp)/day/ft
m2/day
m2/day
m2/sec
m2/day

1.242E-2
m2/day
1.437E-7
m2/sec
1.491E-2
m2/day
1.726E-7
m2/sec
80.52
gals(US)/day/ft
67.05
gals(Imp)/day/ft
6.957E6
gals(US)/day/ft
5.793E6
gals(Imp)/day/ft

Temperature:
deg. Fahrenheit = 9/5 (deg.C) + 32
deg. Celsius = 5/9 (deg.F - 32)
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