ARTICLE

Geophysical and
Sedimentological
Assessment of Urban
Impacts in a Lake
Ontario Watershed and
Lagoon: Frenchman's
Bay, Pickering, Ontario

N. Eyles!, M. Doughty', ].I. Boyce?,
M. Meriano!, and P Chow-Fraser?

! Environmental Earth Sciences
University of Toronto at Scarborough
Scarborough, ON, M1C 144

2School of Geography and Geology
IDepartment of Biology, McMaster
University, Hamilton, ON, L8S 4K1

SUMMARY

Managing the environmental impacts of
urbanijzation on watersheds is 2 major
problem facing Canadian communities.
Meeting this challenge requires that
municipal planning departments have
access to good quality environmental
information allowing them to develop
effective land use plans and remediation
policies. Managing such problems
demands an interdisciplinary approach
involving a range of scientific disciplines
including geology, geochemistry,
sedimenrology, hydrogeology, hydrology,
geophysics and aquatic ecology.
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Geoscientists from the University
of Toronte and McMaster University are
working with the City of Pickering,
Ontario on remediation of a Lake
Ontario lagoon and urbanized watershed
(Frenchman’s Bay) experiencing large
stormwater flows and enhanced
sediment erosion and transportarion.
Throughout the watershed, the
hydrological cycle has been dramatically
changed as a result of *hardening’ by
roads and buildings — greatly restricting
infiltration and premoting surface
runoff. The urban-impacted watershed
empties into the shallow, semi-enclosed
coastal lagoon of Frenchman’s Bay -
setving as a trap for fine-grained
contaminated sediment. A wide range
of geophysical techniques have been
employed in Frenchman’s Bay lagoon to
determine the geology of the lagoon,
physical characteristics of bottom
sediments and the distribution of
contaminated sediment on its floor.

SOMMAIRE
La gestion des répercussions
environnementales de 'urbanisation sur
les bassins de drainage constitue un
probléme de taille confrontant les
collectivités canadiennes. Pour y faire
face convenablement, les services de
planification urbaine doivent pouvoir
compter sur des données environne-
mentales de qualité pour espérer pouvoir
élaborer des politiques efficaces de
réhabilitation et d’utilisarion des sols. Le
traitement de ce genre de probleme
exige que 'on adopte une approche
multidisciplinaire intégrant une gamme
de disciplines scientifiques, dont la
géologie, la géochimie, la
sédimenrologie, 'hydrogéologie,
I'hydrologie, la géophysique ainsi que
I'hydro-écologie.

Des géoscientifiques de
I'Universit¢ de Toronto et de I'Université
McMaster travaillent de concert avec la
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ville de Pickering (Ontario} a la
réhabilitation d’une lagune du lac
Ontario et son bassin de drainage
urbanisé (baie de Frenchman), lesquels
sont soumis A de forts volumes d’eaux de
ruissellement et 4 une érosion et un
transport sédimentaire accrus. Dans
I'ensemble du bassin de drainage, le
cycle hydrologique a été considérable-
ment changé par une « induration » des
sols découlant de [a construction de
routes et d’édifices, limitant d’autant
I'infileration de I'eau et favorisant son
ruissellement. Ces eaux de bassin de
drainage « urbanisé » se déversent dans
la lagune cétitre peu profonde et quasi
fermée de la baie de Frenchman,
piégeant ainsi les sédiments i grains
fins contaminés. Un gamme étendue de
techniques géophysiques ont été mises
profic dans la lagune de la baie de
Frenchman pour définir la géologie de la
lagune, les caractéristiques physiques des
sédiments du fond ainsi que la
distribution des sédiments contaminés
sur le fond.

INTRODUCTION

More than 80% of Canadians live in
urban areas, the highest percentage in
the world, with the exception of
Australia. Managing environmental
mpacts arising from rapid growth is a
key challenge to many urban
municipalities, particularly those in the
Great Lakes where lake water is used
hoth for public consumption and as a
sink for waste waters. Near Toronto,
wastewater and stormwater discharge
into semi-enclosed coastal lagoons such
as Frenchman's Bay in the City of
Pickering (Fig. 1).

Ensuring the long-term
sustainability of Frenchman’s Bay and its
watershed depends on controlling
stormwater flows and the input of
sediments and contaminants. This is
fundamentally dependent on collection






























waters. Acrial photographs taken of the
bay after a major storm event show a
plume of suspended sediment entering
the bay from Krosno Creek and being
moved northward (Fig. 11D). In this
way contaminated sediment entering the
bay from creeks along its northern
margin are spread along its western
edge (Fig. 12B, C). In protected semi-
enclosed embayments such as
Frenchman’s Bay, frequent mixing with
water from Lake Ontario, which could
otherwise ameliorate negarive cffects of
urbanization on water quality and
suspended sediment, is minimized.

TRANSPORT AND DEPOSITION OF
FINE SEDIMENT

A Geonics EM-38 conductivity meter
was used to measure the potential of
bottom sediments to conducr an
electrical charge (Fig. 12F). These dara,
when collected systematically across the
bay, allow broad mapping of sediment
grain size on the floor of the lagoon
using the well-known relationship
between conductivity and grain size.
Generally speaking, sands are
characrerized by a conductivity of less
than 500 uS/cm, silts and clays show
elevated conductivities.

Sediment conductivity data
collected as part of an carlier survey of
the lagoon by Geomar Geophysics Led.
(1991} indicate a good relationship
berween water depth and grain size
(Fig. 12). Data demonstrate that fine-
grained sediment derived from the
surrounding watershed is accumulating
in the deeper water portions of
Frenchman’s Bay. The deepest parts of
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the lagoon are associated with highly
conductive clay-sized sediments (>1200
uS/cm). Lower values (between 600 and
900 uS/cm) occur over most of the bay
where silt-sized sediment predominates
in water depths of less than 2 m. Much
lower conductivities (< 600 uS/cm)
occur in shallow water sands close to
the barrier beach, in water depths less
than 1 m.

CONTAMINANTS IN SEDIMENT:
MAGNETIC MAPPING TECHNIQUES
The uppermost sediment layer in
Frenchman’s Bay lagoon (European
Setdement Layer, Fig. 10) is enriched in
contaminants and fine-grained magneric
particles, which are a fingerprint of
contaminated sediments sourced from
the surrounding urban areas. Urban and
industrial activities release significant
amounts of airborne pollution as dust.
Dust particles include ferromagnetic
minerals such as iron oxide {magnetite),
hematite, pyrrhotite and goethite.
Magnetite is produced by power plants,
cement manufacturers and, in
particular, vehicles as a result of exhaust
emissions and the wear of exhaust
systems and tires. Magnetic dust
particles accumulate in soils and are
also washed from roads and
impermeable surfaces into crecks and
water bodies (e.g., Charlesworth and
Lees, 1997; Hay et al., 1997). Magnetic
properties of sediments can therefore be
used as a tool in mapping urban-
impacted contaminated sediment.
Mapping of magnetic properties of
sediment can be done simply and
rapidly and is, thus, an inexpensive

means of determining the spatial
distriburion of urban-sourced sediments
and other chemical pollutants in water
bodies or on land {e.g., Flanders, 1994;
Petrovsky and Ellwood, 1999; Boyce et
al., 2001; Petrovsky et al., 2001).
Studies in Southern Ontario have
shown a strong correlation between
magnetic content in sediment and
contaminants such as heavy metals
(such as cadmium, lead, nickel, zinc
and copper) and various organic
chemicals (Versteeg ec al., 1995, 1997).
A survey of the magneric
properties of sediment on the floor of
Frenchman’s Bay was conducted by boat
employing the methodology used in
other water bodies in Southern Cntario
(Versteeg et al., 1997). Total magnetic
field surveys were acquired with a
Marine Magnetics Overhauser
magnetometer towed at a depth of
0.5 m and a speed of 5 knots. During
the survey, the magnetometer was
cycled at 4Hz (with approximate
horizontal sample intervals of 2 m). A
second, base-station magnetometer was
deployed onshore to record diurnal
magnetic field variations throughout the
survey period. Post-cruise processing of
magnetic data involved corrections for
diurnal variations, tie-line levelling,
upward continuation (to 10 m) and
regional residual separation. Othet
corrections included removal of
magnetic variations {up to 5 nT)
associated with changes in water depth.
A tortal of 85 track line kilomettes of
magnetic data were collected along a
series of west-east tracklines; several
notth-south axial lines were also
recorded.

Figure 12 A. Shaded relicf bathymetric map of Frenchman'’s Bay completed using differential GPS and an echo sounder. Maximum water
depths (3.5 m) occur within an enclosed north-south-oriented basin on the western side of the lagoon. Bathymetry data also identify a dredged
channel and hummocky topography adjacent to the channel most likely representing an arca of dredge spoil. B. Residual magnetic field data from
Frenchman’s Bay. This data set provides a higher resolution image of the distribution of sediment having an elevated content of magnetic
minerals. While the same overall pattern remains, other smaller anomalies can be identified (e.g. A, B, Cin Fig. 12B). C. Total magnetic field dara.
These data suggest two principal locations where sediment is accumulating in Frenchman's Bay with a sufficiently elevated magnetic content to
indicate the presence of contaminated sediment. Site A may reflect either an urban source in the southeast corner of the bay or the entry of coarser
sand-sized sediment containing magnetite. Area B likely reflects the southward transport of contaminated mud from the northern reaches of the
Bay where crecks flow into the lagoon. D. Results of a land-based magnetic susceptibility survey at the mouth of Dunbarton and Amberlea creeks
showing elevated levels of magnetic content typically associated with sediment containing urban contaminants. E. Distribution of bottom water
temperature in Frenchman’s Bay as determined by conductivity survey (shown in F). Warmest temperature reflects the entry of warm urban
warers at the northern end of the bay (Fig. 3) and presence of cold water in the deep-water basin on the west side of the bay and entering the
southeast corner of the bay from Lake Ontario. Data suggest an anticlockwise flow of water in the lagoon. F. Conductiviry of bottom sediments
on the floor of Frenchman’s Bay. Highly conductive sediment is represented by silt and clay, lower conductivity sediment by sand. Fine-grained
sediment is preferentially being deposited in the relatively deep-water basin in the western half of the bay. This sediment has likely originated
along the northern part of the Bay by the erosion of exposed mud by stormwaters (Fig. 4B).






|

conditions. Urban development
proceeded rapidly in the 1960s and
1970s, largely in ignorance of
environmental impacts and the need to
monitor environmental conditions.
Instruments such as waterwell loggers
and stream-flow loggers have now been
installed and are providing key data
regarding the flux of surface and
subsurface waters and their chemistry.
This paper provides a case
histoty illustrating the many geophysical
techniques and data sets increasingly
being used in urban environmental
invesrigations. The production and
movement of contaminated sediment is
of especial intetest. Of the various
geophysical techniques described here,
the mapping of such sediment using
magnetic properties is pethaps the most
useful. This technique cleatly identifies
the distribution of sediment
contaminated by urban activity.
Conventional remediation
techniques include the construction of
stotm water retention ponds designed to
retain surplus floodwaters and sediment.
Normally, these would be placed along
the valleys of creeks but in the case of
the heavily urbanized Frenchman’s Bay
warershed, such remediation is not
straightforward. A major consideration
is the lack of space along crowded
floodplains in which to construct
appropriate stcormwater retention ponds
that rrap water and contaminated
sediment. These facilitics are now
required for new developments buc the
retrofitting of older urban areas such as
in the Frenchman'’s Bay watershed is
problematic. A difficulty is that the
lagoon is impacted by contaminated
water and sediment derived from major
transportation cotridors upstream on
which large volumes of road salt are
applied each winter, together with
leaking utilities such as sewers. A
wealth of hydrologic and hydro-
geological data have now been collected
in all seasons that identifies the large
Highway 401 transportation corridor as
the single largest influence on water
quality in the watershed and
Frenchman’s Bay (Eyles et al., 2003).
This is expressed as elevated values of
conductiviry and curbidity in winter
associated with the application of road

salt, and high levels of suspended solids
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and dissolved nutrients in summer that
promote the growth of algae in the Bay.
Controlling this source is the focus of
current remediation, involving the
design and installation of a large
constructed wetland system downstream
of the 401 corridor along the northern
margins of the Bay. This system will
contain several retention ponds to
control the influx of poor quality urban
runoff and improve water quality and
fish habitat in Frenchman's Bay.
Environmental investigations in
urban areas offer exciting challenges to
geoscientists because of the wide range
of disciplines need to be brought
together and focussed on any one
investigation. In the present study for
example, geophysicists, sedimentologists
and hydrogeologists are working
alongside biologists to assess
contamination in a heavily urbanized
watershed. In wrn, data and
recommendations must be conveyed to
municipal planners. Access to good-
quality geological information is
fundamental to such investigations. A
key elemenr is to develop a good
understanding of the geology and
hydrogeology of the watershed and in
turn, where and how sediment is
ptoduced, rransported and deposited.
Essentially, this entire approach
represents the extension and application
of basin analysis techniques long used
by geologists, to urban watersheds.
With a national population now
increasingly clustered in urban areas,
basin analysis techniques will be of
increasing importance to the ways in
which we plan our communities.
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