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Glossary of Groundwater Terms*
Alluvium Sediments consisting of silt, sand, clay, and gravel in varying proportions
that are deposited by flowing water in marshes or valleys.
Aquifer A saturated geologic formation (rock or sediment) capable of storing,

transmitting and yielding reasonable amounts of groundwater to wells and
springs.

Anthracite-Sand Filtration

Filter sand used to separate suspended matter from the water. Anthracite
isatypeof “hard” coal, with a high percentage of fixed carbon.

Anthropogenic

Influenced by human activity.

Archean Volcanics

Older Precambrian rocks formed from ancient volcanic activity.

Artesian Aquifer

See Confined Aquifer below.

Artesian Well A vertical bore hole in which a pipe-like structure isinserted into the
ground so that it withdraws water from a confined aquifer (artesian
aquifer).

Attenuation The soil's ability to lessen the amount of, or reduce the severity of

groundwater contamination. During attenuation, the soil holds essential
plant nutrients for uptake by agronomic crops, immobilizes metal s that
might be contained in municipal sewage sludge, or removes

bacteria contained in animal or human wastes.

Attenuation Zone Boundary

Zone of reduction, or of less density.

Baseflow

The sustained flow (amount of water) in a stream that comes from
groundwater discharge or seepage.

Groundwater flows underground until the water table intersects the land
surface and the flowing water becomes surface water in the form of
springs, streamg/rivers, lakes and wetlands. Baseflow isthe continual
contribution of groundwater to watercourses and is important for
maintaining flow in streams and rivers between rainstorms.

Bedrock

Solid or fractured rock usually underlying unconsolidated geologic
materials; bedrock may be exposed at the land surface.

Calibration

The process whereby a numerical model is adjusted so that the calculated
and observed parameters converge. When a numerical model is calibrated,
the processis complete

Capillary Fringe

Saturated zone immediately above the water table where saturation is
maintained by capillary tension exerted within soil pores.

Capture Zone

A term used to represent an area where water originates and movesto a
water well. Typically, capture zones are atwo dimensional representation
of athree dimensional space.

Carbonates

A compound containing CO5", also known as asalt of carbonic acid.

* Sources: The Penguin Dictionary of Geology, MOE, and Modern Physical Geography, Strahler and Strahler
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Glossary of Groundwater Terms*

Cherts

When qualifying as mineral, a chert is considered a cryptocrystalline type
of quartz whose matrix isindiscernible under the microscope. Asarock,
cherts are asilicon-based and have different colors made of
microorganisms or precipitated silica grains.

Chlorine Disinfection

The destruction or elimination of disease carrying microorganisms
through the use of a chlorinated solution.

Coagulation-Flocculation

A term used to describe a process where water is purified at a water
treatment plant.

Condensation

The process by which water or other liquids change from gas vapour to a
liquid; process that occurs when water droplets form on surfaces or
around the nuclei of a particle.

Cone of Depression

The zone (around awell in an unconfined aquifer) that is normally
saturated but becomes unsaturated as a well is pumped; an area where the
water table dips down forming a"V" or cone shape due to a pumping
well.

Confined Aquifer (artesian
aquifer)

An aquifer holding water under pressure by alayer above it that does not
allow water to pass through. Due to pressure, the water level of awell ina
confined aquifer will rise above the top of the aquifer.

Confining Layer

Geologic material with little or no permeability or hydraulic conductivity.

(aguitard) Water does not rapidly pass through this layer or the rate of movement is
extremely slow.
Conglomerate Pieces of rock that have been worn down by water flow and rounded into

smooth pebbles, which then get cemented together by another mineral .

Contaminant (pollutant)

Any substance that makes water unfit for a given use.

Contaminant Plume

A term used to describe a mass of contamination moving underground.

Cubic Feet per Second (cfs) The volume of water in cubic feet (one-foot cube) that passes a given
point in one second of time; U.S. Geological Survey uses this
measurement in reporting streamflow values.

Cumec A unit of measurement for the flow of water, equal to one cubic meter per
second (35.3147 cubic feet per second).

Deltaic or Stratified Drift All drift deposits originate as an accumulation of glacial material. Deltaic

Deposits drift deposits originate as an alluvia deposit, usually triangular in shape,
at the mouth of ariver. Stratified drift exhibits both “... sorting and
stratification, implying deposition from a fluid medium such as water and
air.

Diabase A dlightly metamorphosed medium-grained basic igneous rock.

Discharge Area

An area where groundwater emerges at the surface; an area where upward
pressure or hydraulic head moves groundwater towards the surface to
escape as a spring, seep, or baseflow of a stream.

Discretization

Making mathematically discrete.

* Sources: The Penguin Dictionary of Geology, MOE, and Modern Physical Geography, Strahler and Strahler
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Glossary of Groundwater Terms*
Downgradient A term used in hydrogeology to describe apoint at alower hydraulic
head.
Drainage Basin The land area from which surface runoff drainsinto a stream or lake.
Equipotential A series of points of equal hydraulic head or elevation.
Evaporation The process by which water or other liquids change from liquidsto agas

vapour; evaporation can return infiltrated water to the atmosphere from
upper soil layers before it reaches groundwater or surface water, and
occur from leaf surfaces (interception), water bodies (lakes, streams,
wetlands, oceans), small puddled depressions in the landscape.

Evapotranspiration

The sum of evaporation plus transpiration.

Feet per Second (ft/sec)

The distance in feet that an object or water moves downstream in one
second of time.

Felsic

A term used to describe a characteristically light-coloured silicate mineral
such as quartz or feldspar.

Filtering

The soil's ability to attenuate substances which includes retaining
chemicals or dissolved substances on the soil particle surface,
transforming chemicals through microbial biological processing, retarding
movement, as well as capturing solid particles.

Flow System

Groundwater flow from the recharge area to a discharge area; three levels
of regional, intermediate, and local. Inaregional flow system, the
recharge areais at the basin or watershed divide and the discharge areais
at ariver in the valley bottom. Inalocal flow system, the recharge areaiis
at atopographical high spot and the discharge areais a a nearby
topographical low spot.

Geology

The study of science dealing with the origin, history, materials and
structure of the earth, together with the forces and process operating to
produce change within and on the earth.

Glacial Drift

Sediment transported or deposited by glaciers or by the water melting
fromaglacier.

Glacial Lake

A lake created when glacial meltwaters are ponded in abasin scoured out
by glacial ice, or from the damming of natural drainage by glacial
materias such astill.

Glacial Outwash

Well-sorted sand, or sand and gravel deposited by water melting from a
glecier.

Glacid Till

Nonsorted, nonstratitified sediment deposited or transported by glacial
activity.

Glaciolacustrine

A term used to describe fine-grained glacial materials deposited in glacial
lake environments.

Groundwater

The water below the water table contained in void spaces (pore spaces
between rock and soil particles, or bedrock fractures).

* Sources: The Penguin Dictionary of Geology, MOE, and Modern Physical Geography, Strahler and Strahler
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Glossary of Groundwater Terms*

Groundwater Basin

The underground area from which groundwater drains. The basins could
be separated by geologic or hydrologic boundaries.

Groundwater Divide

The boundary between two adjacent groundwater basins, whichis
represented by a high point in the water table.

Groundwater Vulnerability

The probability of contaminants propagating to a specified region in the
groundwater system after introduction at some location above the
uppermost aquifer

Hydraulic Conductivity

The term used to describe the rate at which water moves through a
medium; a controlling factor on the rate at which water can move through
a permeable medium.

Hydraulic Gradient

Rate of change of pressure head per unit of distance of flow at agiven
point and in a given direction.

Hydraulic Head (head)

The energy that causes groundwater to flow; the total mechanical energy
per unit weight; the sum of the elevation head and the pressure head.

Hydrodynamic Parameters

Of or relating to the force or pressure of water or other fluids.

Hydrogeol ogy The study of the interrel ationships of geologic materials and processes
with water, especialy groundwater.

Hydrology The study of the occurrence, distribution, and chemistry of all waters of
the earth.

Hydrostratigraphic A term used to describe a geological unit with similar hydrogeological
parameters.

Impermeable Not alowing water to pass through.

Infiltration The process of water moving from the ground surface vertically

downward into the soil.

Input Parameters

A term used in groundwater modelling to describe a number of physical
parameters used to generate the numerical model.

Interbedded Argillites

Argillite is atype of rock having a higher degree of induration
(cementation of hardness) than mudstone but less than shale.

Interception Loss

Precipitation that isintercepted by trees, vegetation, and/or buildings and
evaporates quickly back into the atmosphere before reaching the ground.

Interflow (subsurface storm
flow)

Water that travels laterally or horizontally through the zone of aeration
(vadose zone) during or immediately after a precipitation event and
dischargesinto a stream or other body of water.

Intrinsic Susceptibility

Intrinsic susceptibility, inits simplest form, is a measure of the natural
protection of an aquifer from overlying layers with low permeability.

Lacustrine

Pertaining to, produced by, or formed in alake or lakes.

Late Wisconsinan Age

The later portion of the Wisconsin, which is the last of four classical
glacial stages (Kansan, Nebraskan, Illinoian) in the Pleistocene of North
America

* Sources: The Penguin Dictionary of Geology, MOE, and Modern Physical Geography, Strahler and Strahler
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Glossary of Groundwater Terms*

Leachate

A liquid formed by water percolating through soil or soluble waste asin a
landfill.

Leachate Impacted

Area affected by leachate contamination.

Leaching The natural process by which water transports salts and other soluble
materials through the soil.

Lithologic The composition and physical features of rocks.

Mafic Term used to describe a characteristically dark-coloured subsilicic mineral
usually contrasted to felsic.

Mass Balance

A term used to describe a process of inputs and outputs, which must equal
in quantity.

Maximum Acceptable
Concentration (MAC)

The term used for limits applied to substances above which there are
known or suspected adverse health effects.

M etasedimentary

Partly metamorphosed sedimentary rock.

Metavolcanics

Partly metamorphosed volcanic rocks.

Micrograms per Litre (ug/l)

A measure of the amount of dissolved solids in a solution in terms of
micrograms of solid per litre of solution; Equivalent to part per billionin
water or 1ug/l=1ppb.

Milligrams per Litre (mg/l)

A measure of the amount of dissolved solids in a solution in terms of
milligrams of solid per litre of solution; Equivalent to part per millionin
water or Img/I=1ppm.

Model Domain

The boundaries of a numerical model.

Monitoring Well

A non-pumping well, generally of small diameter, that is used to measure
the elevation of awater table or water quality. A piezometer is one type
of monitoring well.

Moraine

An accumulation of earth and stones carried by aglacier and usually
deposited into a high point like aridge.

Multi-Variant Analysis

A statistical analysis technique in which multiple variables are analyzed
separately to determine the contribution made by each variable to an
observed result.

Municipal Well (public or
community well)

A pumping well that serves 5 or more service connections.

Nitrate (NOs)

A chemical formed when nitrogen from ammonia (NH5), ammonium
(NH,) and other nitrogen sources combines with oxygenated water.

Non-point Source Pollution

Pollution from dispersed sources like agricultural activities, urban runoff,
and atmospheric deposition.

* Sources: The Penguin Dictionary of Geology, MOE, and Modern Physical Geography, Strahler and Strahler

Page 5 of 8




The Lakehead Region Conservation Authority
Thunder Bay Area Aquifer Characterization, Groundwater Management and Protection Study

July 2005

Glossary of Groundwater Terms*

Orthophoto Mapping

The ortho process corrects for distortions caused by the terrain, the
orientation of the airplane and the camera lens. Unlike traditional
warping, or rubber-sheeting techniques, orthorectification resultsin a
planimetric image that allows users to accurately measure distances and
areas. |n the simplest terms, an ortho image is like a photo that has been
draped over the ground like spreading a blanket over an uneven surface.

Outwash Sand

Sand drift, which becomes deposited by melt-water streams.

Overburden

Any loose unconsolidated material, which rests upon solid rock.

Part per Billion (ppb)

A measure of the amount of dissolved solidsin asolution in terms of a
ratio between the number of parts of solidsto abillion parts of total
volume; Equivalent to microgram per litre in water or 1ppb=1 ug/I.

Part per Million (ppm)

A measure of the amount of dissolved solidsin asolution in terms of a
ratio between the number of parts of solidsto amillion parts of total
volume; Equivalent to milligram per litre in water or 1ppm=1 mg/I.

Perched Aquifer A saturated zone with in the zone of aeration that overlies a confining
layer; a perched aquifer is above the main water table.

Percolation The actual movement of subsurface water either horizontally or vertically;
lateral movement of water in the soil subsurface toward nearby surface
drainage feature (e.g. stream) or vertical movement through the soil to
groundwater zone.

Permeability The property or capacity of asoil or rock for transmitting a fluid, usually
water; the rate at which afluid can move through amedium. The
definition only considers the properties of the soil or rock, not the fluid.
See also hydraulic conductivity.

Pesticides Chemicalsincluding insecticides, fungicides, and herbicides that are used
to kill living organisms.

Physiography The study of the landforms — form and process.

Piezometer A type of monitoring well that is open only at the top and bottom of its
casing.

Plume An underground pattern of contaminant concentrations created by the

movement of groundwater beneath a contaminant source. Contaminants
spread mostly laterally in the direction of groundwater movement. The
spill/source site is the highest concentration, and the concentration
decreases away from the source.

Point Source Pollution

Pollution from adistinct source, such asindustrial discharge pipe,
underground storage tank, septic system, or spills.

Polymer Compound whose matrix is an accumulation of millions of identical,
interwoven patterns of molecules.

Porosity Theratio of the volume of void or air spacesin arock or sediment to the
total volume of the rock or sediment.

Potable Water that is safe for drinking.

Potentiometric Contour

Elevation at the potentiometric surface.

* Sources: The Penguin Dictionary of Geology, MOE, and Modern Physical Geography, Strahler and Strahler
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Potentiometric Surface

An imaginary surface that represents the level to which water risesin
wellsin aconfined aquifer (similar to the water table of an unconfined

aquifer).

Precambrian Shield Rocks formed during the Precambrian era of earth’s history, which have
become exposed to the surface in what are called shield areas.

Precipitation Deposition of rain, snow, hail or sleet.

Private Well A pumping well that serves one home or is maintained by a private owner.

Quaternary Geology Study of all geologic activity and events, which took place during the
Quaternary geologic period (the last 1.8 million years).

Recharge Area An areain which water infiltrates and moves downward into the zone of

saturation of an aquifer; areathat replenishes groundwater.

Runoff-Direct

The sum of surface runoff and interflow.

Runoff-Surface (overland
flow)

Precipitation that cannot be absorbed by the soil because the soil is
already saturated with water (soil capacity); precipitation that exceeds
infiltration; the portion of rain, snow melt, irrigation water, or other water
that moves across the land surface and enters a wetland, stream, or other
body of water (overland flow).

Overland flow usually occurs in urban settings (pavement, roofs, etc.) or
where the soils are very fine textured or heavily compacted.

Runoff-Total

Includes the sum of surface runoff (overland flow), baseflow, and
interflow (subsurface storm flow) that moves across or through the land
and enters a stream or other body of water.

Semi-Permeable

Partially permeable.

Septic System-conventional
(private onsite wastewater
treatment system [POWTS])

Used to treat household sewage and wastewater by allowing the solids to
decompose and settle in atank, then letting the liquid be siphoned to a
drainage or tile field for absorption by the soil.

Specific Conductance

A measure of conductivity of liquids.

Spring

A natural discharge of groundwater at the land's surface.

Static Water Level

The water level in awell that is not being pumped or influenced by
pumping.

Stem flow Water that is intercepted by vegetation and then runs down plant stems or
tree trunks to the soil surface.

Stratigraphy A branch of geology which studies of the formation, composition,
sequence, and correlation of the stratified rocks as parts of the earth’s
crust.

Surface Water Water found in ponds, lakes, streams, rivers, and inland seas.

Thornthwaite Method A method to estimate soil water budget, based on air temperature, |atitude
and date.

Till Glacier deposits composed primarily of unsorted sand, silt, clay, and

* Sources: The Penguin Dictionary of Geology, MOE, and Modern Physical Geography, Strahler and Strahler
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boulders laid down directly by the melting ice.
Topographic Divide A high point in the land surface that provides a boundary between
adjacent watersheds or basins.
Topography The contour of the land surface; the configuration of the land surface
including its relief and the position of its natural and man-made features
Toxin A poisonous compound that causes certain diseases or health problems.
Transpiration The process by which plants take up water through their roots and then
give off water vapour through their leaves (open stomata).
Tributaries Any stream that contributes water to another stream.

Unconfined Aquifer (water
table aquifer)

An aquifer with continuous layers of permeable soil and rock that extends
from the land surface to the base of the aquifer. The water table forms the
upper boundary of the aquifer and is directly affected by atmospheric
pressure.

Undercutting

Erosion of material at the foot of acliff or bank.

Vertical Hydraulic

Vertical measure of the ratio of flow velocity to driving force for viscous

Conductivity flow under saturated conditions of a specified liquid in porous medium.

Watershed The land area from which surface water and groundwater drainsinto a
stream system; the area of land that generates total runoff (surface flow,
interflow, and baseflow) for a particular stream system.

Water Cycle (hydrologic The continuous circulation of water from the atmosphere to the earth and

cycle) back to the atmosphere including condensation, precipitation, runoff,
groundwater, evaporation, and transpiration.

Water Table The water surface in an unconfined aquifer; the level below which the
pore spaces in the soil or rock are saturated with water; the upper surface
of the zone of saturation.

Water Table Contour A linein agroundwater map that connects points of equal groundwater
elevation.

Well A vertical bore hole in which a pipe-like structure is inserted into the
ground in order to discharge (pump) water from an aquifer.

Wellhead Structure built above awell.

Zone of Aeration (vadose
zone or unsaturated zone)

The zone between the land surface and the water table in which the pore
spaces between soil and rock particles contain water, air, and/or other
gases.

Zone of Saturation (saturated
Zone)

The zone in which the pore spaces between soil and rock particles are
completely filled with water. The water table is the top of the zone of
saturation.

* Sources: The Penguin Dictionary of Geology, MOE, and Modern Physical Geography, Strahler and Strahler
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EXECUTIVE SUMMARY

Introduction

The Lakehead Region Conservation Authority, in partnership with the Incorporated areas of
the City of Thunder Bay; Municipality of Oliver Paipoonge; Municipality of Neebing;
Township of Shuniah; Township of Conmee; Township of Dorion; Township of O’ Connor;
Township of Gillies; and parts of the Unincorporated Areas of Devon, Fraleigh, Lybster,
Marks, Adrian, Horne, Dawson Road lots, Forbes, Fowler, Ware, Jacques, Gorham, and
Sibley undertook this groundwater management and protection study with partial funding
assistance from the Ministry of the Environment (MOE). Thisis one of a number of
groundwater studies that were funded by the MOE in the Province of Ontario in 2003.

R. J. Burnside and Associates Ltd. (Burnside) in partnership with AMEC Earth and
Environmental Limited (AMEC) was retained to conduct this groundwater study based on the
terms of reference developed for the project and with specific reference to the Technical
Terms of Reference (TTOR) for Groundwater Studies devel oped by the MOE (November
2001). All study components have been completed in accordance with the MOE funding
agreement.

The main objectives of the MOE funded groundwater studies were to:

Obtain a better understanding of the groundwater resources within the study area,
Complete a hydrogeological characterization and mapping of the area,

Complete an inventory and assess potential contaminant sources,

Assess water usein the area,

Assess groundwater vulnerability, and

Assist in the development of groundwater protection strategies.

Figure 1.1 presents the study area showing the municipal boundaries and principal features
within the area. The study area extends approximately from Whitefish Lake in the west to
the head of Black Bay in the east, and from Lake Superior in the south, to Dog Lake in the
north.

The study area was defined in consultation with the municipalities within the study area.
Figure 1 shows the study area with principal topographic features. The results of the study
are briefly summarized in the following sections.

Hydrogeologic Characterization

Surficial deposits within the study area are of Late Wisconsinan age, deposited by the
retreating ice margin around 12,500 years ago. A re-advance approximately 11,500 years
ago by the Superior Lobe incorporated some lacustrine sediments, deposited between the
glacial advances into subsequent till units.

R.J.Burnside & Associates Limited i
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Overal, surficia deposits are thin throughout the area, with local exceptions. North of the
Kaministikwia River, all watercourses contain bedrock cuts, indicative of thin cover. The
maximum overburden thickness within the study areais near the mouth of the Kaministikwia
River, where wells show the combination of glacial deposits and lacustrine sedimentsto be
up to 50 m (160 ft) thick. Moderately thick outwash gravels to the north of the City of
Thunder Bay can reach athickness of 12 m (40 ft), but depths of 3to 5 m (10 to 16 ft) are
more common. Units of glacial till within the study area are relatively thin, usually less than

14 m (46 ft) in thickness.

A number of overburden types occur throughout the area. A large area of till occurs west of
the City of Thunder Bay and north of the Kaministikwia River, and is subdivided into stoney
sand till, clay till and silt till units. Thetillstypically contain a significant proportion of fine-

grained material.

Additional fine-grained material was deposited in glacial meltwater lakes, ponded behind the
Superior icelobe, and flooded the area to an elevation of at least 260 m (850 ft) above sea
level (adl) (75 m above present Lake Superior elevation of 185 m adl). Lacustrine deposits
from earlier intervals of glacial retreat occurring at elevations to 366 m (1200 ft) are a'so
noted in logs of water wells northwest of Kakabeka Falls.

Table 1.1 General Stratigraphy in the Thunder Bay Area

Type (.)f Description Comments
Formation
Recent Alluvium Mainly found along and within the streambeds
Deltaic and lacustrine plains, Groundwater source possible in lacustrine and beach
beach ridges material
S IntolaMoraine and ice-contact | Groundwater source possible in moraine and ice-contact
T deposits material
3 Hazelwood Delta and Groundwater source possiblein delta and glaciolacustrine
E glaciolacustrine plains material
o [ L : .
Till, and D_og Lak_e and Groundwater source possiblein moraine material
Mackenzie Moraines
Till, and Brule Creek Moraine | Groundwater source possible in moraine material
Till and ground moraine Discontinuoustill
Proterozoic age: ! ,
Intrusive di abases'l?sgan d dikes Sills are cap rock to Nor’ Westers, etc.
Upper fractured and weathered portions, and open
Sibley Group sediments structural zones, may provide limited groundwater
source.
« .
5 Animikie Group sediments Upper fractured and weath_ered_ portions, and open
o (Rove and Gunflint Formations) structural zones, may provide limited groundwater
3 source.
m Archean age: Upper fractured and weathered portions, and open
metavol canics and structural zones, may provide limited groundwater
metasediments source.
Upper fractured and weathered portions, and open
Archean Granite structural zones, may provide limited groundwater
source.

R.J.Burnside & Associates Limited
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Bedrock Geology

Understanding of the bedrock geology is a key component to understanding deeper aquifer
distribution and groundwater movement within the study area. The geological description of
the bedrock unitsin the study areais intended to identify regional aquifers for the purpose of
assessing the groundwater resource and protection. Information on the bedrock geology was
compiled from numerous sources, including: Ontario Geological Survey mapping, geological
reports on Paleozoic geology from various authors, areview of well records, etc.

The majority of the study areais underlain by Precambrian rocks asillustrated in Figure 4.1.
Bedrock of the Thunder Bay area consists entirely of rocks of Precambrian age, in excess of
2.5 Ga (billion years) in age (Ontario Geological Survey Report GR164, 1977). These rocks
have been extensively deformed through metamorphism, with erosional and intrusional
contacts further complicating the local geology. In general, the oldest rocks are

metavol canics, overlain by metasediments with this sequence locally intruded by smaller
ultramafic and felsic units.

A younger sequence of rocks overlies these, and consists mainly of sedimentary rocks of the
Animikie Series, which is comprised of the Gunflint and Rove Formations. These formations
are made up of acomplex variety of rock types, ranging from cherts to conglomerates, with
interbedded argillites and carbonates.

Overburden in the Thunder Bay study areais highly variable in thickness and composition.
Thick units of relatively coarse-grained material such as sand and gravel are best for hosting
good groundwater aquifersin overburden material. Such areas include glaciolacustrine beach
gravels, areas of glaciolacustrine sands, and bedrock depressions filled with thicker units of
overburden. The nature of the bedrock underlying an overburden aquifer can also influence
the quality and quantity of the water resource. Given the variable nature of the surficial
material in the study area, and the variability of the bedrock material itself, delineation of
aquifer suitability in terms of water supply potential and water quality, would require site-
specific hydrogeological studies.

Regional groundwater flow is generally from the higher elevation areas in the northern part
of the study area, southwards, toward Lake Superior. Local groundwater flow parallels
surface topography, particularly adjacent to major river valleys. Regional recharge occurs
mainly where thick units of coarse sand and gravel are exposed and from bedrock
topographic highs. Groundwater recharge occurs through direct infiltration of precipitation,
and recharge from surface streams and wetlands.

Groundwater Modelling

The application of a 3-D groundwater model was utilized to delineate municipa well capture
zones. The two municipa wellsin Rossyn Village were assessed using the 3-D numerical
model known as MODFLOW.

The top and bottom elevations of the overburden and bedrock aquifers were delineated from
the detailed cross-sectiona analysis of the hydrostratigraphy. Boundary conditions
represented in the models include: vertical recharge through the upper layer of the model,
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rivers and lakes at the ground surface, etc. Overburden hydraulic conductivity was estimated
at each interpreted borehole by assigning local and literature hydraulic conductivity valuesto
the observed lithologies. Pumping wells were assigned to the grid cells nearest to the well
location coordinates.

Capture zone delineation was completed using the model parameters outlined above for 50
days, 2 year, 5 year, 10 year, and 25 year time periods.

Water Use and Water Quality

Present water use within the categories of domestic, municipal, public, commercial/industrial
and agricultural uses were reviewed in terms of amount and adequacy of water. In order to
ensure sustainable growth, the rate of groundwater extraction must be related to groundwater
recharge and the maintenance of satisfactory baseflow in local streams. The water use and
water budget assessmentsindicate that there is potentia for future groundwater development
in the area.

Groundwater quality datafor the municipal wellswas reviewed. Water quality was
determined to be good, with general water quality in most wells being characterized as
calcium carbonate and bicarbonate water. Local variations in subsurface stratigraphy and
land uses have resulted in mixed watersin some wells. In general, water quality is consistent
with that determined in previous years.

Aquifer Vulnerability to Contamination

An aquifer vulnerability assessment was undertaken through the evaluation of intrinsic
susceptibility assessment following the TTOR (MOE, November 2001) The potential
vulnerability of an aquifer to groundwater contamination is afunction of the susceptibility of
itsrecharge areato infiltration. The results of this assessment indicate that the majority of
the study areais defined as either moderately or highly vulnerable to groundwater
contamination. Thisis due to the relatively thin to non-existent overburden above the
bedrock and the proximity of the water table to ground surface. This combination of physical
features tends to make large portions of the study area susceptible to groundwater
contamination.

Groundwater Management and Protection Plan

The groundwater management and protection plan developed for the municipal wellsin the
study areainvolved areview of the groundwater management strategies that could be
adopted by the communities and evaluation of; land use risk rating, identification of
protection measures for the recharge area and reviewing various components of awellhead
protection plan. Subsequently, the municipal well capture zones and the intrinsic
susceptibility mapping were merged to produce aland use risk rating for the land areas near
the municipa wells.

The land use risks have been classified as high for all the area within a 2-year capture zone
and moderate to low within the 10 to 25 year capture zones depending upon local intrinsic
susceptibility. The existing potential sources of contamination have a so been plotted on
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these figures. Based on this analysis, the need for ng and monitoring some of the
contaminant source areas has been identified.

The land use risk-rating addresses only the groundwater sources tapped presently by the
municipa wells. The capture zone analysisis based on current water takings and is not based
on awatershed approach. In order to protect the groundwater resources in the area, the
recharge area has to be protected. It should be noted that the intrinsic susceptibility over
most of the area was found to be high to moderate, thus, necessitating protection measures.

A brief summary of various options available to each community to develop a groundwater
management and protection plan that could be incorporated into their Official Plan isalso
provided in the report. Examples of some wellhead protection plans developed by various
agencies in Canada and USA were also reviewed and copies of the same are included in the
report.

Asapart of the groundwater management action plan, a groundwater-monitoring program
has been proposed. This monitoring program may be given due consideration by the MOE to
augment the Provincial Groundwater Monitoring Network.

Emergency response plans and areview of policies and regulations has also been included as
part of the groundwater management and protection plan. An implementation plan
identifying roles and responsibilities of various municipal departments and other agencies,
along with possible funding sources has also been discussed in the report.

Conclusions
The conclusions and recommendations drawn in the study are briefly summarized below:

Based on the detailed hydrogeological characterization, aquifer delineation, municipal well
capture zone analysis, aquifer intrinsic susceptibility assessment, contaminant sources
inventory, and analysis of land use risk rating, the following conclusions have been drawn:

1. Precambrian metavol canics and metasedimentary rocks underlie the mgjority of the
area, and areintruded by felsic to mafic rocks of various compositions. The
generalized stratigraphy present in the study area consists of seven major overburden
types and five bedrock types.

2. The intrinsic susceptibility mapping indicated that most of the areais covered with a
thin overburden or exposed bedrock, where the water table is expected to be shallow
and the aquifer is susceptible for contamination. The high to moderate sensitivity
area aso includes the area covered by surficial sand and gravel deposits, which are
identified as “recharge areas’.

3. Time related capture zones for the Roslynn Village wells were delineated using a 3-D
groundwater modelling techniques and indicate that the principal recharge areas for
the wells are as shown on the respective maps.
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The potential sources of contamination inventory identified a number of potential
contaminant sources, mainly concentrated within the City of Thunder Bay core and
urbanized areas along major transportation corridors.

Land userisk rating analysis identified that the areas within 2-year time of travel
(TOT) capture zones are vulnerable and the areas within 10 to 25 year TOT were
identified as moderately risky.

Given the size of the study area and the popul ation distribution, data gaps are
inevitable. Thisstudy isthefirst of its kind in the area and represents an
amalgamation of a number of data sources from existing databases.
Recommendations are provided in the following section to address thisissue.

Recommendations

The following recommendations have been provided:

1.

The Rosslyn Village WHPA delineations should be included in the Municipality of
Oliver-Paipoonge Official Plan, such that certain land use/activities are restricted
within groundwater capture zones as per land use risk rating. Effective land use
policies are essential to ensure that future development does not reduce groundwater
recharge, deteriorate groundwater quality or deplete groundwater resources.

The Municipality of Oliver-Paipoonge should install upgradient groundwater quality
monitoring wells for the Rosslyn municipal wellfield. Thiswill permit the
municipality to assess groundwater quality of groundwater moving towards the
municipal wellfield.

A staff member from LRCA should be identified to coordinate and implement future
groundwater protection/management programs and initiatives (community awareness
and public education, etc.).

Due to the number of private wells and septic systemsin the study area, the goals and
objectives that embody wellhead and groundwater protection must be communicated
to the citizensin the study area. Individuals must realize that they have an important
role to play in ensuring that their well and septic system isin compliance with al
relevant regulations. This can only be accomplished through the delivery of a
comprehensive community awareness/education campaign. The LRCA should take
the lead to assemble atask force of partners with local representation, and proceed
with the implementation of such a program.

The groundwater management and protection plan included in this report can serve as
abasis for identifying and devel oping appropriate groundwater protection strategies
for each community and/or municipality.

Local municipalities and Townships should agree on a process whereby new
hydrogeological data (or other relevant information), which becomes available
through detailed site investigations (or similar studies) can be incorporated into this
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10.

study. Updates/revisions to the mapping should be carried out on a periodic basis.
Thiswill allow the information compiled in this study to become a “living document”
as new information becomes available. The partner municipalities, LRCA and the
MOE need to ensure that thereis a clearly defined “guardian” of the data, who is
prepared and capable of ensuring that the data are kept up to date.

Some suggested approaches and Best Management Practices (BMP) have been
included in this report and should be further explored and implemented, particularly
in those areas where groundwater is susceptible to surface sources of contamination.

A long-term groundwater-monitoring program should be developed in the study area
to resolve data gaps noted in this study. The program should be developed in
consultation with al area Townships and Municipalities and the LRCA, who are
coordinating new monitoring well installations as part of the Provincial Groundwater
Monitoring Network. The groundwater-monitoring program should be designed to
address:

Water quality and quantity concerns in the communities experiencing
development pressure (e.g. Kakabeka, Rosslyn Village, Murillo);

Water quality concernsin the Slate River Valley; and

Potential impacts associated with road salting activities throughout the study area.

It should be noted that this groundwater study is completed on aregiona scale and
local scale hydrogeological and other site assessments will be required for
consideration of future development and/or changesin land use activitiesin any given
area.

Finally, we recommend that this report be considered as a basis for the devel opment
of acomprehensive groundwater source protection plan and for future planning
initiatives for the collective study area.
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1.0 Introduction
1.1 General

The Lakehead Region Conservation Authority, in partnership with the Incorporated areas
of the City of Thunder Bay; Municipality of Oliver Paipoonge; Municipality of Neebing;
Township of Shuniah; Township of Conmee; Township of Dorion; Township of

O’ Connor; Township of Gillies; and parts of the Unincorporated Areas of Devon,
Fraleigh, Lybster, Marks, Adrian, Horne, Dawson Road lots, Forbes, Fowler, Ware,
Jacques, Gorham, and Sibley undertook this groundwater management and protection
study with partial funding assistance from the Ministry of the Environment (MOE). This
isone of a number of groundwater studies that were funded by the MOE in the Province
of Ontario in 2003. R. J. Burnside & Associates Ltd. (Burnside) in partnership with
AMEC Earth and Environmental Limited (AMEC) were retained to conduct this
groundwater study based on the terms of reference developed for the project and with
specific reference to the Technical Terms of Reference (TTOR) for Groundwater Studies
developed by the MOE (November 2001). All study components have been completed in
accordance with the MOE funding agreement.

The main objectives of the MOE funded groundwater studies were to:

Obtain a better understanding of the groundwater resources within the study area;
Complete hydrogeological characterization and mapping of the area;

Complete an inventory and assess potential contaminant sources;

Assess water use in the area;

Assess groundwater vulnerability, and

Assist in the development of groundwater protection strategies.

Figure 1.1 presents the study area showing the municipa boundaries and principal
features within the area. The study area extends approximately from Whitefish Lake in
the west to the head of Black Bay in the east, and from Lake Superior in the south to Dog
Lake in the north. A detailed description of the study area features is provided in Section
2.

The actual work plan and approach to this groundwater study were designed to address
issues that have been identified by various partners (stakeholders) in the study while at
the same time adhering to the TTOR (MOE, November 2001). One of the basic
expectations of the MOE TTOR is the development of a consistent groundwater resource
database, including water wells, geological and hydrogeol ogical information and
potential contaminant sources. The main purpose of this study was to assist in the
development of a groundwater source protection strategy to help ensure that water supply
is sustainable and the natural environment is protected. A brief description of the
objectives and scope of the work and an overview of the report isincluded in the
following sections.
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1.2 Objectives and Scope

The objectives of the present study are two fold: one is the identification of areas of
concern including an inventory of wells and fuel tanks, and the second is the assessment
of the potential for contamination and groundwater vulnerability, on which to provide
inputs for the development of a groundwater management and protection plan and its
implementation. These study objectives can be grouped into the following three principal
components:

A. Hydrogeological Characterization, which includes:

Data collection and review;

Establishing a comprehensive hydrogeological database;

Preparing various geological and hydrogeol ogical maps;

Delineation and characterization of various aquifers;

Assessing groundwater quality; and

Developing numerical groundwater modelling tools for groundwater management and
protection.

B. Groundwater Vulnerability Assessment, which includes:

Potential contaminant sources inventory and assessment;
Aquifer vulnerability mapping;

Review of land use plan; and

Identifying potential areas of risk.

C. Development of Groundwater M anagement and Protection Plan, which includes:

Review of the land use plan in light of the potential contaminant sources and the
aquifer vulnerability;

Review of strategies for the management and protection of the groundwater sources,
Developing policies for well maintenance and abandonment;

Developing emergency plans and related policies,

Developing a groundwater monitoring program; and

Reviewing an implementation plan.

Overall, the study will assist local agencies to develop a framework including protection
plans to minimize impacts to the groundwater.

1.3 Report Outline

Thisreport is presented in two volumes. The text is provided as Volume 1 and the
Figures and Appendices are included in Volume 2. The main body of the report provides
brief descriptions of the results and summarizes the findings. The figuresthat are
referred in the main body of the text are included in Volume 2. Supporting information
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related to the information presented in the main body of the report isincluded in
Appendices A to J.

The main report is divided into several sections, each section detailing a particular
component of the study. The sections are as follows:

Section1l  Introduction;

Section 2 Study area description, including the topography and drainage;

Section3  Methodology and approaches taken in data collection and analysis,

Section 4  Presentation of results of the hydrogeological characterization, which
includes detailed discussions on the geology and groundwater conditions of
the study area;

Section5  Groundwater modelling results are summarized in Section 5;

Section 6  Surface water assessment;

Section 7 Water quality and use assessments,

Section 8  Potential contaminant sources assessment;

Section 9  Presentation of groundwater vulnerability assessment;

Section 10 Review of some possible groundwater management strategies that are
available to the municipality to assist in future planning to protect the
groundwater resources in the study area;

Section 11 Discussion of Wellhead Protection Area (WHPA) delineation and
management plans,

Section 12 Discussion of implementation of the management plan and roles and
responsibilities of various departments/agencies and the public;

Section 13 Conclusions;

Section 14 Recommendations; and

Section 15 Bibliography.

2.0  Study Area Description

The study area, as described in the previous section includes the jurisdiction of the
Lakehead Region Conservation Authority, plus some additional areato the north and
west, and includes approximately 99% of the population of the region. A description of
principal physical features and general information pertaining to the population and land
use activitiesis provided in this section.

2.1  Topography and Drainage

Figure 2.1 presents the general topography and ground surface elevation across the study
area. The northern and western portions of the project area generally consist of higher
elevations (areas shown in red, brown and yellow). Lower lying areas predominantly
occur along the Kaministiquia River below Kakabeka Falls, in the vicinity of Thunder
Bay, and in the northern portion of the Sibley Peninsula along the western shore of Black
Bay. The elevated areas are directly underlain by Precambrian rocks of various types and
formations, while the low lying areas are typically underlain by thicker sequences of
surficial or glacial material, particularly in the Kaministiquia River valley. Ground
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surface elevations in the study area range from approximately 625 metres above mean sea
level (m magl) to the north, to 183 m amsl at Lake Superior.

Watercourses in the northern portion of the study area appear to reflect some of the major
structural features in the underlying bedrock terrain, and drain toward Lake Superior.
Figure 2.2 illustrates subwatershed boundaries within the study area. All subwatersheds
within the study area drain southward, and typically, drain areas within both the bedrock
dominated northern portion as well as the lowlands adjacent to Lake Superior. A detailed
assessment of the surface water characteristicsis presented in Section 6 of this report.

2.2 Physiography

The Severn Upland, a physiographic subdivision of the James Region of the Precambrian
shield makes up the northern portion of the study area (OGS Report GR 164). This area
is dominated by the rolling surface of the Precambrian bedrock that is exposed at surface
or only shallowly covered over much of the area. The southern boundary of this
subdivision extends from Whitefish Lake in the west, through Kakabeka Falls, and
extending east sub parallel to the shore of Thunder Bay itself. South of thisline are the
Port Arthur Hills, with the core of these consisting of The Nor’ Westers and Mount
McKay. In general, these hills consist of southward dipping Proterzoic sills and
underlying metasediments. The City of Thunder Bay is located predominantly in an area
dominated by the surficial material associated with the Kaministiquia River valley,
immediately east of the Nor’ Westers. A more detailed description of the surficial
formationsis provided in Section 4.

2.3 Climate

Thunder Bay’s climate is characterized by extremes in temperature, low humidity and
moderate winds, characteristic of amid-latitude inland location. The influence of Lake
Superior on the local climate is restricted to a zone approximately 16 km inland from the
shoreline, as the prevailing winds in the area are westerly (off shore). The lake has a
slight warming effect in the winter and slight cooling effect in the summer. Average
annual precipitation throughout the district ranges from 696 mm to 823 mm (Ontario
Ministry of Natural Resources, 1982. Thunder Bay District Land Use Plan, Background
Information) with 70% being in the form of rain. Daily mean temperatures range from a
low of —18.7° C in January to a high of 18.5° C in July, with an average annual
temperature of 2.6°C (Environment Canada).

Two weather stations are present within the study area at Thunder Bay and Kakabeka
Falls. Although only 29 km apart, a comparison of temperature data from the stations
illustrates the moderating effect of Lake Superior. Minimum temperatures in Thunder
Bay are about 3°C warmer on an annual basis than at Kakabeka Falls. In addition, the
inland areas receive most of their snow in November, while the City receives most of its
snow in January (Lakehead Region Conservation Authority, 1982).
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Based on the surface water assessment completed in this study, the annual water budget
indicates an annual surplus of 197 mm.

2.4 Historical Development and Growth

The use of the Kaministiquia River fur-trading route for travel to the west led to the
founding of Fort William in 1801 as the headquarters of the North West Company. “The
Station” was developed at the mouth of the Kaministiquia River to serve as a base for
expeditions, and the official westward route known as the Dawson Trail (Ontario
Ministry of Natural Resources, 1982. Thunder Bay District Land Use Plan, Background
Information). This Trail was established in 1857 as the main route from Lake Superior to
Winnipeg.

The Canadian Pacific Railway began in Fort William as the start of the rail link to
Winnipeg, in 1875. The railway lead to rapid expansion in the area, including
developments in mining, lumbering and agriculture, and resulting in Fort William and
Port Arthur being developed. These were amalgamated into Thunder Bay in 1970.
Highway 11 West was opened in 1931, and the Trans-Canada to Winnipeg in 1935, with
the Trans-Canada around the north shore of Lake Superior completed in 1960. The first
airport was begun in 1927, and was known as Bishop Field.

Hydroelectricity was generated at 3 sitesin 1982 (Ontario Ministry of Natural Resources,
1982. Thunder Bay District Land Use Plan, Background Information). These include
the:

Current River generating station (built in 1901 and operated until 1970. Privately run
from 1985 to present);

Kakabeka Falls generating station (built in 1906); and

Silver Falls generating station, between Kakabeka Falls and Dog L ake.

Thereis also athermal electric generating station on Mission Island, built in 1968.

Gravel extraction activities have also been conducted throughout the development of the
City. The majority of these were small operations, occurring whenever sufficient gravel
resources were located. Production was approximately 2.8 million tonnes in 1976
(Lakehead Region Conservation Authority, 1982) dependent on the level of construction
activity.

In addition to quarry operations, lumbering has been a major industry of the Thunder Bay
area since settlement of the area began. The industry began in 1868, when the first
sawmill was established at the mouth of McVicar's Creek. The Port Arthur Pulp and
Paper (later Provincial Paper) Company began operations in 1918, with operations
eventually taken over by Abitibi-Price Inc. (now Abitibi Consolidated Inc.). Mills
producing kraft pulp, studs, and wafer board/particle board were also established in
Thunder Bay, along with a wood treatment plant (Northern Wood Preservers), as the City
isamajor transfer point of logs for regional mills (Ontario Ministry of Natural
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Resources, 1982. Thunder Bay District Land Use Plan, Background Information). In
addition, Kakabeka Timber Ltd. operated a mill in Kakabeka Falls. An Ontario Ministry
of Natural Resources report in 1982 (Thunder Bay District Land Use Plan, Background
Information) stated that there were 4 mills (paper, kraft and lumber) and 17-grain
elevatorsin the area at that time.

Historical population information, compiled from a number of sources, for the City and
surrounding areais presented in Table 2.1 below:

Table 2.1 Historical Population

Y ear Population (reference)

1881  (City only) 1,965 (4)

1901 11,200 (2)
1921 (metro) 39,650 (4)
1931 (metro) 52,000 (4)
1941 (metro) 63,286 (4)
1951 105,400 (2)
1961 102,600 (4)
1971 108,411 (3)
(City and incorporated municipalities) 115,514 (3)
(Unorganized area) 2,909 (3)

1976 111,476 (3)
(City and incorporated municipalities) 120,203 (3)
(Unorganized area) 3,927 (3)

1980 (enumeration) 111,949 (1)
1981 121,379 (4)
1991 124,427 (4)
2001 121,986 (4)

(1) Ontario Ministry of Natural Resources, 1982. Thunder Bay District Land Use Plan, Background

Information.

(2) Lakehead Region Conservation Authority, 1982; page C-1.

(3) Lakehead Region Conservation Authority, 1982; page K-2.

(4) Development Thunder Bay population data: page C-1 and graph Metro: City of Thunder Bay, Townships of
Neebing, O’ Connor, Oliver, Paipoonge, Shuniah and Fort William Indian Reserve No. 52.

A brief discussion on the current land use and its implications on the groundwater usage
are presented in Section 10, as part of the Official Plan review.

3.0 Methodology

An integrated approach involving the application of various tools and techniques was
adopted in this groundwater management study. The methodologies applied in data
collection, data review, data assessment, interpretation, and mapping in each of the
components of the study are discussed briefly in this section. In general, the approach to
mapping and analysis described in the TTOR (MOE, November 2001) [Appendix A] was
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followed to alarge extent. In some cases, slight modifications to the proposed approach
have been adopted in order to enhance the accuracy and improve the presentation of data
and maps.

3.1  Data Collection and Background Review

Geological, hydrogeological and water resources data was collected from various sources
including:

Ministry of the Environment (MOE);

Ministry of Natural Resources (MNR);

Ministry of Northern Development and Mines (MNDM);
Lakehead Region Conservation Authority (LRCA);

City of Thunder Bay staff (numerous departments);
Thunder Bay District Health Unit; and

Staff from other Municipalities associated with the study.

MOE provided water well records database in electronic format for those of which have
been entered into the database. Paper copies of water well records associated with ot
severances within the City were obtained from the City of Thunder Bay, with the
associated water chemistry and pumping test data incorporated into the overall database.
The water well record database provided the principal basis for most of the
hydrogeological analysis completed in the present groundwater management study.

Hydrogeological reports for various site investigations including subdivision
development, municipal test well drilling and other environmental studies were also
obtained from the City archives. A hydrogeological reports database in MS ACCESS
format was developed and all the pertinent information for the assessment of the
groundwater resources has been entered into this database. The hydrogeological database
facilitates data entry and retrieval of required information through data queries. This
database includes a list of available hydrogeological reports. A list of these reportsis
included in the Bibliography (Section 14).

Data related to contaminated sources was collected from the MOE, Technical Standards
and Safety Authority (TSSA) and Insurer’s Advisory Organization (IAO). The following
datarelated to potential contaminant sources within the study area were collected and
analyzed from:

MOE contaminated sites files,

Waste generator database - database of all the hazardous waste generators, carriers
and receivers registered in Ontario;

Polychlorinated Biphenyls (PCB) Storage Sites;

Waste Disposal Sites,

Organic Soil Conditioning Sites where municipal sewage treatment plant sludge is
applied to soil in agricultural areas;

Septage Sites;
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Sites where a spill or a release of contaminants has occurred; and
Sites where complaints have been launched by adjacent landowners.

A number of previous reports related to watershed studies, flood plain mapping and
related information was also collected from the Lakehead Region Conservation
Authority.

MNDM provided most of the mapping information, including a DEM (Digital Elevation
Model), Ontario Base Mapping (OBM) in 1:20,000 scale, and bedrock geology and
guaternary geology mapping for the entire study area including a5 km buffer as images.
Lot fabric mapping was also obtained from the City of Thunder Bay.

Climate data, including average monthly temperature and precipitation, were obtained
through the “ Canadian Climate Normals’ and “ Temperature and Precipitation”
produced by Environment Canada. The climate normals for climate stations within and
near the study area were used in calculations of the average annual water balance.

All available pertinent information was reviewed early in the project and background
maps were prepared to facilitate data verification. This background review provided a
good understanding of the hydrogeological setting and in identifying various issues
related to groundwater management. As such, the investigations and analysis completed
in the present study were aimed at an improved characterization of the hydrogeol ogic
system(s) and developing groundwater management plans.

3.2 Database Management Systems

The MOE provided the water well records datain MS ACCESS database format. The
TTOR (MOE, November 2001) describes data verification and screening techniques and
standardized methods for hydrogeological analysis and mapping. In this study, these
procedures were followed to the extent possible and minor modifications and
improvements were made where necessary because of site-specific conditions or sparse
data or a combination of other factors.

As the MOE water well records database formed the principal datainput to alarge
number of hydrogeological maps and the analysis completed in this study, extensive data
verification and screening of this data was completed to improve confidence in the
mapping and analysis. The data verification steps proposed in the TTOR (MOE,
November 2001) has been adapted to a large extent in the present analysis. Figure 3.1
presents the reliability codes for the MOE water well records database using the
reliability codes defined in the database. As can be seen from this figure, 0 % of atotal
3297 well records could be classified as having high reliability with respect to their
location coordinates and surface elevation, and a large number (66.2 %) of the wells were
grouped as having medium reliability and 33.8 % of the wells had low or unknown
reliability. For the purpose of the present analysis, all wellswith a MOE reliability code
of 6 and less (which includes both medium and high reliability classes) were used.
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All other data collected in this study has also been entered into the MS ACCESS database
in aformat that can be easily retrieved through queries. Most of the point data within the
Access database is linked to ArcView for creating maps giving the resultant maps full
GIS capability. The hydrogeological database will be extremely useful for planning and
management of the groundwater resources in the municipality.

ArcView software in combination with VIEWLOG software were used to plot a number
of hydrogeological maps based on the collected data and field investigations/observations
completed in this study. Specific queries and tables and forms were developed to
complete a multi-variant analysis.

3.3 Field Investigations

Field investigations included ground-truthing of potential contaminant source areas
databases received from the MOE, Technical Standards and Safety Authority (TSSA), and
Insurer’s Advisory Organization (IAO). Table 3.1 provides a summary of the purpose and

tasks completed in these field investigations.

Table 3.1 Summary of Field Investigations

Fl_elgl Purpose Summary Comments
Activity
To better understand geology Principal geological and structural features were
and groundwater conditions identified in the field and their role on the general
Inspect municipal wells and surface drainage and subsurface geology were
monitoring wells interpreted.
Site L ocate aggregate extraction Municipal wells and the existing monitoring wells were
Visits and waste disposal sites inspected to assess their present status and determine
mai ntenance requirements of those installations.
Aggregate extraction sites were visited to understand
the overburden stratigraphy within the “recharge area’.
The landfill site visit helped understand the potential
for surface water and groundwater impacts from the
site.
Accurately locate potential A number of known contaminant sources, which were
contaminant sources listed in identified by City and PUC services staff were visited
MOE, TSSA, and IAO to check local hydrogeology.
Ground- . . - .
. databases All potential contaminant sources indicated by various
Truthing _ . .
agencies were field checked for location and assess
their present status and nature of the contained
contaminant materials.
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3.4 Project Review/Inputs
3.4.1 Technical Advisory Committee

A Technical Advisory Committee (TAC) was formed to oversee the progress of the study
and to provide suggestions and input as required. The TAC committee was comprised of
members from: the Lakehead Region Conservation Authority; the City of Thunder Bay
Planning and Building Dept, Engineering Dept, and engineering and Operations; Thunder
Bay District Health Unit; Ministry of Municipal Affairs and Housing; Ministry of the
Environment; Ministry of Natural Resources; Lakehead Rural Planning Board; Ministry
of Northern Development and Mines; Ontario Ministry of Agriculture; and Burnside and
AMEC Project Managers, as well as key team members as required.

The TAC committee met three times during the project. The first meeting was held on
June 23, 2003, soon after the award of the contract in May 2003. At this meeting,
Burnside presented a work plan and discussed the approach. The project team indicated
that no data from the MOE or other sources had been received.

The second TAC meeting was held on Dec 3, 2003 to update the members of the progress
of the study and to seek inputs to the study. The project approach and results of
preliminary maps and analysis were presented to the committee. It was indicated that
there were delays in receiving most of the data from the MOE, resulting in delays to the
overall project schedule.

The third TAC committee meeting was held on March 24, 2005 and all geological and
hydrogeol ogical mapping that have been completed were presented. It was observed by
the members that the project progress was good and the results satisfactory. Feedback
was provided on the draft report.

3.4.2  Public Open Houses

Two Public Open houses were scheduled during the project, one midway through the
project to present preliminary results (December 3, 2003) and the other to present the
results of the draft report (May 26, 2005). Notification of the public open house(s) were
made through news releases and public notices. Copies of the news releases are included
in Appendix C.

During these events, a model was available to illustrate groundwater flow and the
migration of contaminants through the subsurface. Videos illustrating basic groundwater
flow principles and well construction and maintenance were also available. Brochures
were available to the public regarding topics such as wellhead protection and
maintenance, septic system maintenance and water conservation.

In the first public open house, the project team presented preliminary results of the study
and sought input from the public. A number of steering committee membersincluding a
representative from the MOE were also available to answer questions from public. The
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open house was well attended and most attendees felt that the event was educative and
useful. The participants included members of the general public, representatives from
various departments of the City, interested members from various government agencies.
A list of the attendees at this first open house isincluded in Appendix C.

In the second open house, the project team presented the results of the report to the
public. The second open house had fewer attendees, however, those that attended felt
that the event was informative and useful. A list of the attendees at the second open house
isincluded in Appendix C.

4.0 Hydrogeological Characterization

The geology and the hydrogeological conditions in the study area are discussed in this
section. The geological setting of the study areais presented along with a brief
description of the implications of the geology on the groundwater conditions.
Delineation of aquifers and an analysis of the groundwater flow system(s) are discussed
in detail through the presentation of a number of hydrogeological maps. The
hydrogeological concepts derived from this analysis are used as inputs to a three
dimensional groundwater model simulation presented in Section 5.

4.1 Surficial Geology

Surficial deposits within the study area are of Late Wisconsinan age, deposited by the
retreating ice margin around 12,500 years ago. A re-advance approximately 11,500 years
ago by the Superior Lobe incorporated some lacustrine sediments, deposited between the
glacial advances into subsequent till units.

Overall, surficial deposits are thin throughout the area, with local exceptions. North of
the Kaministiquia River, all watercourses contain bedrock cuts, indicative of thin cover.
The maximum overburden thickness within the study areais near the mouth of the
Kaministiquia River, where wells show the combination of glacial deposits and lacustrine
sediments to be up to 50 m (160 ft) thick. Moderately thick outwash gravels to the north
of the City of Thunder Bay can reach a thickness of 12 m (40 ft), but depths of 3to 5 m
(10 to 16 ft) are more common. Units of glacial till within the study area are relatively
thin, usually less than 14 m (46 ft) in thickness.

A number of overburden types occur throughout the area. A large area of till occurs west
of the City of Thunder Bay and north of the Kaministiquia River, and is subdivided into
stoney sand till, clay till and silt till units. These typically contain a significant
proportion of fine-grained material. Additional fine-grained material was deposited in
glacial meltwater lakes, ponded behind the Superior ice lobe that flooded the area to an
elevation of at least 260 m (850 ft) asl (75 m above present Lake Superior elevation of
185 magl). Lacustrine deposits from earlier intervals of glacial retreat occurring at
elevations to 366 m (1200 ft) are also noted in logs of water wells northwest of Kakabeka
Falls.
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A major surface feature within the study area is the Kaministiquia River delta, which
extends for approximately 20 km from the shore of Lake Superior to Kakabeka Falls. It
isdivided into two distinct physiographic units, the deltaic upland and the lower deltaic
plain. The deltaic upland extends from Rosslyn approximately 15 km upstream to
Kakabeka Falls, encompassing an elevation rise from 230 m (750 ft) asl to 260 m (850
ft). A wave-cut bluff forms the eastern face of this upland feature, and gravel and sand
form the core of the upland. Between the upland and Lake Superior is the lower deltaic
plain, which is more extensive than the deltaic upland, being 24 km long and varying
from 6.5 km to 21 km wide. Surface elevations within the deltaic plain drop only 43 m
(141 ft) across this length, with no major topographic breaks in the general slope.
Underlying this plain at the north end of McKellar Island is a bedrock high, with
elevations to 650 feet asl on the bedrock surface (Ontario Geological Survey Report
GR164, 1977; Figure 8). Ontario Geological Survey Map 2372 aso illustrates
glaciofluvial and deltaic sediments bordering on each side of the Kaministiquia River
approximately 10 km from the Lake Superior shore, with finer grained lacustrine deposits
extending up the valley to Rosslyn. This sequence is bordered on the south by the
bedrock uplands of the Nor’ Westers and on the north by older tills deposited by the
Superior ice lobe.

Locally, there are extensive but typically thin deposits of outwash sand that have been
reworked by the action of glacial lakes. Evidence of thisreworking is visible up to
elevations 56 m (184 ft) above the present level of Lake Superior. Additional
discontinuous glaciofluvial deposits are located north of the Kaministiquia River,
adjacent to the present Lake Superior shoreline (Ontario Geological Survey Map 2372).

A large number of sand and gravel extractive operations are associated with the
sediments located between Rosslyn and Kakabeka Falls, as well as with the discontinuous
glaciofluvial deposits north of the City. In addition, a unit of fine to medium sand also
occurs on the eastern side of the Sibley Peninsula.

Three major moraines occur in the north-central portion of the study area, asillustrated
by Ontario Geological Survey Map 2203. The Dog Lake Moraine was established by a
readvance of the Dog Lake ice |obe from the northeast following the late-Wisconsinan
glaciation. This moraine consists of a stony loam till, and extends in a NW-SE
orientation from the southern shore of Dog Lake. The Dog Lake Moraine extends to the
SE until it intersects the Mackenzie and Marks Moraines at the present location of the
Current River. Marks Moraine consists of silt and clay till, and was established by the
westerly readvance of the Superior ice lobe at the same time as the Dog Lake Moraine.
Glacial Lake Kaministiquia was dammed in the angle of the Superior and Dog Lake ice
lobes. The Mackenzie Interlobate Moraine was also formed between the Superior and
Dog Lake ice lobes prior to 10,200 years BP. Useable gravel and sand deposits
reportedly occur within the ice-contact deposits and the interlobate deposits of the Marks
Moraine.

Modern alluvial deposits, with a composition controlled by the underlying glacial
material, are found in the local streambeds throughout the study area.
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4.1.1 Overburden Thickness

The overburden thickness map presented in Figure 4.4 is prepared by subtracting the
bedrock surface elevation (Figure 4.2) from the DEM (or the ground surface elevation,
presented in Figure 2.1). The resulting figure shows the thickest overburden typically
occurs within the bedrock valleys, with up to 40 m of overburden at the mouth of the
Kaministiquia River, and 20 to 25 m underlying both the Whitefish River and Slate River
valleys. Isolated areas of thicker (15 to 20 m) overburden also occur at Cloud Bay, Jarvis
River, and Shabaqua Corners. Another area of thick overburden islocated in the area of
Dorion, and reaches depths of more than 30 m over asmall area. A mantle of thin
overburden typically covers the remainder of the study area, typically ranging from O to
10 m locally.

4.1.2 Sand and Gravel Occurrences

Figure 4.5 illustrates the areas of sand and gravel occurrences within the immediate area
of Thunder Bay. This map can be used to outline areas of potentially thicker permeable
material, identifying areas of potential aquifers within overburden material. The map
does not differentiate between sands and gravels above the water table vs. saturated
material below the water table, and so will over-estimate potential aquifer thickness.

Much of the areaillustrated in Figure 4.4 contains no mappable sand or gravel
occurrences, and is dominated by areas having drift cover less than 5 m thick, as shown
by the overburden thickness map. The majority of the overburden units containing
notable sand and gravel material occur along the Kaministiquia River valley, or are
associated with the northeast-southwest trending Dog Lake Moraine. The Kaministiquia
River valley hosts most of the outwash sand and gravel material, with the moraine area
being mainly deltaic or stratified drift deposits, each reflecting the glacial history of the
local material. Aggregate extraction operations (historical and current) are mainly
located in the Dog Lake Moraine deposits, along the Kaministiquia River and in an area
of shore sands immediately north of the Neebing River. The remainder of the study area
contains isolated occurrences of sand and gravel deposits and/or extractive operations.

4.1.3 Bedrock Geology

Understanding of the bedrock geology is a key component to understanding deeper
aquifer distribution and groundwater movement within the study area. The geological
description of the bedrock unitsin the Thunder Bay areais intended to identify regional
aquifers, for the purpose of assessing the groundwater resource. Information on the
bedrock geology is compiled from numerous sources, including: Ontario Geological
Survey mapping, geological reports on Paleozoic geology from various authors, a review
of well records, etc.
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Table 4.1 General Stratigraphy in the Thunder Bay Area
Type (.)f Description Comments
Formation
Recent Alluvium Mainly found along and within the
streambeds
Deltaic and lacustrine Groundwater source possible in lacustrine and
plains, beach ridges beach material
- Intola Moraine and ice- Groundwater source possible in moraine and
T contact deposits ice-contact material
a Hazelwood Delta and Groundwater source possible in delta and
E glaciolacustrine plains glaciolacustrine material
@) Till, and Dog Lake and Groundwater source possible in moraine
Mackenzie Moraines material
Till, and Brule Creek Groundwater source possible in moraine
Moraine material
Till and ground moraine Discontinuous till
Proterozoic age: Sills are cap rock to Nor’ Westers, etc.
Intrusive diabase sills and
dikes
Sibley Group sediments Upper fractured and weathered portions, and
open structural zones, may provide limited
groundwater source.
%ﬁc')) Animikie Group sediments | Upper fractured and weathered portions, and
= (Rove and Gunflint open structural zones, may provide limited
E Formations) groundwater source.
Archean age: Upper fractured and weathered portions, and
metavol canics and open structural zones, may provide limited
metasediments groundwater source.
Archean Granite Upper fractured and weathered portions, and
open structural zones, may provide limited
groundwater source.

The majority of the study area is underlain by Precambrian rocks asillustrated in Figure
4.1. Bedrock inthe Thunder Bay area consists entirely of rocksin excess of 2.5 Ga
(billion years) in age (Ontario Geological Survey Report GR164, 1977). These rocks
have been extensively deformed through metamorphism, with erosional and intrusional
contacts further complicating the local geology. In general, the oldest rocks are

metavol canics, overlain by metasediments with this sequence locally intruded by smaller
ultramafic and felsic units.

A younger sequence of rocks overlies these, and consists mainly of sedimentary rocks of
the Animikie Series, which is comprised of the Gunflint and Rove Formations. These
formations are made up of a complex variety of rock types, ranging from cherts to
conglomerates, with interbedded argillites and carbonates.
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The youngest of the Precambrian rocks in the Thunder Bay area are the Logan Sills,
which were emplaced approximately 1.1 Gaago. These sills are essentially sheets of
diabase rock up to 60 m thick (Ontario Geological Survey Report GR164, 1977). They
form the cap of the highest hillsin the area, the Nor’ Westers, which are located
immediately south of the City of Thunder Bay.

Detailed bedrock geology isillustrated in government geological maps (Geol ogical
Compilation Series Map 2065 and 2232). The maps show the southwestern part of the
study area being underlain by diabase (preserved on the topographic highs) with fine-
grained sediments of the Rove Formation in the valleys. North of thisis the Gunflint
Formation, running in a band from Whitefish Lake through Kakabeka Falls to Highway
800. Further north are bands of Archean volcanics (extending as far north as
Kaministiquia) and sediments, oriented approximately east west across the study area.
Finally, massive granite rocks underlie the northern part of the study area. An exception
to this sequence of rocksis the Sibley Peninsula, which islargely underlain by
sedimentary rocks of the Sibley Group, with minor areas of Rove Formation and diabase
cap rock on the southern tip of the peninsula.

4.1.4 Bedrock Surface Elevation
The purpose of the bedrock surface elevation mapping is twofold:

To identify bedrock valleys in which thicker permeable overburden deposits may host
potential water supply aquifers; and

To define bedrock highs and lows which could control groundwater occurrence and
movement.

Bedrock surface elevation datais presented in Figure 4.2. In general, the bedrock
topography closely reflects the ground surface elevationsillustrated in Figure 2.1.

The highest bedrock surface elevations correspond to areas having thin covers of surficial
material overlying the Precambrian bedrock. These correspond to the northern and
western parts of the study area, and the area around the Nor’ Westers. Bedrock elevations
to approximately 550 m amsl| (identified by red shaded area) occur in the area north of
Whitefish Lake, with the elevations dropping generally toward Lake Superior. A
comparison of the bedrock surface elevation (Figure 4.2) and the ground surface
elevation (Figure 2.1) confirms that there is very little overburden over areas dominated
by Precambrian granitic rocks.

The lowest bedrock elevation within the study area underlies the Kaministiquia River
valley and the City of Thunder Bay, where the bedrock surface lays approximately 150 m
amsl. Thiselevation is approximately 30 m below the elevation of Lake Superior. Two
bedrock valleys trend westward from the Kaministiquia bedrock valley, and underlie the
Whitefish and Slate River valleys to the north and south respectively. In addition,
bedrock valleys underlie Hawkeye Lake and the area to the east, the Current River valley
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and the Greenwich Lake — Mackenzie River valleys, indicating likely structural bedrock
control for the location of these surface drainage features.

4.2  Geologic Cross Sections

Six geological cross sections have been prepared to obtain perspective of the subsurface
geology across the Thunder Bay groundwater study area. The location of the cross
sections is shown in Figure 4.6, and individual cross sections are included as Figures 4.7-
4.12 inclusive. The cross sections present details of the interpreted Quaternary and
bedrock geology, water table elevation, topography, and interpreted bedrock surface
elevation in the area. The updated MOE water well record database was used to prepare
the geol ogic cross sections.

4.3 Hydrogeologic Mapping and Analysis
4.3.1 Groundwater Occurrence in the Area

Groundwater is defined as the water occurring within the saturated portion of the
subsurface, and the upper surface of this saturated zone is the water table. Groundwater
is under “unconfined conditions” when the water table isin direct contact with the
atmosphere, through the pore spaces within the unsaturated portion of the subsoil. When
the saturated formation is overlain by an impermeable formation or aquitard, the
groundwater is under “confined conditions”. If the overlying formation is semi-
permeable permitting limited movement of water across the aquitard, the groundwater is
under “semi-confined” conditions.

The rate of groundwater flow through the subsurface depends on the permeability of the
formation and the hydraulic gradient across the formation. The direction of groundwater
flow depends on the extent, continuity and permeability of the aquifers.
Hydrogeologically, two completely different materials can behave in the same way if
their permeability is same. For example, highly weathered bedrock and the overlying
sand layer could behave as one waterbearing formation as long as their permeabilities are
similar. The bedrock and the overburden aquifer characteristics are discussed in the
following sections.

Overburden in the Thunder Bay study areais highly variable in thickness and
composition. Thick units of relatively coarse-grained material such as sand and gravel
are best for hosting good groundwater aquifers in overburden material. Such areas
include glaciolacustrine beach gravels, areas of glaciolacustrine sands, and bedrock
depressions filled with thicker units of overburden. The nature of the bedrock underlying
an overburden aquifer can also influence the quality and quantity of the water resource.
Given the variable nature of the surficial material in the study area and the variability of
the bedrock material itself, delineation of aquifer suitability in terms of water supply
potential and water quality, would require site-specific hydrogeological studies.
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Regional groundwater flow is generally from the higher elevation areasin the northern
part of the study area toward Lake Superior. Local groundwater flow parallels surface
topography, particularly adjacent to major river valleys. Regional recharge occurs
mainly where thick units of coarse sand and gravel are exposed, and from bedrock
topographic highs. Groundwater recharge occurs through direct infiltration of
precipitation, and recharge from surface streams and wetlands.

4.3.2 History of Groundwater Development in the Area
Residential Well Development

The history of groundwater exploration and development in Thunder Bay is closely
connected to the development of municipal water supply system(s). Prior to and in the
early years of the construction of the municipal water supply system, most residents of
the area would have depended on individual domestic wells. In order to review the
history of the water well development, a statistical analysis on the MOE water well
records database was performed to assess the growth of wellsin the study area. Figure B-
2 in Appendix B presents the results. Based on available data, the period 1975-1980
represents the period of most intense growth of wells. Thisislikely aresult of a
residential housing boom that occurred over this period.

Based on the MOE water well record database, 91 percent of the wellsin the study area
are domestic wells. The remaining portions are: Stock (2%), Industrial (1%),
Commercial (2%) and Not Used (2%). Well yields are variable with approximately 58%
of the wellsin the 0-5 Igpm (Imperial Gallons per minute) range, 27% in the 5-10 Igpm
range and 9% in the 10-15 Igpm range. Only 5% of the wells have higher yields. Well
completion depths are highly variable with 75% of the wells completed at depths of 60 m
or less. Asshownin Figure B 2in Appendix B, overburden wells dominate the study
area and the greatest number of wells drilled on record occurred in the 1975-1980 period.
The results of the statistical analysis are included in Appendix B.

4.3.3 Thunder Bay Municipal Water Supply and Water Treatment Plants

The City of Thunder Bay is supplied by two water sources. The Loch Lomond water
supply is located south of the City limits, on Mount McKay Lookout. The water intake
extends 220 m into the lake, and supplies water by gravity distribution through the City’s
system. A microfiltration system built in 1998 has an operational capacity of 28 million
L/d (6.25 million Igpd). The plant’s objective is to remove microscopic particulate
material, and uses membrane technology ultra filtration, sodium silicate treatment for
corrosion control and chlorine disinfection. Lock Lomond supplies the portion of
Thunder Bay South located south of the Neebing River.

The Bare Point water treatment plant is located in the northern part of the City. The
water supply is Lake Superior, with the intake pipe located approximately 1 km offshore
from Bare Point. It has an operational capacity of 64 million L/d (14 million Igpd), and
serves the population of Thunder Bay North (formerly Port Arthur), and the portion of
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Thunder Bay South (formerly Fort William) north of the Neebing River. Water treatment
at the plant utilizes pre-chlorination, coagulation-flocculation with alum and polymer,
followed by anthracite-sand filtration and post-chlorine disinfection. In total, the two
water treatment plants serve approximately 92% of the population of the City of Thunder
Bay.

The City of Thunder Bay will be going to a single water source at Bare Point by the end
of 2005. Construction and upgrades are presently underway at the Bare Point facility.

In addition to the City of Thunder Bay, the hamlet of Rosslyn Village (Municipality of
Oliver-Paipoonge) also has a municipal water supply system. This system consists of
two groundwater supply wells drilled in 1974, which services approximately 39 homesin
Rosslyn (Engineers Report, May 2001). The source water for the system is a basal sand
and gravel aquifer approximately 5 m thick immediately above the bedrock, confined
beneath approximately 35 m of clay and silt rich material. Water is pumped from the two
wells on an alternating basis to a single water treatment plant, where chlorine is added.
Average daily water use is approximately 35 m®d, with maximum usage of
approximately 50 m*/d recorded.

4.4 Aquifer Delineation and Characterization
4.4.1 Overburden Aquifers

Overburden thickness mapping illustrates that there is only thin overburden covering
much of the northern part of the study area. As such, overburden aquifers do not
generally exist in these areas, with the exception of areas associated with glacial
moraines, or where overburden sand and gravel deposits have been mapped.

The majority of thicker overburden material occurs in the area of the Kaministiquia River
valley and the area immediately north of the valley and south of the Dog Lake Moraine.
In addition, thicker overburden underlies the Whitefish River and Slate River valleys to
the south and west. An isolated area of thick overburden occursin the area of Dorion, in
the northeast part of the study area. The majority of these areas are underlain by less than
15 m of overburden. Asdiscussed in Section 4.1.1 and 4.1.2, the areas of thickest
overburden correspond to depressions in the surface topography of the bedrock, which
were largely infilled with unconsolidated material during the most recent glacial period.

In terms of potential water supply, the areas mentioned above offer the best opportunity
for groundwater-based supply in the overburden. The remaining area has limited
overburden and isless likely to provide sufficient water yields. Additional site-specific
investigation would be required to confirm well yields and water quality.
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4.4.2 Bedrock Aquifers

The occurrence, and distribution of groundwater in bedrock formations are governed by
the rock type, structure, and, in some cases, by the thickness and type of the overlying
overburden. Most crystalline bedrock formations have very little inherent or primary
porosity and are considered impermeable. Groundwater in such formations occurs only
in the weathered and fractured portions of the rock. As such, extensive and/or discrete
bedrock aquifers are not identified within the study area.

45  Conceptual Hydrostratigraphic Model of the Rosslyn Village Study Area

Based on the above stratigraphy (see Table 4.1) and the geological description of various
overburden and bedrock formations within the study area, the hydrostratigraphy of the
Rosslyn Village study area could be conceptualized in the following manner:

The overburden materials in the study area consist of beach sands and gravels, shallow
water sand, deep water lacustrine clay/silt, deep water sands and till material, underlain
by the sandstone and in turn underlain by the Precambrian granitic rocks. Conceptualy,
hydrostratigraphic layering could be defined as:

Table 4.2 Conceptual Hydrostratigraphic Model*

Hydrostratigraphic Formation | Relative Hydraulic
. o Comments
Unit No Type Conductivity
Layer 1 Sand and . MOSt. e.xt.ensi.ve e.llong the
(Top Layen) Gravel High Kaministiquia River and Dog
4 Lake Moraine
Varying thickness, generally
Layer 2 Sand/silt Moderate thin and/or combined with
Layer 3
Layer 3 Clay/Silt Low Associated with glacial tills
Varying thickness; interbedded
with low conductivity zonesin
Sand and . areas of thicker overburden;
Layer 4 Moderate to high _ ! Y u_
Gravel results in zones of multiple
aguifers between Kaministiquia
River and Dog Lake Moraine
Higher conductivity zones
locall iated with
Layer 5 Bedrock Low ocally associ .WI-
(Bottom Layer) structural zones within the
bedrock

*See Appendix E for complete details of the groundwater modelling report.
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45.1 Summary of Aquifer Characteristics

The main aquifer characteristics of concern are transmissivity (T) and storativity (S) or
storage coefficient, also known as “hydrodynamic parameters.” The groundwater storage
and movement in an aquifer depends principally on these two parameters. As such, these
parameters are basic for the understanding of groundwater flow, and form one of the
principal inputsto groundwater modelling. As the present study did not involve any
pumping tests, aquifer parameters were drawn from the previous hydrogeol ogical
investigations and pumping test results. Aquifer parameters are summarized in the
groundwater modelling report in Appendix E.

4.6 Groundwater Flow Characteristics

General groundwater flow in the areaistoward Lake Superior or major river valleys, and
thus reflects the surface topography overall. Groundwater recharge within sand and
gravel deposits occurs through direct infiltration of precipitation, and recharge from
surface streams and wetlands. Groundwater discharge generally occurs along surface
water features, with the discharge supplying the base flow to the streams.

The northern portion of the study area is dotted with numerous lakes and water bodies
(see Figure 2.2), which isindicative of impermeable nature of the surficial soils over that
area. Thus, the surface runoff over this areais expected to be high. Gravel pit operations
in the area may also be facilitating increased recharge locally by collecting water in the
gravel pits. However, if sand and gravel are excavated and removed, the total recharge to
deeper aquifers would be drastically reduced, impacting the groundwater resources in the
area. A brief description of the water table surface and the piezometric surface are
discussed in the following sections

4.6.1 Water Table

Static water levels obtained from individual water wells of the MOE water well records
database within the shallow and deep subsurface were analyzed to determine the
groundwater flow patterns and potential interaction between groundwater flow systems
and the surface water. These data have been contoured, with the contours being lines of
equal water table elevation in the area. Groundwater naturally flows from areas of higher
water table elevation to areas of lower water table elevation, resulting in a flow direction
perpendicular to the contour lines. Thus, contouring of the water table elevations allows
interpretation of the general groundwater flow direction across a region.

The water table surface elevation for the study areais presented as Figure 4.13. This
figure is based on the static water levels observed in water wells drilled to shallow
depths, and assumes all wells are under unconfined conditions. All wellsdrilled to less
than 15 m depth were considered in this analysis, as per the TTOR (MOE, November
2001). Because of the sparse data over the northern portion of the study area where
overburden is thin or discontinuous, a large number of data points were introduced using
the surface water body features. It was assumed that the water table would coincide with
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the water levelsin the surface water bodies and streambeds. The existence of numerous
lakes is suggestive of shallow groundwater flow discharge into those water bodies. In
general, the elevation of the shallow groundwater table closely reflects the ground surface
elevation (Figure 2.1). Water table elevations range from 183 m ams| at the shore of
Lake Superior to 618 m amsl in the western part of the study area, north of Whitefish
Lake.

In general, groundwater flows from the northern uplands area toward Lake Superior and
the Kaministiquia River valley. Locally, the shallow groundwater flow is influenced by
the thickness and distribution of coarser sand and gravel units within the overburden, and
topographic highs in the surface of the underlying bedrock. Groundwater flow divides
could possibly occur along the bedrock highs.

4.6.2 Piezometric Surface

Groundwater equipotential s within the deeper wells in the study area are presented as
Figure 4.14, using data from all wells drilled to depths greater than 15 m, and assumes
the wells are under confined conditions. The resulting potentiometric surface closely
reflects the bedrock surface elevation contours shown in Figure 4.2. Equipotential
elevations range from 183 m amsl adjacent to Lake Superior to 620 m amsl in the western
part of the study area, north of Whitefish Lake. Steeper groundwater gradients occur
where topographic changes are the greatest, for example in the area of the Nor’ Westers.
Bedrock valleys that host confined aquifers also influence the potentiometric contours
and groundwater movement locally.

4.6.3 Groundwater Recharge/Discharge Areas

In principal, areas where infiltration occurs can be defined as recharge areas. However,
recharge areas are more realistically defined as zones having significant downward
groundwater gradients (where the groundwater flow is predominantly vertically
downward). The best recharge areas are thus topographically elevated areas having
permeable formations exposed at surface. Areas of exposed glaciolacustrine and outwash
sands and gravels would therefore be important recharge areas.

Groundwater discharge occurs where the water table or potentiometric surface intercepts
the ground surface. In general, if the hydraulic head in the aquifer is higher than the
ground surface or higher than the head in the water table aquifer, a groundwater
discharge zone is defined.

The potential recharge/discharge zones within the study area areillustrated in Figure
4.15. Thisfigure was created by subtracting the potentiometric surface from the water
table surface, in order to define the recharge and discharge areas. All areas with negative
values have been identified as discharge areas and those areas with positive values are
designated as recharge areas. As can be seen from Figure 4.15, a mgjority of the study
areaisidentified as potentially a regional recharge zone. Thisindicates some recharge
through the thin or fine-grained surficial material that covers the majority of the study
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area occurs, with local discharge likely to nearby watercourses. Higher recharge zones
are also located associated with the sand and gravel materials as outlined in Figure 4.5.

Areas of potential groundwater discharge occurring near the City of Thunder Bay include
the Slate River valley and Kaministiquia River valley and associated area of sands and
gravelsto the north, where these deposits are topographically lower than the surrounding
area. Thisindicates that larger bedrock valleys can influence the zones of groundwater
flow, focusing the areas of groundwater discharge. Smaller areas of groundwater
discharge occur along local topographic lows and associated stream valleys, providing
baseflow to the numerous streams in the northern part of the study area.

5.0 Groundwater Modelling
5.1 Introduction

This section summarizes the groundwater-modelling component of the Thunder Bay Area
Regional Groundwater Study. A more detailed description of the model development and
description of various input parameters and result outputs, calibration and uncertainty
analysisis provided in Appendix E. The numerical model development and simulations
were completed by AMEC with model input from Burnside. Burnside also assisted in the
uncertainty analysis on the model results. The evaluation was undertaken using a three-
dimensional regional groundwater flow model, devel oped through the Visual

MODFLOW modelling platform. The main objective of the modelling was to delineate
capture zones of the municipal wells using a calibrated groundwater model. Three time-
dependent capture zones were delineated (2 year, 10 year and 25 year capture zones).
Specific objectives of this component of the study included:

Conceptualization of three-dimensional groundwater model, consisting of various
aquifers and aquitards; and
Delineation of wellhead capture-zones for municipal wellsin Rosslyn Village.

Since the main purpose of this modeling exercise was to delineate the capture zones for
the municipal wells, the model domain was extended to cover Rosslyn Village and
surrounding areas up to the “recharge area” in the north. The two municipal wells
located in the Rosslyn wellfield were included in this assessment.

Conceptualization of the hydrogeological setting of the area was based on the

hydrogeol ogical mapping and analysis discussed in Section 4.2. The aquifer delineation
and characterization discussed in Section 4.2.2 focuses on the conceptualization of the
hydrostratigraphy and groundwater flow systems, resulting in a good understanding of
the hydrology and hydrogeology of the region.
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5.2 Model Used

The numerical model chosen was developed using the finite difference code known as
MODFLOW (McDonald and Harbaugh 1988). MODFLOW was chosen for its ability to
accommodate heterogeneous systems in three dimensions. Thisisimportant to accurately
depict the lateral and vertical variability of overburden units, and the vertical variability
of bedrock units. MODFLOW also accommodates variable recharge rates, which apply
to the study area, as well as large amounts of physical datato model recharge and
discharge areas, to assess the potential for contamination and to determine capture zones
for pumping wells. The main advantage of MODFLOW over more complicated three-
dimensional finite-element modelsisthat it is simpler to use and facilitates efficient
calibration of regional-scale models. The particle tracking code MODPATH (Pollock,
1994) was designed specifically to be used with MODFLOW. MODPATH applies the
groundwater flow field generated by MODFLOW and can be used to define the origin
and destination of groundwater moving through the model. In this study, MODPATH
was used to delineate capture zones of the municipal water wells.

5.3 Data Sources

The hydrogeological analysis completed in the study provided the basic input to the
model. Detailed model input parameters were drawn from the following sources:

MOE water well records database, also referred as the Water Well Information
System (WWIS);

Natural Resources and Values Information System (NRV1S) database, which includes
Ontario Base Map (OBM) layers;

Quaternary geology and bedrock geology maps prepared in this study,

MOE Permit To Take Water (PTTW) database; and

Engineering Report pertaining to the operating groundwater supply wells.

5.4 Model Domain

The extent of the modelling domain for the model covered Rosslyn Village and extends
1500m east and west of the Roslynn wellfield. The northern boundary was initially
located approximately 7000m from the wellfield and the Kaministiquia River was used as
the southern boundary for the model.

55 Model Input Parameters

The boundaries of the model were chosen to correspond to physical boundaries within the
overburden and bedrock aquifer flow systems. Asdescribed in Appendix E, the model
comprised of 6 layers, represented by:

4 layers of unconsolidated material overlying; and
2 bedrock layers.
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The lower 2 layers represent the upper 30m of bedrock. The top and bottom elevations
of the overburden and bedrock aquifers were delineated from the detailed cross-sectional
analysis of the hydrostratigraphy.

The boundary conditions that are represented in the model were based on local
groundwater flow and the presence of rivers and lakes at the ground surface. A detailed
discussion of the lateral and vertical extent of the model is presented in the modelling
report included as Appendix E. The details of the input parameters and the results are
also discussed in this Appendix.

Hydraulic conductivity in the overburden was estimated from each water well by
assigning local hydraulic conductivity values based on the observed lithologies. These
point estimates were then interpolated to generate a surface of a spatially distributed
hydraulic conductivity field, and re-classified into groups. Vertical hydraulic
conductivity was assumed to be 1/10th of the horizontal conductivity. Initial estimates of
hydraulic conductivities were taken from representative values (Domenico and Schwartz
1990) based on the lithologic descriptions in the water well records and from site-specific
data collected from well tests in the modelling domain.

Vertical infiltration was estimated as input parameter to the model. Quantitative
measurements for recharge to the different units are not available. Direct recharge due to
precipitation is variable and depends on the geology, with the recharge considered zero
for bedrock, very low for silt and clay units and higher for sand and gravel units.

Pumping wells were assigned to the grid cells nearest to the well location coordinates.
Pumping well construction details were used to assign well depth, casing depth and
screen interval. The two municipal wellsin Rosslyn Village were included in the model.
The current permitted groundwater taking of 27.5 m*day was simulated in the model.

5.6 Model Calibration

Model calibration involves minimizing the difference between simulated and observed
water levels by adjustment of input parameters, while maintaining those parameters
within afeasible range. Data presented in the modelling report indicates that reasonable
calibration of the model was achieved.

A water balance considering all model inflows and outflows was also completed in order
to evaluate whether the predicted groundwater flow through the calibrated model is
representative of actual flow conditions. For a numerical solution to be considered
accurate, a mass balance error of less than 1.0% is desired, indicating that groundwater
mass is being conserved within the flow system. The difference between total inflow and
total outflow in the model isless than 0.01%, which indicates that there is a high degree
of accuracy to the steady-state solution.
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5.7  Capture Zone Delineation

Capture zone delineation was completed using the steady-state groundwater flow model
described above, and MODPATH advective particle tracking. The capture zones provide
insight into the source of water for each well, and therefore direction on the protection of
existing water supply sources and location of future sources of groundwater.

Steady-state capture zones were delineated for municipal wellsin the model domain
using the following constraints:

MODPATH was used to produce particle pathlines; and
Reverse particle tracking from each wellhead was used to determine the general shape
of the capture zone for each well.

The steady-state capture zones determined in this manner represent the ultimate source of
water for each well based on the long-term, average pumping rates for the wells. A time-
of-travel capture zone, defined as the volume of water that enters the well over a
specified period of time, was determined by discretizing the steady-state reverse particle
pathlines into yearly increments. (The nth year capture zone is delineated by connecting
the endpoints of each n-year particle pathline). Accordingly, the 2 year, 10 year, and 25
year TOT capture zones were delineated for the Roslynn Village wells within the model
domains.

Asdiscussed later in this section, a sensitivity and uncertainty analysis of the modeled
capture zones was completed to improve confidence in the model results. Ascan be
expected, the capture zones incorporating the uncertainty analysis extend over larger
areas.

The delineated capture zones for the Rosslyn Wells are shown in Figure 5.1. Each 25-
year TOT zone is approximately up to 50 m wide and extends over a distance of about
1,500 m to the northwest from the municipal wells. Each 10-year TOT isalso
approximately 50 m wide and is about 1,300 m long. Each 2-year TOT is approximately
40 m wide and about 300 m long. Note that 50-day TOT were estimated to be about 25
m wide and 30 m long. Thisresult is consistent with the 15.5 m 50-day capture radius
(31 m diameter) predicted by Waters Environmental Geosciences Ltd. (March, 2003).
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6.0 Water Use and Water Quality
6.1 Water Use
6.1.1 General

Water use in the Thunder Bay and surrounding area can be grouped into the following
four main categories:

Individual/Domestic;
Municipal/Public;
Commercial/Industrial; and
Agricultural.

Present uses are discussed in terms of the adequacy of supplies to meet the demands of
the above four categories. Interms of groundwater and in order to ensure the sustainable
growth of an area, the rate of groundwater extraction should be related to the
groundwater recharge and allowable groundwater withdrawal. Allowable groundwater
withdrawal is based on maintaining satisfactory baseflow into the local streams. If
groundwater use is more than the groundwater recharge, a groundwater overdraft (or
“mining”) will occur which would result in areduction of the total available groundwater
resource and impact to streams. The assessment of total water use and the groundwater
budget presented in this report will therefore assist to devel op appropriate management
strategies that minimize the risk of groundwater overdraft.

The data sources for the assessment of the amount of water used by residents and
businesses within the study area included: The City of Thunder Bay —City Water
Department, the surrounding municipalities, Ministry of the Environment water well
records, permits to take water, and typical water consumption estimates based on type of
use. Table 6.1 provides a summary of water usersin the City of Thunder Bay and
surrounding areas.

Table 6.1: Summary of Water Users

Water Users Service Type Population®
City of Thunder Bay Municipal 109,016
Municipality of Oliver Paipoonge Private 5,749
Roslynn Village Municipal 113
Municipality of Neebing Private 2,049
Township of Shuniah Private 2,466
'Township of Conmee Private 748
'Township of O’ Connor Private 724
'Township of Gillies Private 522
Fort William Private 599
'Township of Dorion Private 382

! Statistics Canada Data (2001).
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The City of Thunder Bay municipal water supply is comprised mainly of surface water
supplied from either the Bare Point Water Treatment Plant (on Lake Superior) or the
Loch Lomond Plant (on Mount McKay). Groundwater from private wellsis the supply
source in areas that receive minimum service from the municipal supply and in the rural
areas. The surrounding townships and municipalities are supplied by groundwater from
individual private wells. Thereis one public supply wellfield (the Rosslyn wellfield) that
supplies water to Rosslyn Village, a section of the Municipality of Oliver Paipoonge.

Water demands for areas using individual private wells are estimated based on an
estimated 350 litres per capita per day (I/c/d). There are also a number of Permitsto
Take Water (PTTW) that have been issued for private systems using more than 50,000 L
per day. Descriptions for each type of water users are provided in the following sections.

6.1.2 Individual/Domestic Systems

The majority of the City of Thunder Bay is serviced by a public supply of water, with
individual/domestic systems located primarily in areas termed Minimum Service Rural
Residential (MSRR) and in rural areas within the City limits. With respect to individual
private wells within the city limits, we estimate that approximately 8% of the population, or
8,721 individuals are using groundwater. Therefore, based on the consumption rate of 350
|/day/capita, approximately 1,114,107 m*/year is used by residents in the City of Thunder
Bay.

Within the surrounding Municipalities and Townships, the primary source of water is
groundwater from private wells. Based on the assumption that each resident uses 350
litres per day (Best Management Practices Water Wells, 1997) and with of total
population of 13,783, (see Table 6.1) water demand is estimated at 1,760,778 m*year.
Analysis of the MOE water well record data on wellsin the area indicates that
approximately 91 % of the over 3,000 wells evaluated in this study are noted as being
used for domestic purposes.

6.1.3 Municipal/Public Systems

The Municipal/Public supply system accounts for the largest water-consuming category
within the study area, this supply typeislimited to the City of Thunder Bay and to
Rosslyn Village. The system in Thunder Bay is comprised of surface water takings from
Lake Superior and Loch Lomond. In Rosslyn Village, the municipal supply is from
groundwater. A summary of the Municipal water system is presented in Section 4.2.1 of
this report.

According to the Thunder Bay City Water Department, Bare Point (Lake Superior)
supplies 64 million litres per day and Loch Lomond supplies 28 million litres per day for
atotal of 92 million litres per day (33.6 M m*/ year) for a population of 109,016. Data
from the same source indicates that this water supplies approximately 92 % of the
population of the City of Thunder Bay.
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The Rosslyn Wellfield is comprised of two wells that operate alternately and feed into a
small treatment system. The rated capacity of the treatment plant is 345 m*/day and the
permitted water use of the municipa wellsis 27.5 m*day (Wardrop, 2001).

In the areas designated as rural, surface water isless commonly used and the population
is dependent to a greater extent on groundwater. It is assumed that within these
communities the main source of water supply is from groundwater wells. Analysis of the
MOE database for the area indicates that atotal of sixty (60) wells are noted as being
used for Municipal / Public Supply.

6.1.4 Commercial/Industrial Systems

The commercial/industrial system is primarily serviced through the municipal network.
The southern section of the city has the higher industrial demand (Proctor and Redfern
Group, 1985) and is thus dependent on Loch Lomond for its supply. The total permitted
withdrawals for this water use is estimated to be 1,332,250 m®/year based on MOE
PTTW records.

According to MOE records, a total of seventy-seven (77) wells have been reported as
being used for commercial/industrial supply.

6.1.5 Permits to Take Water (PTTW)

Permitsto Take Water (PTTW) are required for withdrawal s of more than 50,000 L/day
(50 m*/day). The MOE provided the PTTW database. Figures 6.1 and 6.2 provide a
summary of all the PTTW showing the permitted rates of usage. The type of use of each
of the PTTW for groundwater takings is also described in Figure 6.1. The permits range
from less than 50 m*day to 13,638 m*/day. Refer to Tables F-1 and F-2 in Appendix F
for details on the PTTW.

6.1.6 Agricultural Uses

The study area does not support any large-scale agricultural (irrigation and livestock)
operations. Asa result, groundwater demand for such usesis negligible. The MOE
database notes sixty-two (62) wells used for watering stock and one (1) well for irrigation
purposes. This accounts for approximately 2% of all the wellsin the database. The total
permitted withdrawals are estimated to be 2,444,415 m*/year based on MOE PTTW
records.

6.2  Groundwater Quality
6.2.1 Regional Groundwater Quality

The regional groundwater quality was assessed from the available data. At the outset, it
was decided that no additional data collection would be undertaken as part of this study.
The MOE historic water quality database for the area was evaluated and the results are
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presented in this section. Data from alater date were also collected and analyzed for
wellslocated in the Thunder Bay area. The absence of long-term water quality data for
the area did not allow for the evaluation of trends in water quality.

We understand that there are water quality data for the Slate River Valley, Rosslyn
Village and Kakabeka Falls and Murillo areas; however, the well location data are not
sufficient for plotting the locations. Additional detailed studies are recommended for

these areas.

A total of 652 wells were in the water quality database. The majority of the wells are
within the City of Thunder Bay. Of these, 253 had UTM coordinates. A total of two
hundred fifty three (253) wells were evaluated and the results are summarized in Table F-
3, Appendix F. The results are summarized in the following sections.

6.2.2 Municipal and Domestic Well Water Study

The water chemistry data analyzed for this study covers 253 wells spread out over the

study area. These wells provided data on the six parameters that were used to

characterize water quality in the study area. Data were collected and analyzed for the

following parameters:

Nitrate
Sodium
Chloride

Iron

Manganese

Hardness

The results showed that there was considerable variation in water quality across the study
area and the results of the analysis are summarized in Table 6.2 below:

Table 6.2 Summary of Water Quality

Par ameter Nitrate Sodium Chloride Iron Manganese | Hardness

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
ODWS 10 200 250 0.3 0.05 80
Maximum 11.5 1,171 2,022 51.6 6.14 8,284
Minimum 0 0.2 0 0 0 5.5
Average 0.54 72.4 123.7 1.55 0.16 349.13
Std. Deviation 1.32 154.1 259.3 5.22 0.53 783.21
Percentgg © 0.5% 60% 12.4% 35.2% 44.2% 91.5%
Exceeding ODWS

Spatial evaluation of the above data did not show any significant trends the in location of
wells and the parameter values. Figures F-4 through F-9 in Appendix F, show the
variation in parameter values running east- west and north- south across the study area.

Ambient nitrate concentrations tend to be in the 0-2mg/L range, which suggests minimal
impacts from anthropogenic (man-induced) sources. The majority of the sodium
concentrations are above the Ontario Drinking Water Standard of 200-mg/L. Chloride
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concentrations show a similar trend. Iron concentrations are variable throughout the
study area; however, elevated iron concentration is common in many groundwater wells
in Ontario. Manganese concentrations are similar to the iron concentrations, in terms of
number of exceedances. Hardness concentrations indicate that the water is very hard
throughout the areas tested.

It isalso noted that all sampled parameters have been exceeded in at least one well. The
parameters exceeded are indicative of natural or man-made conditions affecting the
quality of groundwater in the study area.

6.2.3 Chloride

An AO has been established by the MOE for chloride at 250 mg/L. At this concentration,
chloride becomes detectable in drinking water by a salty taste. Chloride isfound
commonly in nature and is a part of various salts such as Sodium Chloride (NaCl) and
Potassium Chloride (KCl). Chloride is non-toxic but its presence may also be indicative
of the impact of road salts on groundwater.

Data evaluated for the study area shows that the average chloride encountered in the
study areawas 124 mg/L; thisis below the AO. Only 12.4% of the samples exceeded the
AO and from an evaluation of their spatial distribution, these incidents of exceedance
seem concentrated in the centre of the study area. Figure 6.3 shows that the instances
where chloride is above the AO appear to be concentrated in linear bands around the
major roadways in the centre of the City of Thunder Bay. This suggests that road salts
may be the cause of elevated chloride levelsin the groundwater of the study area. The
maximum measured value is 2,022 mg/L and the large standard deviation of 259 indicates
that there is a wide variation in this parameter across the area. Thiswide variation in
values may be reflective of variations in amount of road salt applied to various types of
roads and of the distances of the wells from the roads. However, elevated sodium and
chloride concentrations have been known to naturally occur in the groundwater in the
study area. When viewed in association with the data on Sodium, and the potential
source being road salts, it becomes important to further evaluate the impact of road
salting activities on groundwater quality, versus ambient or background concentrations of
these parameters in the study area.

6.2.4 Nitrate

A nitrate concentration of 10 mg/L is the Maximum Acceptable Concentration (MAC) for
this parameter in drinking water. The MAC is defined for parameters that when present
above a certain concentration, have known or suspected adverse health effects (MOE
2003). Nitrate in groundwater is known to be the cause of methemoglobinemia, or "blue
baby syndrome.” This phenomenon occurs when the bloods ability to carry oxygen is
diminished. Blue baby syndrome affects young babies and the elderly and is not evident
in older children or adults. Y oung domestic and farm animals consuming water with
elevated nitrate concentrations are also known to suffer similar effects. Excess nitrogen
in surface water bodies may also promote the growth of aquatic plants and algae. When
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these plants die back, they create a deficit in dissolved oxygen that may then lead to fish
kills.

Figure 6.4 shows the nitrate concentrations across the study area. Of the wellswith
coordinates sampled, only one (1) exceeded the ODWS for nitrate. Two (2) wells
exceeded a value of 6 mg/l while the value for the remainder of the wells remained low.
With these high values removed, the average value for nitrate across the study area would
fall to 0.41 mg/l and the standard deviation would also fall to 0.41. There is no apparent
spatial trend in the distribution of nitrates across the study area (Figure F-4, Appendix F)
and each occurrence of elevated nitrate may be related to locally occurring conditions.
Based on the concentrations of nitrates in the data provided, nitrate in the groundwater is
not a significant problem at the present time.

6.2.5 Iron

Excessive levels of Iron in groundwater may impart a brownish colour to laundry or
plumbing fixtures as well asto the water itself. It may also result in a bitter, astringent
taste in water and beverages. The precipitation of iron may also promote the growth of
bacteriain water mains. Ironis not known to be toxic and as such, an aesthetic objective
has been established for this parameter. Based on the above effectsthe AO for ironin
drinking water has been set at 0.3 mg/L as part of the ODWS (M OE 2003).

Evaluation of the water quality data shows no clear spatial trend in the distribution of

iron across the study area (Figure 6.5). lron levels vary across the study area from alow
of 0 mg/L to ahigh of 51.6 mg/L. The degree of variation islow and isreflected in alow
standard deviation of 5.22. The average value for this parameter in the study areais 1.5
mg/L and 35 % of all samples exceed the established AO. Ironisusually present in
groundwater as the result of mineral deposits and chemically reducing underground
conditions. The absence of a spatial trend and the low variation in Iron suggests that this
parameter is a naturally occurring feature of groundwater in the aquifer. Thisistypical in
groundwater in Ontario.

6.2.6 Sodium

As defined by the ODWS (M OE 2003), the Aesthetic Objective (AO) for sodium is 200
mg/L. An Aesthetic Objective is established for a parameter that may impair the taste,
odour or colour of water or which may interfere with good water quality control
practices. Sodium at its AO becomes detectable in drinking water by its salty taste.
Sodium however is not toxic and consumption in excess of 10 mg/L per day by normal
adults does not result in any apparent health effects (MOE 2003). Persons suffering from
hypertension or congestive heart disease may require a sodium restricted diet and the
intake of sodium in drinking water could become significant. Asa special condition, and
to deal with this threat, the local Medical Officer of Health should be notified if sodium
levels exceed 20-mg/L. Theloca Medical Officer of Health is then charged to inform
local physicians for their use with their patients.
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The values for sodium showed a great degree of variation across the study area. Figure
6.6 presents the sodium concentrations across the study area. The wide variation in the
values for sodium is noted in the high standard deviation (154) for the sample set.
Further evaluation of the data shows that the Aesthetic Objective (AO) of 200 mg/L for
sodium is exceeded in 14 wells or 6.2 % of the samples. The values reported also exceed
20 mg/L in 60% of the cases. The average concentration in the sample set was 72 mg/L,
with the maximum concentration encountered being 1,170 mg/L. The high percentage of
wells (60%) that are above the 20-mg/L level does require that persons with the above-
mentioned medical conditions make careful use of groundwater in the study area.

The source of sodium in the groundwater in the study area requires further evaluation.
There are a number of potential sources that could be influencing the results, however,
additional studies are required.

6.2.7 Manganese

An AO has been established for Manganese at 0.05 mg/L. As with iron, manganese will
stain laundry and fixtures black and at excessive concentrations, it causes undesirable
tastesin beverages. The precipitation of manganese also promotes the growth of bacteria
in water mains. Manganese is hot known to be toxic and is objectionable based only on
its effect on the colour of the water. Iron and Manganese, when present in significant
concentrations in groundwater, may present problems in association with bio-fouling of
wells, pumps and water mains. Bio-fouling generally refers to the degradation of
groundwater quality by bacteria and contributes to iron/manganese encrustation and
corrosion of wells, pumps, distribution lines, and treatment systems. This processis very
persistent as episodes of bio-fouling are usually recurring and result in adrop in
production or transmission through a water supply system.

No clear spatial trend could be identified in the sample data for this parameter. The data
showed a smaller variation than found in other parameters across the study areawith a
standard deviation of 0.5. The average value for the samples was 0.16 mg/L, which is
above the established AO. Thisisindicative of the overal trend in the study area where
44% of the wells sampled were above the AO for this parameter. Iron and Manganese at
high levelsin drinking water as previously stated are only objectionable based on the
colour they add to water, as they are naturally occurring elements, their effect on
groundwater islargely due to the local geologic and hydrogeologic setting. Figure 6.7
illustrates the results for manganese.

6.2.8 Hardness

Hardness is caused by dissolved calcium and magnesium and is expressed as the
equivalent quantity of calcium carbonate in milligrams per litre. An Operational
Guideline (OG) has been established for hardness at between 80-100 mg/L as calcium
carbonate, with hard water being above 100 mg/L. On heating, hard water tends to form
scale and will form a scum with regular soap. Hardness in excess of 200 mg/L is
considered to be poor but tolerable, hardness in excess of 500 mg/L is regarded as
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unacceptable for domestic purposes. Conversely, soft water (below 80 mg/L) may result
in accelerated corrosion of water pipes. Softening of water using a domestic softener
increases the sodium content of drinking water and may contribute significantly to the
daily intake of persons on a sodium restricted diet.

Figure 6.8 illustrates the results of the hardness analysis. The evaluated data shows that
88.9 % of the wells have a hardness that is above the OG. Thereisno clearly defined
trend in space across the study area with hardness ranging from a minimum of 5.5 mg/L
to amaximum of 8,284 mg/L. The variability of hardness in the water suggests that this
isanatural property of the water based on its interaction with the aquifer formation.
Based on the hardness results, it can be assumed that individuals in the study area would
tend to utilize water softeners as part of their individual water supplies. It should be
noted that their use of softeners would add to the sodium content of drinking water.
Thus, artificially softened water would become a significant source of sodium for persons
on a sodium-restricted diet, such as persons suffering from hypertension and congestive
heart disease. It isrecommended that such persons in cases such as this should use a
separate unsoftened supply for cooking and drinking (M OE 2003) and hence guard
against thisintake. Naturally soft water occursin only 8.5% of the samples.

6.2.9 Summary

There are a number of factors that influence groundwater quality including, but not
limited to: naturally occurring elevated concentrations of certain parameters (e.g. sodium
in the Slate River Valley, fluoride in the Oliver Road area) and associated anthropogenic
factors (road salting, spills, leaking underground storage tanks, etc.). Groundwater
guality monitoring programs are warranted for several parts of the study area. The water
quality data discussed above is limited to the greater Thunder Bay area.

Additional studies are required for the Slate River Valley area due to the domestic and
agricultural use of groundwater in the area. The communities of Kakabeka, Rosslyn
Village and Murillo are presently experiencing development pressures for growth and
long-term water quality is an issue. Additionally, resolution of the elevated sodium and
chloride concentrations requires additional study to assess the nature, potential source
and extent of the elevated levels of these parameters. Recommendations are provided in
Section 14 of this study.

6.3 Landfill Issues

While there are several landfills in the study area including domestic, industrial (wood
waste, ash and sludge), two landfill site reports were reviewed in detail. These include:
the MacGregor Landfill in the Township of Shuniah and the John Street Landfill in the
City of Thunder Bay.
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6.3.1 MacGregor Landfill

The MacGregor landfill siteislocated along Highway 11/17, approximately 40 km
northeast of the centre of the City of Thunder Bay (Figure 9.1). The landfill has been in
operation since the early 1970’ s and has over the years accepted a variety of waste types.

Various improvements have taken place at the landfill after a 1997 episode where
residents of the Township of Shuniah complained to the MOE regarding leachate leaving
the landfill site and causing visible discolouration in surface water entering Lake
Superior (KGS Group 1998). Following this event, alandfill assessment was undertaken
and the following conditions were established.

The groundwater table is found in the overburden deposits with flow being vertically
downwards towards the bedrock (KGS Group 1998). At leachate impacted wells, DOC,
iron and manganese were elevated. Barium objectives were also exceeded in one bedrock
well and manganese was exceeded at many wells; these are thought to be related to the
background groundwater conditions. Leachate impacts are present in groundwater in the
overburden mainly at the edge of the fill, where indicator parameters such as specific
conductance, chloride, sodium and ammonia are used. Thisimpact is seen to decrease
downgradient in the overburden and even further in the bedrock. At the property
boundaries the groundwater meets the Reasonable Use Criteria for most parameters.
Exceedances by chloride and total dissolved solids are assumed to reflect the influence by
road salting. It was concluded by the KGS Group that the impact to groundwater was
limited but that a development plan and monitoring program are required to manage the
landfill.

Asafollow up to their 1998 study, the KGS Group completed a report on the monitoring
program at the landfill in 2002. In thisreport (KGS Group 2003) it is stated that the
impacts were similar to those measured in previous years, with leachate impacts to both
groundwater and surface water being observed in the immediately downgradient of the
landfill and reducing to background concentrations at the proposed downgradient
attenuation zone boundary. Domestic wells sampled as part of the 2002-monitoring
program showed no impact from the landfill leachate, with water being typical of the
overburden aquifer and some showing an impact from a past or present septic system.
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6.3.2 John Street Landfill

The John Street Landfill islocated just west of the City of Thunder Bay and is bounded
by John Street on the north, Mapleward Road on the east, Gratton Road on the west and
Oliver Road on the south (Figure 9.1). The landfill has been developed to handle all
domestic and non-hazardous commercial solid wastes from the city. The landfill isalso
the final disposal site for all sludge produced by the City of Thunder Bay Water Pollution
Control Plant (WPCP) (KGS Group, 1992).

Leachate from the John Street site is currently collected in a perimeter ditching system
and discharged from the site following dilution with local surface water outflows.
Subsurface discharges are monitored by an observation well system. Routine monitoring
of this network has led to the following characterization of the |eachate impact.

Information from KGS Group (2002) indicates that groundwater flow direction is
primarily to the east-southeast. The impact of the leachate on groundwater has been
relatively well contained by the in-place perimeter ditch system. However breakthroughs
have occurred in sections of the west cell of the landfill while |leachate parameter
concentrations remain elevated in the ditches surrounding the active east cell of the
landfill. Groundwater found at the east boundary of the site was slightly above the
maximum allowable concentration for nitrate. Also the Reasonable Use Criteria for
chloride was exceeded at the north boundary and west boundary. Groundwater outside of
the ditching system to the south is affected by |eachate in the upper overburden zone; this
impact isonly minimal to bedrock in thisarea. The effects of leachate have not extended
to the overburden to the west or to the bedrock to the south (KGS Group 2002).

Conditions at domestic wells sampled during the 2001 program showed no significant
impact from the landfill. To the north and east of the landfill, increases in Chloride and
Nitrate continue to be reported. These impacts are thought to be related to the effects of a
shallow septic system on groundwater. One well to the south of the landfill continues to
show poor water quality with barium exceeding ODWS and a very high conductivity and
chloride. These values are however similar to historic levels and are not related to the
landfill.

The landfill is also reported as not significantly impacting the Neebing River. Levels of
iron found in the Neebing exceed PWQO but these values are elevated above and below
the landfill. Zinc was found to be elevated above the landfill and copper was only
detected above the landfill.

6.3.3 Summary

Landfills can be considered as point sources of contamination. Depending upon the
proximity of water wells and the direction of groundwater flow, there can be impacts to
the local groundwater regime. In most cases, the groundwater impacts are limited to the
lands within the landfill property. Off-site groundwater impacts are assessed on a case-
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by-case basis. Many of the small former landfill sitesin Ontario are not monitored and
little is known about their groundwater impacts.

The MOE reviews annual monitoring reports for landfills and are advised of water quality
changes in the monitoring wells that are situated on the landfill property. There are a
variety of chemical parameters that can be elevated in groundwater due to the presence of
alandfill. Generally, the contaminant plume from the landfill islimited in size and areal
extent. There are many factors that influence the size and shape of the contaminant
plume at a landfill. Small landfills generally tend to have limited contaminant plumes.
Larger, older landfills tend to have larger contaminant plumes.

7.0  Surface Water Assessment

The following section provides a general analysis of surface water resources and an
average annual water budget. An analysis of the available surface water resourcesis
essential in understanding the interaction between groundwater and surface water.
Further, it provides a better understanding of the hydrologic components of the region’s
water budget.

7.1 Watershed Characteristics

There are twelve (12) sub-watersheds that are completely contained within the study area.
Their boundaries are illustrated in Figure 2.2. The sub-watersheds within the study area
mainly drain southward towards the City of Thunder Bay and/or Lake Superior, and
typically drain areas within both the Precambrian uplands and the terraced clay lowlands.
A number of sub-watersheds occur in the Black Bay area along the eastern section of the
study area, flow in these sub-watersheds is easterly into Black Bay. A detailed
assessment of the surface water characteristics is presented in this section of the report.

The surface water resources within the Lakehead Region Conservation Authority (LRCA)
jurisdiction have been documented in several reports that include information on flood
flows, flood control and flooding. These reports are summarized bel ow.

7.1.1 General

The Kaministiquia River and its tributaries form the most significant drainage systemin
the Thunder Bay area. The Kaministiquia and its tributaries, the Slate River and the
Whitefish River drain amajor portion of the area just west of Thunder Bay. Theserivers
flow into Lake Superior at Thunder Bay. Other major riversin the Thunder Bay area
include; Neebing River, Pennock Creek, Mclntyre River, Current River, McVicar’'s Creek
and Mosqguito Creek. Summaries of flows in the above-mentioned rivers are included
below and are also outlined in TableG-1, Appendix G.
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7.1.2 Subwatersheds
Kaministiquia River

The Kaministiquia River is the primary discharge point for drainage from the Thunder
Bay area to Lake Superior. The river beginsjust south of Dog Lake and makes its way
generally southward through areas such as Millar and Kakabeka Falls. Theriver isjoined
by the Whitefish River in the vicinity of Stanley, at which point it also swings around to
start flowing eastward towards Thunder Bay and Lake Superior. In the region between
Kakabeka Falls and Rosslyn Village, the river flows across a distinct physiographic
region described as the deltaic uplands (section 4.1). In thisregion, the river has
developed gentle meanders. Downstream of Rosslyn Village, the river isjoined by its
second largest tributary, the Slate River. Physiographically, the region from Rosslyn
Village to Lake Superior is known as the lower deltaic plain. In thisregion, the river
meanders significantly while flowing east, eventually discharging to Lake Superior
between the City of Thunder Bay and Fort William First Nation. The Kaministiquia
River Water Management Plan (OPG/MNR, 2004) contains the most recent flow data.

Neebing River

Theil’s (1987) report investigated the hydraulics and hydrology of the Neebing River,
which flows from north to south through the City of Thunder Bay. The drainage area of
thisriver has been estimated as 216 km?.

Proctor & Redfern (1978, 1981) used Water Survey of Canada flow records to conduct a
regional flood frequency analysis for the Neebing River. Thisresulted in a calculated
100-year flow of 104 cubic metres/second (cumecs) or 3,708 cubic feet/second (cfs)
upstream of Hwy 11-17. Thisflow compares favourably with the value of 120 cumecs
(4,273 cfs) calculated by Theil using the HY MO computer model that is based on the Soil
Conservation Service (SCS) Curve Number (CN) method.

Flooding has not been an issue in the Upper Neebing River. Proctor & Redfern (1978)
stated that there is the possibility of flooding due to obstructionsin the Neebing River
downstream of Ford Street. It was suggested that a diversion to reduce peak flowsin the
Neebing River would help to reduce the potential for flooding in that area.

The Neebing - Mclntyre Floodway was constructed from 1980 — 1984 to divert flows
from the Neebing River at Ford Street to the MciIntyre River when flows in the Neebing
River exceed 9.99 cumecs (353 cfs). The maximum design flow downstream of the
diversion is 26.9 cumecs (953 cfs).
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Pennock Creek

Pennock Creek is a short (12km) tributary of the Neebing River and its drainage area has
been estimated as 44 km?. Its flow was calculated by Theil (1987) as part of the Neebing
River HY MO computer model. The flow at the downstream limit of Pennock Creek was

calculated to be 22.4 cumecs (791 cfs) based on calculations, which have been calibrated
using three storms.

Mclintyre River

Theil (1987) states that the Mclntyre River flows from Trout Lake in the east, westerly
into the City of Thunder Bay with an estimated drainage area of 146 km?. The Mclntyre
River meanders to the north and south and receives water from no less than eight (8)
tributaries. According to Theil (1987), the Mcintyre River sub-watershed remains largely
undevel oped.

As with the Neebing River, Proctor & Redfern (1981) used Water Survey of Canada flow
records to conduct aregional flood frequency analysis for the Mcintyre River. The
calculated peak flow for the Mcintyre River is 212 cumecs (7,487 cfs), which is slightly
higher then the peak flow of 161 cumecs (5,686 cfs) calculated by Theil (1987).

Mosquito Creek

Mosquito Creek originates to the north of the Thunder Bay Correctional Centre and flows
south before curving to the southwest parallel to Hwy 61, and then joining with the
Kaministiquia River (Theil, 1987). The drainage area for Mosqguito Creek has been
estimated as 30 km?,

The peak flow within Mosquito Creek was calculated by Theil (1987) to be 123 cumecs
(4,361 cfs) based the OTTHY MO computer model and the watershed parameters
estimated by The Lathem Group Inc (1984).

The Lathem report (1984) outlines significant evidence that points to a significant erosion
problem along the banks of the Mosquito Creek. They point to the smooth creek bed,
steep slope, highly erodable soils and relatively bare and unvegetated slopesin areas that
are prone to undercutting and gullying.

McVicar’s Creek

McVicar's Creek is arelatively short (15 km) watercourse running from the north to the
south to Lake Superior (Theil, 1987). It has an estimated drainage area of 48 km?.

Theil (1987) used the HY MO computer program to determine the peak flow at the outlet
to Lake Superior. This study was updated by Dillon Consulting Engineers (1995), and
concluded that the Regional Storm flows were approximately 66.4 m%s at the outlet to
Lake Superior. There have been numerous improvements to bridge and culvert crossings,
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which have reduced the estimated flood damages during the Regional Storm event to
approximately 50 structures.

Current River

The Current River originates north of the City of Thunder Bay and drains a total of 700
km?at its outlet to Lake Superior (The Lathem Group, 1986). A number of studies have
been completed on the Current River in the past including a water use study completed by
James F. MacLaren Ltd in 1970, a flood and fill line mapping study in 1986 by the
Lathem Group, and a watershed study completed by Proctor & Redfern Limited in 1991.
Proctor & Redfern (1991) identify Current Lake as the headwaters for the Current River.
From Current Lake Current River flows south through Ray, Onion and Boulevard Lakes
into Lake Superior east of the City of Thunder Bay.

7.2 Water Budget

In order to assess the net available groundwater resources within a given system, itis
essential to understand the inputs to and outputs from that system. In Section 4, the
physio-chemical characteristics of the groundwater flow system within the study area and
the geologic and physiographic features that control the groundwater flow within the
system were presented. In this section, a description of the water budget, based on a
hydrological analysis for the study areais provided. The water use estimates are included
in alater section of this report, which completes a comprehensive assessment of the water
balance in the City of Thunder Bay and the surrounding area.

A water budget was completed in order to relate the amount of water infiltrating into the
subsurface (contributing to groundwater) with the amount of water being drawn for water
supply. The water budget of a natural hydrologic system is calculated using asimple
water balance approach defined by:

P+Swi+Gw; =ET + R+ 1 + Sw, + Gwyt+ AS

Where;
P = Precipitation
Sw; = Surface water inflow into the system from outside
Gw; = Groundwater inflow into the system from outside
Sw, = Surface water out-flow from the system
Gw, = Groundwater out-flow from the system
ET = Evapotranspiration losses
R = Surface runoff
I = Infiltration
AS = Change in storage (both surface water and groundwater)

The primary interest in the water budget for this study is related to the groundwater
components. However, as noted in Section 4, surface water and groundwater interact,
and a general understanding of both systemsis necessary for the complete evaluation of
any of these system components. Assuming that groundwater and surface water inputs
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and outflow are constant, and that the change in storage in both the surface water and
groundwater reservoirs within the system is negligible, the above equation can be
simplified to:

P=ET+R+]I

Based on this equation, the water budget cal culation takes into account the total amount
of precipitation that falls over the City of Thunder Bay and the surrounding area and
determines how much:

Islost through evaporation and transpiration;
Contributes to surface water runoff; and
Infiltrates into the subsurface.

There are two climate stations with both temperature and precipitation records within the
study area: Thunder Bay Water Pollution Control Plant (WPCP) and Thunder Bay A
Station. Data from both climate stations were analyzed in this study. The climate
normals for both stations were very similar (Table 7.1). Thunder Bay A Station was
selected for the climate normals for the study area as shown in Table G-2, Appendix G.
The climate normals generated from Thunder Bay A Station data between 1971 and 2000
indicate that the average annual precipitation (rain plus snow) is 712 mm. A summary
table of climatic normals for each station is presented in Table 7.1 below. Given that the
study area covers approximately 6,500 square km, 712 mm would represent a total
volume of precipitation of 4.63x10° m® per annum.

Table 7.1 Climatic Normal Data

Thunder Bay WPCP Thunder Bay A
Month Precipitation | Temperature | Precipitation | Temperature

(mm) (°C) (mm) (°C)
January 39.4 -14.5 31.3 -14.8
February 25.0 -11.7 24.9 -12.0
March 40.2 -5.6 41.6 -5.5
April 31.4 2.6 41.5 2.9
May 67.0 9.0 66.5 9.5
June 81.9 13.5 85.7 14.0
July 87.4 17.4 89.0 17.6
August 88.3 16.4 87.5 16.6
September 91.5 11.5 88.0 11.0
October 58.2 54 62.6 5.0
November 50.9 -2.3 55.6 -3.0
December 43.6 -11.0 375 -11.6
Mean Annual 705 2.6 712 25

Source: Environment Canada.
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7.2.1 Direct Runoff

Surface water runoff is estimated based on factors such as ground cover (pasture,
woodland, cultivated or urban), surface slope (flat, rolling or hilly) and soil texture
(MTO, 1995-1997). The remainder of the water infiltrates into the subsurface and
contributes to groundwater recharge. Table 7.2 presents the runoff coefficient estimates
based on the details of the ground cover factors and the land use.

Land use within the study areais estimated to comprise approximately 3% urban, 7%
pasture and 90% woodland. The topography is rolling to hilly in the north portion of the
study area, whereas very gentle slopes define the southern portion that includes the City
of Thunder Bay. It is estimated that the average surface water runoff would represent
approximately 32% of the average annual water budget surplus for the area (4.10 x 10°
m°®). The remainder of the water surplus (8.70 x 10® m®) would be available for
groundwater infiltration.

Table 7.2 Direct Runoff Coefficient Estimates

.. Per cent
Land Use | Toooaranh Run off Coefficient © Cgf age Runoff
pography Based on Sail Type Coefficient
Study Area
Open Sandy|Loam or Silt Lcil):/n
Loam Loam
Cultivated or Clay
Uit Flat (0 to 5%) 0.22 0.35 0.55
Rolling (5 to 10%) 0.30 0.45 0.60
Hilly (10 to 30%) 0.40 0.65 0.70
Flat (O to 5%) 0.10 0.28 0.40 7.1% 0.34
Pasture -
Rolling (5t0 10%)|  0.15 0.35 0.45 0.5% 0.30
Hilly (10 to 30%) 0.22 0.40 0.55
Flat (0 to 5%) 0.08 0.25 0.35 62.9% 0.28
Woodland -
Rolling (5 to 10%) 0.12 0.30 0.42 23.4% 0.36
Hilly (10 to 30%) 0.18 0.35 0.52 3.2% 0.43
0.251t0 0.40 2.9% 0.29
Urban
Weighted Average 0.32

Source: MTO Drainage Management Manual Design Chart (1995-1997).

A sensitivity analysis was completed to assess relative contributions to surface water
runoff and groundwater infiltration as a function of the runoff coefficients used.
Precipitation and evapotranspiration remained constant with the surface water runoff
ranging from 20% to 40%. If the runoff coefficient is 0.20, then the available infiltration
is approximately 1.03x10° m*annum. Conversely, if the runoff coefficient were 0.40,
then approximately 7.67x10® m*annum would be available for infiltration.
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7.2.2 Evapotranspiration

Evapotranspiration losses were calculated using the Thornthwaite method (1948), which
takes into consideration average monthly temperature and hours of daylight. The
Thornthwaite method is very widely used in water balance estimates and has been chosen
in the present study for its simplicity and the ability to use available data. The difference
between precipitation and evapotranspiration is available for surface runoff and
groundwater infiltration. During hot dry periods, the evapotranspiration will exceed the
precipitation, resulting in a deficit; whereas when the precipitation exceeds the
evapotranspiration, there will be “surplus’ water available for runoff and infiltration.

Based on the application of the Thornthwaite method (refer to Table G-2, Appendix G) to
data from Thunder Bay A Station, 3.35x10° m*/annum of this water would be |ost
through evaporation and transpiration with the remaining 1.28x10° m*annum
representing water surplus available for groundwater infiltration and surface water runoff.

7.2.3 Groundwater Infiltration

The final component of the simplified water balance equation is groundwater infiltration
(). Since the average annual evapotranspiration (ET) and runoff (R) have been
calculated above, groundwater infiltration (1) accounts for the remainder of the net water
balance. Asaresult, we have estimated that approximately 8.7x10° m® of water is
available annually for groundwater infiltration. Table 7.4 provides a complete summary
of the water budget for the study area.

7.2.4 Groundwater Recharge

Infiltrating precipitation may be discharged to watercourses as baseflow, or recharge the
groundwater system. For the purposes of this study, it is essential to determine the
average annual groundwater recharge in order to compare it to the average annual
groundwater consumption, which is calculated in the following section of the report.

7.2.5 Groundwater Discharge

Generally, one would compute groundwater discharge to watercourses by analyzing the
low-flow patterns of each watercourse within the study watershed area. Thiswould
require long-term streamflow monitoring through a comprehensive network of
streamflow gauges. Since this network of streamflow gaugesis limited, the calculation
of groundwater discharge to watercourses is not possible.
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A summary of the study area water budget is presented in Table 7.3.

Table 7.3 Water Budget Summary

Water Budget Units Total Comments Source

Burnside estimated watershed

Study Area m?>  |6.50 x 10° -
delineation

Environment Canada Climate
Normals, Thunder Bay A Station
(1971 — 2000)

712 mm of

Precipitation mlyr |4.63 x 10° T
precipitation per year

o Calculated using Thornthwaite
Evapotranspiration | myr |[3.35x 10°| 515 mm per year ) using W

Method
0.32 runoff Refer to Table 7.2 for runoff
Runoff m3yr [4.10 x 10° coefficient coefficient estimate
(63 mm/yr)
Infiltration miyr [8.70 x 10° remainder of surplus |Water Budget Equation

(134 mm/yr)

Groundwater Assuming 50% of infiltration

Rechar ge m3lyr |4.35x 10° 67 mm/yr returns to surface water courses as

baseflow

The analysis of the average annual water budget for the study area is essential for
determining the available water for domestic, institutional, commercial, industrial, and
agricultural uses. A discussion and analysis of the average annual water use and demand
is provided in Section 6. The estimated total groundwater use within the study area is
6,651,550 m*/year. Thus, based on a very conservative estimate, approximately 4.35x10°
m°/year of groundwater is available within the study area. Therefore, only approximately
1.5% of the available groundwater is used.

8.0  Aquifer Vulnerability Assessment
8.1  General

The potential vulnerability of an aquifer to groundwater contamination is a function of
the susceptibility of itsrecharge areato infiltration. The groundwater vulnerability to
contamination can be defined as: the tendency or likelihood for contaminants to reach a
specified position in the groundwater system after introduction at some location above
the uppermost aquifer. Vulnerability is not an absolute property, but a relative indication
of where contamination is likely to occur; no groundwater isinvulnerable. Furthermore,
it may be necessary to consider long-term effects on groundwater quality, perhaps over
decades, in carrying out vulnerability assessments.

Areas of high recharge are generally more vulnerable to pollution than those replenished
at a slower rate. Unconfined aquifers that do not have a cover of dense material are
susceptible to contamination. Fractured bedrock areas are also susceptible by providing
pathways for the contaminants. Confined, deep aquifers with low permeability aquitard
formations overlying them tend to be better protected.
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Wells that connect two aquifers increase the chance of cross contamination between the
aquifers. In addition to serving as a source of drinking water, a well can also act asa
direct pathway from the land surface into the water supply. Thus, a major consideration
in groundwater contamination is the position and condition of wells. Most of the
contaminants that commonly cause concern originate above ground as the result of
human activities.

Overburden formations generally provide primary protection against groundwater
pollution. Bacteria, sediment and other insoluble forms of contamination become trapped
or adsorbed within the soil pores. Some chemicals are absorbed or react chemically with
various soil constituents, thereby preventing or slowing the migration of these pollutants
into the groundwater. In addition, plants and soil microorganisms use some potential
pollutants, such as nitrogen, as nutrients for growth, thereby depleting the amount that
reaches the groundwater. These processes are known as natural attenuation processes.

These natural systems can fail if they are overloaded with pollutants. Large amounts of
potential pollutants concentrated in a small area can cause localized groundwater
contamination, depending on the depth and type of soil above the water table. To help
protect water wells against contamination, it isimportant to use the natural protection that
soil provides by maintaining adequate separation distances between wells and potential
sources of contamination. Wellhead protection strategies should aim at mitigating or
minimizing the potential for aquifer contamination through proper land use and
groundwater management alternatives.

After an aquifer has been contaminated it is difficult to entirely define or remediate the
impacts. Itisalso difficult and extremely costly, involving considerable effort and time,
to clean/treat-contaminated groundwater. Even after the source of contamination has
been removed, an aquifer may remain contaminated for years. Thus, it is often unfeasible
to consider groundwater remediation as a solution. Prevention is the key, and prevention
includes identifying the major sources of contamination, and learning to control them.

In the present study, a preliminary groundwater vulnerability assessment has been
completed following the intrinsic susceptibility mapping techniques described in the
TTOR (MOE, November 2001). A brief summary of the approach and the results of the
groundwater vulnerability assessment, hereinafter referred to as intrinsic susceptibility
assessment are included in this section.

8.2  Aquifer Vulnerability Indices Approach

The intrinsic susceptibility to contamination can be estimated by assigning numerical
scores related to hydraulic conductivity (K) of the material in each layer overlying the
water table (or upper most aquifer) multiplied by the thickness of that layer. In other
words, the intrinsic susceptibility indices can be calculated as the sum product of the
thickness of the overlying layers and their corresponding K factors (which are related to
the hydraulic conductivity).
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Schedule C of the TTOR (MOE, November 2001) provides a generic representative
hydraulic conductivity (K-Factor). The representative K-Factors, as defined in the TTOR
(MOE, November 2001), are relative numbers and do not correspond directly to exponent
of the observed hydraulic conductivity values.

The aquifer sensitivity is calculated as follows:
Intrinsic Susceptibility Index (I1Sl) = (K; x d;) + (Kz x dp) +... K, x dp)

Where:
K and d; are the hydraulic conductivity number and the thickness of layer one;
K, and d, are the hydraulic conductivity and thickness of the second layer, and so on.

Based on this analysis, the higher the 1SI, the less sensitive is the aquifer. Three classes
of aquifer sensitivities have been identified in the TTOR. Areaswith ISI > 80 may be
considered as the least sensitive and areas with ISl less than 80 but greater then 30 may
be classed as medium sensitivity and all areas with ISI value less than 30 are high
sensitivity areas.

Figure 8.1 illustrates the intrinsic susceptibility to contamination mapping of the Thunder
Bay area. In the absence of sparse well data over the Precambrian uplands, additional
information with respect to the location of water table and the hydraulic characteristics
were needed. For this purpose, it was considered, as discussed in Section 4.0, that the
groundwater table coincides with the numerous water bodies over the uplands and the
hydraulic conductivities of the upper weathered and fractured rocks are relatively high.
With these assumptions, a preliminary |SI mapping of the study area was completed in
July 2002. In August 2002, the MOE issued an addendum to the TTOR with respect to
methods for Groundwater Intrinsic Susceptibility and water table mapping in bedrock
areas. This suggested modified approach is similar to the initial mapping techniques used
in the study and confirmed the approach followed in the study is correct and acceptable,
both with respect to the water table mapping and the ISl mapping. The same approach
was also used in the delineation of recharge/discharge areas.

As suggested in the modified approach, because of absence of wells and lack of
overburden material over the bedrock areas in the north, most of the area covered by the
Precambrian uplands has been assigned a highly vulnerable class of < 20. We have also
used the aerial photography data, IKONOS images (where available) and the DEM data
in the interpretations. The resulting map, Figure 8.1, shows the high vulnerable class
over most parts of the Precambrian shield. Moderate and low vulnerability areas have
been identified sparsely over the entire study area. There appears to be a higher density
of medium and low vulnerability areas to the southwest of Highway 17 and less medium
and low vulnerability areas to the northeast of Highway 17.
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9.0 Potential Contaminant Sources Inventory and Assessment
9.1  General

In completing groundwater management studies it is critical to understand the
hydrogeological setting as discussed in the previous sections, but it is also important to
identify potential sources of groundwater contamination. In the present study, an
inventory of the potential contaminant sources has been completed and the potential for
contamination from the identified sources has been assessed in the light of the prevalent
hydrogeological sensitivity in the area. In this section, a description of the potential
contaminant sources inventory isincluded and the hydrogeological sensitivity of the area
is discussed in Section 8 above.

Potential sources of contamination can be grouped into 6 categories:

Sources designed to discharge substances: sewage systems, injection wells, septage
sites and organic conditioning sites;

Sources designed to store, treat and/or dispose of substances (discharge being through
unplanned release): landfill sites, cemeteries, surface storage of hazardous products or
waste, underground and above ground storage tanks (UST and AST);

Sources designed to retain substances during transport or transmission: pipelines,
materials transport;

Sources discharging substances above and beyond required doses as a consequence of
other planned activities: irrigation, application of agricultural/lawn care chemicals
such as pesticides, herbicides and insecticides;

Sources providing a conduit or inducing discharge through altered flow patterns:
water supply wells and production wells and construction excavation;

Naturally occurring sources, whose discharge is created and or exacerbated by human
activity: natural leaching, groundwater surface water interactions; and

The potential contaminant sources inventory data were obtained from various sources
including: the Ministry of the Environment (MOE), and the Technical Standards and
Safety Authority (TSSA). The MOE maintains files and databases regarding the
following sites:

PCB storage;

Contaminated, waste disposal;
Organic soil conditioning;
Septage spreading;

Waste generators,

Waste receivers; and

Waste haulers.

The TSSA maintains records for all registered fuel tanks including gasoline, diesel and
propane.
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9.2  Potential Contaminant Sources Associated With Residential Properties
9.2.1 Fuel Tanks

Residents must be made aware of the potential contaminant sources that exist on their
own property. Fuel tanks can be an issue if improperly stored or maintained. Although
the fuel tanks are localized, any leaking tank(s) could impact the groundwater over a
large area depending upon the hydrogeological sensitivity of the area and the
groundwater use.

The municipalities should make efforts to compete a comprehensive residential
survey/inventory to assess the nature and extent of various potential sources of
contamination at private residences.

The residents/owners of the fuel tanks should be made aware of the risks to their well(s)
and the municipal water supplies. The municipalities should develop a public education
program to educate public on groundwater management and protection and what the
public can do to minimize impacts to the groundwater.

9.2.2 Septic Systems

The majority of the residences, businesses, and the industries within the urbanized area
are serviced by municipal utilities such as water and sewer. Outside of the fully serviced
areas, residents generally rely on individual wells and septic systems. It isimportant to
recognize that septic systems may impact groundwater quality, given that these systems
potentially discharge bacteria and nitrates as well as other household chemicals (cleaning
products, paints, oils and water softener backwash) into the environment.

Malfunctioning and/or improperly designed septic systems could pose athreat to
groundwater quality and human health because of the potential for bacterial
contamination. The potential impacts associated with a given system, however, are best
addressed on a case-by-case basis, requiring site-specific studies. The residents should
be made aware of potential threats to groundwater arising from the septic systems; the
need for adequate setbacks between the well and disposal beds and the need for regular
maintenance of the septic system.

9.3 Potential Contaminant Sources Identified from Agency Sources

The information gathered from the agency databases are discussed in detail in the
following sections and the locations of the sites are presented on Figure 9.1. To ensure
confidentiality of the data, as per the data sharing agreements with various agencies, the
names and addresses of the property owners have been excluded from the data presented
in various tablesin Appendix H. However, the geographic locations, in terms of northing
and easting of various potential contaminant sources, collected during the field
investigations involving GPS surveys have been included in the data presented in the
Appendix H and the potential contaminant sources have been plotted in Figure 9.1.
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A preliminary assessment of risks of various types of contaminants was completed by
assigning risks of groundwater contamination to various types of land use as detailed in
the Handbook on Ground Water and Wellhead Protection (EPA, 1994) Given that this
study is being completed for several communities over an extensive area, it is not
possible to complete an in depth assessment of each potential source of groundwater
contamination. Asaresult, a cursory assessment of the risks assigned to the potential
sources of contamination from the above-mentioned datasets is considered adequate to
guide the planners. Table H-1 (in Appendix H) is prepared asaguide. Table H-1 also
includes risks associated with several land uses that are either not applicable or that were
not included in the datasets reviewed. The risks associated with such land uses have been
included for future reference should the need arise.

Some of the sources identified in the six categories mentioned above are considered to be
point sources of contamination while others are non-point sources. It should be noted
that not all potential sources of contamination have been included, given the level of
detail required in this study.

9.3.1 Potential Point Sources of Contamination
Point sources of contaminations include sources associated with a specific location such
as underground storage tanks, waste disposal facilities, industries, spills or abandoned

wells. These sources can be plotted as discrete points on a map.

9.3.1.1 Fuel Storage and Handling Facilities

The TSSA database was searched to find all fuel storage tanks registered in the study
area. Between 1971 and 1995, atotal of 176 fuel tanks were registered in the study area.
The TSSA database is presented in Table H-2, in Appendix H. A summary of different
types of tanks registered in the TSSA database in the study areais outlined in Table 9.2.

Table 9.2 Summary Of Fuel Storage Tanks Registered In The TSSA Database

Type of Facility Number registered in Study Area
Bulk Plant 1
Gas Station (Card/Keylock) 7
Gas Station (Full-serve) 49
Gas Station (Self-serve) 117
Marina 1
Total 176

As noted in the above table, the majority of the registered underground storage tanks in
the study area are gasoline tanks.
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9.3.1.2 Waste Disposal Facilities (Landfills)

The Ministry of the Environment maintains a database of all known active and closed
landfill sitesin Ontario. Thisincludesinformation on transfer stations and processing
locations. A waste disposal sites database isincluded in Table H-3, Appendix H.

9.3.1.3 Ministry of the Environment

The Ministry of the Environment maintains records of PCB storage sites, waste
generators, waste haulers and sites where spills, complaints or various incidents of
environmental concern have occurred. Refer to Table H-4, Appendix H for details
regarding contaminated sites and spills, Table H-5 for PCB storage sites and Tables H-6,
and H-7, for waste generator and waste manifest databases respectively.

Contaminated Sites and Spills Database

There are 572 entries on the MOE spills database in the study area. A majority of the
contaminated sites or areas where spills occurred in the past correspond to various gas
stations and industrial and commercial unitsin the study area. Most of the spills relate to
various petroleum hydrocarbons, including fuel oil, furnace oil, hydraulic oil, diesel,
gasoline, and solvents, along with some chemical spills such as glycol, caustic alkali
liquid, chromate water etc. In addition, smoke and gas releases were also reported.

As the contaminant releases could adversely impact the groundwater quality, the
municipalities should obtain information on any such occurrences and work with the
MOE in identifying and mitigating any potential impacts to the water supply systems.

PCB Storage Sites

There are 17 sites in the study area that are registered in the MOE database of known
sites where PCB containing substances are stored or used. Refer to Table H-5 for details.
All of the sites are within the City of Thunder Bay. The majority of the sites relate to
electrical facilities storing (or using) electrical transformers with PCB oils.

Waste Generator and Waste Haulers

All waste generators, waste receivers and waste haulers are assigned registration numbers
by the Ministry of the Environment. These numbers were used to identify each sitein
Tables H-6 and H-7. These databases include an exhaustive list of waste generators from
small commercial business and establishments to large industrial manufacturing units. A
total of 577 entries were listed in the waste generator database. Of these, 466 were
located within the City of Thunder Bay.
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9.3.1.4 Salt Storage Facilities

Salt storage areas have historically been located at a number of sites within the study
area. Itislikely that past (and possibly current) storage practices have resulted in salt

impacts to the groundwater in the vicinity of these storage areas.

MTO Highway Maintenance has nine patrol yards/storage yards for highway winter snow

and ice control products. Table 9.3 summarizes the various locations in the study area.

Table 9.3 Summary of MTO Patrol Yards

. Propert
Patrol Yard , . . . Geographic perty
Highway | Longitude Latitude Location : Owner Size
Name Township
(Acres)
Unsurveyed
Huronian 49.9 km west of Territory
Storage Yard 11 90.72179000 | 48.65897000 Shebandowan West of Ames MTO 6.2876
Twp.
Hwy 11/17 at
Shabagua Shabaqua, just D Road
™ 1117 | 89.89497222 | 48.50844444 ] e | MBS | 47915
Patrol Y ard before 11 and 17 ots
intersection
Kakabeka Falls 0.8 km east of .
11/17 89.60367994 | 48.39600050 Paipoonge MNR 4.3338
Patrol Y ard Kakabeka Falls
Just south of
Dawson Road South of
89.37301361 | 48.48922972 Dawson Road on Mcintyre MBS 3.0991
Patrol Yard 102
Mapleward Road
1.6 km south of
Hymers Patrol Hymers at junction . MBS
588 89.69901028 | 48.29400750 Gilles 2.6580
Yard of Hwys 588 and (DPWO)
595
25.7 km south of
Blake Patrol MBS
61 89.46709722 | 48.21167167 | Thunder Bay, 5.6 Blake 3.9437
Yard (DPWO)
km S of Hwy 608
Spruce River Just north of
Road Patrol 527 89.13915889 | 48.49909694 | junction with Hwy MacGregor MBS 4.0469
Yard 17
In Village of Pearl
Pearl Patrol .
Vard 11/17 88.65797222 | 48.66411111 | (12.1 km E. of Jct. McTavish MBS 8.4644
ar
17 and 587)
Source: MTO.
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Township and Municipal salt storage locations are provided in table 9.4 below:

Table 9.4 Salt Storage Locations

Township/Municipality Salt Storage Location
Municipal Garage Con1Pt. N1/2 Lot 6
4 Rubin Dr., Murillo | RP 55R1035 Part 1 to 3
Oliver Paipoonge & RP 55R9590 Part 1
Sand & 5% salt mix PCL 15737
Conc A S/R Pt Lot 19 RP55R7797 Part 1
salt/sand mix Twp Garage
Conmee (no pure salt) Lot 1, Concession 3
. Municipal Garage Con 3 SPT Lot 2 FWR448
Neebing Cloud River Rd West
. Municipa garage Conc4, Lot 6
©' Connor salt/sand mix
Dorion Response did not include salt storage info
Gillies Municipal Garage Conc 5 South Part Lot 7
MTO Garage Conc 5, North Part Lot 6
Public Works Garage | Being a portion of Mining Location 12
Shuniah 101 Coral Bay Rd. Herrick’s Survey, Township of MacGregor
now being the Township of Shuniah

Source: Township and Municipality staff.

9.3.1.5 Cemeteries

A total of 54 cemeteries were identified throughout the study area. Of these, we were able
to obtain UTM coordinates on 24 cemeteries. The locations are plotted on Figure 9.1.

The older cemeteries present a possible source of heavy metals (arsenic) and

formal dehyde contamination of soils and groundwater. Thisis due to the composition of
the embalming fluids used many years ago. Table H-10 summarizes the cemeteries
located throughout the study area.

9.3.2 Other Potential Point Sources
Some of the potential point sources of contamination such as septic systems, abandoned
wells and fuel oil tanks exist throughout the study area. Therefore, they will not be

addressed on an individual basis.

9.3.2.1 Abandoned Wells

Abandoned wells also have the potential to impact groundwater quality, especially if they
are allowed to deteriorate and the casings corrode. Abandoned wells can provide a direct
pathway for surface sources of contamination to enter the groundwater aquifer via
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leakage through the casing. The potential impacts of abandoned wells are best addressed
during site-specific hydrogeological investigations.

O. Reg. 903 stipulates that a well must be abandoned and plugged when:

A new well isdry;

A well is not being used or maintained for future use;

A well is producing salty, sulphurous or mineralized water or water that is
undrinkable.

The Regulation also authorizes the MOE to order a well to be plugged. The main
reasons for plugging a well are to:

Eliminate physical hazard,

Prevent groundwater contamination;

Conserve the yield and maintain water levelsin the aquifer;

Prevent intermingling between desirable and undesirable quality waters to
ensure that original subsurface conditions are restored.”

Additionally, the municipalities should encourage the mining community to properly
abandon all mining/exploration holes once exploration work is completed.

9.4 Potential Non-Point Sources of Contamination

Non-point sources of contamination include sources that are associated with larger areas.
Land application of herbicides and pesticides, organic soil conditioning sites, septage
sites and road salting fall into this category. With proper handling, use and application
procedures, these chemicals and nutrients should not impact groundwater or surface
water resources. However, given that their use is not strictly regulated or controlled, it is
possible that improper applications or spills have occurred as aresult of routine use.
Non-point sources of contamination are addressed in the following sections.

9.4.1 Pesticide Applications

Pesticides are widely used to protect crops, increase productivity and reduce labour
requirements to grow crops. The major groups of pesticides include insecticides,
herbicides and fungicides. Herbicides are the most widely used group of products and are
the most prevalent agricultural chemicals found in surface water and groundwater
receivers. These compounds can have varying fates after application. Some compounds
evaporate, some breakdown into benign compounds, some bind to soil particles, and
others get carried via surface water or groundwater. The end fate of a given pesticide
depends of several factors such as soil characteristics, site features, pesticide properties
and pesticide use practices. Hundreds of chemicals are available to control weeds,
insects or various pests affecting the growth and productivity of a given crop. We
understand that the types of products applied are site-specific depending on field
conditions and the types of pests requiring treatment.
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Pesticide application can be prevalent on residential lawns, golf courses, parks, farms,
transportation corridors etc. Modern golf courses follow best management practices and
apply pesticides and nutrients in doses that are just adequate for turf maintenance. Also,
the golf course owners tend to optimize irrigation to control costs. However, the
municipalities should insist on careful monitoring of the downgradient impacts from the
golf courses to protect the groundwater resources in the area. A number of municipalities
in Ontario are considering a ban on the use of pesticides and herbicides.

Forestry management initiatives such as spraying of various chemicals can be considered
as a non-point source of contamination. Furthermore, clear cutting activities may also
impact local water quality and quantity.

9.4.2 Lawn Care

Lawn care chemicals are similar to agricultural chemicals except that they tend to be
applied in smaller quantities. Some products provide nutrients to enhance the growth of
grass, shrubs, trees and flowers, while others discourage the growth of weeds or control
insects. Aswith agricultural chemicals, there should not be impacts on groundwater
quality if they are being applied properly because the plants should be using up the
nutrients as quickly as they are being applied. If, however, the chemicals are improperly
applied or spills occur then there is a possibility that these chemicals could be released
into the subsurface. It is expected that these chemicals would be found in more populated
areas, near residences, golf courses, parks and landscaped areas. A number of
municipalities in Ontario are prohibiting or restricting use of lawn care chemicals and
encourage use of organic substitutes.

9.4.3 Organic Soil Conditioning Sites/Septage Sites

The document * Guidelines for the Utilization of Biosolids and Other Waste on
Agricultural Land” (MOE, OMAFRA, 1996) was developed in order to regulate the types
of waste that could be applied to agricultural lands to ensure that the composition of the
waste would pose minimal risk to plant growth, crop quality, public or animal health and
quality of the environment. The Guideline outlines minimum separation distances to
residences, wells, surface water bodies and limits application based on ground conditions
(slopes, frost) and land use (grazing and crop types). As noted in Section 10, these
guidelines are being revised under the recently enacted Nutrient Management Act. The
potential concerns are related to bacteriological contamination, elevated nutrients and
elevated heavy metals.

9.4.4 Agricultural Sites

Agricultureis limited within the study area, and is mainly comprised of cattle farms.
These operations can generate large amounts of manure and as such, are potential non-
point sources of nitrate impact to surface and groundwater. The municipalities should be
aware of these operations, particularly in the light of the recent Nutrient Management
Act.
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9.4.5 Aggregate/Mining Operations

Aggregate/Mining operations have the potential to impact water quality/quantity.
Operations that take place above and below the watertable can alter the groundwater flow
direction and may have impacts on local water quality near the operations.

9.5  Summary of Potential Sources of Contamination
Table 9.5 provides a summary of all potential contaminant sources identified in the study

area.
Table 9.5: Summary of Potential Sources of Groundwater Contamination

Potential Source Data
o Number Comments

of Contamination Sour ce

Septic Systems Unknown ) M ost septig tanks are not pumped on a
regular basis.
Fuel Storage Tanks 176
Bulk Plant 1
Card Lock 7 TSSA Includes only those tanks that have been
Full Serve 49 registered with the TSSA (See Table H-2).
Self Serve 117
Marina 1
27 active Landfills are present throughout the study
Waste disposal sites | 49 closed MOE area (See Table H-3).
Ontario

Cemeteries 54 Genealogical | Cemeteries are present throughout the study

Society area (See Table H-10).

22 transfer stations within study area and

Waste Receivers 22 MOE one incineration site in Thunder Bay (See
Tables H-9).
Includes spills of petroleum hydrocarbon
Contaminated Sites 151 MOE products, chemicals, smoke, gases etc (See
Table H-4).

17 sites within study area all in Thunder
Bay. The mgjority of the sites have PCB

PCB Storage 17 MOE containing electrical equipment (See Table
H-5).
Exhaustive list of waste generators from
small commercial business establishments
Waste Generators 577 MOE

to large industrial/manufacturing units (See
Table H-6).

The groundwater protection plan and the Official Plan documents should be developed
giving due consideration to the potential contaminant sources identified in this section, in
addition to the groundwater vulnerability of the aquifer and the municipal well capture
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zones. The municipalities should maintain a current inventory of potential sources of
contamination (PSOC). The PSOC inventory should be updated annually.

10.0 Review of Groundwater Management Strategies
10.1  General

A large population within the study area, especially within the urban surroundings of the
City of Thunder Bay, depends on water supplies derived from Lake Superior. However,
the rural residents in the unserviced areas depend on water supply from individual wells.

Groundwater protection isimportant to ensure safe drinking water supplies for the
residents as well asto maintain and enhance the natural environment and ecological
systems dependent upon groundwater and surface water interactions. Interruptions or
significant modifications to either groundwater or surface water resources could not only
impact the other but could lead to degradation of the environment and the dependent
ecology in that area.

Recognizing these implications, Government of Ontario has proposed a watershed-based
source water protection planning legislation, which is presently under public review.
This section provides a general overview of general approaches to groundwater
management strategies and includes a brief review of some of the approaches applied in
different jurisdictions. A brief discussion on the potential implication of the proposed
legislation on source water protection is also included.

The management strategies represent tools that can be used by municipalities to regulate
and encourage specific land use activities to better promote groundwater protection. For
example, specific land use activities in areas vulnerable to groundwater contamination
could be limited to residential or open space land uses while restricting industrial
activities in these areas such as fuel depots or wrecking yards. These are considered to be
“regulatory” strategies. Other options include the promotion of best management
practices, public education and financial incentives and disincentives. These are
considered to be “non regulatory” strategies. This section of the report provides some
of the tools that can be used to protect groundwater resources within the current
Provincial regulatory framework. However, the information provided is only areview of
potential management strategies, and municipalities should refer to Ontario’s new Safe
Drinking Water Act (Safe Drinking Water Act, S.O 2002, ¢.32) for details related to
matters of treatment and distribution of drinking water. This Act is designed to expand
on existing policies, and introduce new features to protect Ontario’s drinking water. The
proposed watershed-based source water protection planning legislation would further
broaden the scope of the drinking water sources in the province.

The risks associated with land use activities combined with the vulnerability of
groundwater to contamination locally should be considered in conjunction with
groundwater use areas and land uses. Areas susceptible to groundwater impacts would
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need to be protected; with most such land uses regulated to some extent by existing Acts
and MOE regulations.

Background information including potential contaminant sources from land use types,
groundwater protection fact sheets and information leaflets, and selected case studies on
municipal strategies for groundwater protection are provided in Appendix I.

10.2  Regulations Related to Groundwater

The Environmental Protection Act and Ontario Water Resources Act contain the majority
of regulations related either directly or indirectly to groundwater issues. The Provincial
Policy Statement introduced under the Planning Act provides direction on matters related
to land use planning and development. Some of the relevant regulations contained within
these acts are summarized in this section along with related guidelines and associated
documents. Best management practices (BMP) that have been developed jointly between
the MOE and the Ontario Ministry of Agriculture and Food (OMAF) are aso included
here. Although BMP are not legislated documents, they can be used as a guide to
determine appropriate practices that should be used for a given activity. Residents can
either be encouraged to follow such practices voluntarily or bylaws can be developed to
guide future activities such that groundwater resources are protected.

Protection of water resources is regulated by the Ontario Water Resources Act (1990). A
Permit to Take Water (PTTW) isrequired under Section 34 of the Act for applicants
taking more than 50,000 L/day from either a groundwater or surface water source.
Details regarding specific PTTW for both groundwater and surface water usersin the
study area are presented and discussed in Section 6. Exceptions under the Act include
water required for firefighting and livestock. The basic goal of the PTTW program isto
prevent interference with other water users and provide a mechanism for corrective action
should interference issues arise. Applications for PTTW are posted for public review in
accordance with the Environmental Bill of Rights (EBR). The “EBR” provides a means
for interested parties to review permit applications and provide comments and present
concerns regarding the application prior to the permit being issued. The municipality can
also specifically request that the MOE forward all PTTW initsjurisdiction for review, as
well as comment on all applications being made within their jurisdiction, before the
Ministry issues a permit. The MOE has been evaluating the existing PTTW process and
has recently issued a draft Permit To Take Water (PTTW) Manual (December 7, 2004).
Under the proposed source water protection legislation, the province would likely start
charging for water taking.

The Nutrient Management Act (2002) and the corresponding regulations provide controls
not only on the design, construction, maintenance and monitoring of manure storage
areas and biosolids disposal areas, but also on biosolids storage and handling, as well as
septage handling at the Sewage Treatment Plants (STP).

There are three main ways that the municipalities can control land uses that use water are:

Official Plans and Official Plan Amendments;
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Zoning By-laws and Zoning By-law amendments; and
Lot creation by subdivision or consent to sever.

Also, the municipalities may have an opportunity to review of Permit to Take Water
applications for future development. The Municipality can also use a proactive approach
and control future development by using some of the regulatory strategies discussed in
Section 10.3. The municipality can incorporate land use controls such as minimum |ot
sizes, restriction of land use requiring high water use within wellhead protection areas,
etc. Similarly, a site plan review process could be developed such that the responsibility
is placed on the developer to prove that the development will not impact existing water
use.

The proposed watershed-based source water protection planning legislation could have a
major implications with regards to the water taking, usage and disposal which will
indirectly influence the planning and development process within the municipalities. The
proposed Source Water Protection Planning Board (SPPB) of a given watershed region,
under the proposed legislation, would be responsible for devel oping the terms of
reference for the required assessments and the design of source water protection plan. As
members of the SPPB, the municipalities would have arole to play in the source water
protection (both groundwater and surface water).

The Ministry of the Environment Web site (www.ene.gov.on.ca/envision/gp/index.htm)
provides a complete list of publications, regulation and guidelines. Some of the
documents that relate to groundwater quality and materials handling which could affect
water quality are outlined below:

Guidelines:

Water Management - Policies, Guidelines, Provincial Water Quality Objectives of the
Ministry of the Environment, Guideline B-1-2, (1994). This guideline outlines surface
water quality criteria that protect aguatic resources.

Technical Guideline for Private Wells: Water Supply Assessment, Ontario Ministry of
Environment and Energy, October 1994 (last revised August 1996). Guideline D-5-5.
This guideline provides criteria for private well water supply for new developments. The
minimum pumping rate and duration of pumping for testing well yields for private water
supply are detailed in this guideline.

Guideline for Use at Contaminated Sites in Ontario, Ontario Ministry of Environment
and Energy, revised February 1997. Guideline C-15. This guideline provides criteria that
need to be met when cleaning up a contaminated site in Ontario. There are several
approaches that are presented depending on the site conditions. The guideline outlines
criteria depending on site sensitivity, land use and whether or not groundwater resources
are used for water supply. The latter scenario isthe most likely to apply in this
municipality.
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Ontario Drinking Water Standards: Ontario Ministry of Environment and Energy,
Guideline B-5-1, August 2000 (revised January 2001). This guideline outlines the
drinking water quality standards for inorganic, organic, radioactive and bacteriol ogical
parameters. The guideline includes health-related objectives as well as aesthetic
objectives.

Guidelines for the Utilization of Bio-solids and Other Wastes on Agricultural Land,
Ministry of Environment, Ministry of Agriculture and Food. The general purpose of this
document isto “ facilitate the use of bio-solids and other waste materials on agricultural
land, while protecting environmental quality, consumer and animal health, food quality
bad the productivity of the land.” The document outlines criteria that must be met before
bio-solids can be considered for use on agricultural land.

Incor poration of the Reasonable Use Concept into MOEE Groundwater Management
Activities Guideline B-7, April 1994. “ This guideline establishes the basis for
determining the reasonable use of groundwater on property adjacent to sources of
contamination and for determining the levels of contaminants discharges acceptable by
the Ministry.”

Individual On-Site Sewage Systems. Water Quality Impact Risk Assessment Guideline D-
5-4. (Revised August 1996).

Registration Guidance Manual for Generators of Liquid Industrial and Hazardous Waste,
December 2001. This document accompanies O. Reg. 558 (formerly O. Reg. 347)

Environmental Protection Act, R.S.O. 1990:

Toxicity Characteristic Leaching Procedure, Ontario Regulation 558, March 31, 2001.
(Amends former Ontario Regulation 347)

Landfilling Stes - O.Reg.232/98, April 23, 1999

Waste Management - PCBs Regulation R.R.O. 1990, Regulation 362

Water Resources Act R.S.O. 1990:

Wells, O.Reg 903, R.R.O., 1990:

This regulation outlines requirements regarding well contractor licensing, well
construction and testing, pump installation, and well abandonment.

The Gasoline Handling Act, R.S.0., 1990:

Gasoline Handling Code, Fuels Safety Branch Ministry of Consumer & Commercia
Relations, January 1, 1993.
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10.2.1 Best Management Practices

There is also a series of Best Management Practices that have been prepared by the
Ministry of the Environment and the Ministry of Agriculture, Food and Rural Affairs
related to the following activities:

Nutrient Management Planning, 1998 Water Management, 1994;
Water Wells, 2003;

A First Look, Practical Solutions for Soil and Water Problems, 1988;
Livestock and Poultry Waste Management, 1992;

Field Crop Production;

Horticultural Crops;

Soil Management;

No Till, Making it Work;

Farm Forestry and Habitat Management; and

Pesticide Storage Handling and Application.

10.3 Regulatory Strategies

The Planning Act (R.S.0. 1990) and the Municipal Act are the Provincial statutes that
govern the responsibilities and framework within which Ontario municipalities operate.
The Planning Act outlines three primary tools that a municipality can use to control
existing and future land use within its jurisdiction: The Official Plan and Official Plan
Amendments, Zoning By-laws and Zoning By-Law Amendments, and lot creation
through either the plan of subdivision or the consent process. The Official Plan
represents the general goals and philosophy of the community regarding existing and
future development. In order to incorporate the community in the decision-making
process, proper notification and public meetings are required under the Planning Act to
change by-laws or amend official plans and endorse subdivision agreements. In the
Official Plan, land use categories (residential, commercial, industrial, open space) are
assigned to areas within the municipality typically shown on a Plan referred to as
“Schedule A.” The By-laws break down the land use categories described in the Official
Plan into subcategories (rural residential, estate residential etc.) and outlines the
permitted/prohibited uses, set back requirements etc. within each subcategory, making
subdivision approvals site specific. A municipality can, for example, require that
Environmental Impact Assessments (including hydrogeological investigations) be
completed as part of the submission for draft plan approval, or for approval of an Official
Plan or Zoning By-Law Amendment. These tools are discussed further in the following
sections.
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10.3.1 Official Plan

The goals and objectives of an Official Plan are best described in Section 16 (1) of the
Planning Act as follows:

“ An Official Plan,

(a) shall contain goals, objectives and policies established primarily to manage and direct
physical changes and the effects on the social, economic and natural environment of
the municipality or part of it, or an areathat is without municipal organization; and

(b) may contain a description of the measures and procedures proposed to attain the
objectives of the plan and a description of the measures and procedures for informing
and obtaining the views of the public in respect of a proposed amendment to the
official plan or proposed revision of the plan or in respect of a proposed zoning by
law.”

The goals for amunicipality could easily include the protection of groundwater

resources, particularly in areas of groundwater recharge, within this framework. The City
of Thunder Bay’s Official Plan (Section 2) speaks to the importance of placing a high
priority on the protection and wise management of natural heritage features. Similar
objectives are noted in the Municipality of Neebing' s Working Draft Official Plan,
Municipality of Oliver Paipoonge and Shuniah’s Official Plan.

10.3.2 Zoning Bylaws

Zoning By-laws are commonly used throughout municipalities to control development in
an orderly fashion. They have traditionally provided a means of separating incompatible
land uses, such as residential, commercial and industrial. It consists of dividing the
municipality into zones and applying land use regulations uniformly throughout each
zone.

Section 34 of the Planning Act outlines the types of By-laws that can be passed by
councils of alocal municipality. Some of the types of By-laws that can be related to
groundwater protection, either directly or indirectly, are listed below:

Board shall hear the appeal and the Board on the appeal has the same powers as the
council has under subsection (14) and the decision of the Board shall be final.1983, c.1,
s.33 (11,12).

(16) Offence. — Every person who demolishes a residential property, or any portion
thereof, in contravention of subsection (2) is guilty of an offence and on conviction is
liable to a fine of not more than $50,000.00 for each dwelling unit contained in the
residential property, the whole or any portion of which residential property has been
demolished. 1983, c. 1, s. 33(13); 1989, c.72, s56(3), s. 71, part.
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(17) Standards for health and safety remain in force. — The provisions of any general
special Act and any by-law passed there under respecting standards relating to the health
or safety of the occupants of buildings and structures remain in full force and effect in
respect of residential property situate within an area of demolition control. 1983, c.1,
s.33(14).

(18) Certain proceedings stayed. — Subject to subsection (17), an application to the
council for a permit to demolish any residential property operates as a stay to any
proceedings that may have been initiated under by-law section 15.1 of the Building Code
Act, 1992 or a predecessor thereof or under any special Act respecting maintenance or
occupancy standardsin respect of the residential property south to be demolished, until
council disposes of the application, or where an appeal is taken under subsection (4),
until the Municipal Board has heard the appeal and issued its order thereon. 1983, c.1,s
33(15); 1997, c.24, s.226 (5).

(19) Exemption re Building Code. — Where a permit to demolish residential property is
obtained under this section, it is not necessary for the holder thereof to obtain the permit
mentioned in subsection 8 (1) of the Building Code Act, 1992. 1983, c. 1, s. 33(16); 1997,
c.24, s. 226(6).

PART V LAND USE CONTROLS AND REPLATED ADMINISTRATION

34. (1) Zoning by-laws. — Zoning by-laws may be passed by the councils of local
municipalities:

Restricting use of land. — For prohibiting the use of land, for or except for such
purposes as may be set out in the by-law within the municipality or within any
defined area or areas or abutting on any defined highway or part of a highway.
Restricting, erecting, locating or using of buildings. — For prohibiting the erecting,
locating or using of buildings or structures or except for such purposes as may be set
out in the by-law within the municipality or within any defined area or areas or upon
land abutting on any defined highway or part of a highway.

M ar shy lands, etc. — For prohibiting the erection of any class or classes of building
or structures on land that is subject to flooding or on land with steep slopes, or that is
rocky, low-lying, marshy, unstable, hazardous, subject to erosion or to natural or
artificial perils.

Contaminated lands or sensitive areas. — For prohibiting any use of land and the
erecting, locating or using of all or any class or classes of building or structures on
land that is contaminated, that is a sensitive ground water recharge area or headwater
area or on land that contains a sensitive aquifer.

Natural featuresand areas. — For prohibiting any use of land and the erecting,
locating or using of all or any class or classes of building or structures within any
defined area or areas,

that is a significant wildlife habitat, wetland, woodland, ravine, valley or area of
natural and scientific interest,

that is a significant corridor or shoreline of alake, river, stream, or
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that is a significant natural corridor, feature or area.

Significant archaeological resources. — For prohibiting any use of land and the
erecting, locating or using of all or any class or classes of buildings or structures on
land that is the site of a significant archaeol ogical resource.

Construction of buildings or structures. — For regulating the type of construction
and the height, bulk, location, size, floor area, spacing, character and use of buildings
or structures to be erected or located within the municipality or within any defined
area or areas or upon land abutting on any defined highway or part of a highway, and
the minimum frontage and depth of the parcel of land and the proportion of the area
thereof that any building or structure may occupy.

Minimum elevation of doors, etc. — For regulating the minimum elevation of doors,
windows or other openings in buildings or structures or in any class or classes of
building or structuresto e erected or located within the municipality or within any
defined area or areas of the municipality.

L oading or parking facilities. — For requiring the owners or occupants of buildings
or structures to be erected or used for a purpose named in the by-law to provide and
maintain loading or parking facilities on land thisis not part of a highway. 1983.c.1,
S. 34(1); 1994, c. 23, s. 21 (1,2); 1996, c.4, s. 20(1-3).

(2) Pitsand quarries. — The making, establishment or operation of a pit or quarry shall
be deemed to be a use of land for the purposes of paragraph 1 of subsection (1).

(3) Minimum area and density provisions. — The authority to regulate provided in
paragraph 4 of subsection (1) includes and, despite the decision of any court, shall be
deemed always to have included the authority to regulate the minimum area of the
parcel of land mentioned therein and to regulate the density of development in the
municipality or in the area or areas defined in the by-law.

(4) Interpretation. — A trailer isdefined in clause (a) of paragraph 101 of section 210 of
the Municipal Act and a mobile home as defined in subsection 46(1) of this Act shall
be deemed to be a building or structure for the purpose of this section.

(5) Prohibition of use of land, etc., availability of municipal services. — A by-law
really passed under paragraph 1 or 2 of subsection (1) or a predecessor of that

paragraph may

Most municipalities in Ontario already have an Official Plan as well as a Zoning By-law
that govern existing and future development within it. The use of Zoning By-laws should
be considered carefully prior to implementation because zoning is a primary tool for
controlling development and might be difficult to implement in developed areas.
Furthermore, the Planning Act specifies that land uses that were lawfully in place on the
date that the Zoning by-law was issued, cannot be prevented from continuing as long as
the use does not change. Municipalities should review the Official Plan and Zoning By-
law in light of the information contained in this report, and make the appropriate changes
where necessary.

The Planning Act provides municipalities within Ontario with the following regulatory
controls:
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Zoning (Section 34)

A municipality can use its Zoning By-Law to control or direct developmentsin a
manner that provides protection to sensitive areas, within its groundwater regime.
Limit new uses within the identified area by identifying and only allowing those uses,
which do not pose arisk to the aquifer.

Requiring large lots so as to limit development on identified sensitive areas.

Holding Provision By-Laws (Section 36)

A municipality can protect sensitive areas through the application of a Holding Provision.
The holding provision by-law would require the proponent supply a consultants report
outlining how the development will deal with protecting the groundwater aquifer. The
Holding Provision can be removed by City Council once it is satisfied adequate
protection will be in place. Removal of the Holding Provision does not require a public
hearing nor can the public appeal it.

10.3.3 Subdivision Approvals

Subdivision approvals are controlled by a municipality (where the municipality has been
delegated subdivision approval authority by the Province). Where a municipality has not
been delegated, this authority (such asin Shuniah and Dorion) the Province retains the
approval authority with respect to subdivisions. However, they are only applicable when
land is subdivided for sale or development. In order to subdivide land in Ontario, the
governing municipality has to provide its “approval” for such subdivision. In order to do
so the municipality can require that environmental assessments be completed to
determine the potential effects of such development on the natural environment including
groundwater resources. However, they are only useful for controlling future development
and may not be particularly useful if the WHPA is already developed. Subdivision
Approvals can be established such that they apply specifically to the wellhead protection
areas, and the land use risk rating assessment included in Section 11. For example, lot
sizes and open space requirements can be imposed or certain types of development can be
prohibited within the WHPA.

10.3.4 Site Plan Review

A municipality can use Site Plan Review as described in Section 41 of the Planning Act
to control aspects of site layout and design (i.e.; location and design of parking areas, on-
site lighting, location of garbage collection facilities, landscaping details, grading and
contours, etc.). Interms of considering the impacts of a proposed development on
existing water use, it would be best to carry out this assessment earlier in the planning
process, for example at the Official Plan Amendment or Zoning By-Law Amendment
(OPA/ZBA) stage, so that a developer has the opportunity to demonstrate that a proposed
land use would not negatively impact existing water use/supplies before permission for
the use is given through the OPA/ZBA stage. Additionally, it may also be valuable to
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consider the impacts on water at the site plan stage, particularly with regard to site
grading and storm water management details.

10.3.5 Municipal Engineering Design and Operating Standards

Design standards are used to regulate the design, construction and operation of various
land use activities. Design standards could, for example, require special storage facilities
for salt and manure as well as hazardous chemicals. Operation standards could take the
form of agricultural or industrial best management practices that could limit the threat to
the environment posed by ongoing processes such as pesticide applications. Design and
operating standards can be enforced through bylaws.

10.3.6 Source Prohibitions

Source prohibitions can restrict the use or storage of hazardous chemicals that are highly
volatile, caustic or toxic when those chemicals have the potential to impact surface water
or groundwater resources. Activities typically associated with these hazards include:
Agriculture, landfills, machine shop and septic systems. The types of chemicals that
could be restricted include: heavy metals, solvents, petroleum products and radioactive
materials. Source prohibitions are restrictive; therefore, it would likely be best to phase
in these restrictions as devel opment proceeds.

10.3.7 Existing Regulatory Framework for the Municipalities within the Study Area
City of Thunder Bay

There are two primary planning documents that govern land use in the City of Thunder
Bay:

Thunder Bay Official Plan (1996); and
Thunder Bay Zoning By-law.

The Official Plan is a guide to manage and direct the physical change and development of
the community and the related effects on social, economic and natural environments. The
policiesin the Official Plan conform to the "Provincial Policy Statement.” The Physical
Development policies within the Plan include criteria for Natural Resources, Natural
Constraints and Land Use. This Official Plan for the City of Thunder Bay was adopted
by the Council of the Corporation of the City of Thunder Bay on October 10, 2000 by
By-law 189-2000 and replaces the City of Thunder Bay Official Plan adopted by Council
in July 1982. The Plan was approved and modified by the Deputy Minister of the
Ministry of Municipal Affairs and Housing and came into force on March 8, 2002.

The Zoning By-law isthe legislated control that implements the land use policies of the
Official Plan. The city's Zoning By-law has received a number of amendments since its
approval. A consolidation of the amendments is maintained by the City Clerk’s Office.
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The Lakehead Rural Planning Board

The Lakehead Rural Planning Board is aregional planning board whose jurisdictional
area is defined by the Minister of Municipal Affairs and Housing. The Planning Board's
membership includes both municipa and unincorporated area representation. The Board
isthe approval authority for land severance and plans of subdivision for the
municipalities of:

Oliver Paipoonge;

Neebing Municipality;

Conmes;

O'Connor,

Gillies; and

The unincorporated townships of Gorham, Ware and that portion of the Dawson Road
Lots located east of the Kaministiquia River.

The Lakehead Rural Planning Board administers the Zoning By-laws for the
unincorporated townships of Gorham and Ware. The Lakehead Rural Planning Board
provides full planning advisory and services to the municipalities within their jurisdiction
and on behalf of the province, to the unincorporated townships within their jurisdiction.

Township of Shuniah

Shuniah has adopted an Official Plan that sets out the municipalities general policies for
future land use and includes the government policies and guidelines. The Official Plan
was approved by the Province in August of 1996. Further, the Township has adopted an
Amendment to the Official Plan, which was approved by the Province in April 2001.

Township of Dorion

Dorion isacommunity of approximately 382 people, located in Northern Ontario on
Highway #11/17, 65 km east of Thunder Bay and 35 km west of Nipigon. Dorion is one
of 19 towns and townships located in the District of Thunder Bay.

The Township of Dorion has a current Official Plan modified and given approval by the
Province in January 1988. The remainder of the Official Plan was modified and
approved in April 1989.

Municipality of Oliver Paipoonge

Currently, Oliver Paipoonge does have Official Plan coverage and they do have an
implementing zoning by-law. In 1987, the Townships of Oliver and Paipoonge
amalgamated and each had their own Official Plan. Through the preparation and
approval of this Plan, the Municipality of Oliver Paipoonge will have a single, up-dated
Official Plan, which conformsto the Provincial Policy Statement.
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Township of Conmee

The Corporation of the Township of Conmee is located approximately 35 km west of the
City of Thunder Bay. The Township is bordered by the Kaministiquia River on the east,
O'Connor Township on the south, Adrian Township and Horne Township on the west,
and Dawson Road Lots on the north.

The Township of Conmee’s Official Plan was modified and approved by the Province of
Ontario in March 1993.

Township of O’Connor

The Township of O’ Connor is located within the Planning Area of the Lakehead Rural
Planning Board in the District of Thunder Bay in Northwestern Ontario. O’ Connor is
located west and south of the City of Thunder Bay and is bordered by the Township of
Gillies to the south, Paipoonge to the east, Marks to the west and by the Township of
Conmee to the north.

The Township of O’ Connor’s Official Plan was modified and approved by the Province
of Ontario in November 2001.

Township of Gillies

The Township of Gilliesislocated within the Planning Area of the Lakehead Rural
Planning Board in the District of Thunder Bay in Northwestern Ontario. Gilliesis
located northwest of the Township of Neebing and is situated immediately south of the
Township of O’ Connor.

The Township of Gillies' Official Plan was modified and approved by the Province of
Ontario in January 2002.

10.3.8 Sludge Spreading Controls

The land application of sewage sludge in Ontario is regulated by the Environmental
Protection Act, specifically, Regulation 347. Regulation 347 sets out the separation
distances between residences and wells and sewage sludge spreading sites. The
separation distances are described in statute in order to be protective of human health.
Ontario Reg. 347 isin the process of being modified and incorporated in the Nutrient
Management Act.
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10.4  Non-Regulatory Strategies

There are several non-regulatory strategies that can be implemented such as purchase of
property or development rights, public education, waste reduction, best management
practices, training, groundwater monitoring and contingency planning that can be used to
minimize groundwater impacts resulting from land development.

10.4.1 Purchase of Property

Lands within wellhead protection areas (WHPA) could be purchased in order to have
complete control over the use of the land. This however may not be feasible given that in
some cases the wellhead protection areas can be large, and therefore prohibitively
expensive. The option also exists for the municipality to purchase partial interestsin
property within the WHPA. The municipality can then protect the groundwater resources
by restricting activities that could impact groundwater resources via conservation
easements that could last indefinitely. Restrictive covenants are similar to conservation
easements, in which case the land use restrictions are attached to the property title and are
passed on to future landowners.

10.4.2 Public Education

Public education is akey factor in reducing the risk of groundwater contamination. |f
residents understand the risks associated with their actions, they can take appropriate
measures to ensure that the risks are reduced. Public education can take several forms
including newsletters, press releases, slide shows or videos, voluntary committees and
speakers. The Ministry of the Environment already has a series of fact sheets and
brochures targeting homeowners and businesses on issues related to groundwater
conservation, well protection and water conservation.

The difficulty associated with increasing public awareness is reaching the target audience
in amanner that it will respond to. Each municipality could include groundwater
protection and conservation brochures with the tax bills or include a short article/
advertisement in the local papers.

10.4.3 Groundwater Monitoring

A groundwater-monitoring program could be developed to monitor the groundwater
quality in the local aquifers. This program could be used to measure the effectiveness of
source controls, measure the compliance with Ontario Drinking Water Standards and
provide early warning of contaminants in the groundwater. Monitoring wells could be
selected both close to existing municipal wells, and throughout the municipality to obtain
a general understanding of the groundwater characteristics. For example, the Regional
Municipality of Waterloo drilled wells upgradient of their municipal water supply wells,
such that water quality could be monitored in the wells 2 years prior to the same water
reaching the municipal well.
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10.4.4 Recycling and Household Hazardous Waste Collection
The City of Thunder Bay has three recycling depots located as follows:

Mountdale Avenue at Walsh Street, across from Westgate High School;
Front Street between Mcintryre and Van Horne Streets; and
John Street Landfill Site, John Street Road.

Material brought to the depots is the taken to the Material Recycling Facility to be sorted
and bailed before being shipped to market. Non-recyclable material and garbage must be
removed and taken to the John Street Landfill.

The Household Hazardous Waste Collection depot is located at the John Street Landfill
site and is open each Saturday from May through October and only accepts special
residential waste such as:

Paint;

Insecticide;

Drain cleaner;

Spot remover,
Household batteries;
Spent fluorescent tubes;
Oven cleaner;

Used motor oil; and
Empty propane tanks.

11.0 Groundwater Management and Protection Plan

In the previous sections, a discussion on the understanding of the hydrogeol ogical
conditions of the area and an inventory and assessment of potential contaminant sources,
and areview of groundwater management strategies/options and regulatory framework
for developing a groundwater management and protection plan have been included. In
this section, potential land use risks and, in combination with the hydrogeol ogical setting
of the study area, a conceptual groundwater management and protection plan will be
outlined, based on which of the municipal agencies can jointly develop appropriate
management policies and actions to protect the excellent groundwater resources in the
area.

11.1 Land Use Risk Rating

Groundwater management and protection plans will have to be developed based on an
assessment of land use risks within the capture zones of the high capacity municipal
wells. As such, the first step in developing the plan is to assess potential land use risks.
The MOE has provided guidelines (TTOR, November 2001) to assess the land use risk
rating, which combines the municipal capture zone analysis and the intrinsic
susceptibility mapping. In this study, we have taken it a step further and included the
potential contaminant sources as well in the analysis. The inclusion of the potential
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contaminant sources will help identify monitoring requirements and additional
investigative work that may be needed to reduce risks of groundwater contamination
within the identified high-risk areas.

The MOE suggested approach involves superimposing the intrinsic susceptibility
mapping over the municipal capture zones. The following table summarizes the land use
risk rating as suggested in this approach (TTOR, November 2001).

Table 11.1 Land Use Risk Rating (TTOR, November 2001)

Saturated Zone Groundwater Intrinsic Susceptibility (ISI) Index
Time of Travel <30 30to 80 >80

<2 High High High/M oderate*
2to10Years High Moderate Low
10to 25 Years Moderate Low Low

Note: * to ensure adequate protection in the immediate vicinity of the wellhead, it is recommended that the 2
year time of travel zone be defined as high risk arearegardliess of ISI. Moderate risk rating may be acceptable if
the 1SI values significantly exceed 80 and that contaminant short-cutting paths are not present in the confining
layer and policies are put in place to prohibit the creation of pathways within the two year travel zone.

In the study area, there is only one small communal well system in Rosslyn Village,
located in the Municipality of Oliver Paipoonge. The modeling results and the capture
zone delineation for this system are have been included in Section 5 earlier. As per the
above table, al areas covered by 2-year time of travel municipal well capture zones have
been marked as high land use risk areas. Areas of moderate intrinsic susceptibility values
(ranging from 30 to 80) within the 10 to 25 year capture zones are designated as moderate
land use risk rating.

Figure 11.1 shows the various land use risk areas within the study area. The majority of
the study areaisidentified as high land use risk rating due to shallow bedrock and the
assumption that the groundwater table is shallow and coincides with the surface of many
surface water bodies (streams and ponds) in the area. Figure 11.2 shows the land use risk
areas surrounding the Rosslyn wellfield. The wellfield islocated within a small
(approximately 0.2 sq km round in shape) area of low land userisk. Thereis an area of
medium land use risk (approximately 1 to 1.2 sq km) surrounding the low risk land use
area, which extends radially out to the north and elongates to the south along the
Kaministiquia River. The rest of the area mapped on Figure 11.2 is high land use risk
area.

11.2  Wellhead Protection Plan

The purpose of a wellhead protection plan (WHPP) is to protect public water supply
systems using groundwater form potential sources of contamination. In preparing basic
concepts of such a plan, we have reviewed a number of wellhead protection plans that
have been developed in Canada and United States. The WHPP devel oped by Michigan
Department of Environmental Quality (MDEQ), and that develop by Illinois summarize
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various aspects of the program. A copy of the Michigan summary isincluded in
Appendix K. The Government of New Brunswick has recently enacted a Wellfield
Protected Area Designation Order, which describes procedures to be adopted in
identifying the level of protection required surrounding the supply wells. A copy of the
Guide to Understanding the Wellfield Protected Area Designation Order isincluded in
Appendix I.

Asdiscussed in Sections 5, 8 and 11, wellhead protection areas combine the municipal
well capture zones, aquifer vulnerability (or susceptibility of the aquifers for
contamination), potential contaminant sources and the current and proposed land use.
The land use risk rating maps (Figures 11.1 and 11.2) provide a general guideline for the
type of land use that could be permitted within the municipal well capture zones
corresponding to therisk rating. However, in some areas, there could be other water
users drawing large quantities of groundwater. At present, there are no regulations to
impose delineation of wellhead protection areas for such supplies. In order to develop an
effective groundwater management and protection plan, all wellsin the area should be
properly maintained and protected in order to prevent groundwater contamination.

The WHPP should be designed to address a number of issues, including:

Delineate wellhead protection areas (WHPA);

Identify potential sources of contamination within the wellhead protection area, and
develop a contaminant inventory list;

Develop mechanisms to minimize risks to the groundwater resource;

Develop contingency plans for water supply emergencies,

Identify procedures for development of new wells;

Integrate federal, provincial, and local regulations and policies into the plan;
Establish roles and duties of local staff;

Secure long-term funding for the plan; and

Provide for public (personal and agency) participation.

A WHPA is simply the area (both on the surface and subsurface) that contributes
groundwater to a water supply well. In other words, WHPA isthe volume of
soil/geologic material that contributes groundwater to a water supply well. Thus, a
hydrogeological survey isrequired to identify this area of influence in three dimensions.
In the case of large private systems or sometimes even domestic systems, encourage the
users to roughly delineate WHPA using some simple techniques — educate residents on
the need for wellhead protection. An example methodology for shortcut approaches
regarding the delineation of WHPA for safe drinking water isincluded in Appendix I.

As discussed above, the WHPP is typically based on atime-of-travel (TOT) assessment,
which identifies the area supplying groundwater to the well over a given time frame, for
example: 2 years, 10 years, 25 years etc. ldentifying such atime-based area provides a
reasonable length of time to respond to environmental issues within the wellfield
protection areas, while maintaining a small enough area to be effectively managed. The
Government of New Brunswick’s Wellfield Protected Area Designation Order stipulates
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three zones of varying protection around the municipal well(s). Copiesof “ A Guideto
Wellfield Protected Area Designation Order” and an overview of the order the other
relevant information leaflets are included in Appendix | for reference.

Once the time-of travel based municipal well capture zones have been delineated, a multi
variant analysis combining the capture zones, potential contaminant sources inventory,
aquifer vulnerability, land use, and the land use risks within the municipal well capture
zones can be identified. The TTOR (MOE, November 2001) describes procedures for
identifying the land use risk rating. The risks of existing contaminant sources can be
determined depending upon the location of the potential contaminants. Once the WHPA
isidentified, individuals must be identified to develop and implement the associated
WHPP. Thistypically involves developing partnerships between local, provincial and
federal agencies and organizations, as groundwater moves across political boundaries.
Building an effective team encompassing a wide range of individuals will ensure
continuity of the program in the future.

In order to best manage a wellhead protection plan it is essential to know the potential
threats to the groundwater within the protection area. Thus, one of the main components
of the WHPP is the identification of potential sources of contamination within the
WHPA, and development of a contaminant inventory list, as was done in Section 9.

Effective implementation of the WHPP requires mechanisms that prevent existing and
potential sources of contamination from entering the groundwater and impacting water
supply wells. Management strategies will thus be unique to the community and to the
range of potential contaminant sources identified. Management approaches may entail a
range of activities such as:

Facility inspections,

Land-use regulations,

Operational policies;

Best management practices; and
Public information and education.

11.3 Land Use Applications and Review Policies

Strategies should be designed to minimize land use activities that pose a potential risk to
the groundwater, encourage landowners to help reduce these risks and provide education
to the public and business communities to emphasize their rolesin the WHPP. One
approach is to incorporate the WHPP into the Official Plan, which provides a mechanism
for the use of local regulations to support wellhead protection. Land use application
review policies have been discussed in Section 10 in detail.
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11.4  Groundwater Monitoring Program

A groundwater-monitoring network should be established and a routine monitor program
established to determine the trends in groundwater quality and establish early warning
systems to identify any potential risks of groundwater contamination from various
sources. A groundwater-monitoring program under Provincial Groundwater Monitoring
Network is being established by the Lakehead Region Conservation Authority. This
monitoring program should be reviewed in the light of the results presented in this report.

12.0 Implementation Plan for Groundwater Management and Protection
12.1  Understanding Basic Concepts of the Plan

All stakeholders including the Lakehead Region Conservation Authority (LRCA), City
Engineering and Planning Departments, various interest groups and the general public
should have an understanding of the basic principles of groundwater flow and
contaminant transport to appreciate the need for the groundwater management protection.
In order to implement the groundwater management plan, these stakeholders have also to
understand their roles and responsibilities in ensuring the precious groundwater resource
is protected. A brief discussion on possible roles of staff of local agencies for the
protection of the environment in general, and water resources in particular, isincluded in
the following text.

12.2  Roles and Responsibilities

Under the proposed watershed based source water protection program, the local
Conservation Authority

[i.e. the Lakehead Region Conservation Authority (LRCA)] will likely be responsible for
the development, protection and management of the water resourcesin the study area.
The LRCA should develop a groundwater protection awareness program and ensure that
the people are well informed about the importance of groundwater in maintaining the area
ecology and environment.

The City of Thunder Bay Planning Department is responsible for reviewing the planning
issues and should be kept informed of appropriate strategies for the protection of the
groundwater resource. The City of Thunder Bay Transportation and Works Department
is responsible for the design, cost control and project management of capital and
miscellaneous projectsin the City. They are aso responsible for waste management.
The Works Department is responsible for the maintenance of the roadways and in-ground
storm and sanitary sewer systems.

A brief description of the current general mandate of staff of staff of various City
Departments is briefly outlined and in the light of those current responsibilities,
suggested roles of these departments are discussed.
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12.2.1 Roles and Responsibilities of Planning Department/Division

The City of Thunder Bay Planning Division provides information and guidance to the
public relative to planning related issues and is responsible for land use planning
functions including updating the Official Plan and Zoning By-law, and processing
amendments to these documents. The Division also processes subdivision/condominium
applications and prepares and negotiates Site Plan Agreements, Development Agreements
and Notification Agreements. The Committee of Adjustment falls within the Planning
Division and is responsible for processing minor changes to the Zoning By-law and has
the authority to grant land severance. The Planning Division's Mapping Section is
responsible for maintaining the City's digital parcel, topographic and orthophoto
mapping, as well asthe City's air photos and municipal address database. Issues are
generally directed to the committee by a resolution of Council.

The principal responsibility of the Planning Division isto draft policies to guide the
development of the community and to review the development applications and site plans
to identify if any Official Plan amendments are required for rezoning etc. The Planning
Division monitors community change and future population and employment trends and
identify socio-economic and physical implications.

The roles and responsibility of the Planning Division for the implementation of the
groundwater management and protection plan should be related to their above mandate.
Asthisdivision has avery important role in future development and growth of the area,
and because they are knowledgeable of community development needs, the division staff
should be involved in the design of the groundwater management plan to ensure that
appropriate development constraints are properly defined in the future Official Plan
amendments or Zoning By-laws. As such, the prime role of the Planning Division will be
an involvement in the design of the management plan and required amendments to the
Official Plan and subsequently review devel opment application and monitor the growth
to ensure that all aspects of the groundwater management and protection plan are
followed. These responsibilities should rest with the current planning section of the
Planning Division so that an effective review of the policies and required Official Plan
amendments or bylaws is achieved and the City Council is appropriately advised.

12.2.2 Roles and Responsibilities of Engineering Department

Engineering staff are responsible for the design and reconstruction of municipal
infrastructure such as roadways, sewers and sidewalks, provide management and cost
controls to the capital and miscellaneous construction program, and provide technical
support for some of the maintenance programs administered by the Transportation and
Works Department and other municipal departments. The Engineering Department staff
also assists the Public Works department in their review of landfill operations.

The Engineering Department is also responsible for the implementation of a corporate
Geographic Information System (GIS) involving development of an electronic data filing
system, which can be accessed through a special map or reference location.
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Present workloads have necessitated the contracting of engineering consulting firms to
assist in the preparation of design drawings, tender documents and contract
administration of various Capital and Miscellaneous Construction projects.

The Transportation and Works Department is responsible for maintaining roadways,
ditches, culverts, curb and gutter, and sidewalk. In-ground storm and sanitary sewer
systems provide for the City’ s drainage and sanitation needs, which are also currently
maintained by the Transportation and Works Department.

Based on the discussions with the Engineering staff, we understand that they are
presently facing heavy workload and some of the engineering work is being outsourced.
As such, there may not be any staff available to take up new tasks or responsibilities.
However, because of their present responsibilities in the capital and miscellaneous
projects and in providing technical support to the Public Works Department in waste
management and addressing environmental concerns/issues in the City, the Engineering
Department will have key role to play in providing design inputs to the groundwater
management and protection plan and its implementation. The role of this department in
the implementation of the plan would be to ensure that appropriate environmental
assessments are conducted at all the identified contaminant source areas within the high
and moderate land use risk zones. The Department should also ensure that the
development approvals comply with the planning policies and bylaws devel oped with
respect to groundwater management and protection in the area.

12.2.3 Roles and Responsibilities of the LRCA

The Lakehead Region Conservation Authority's (LRCA) mission isto provide
stewardship in utilizing the natural land base within the Watershed. The LRCA serves
the residents of the City of Thunder Bay and the nearby Townships of Conmee, Dorion,
Gilliesand O’ Connor as well as the Municipalities of Neebing and Shuniah.

Based on the discussions with the General Manager and the Director of Technical
Operations, we understand that, at this time, they have six fulltime staff. At present, the
LRCA isunderstaffed to implement the objectives that the Province is outlining for
watershed based source water protection.

As indicated above, the MOE and MNR are presently devel oping a watershed based
source protection program under the safe water act that is under review at thistime.
LRCA has a potential opportunity for funding and they should further explore this
possibility.

With regards to the groundwater management and protection plan, the LRCA should be
involved in site plan reviews with respect to surface water and general environmental
impacts. Once the watershed based source protection plans are implemented, the LRCA
could take an active role in the surface water assessments and monitoring and collaborate
with the local Townships and Municipalitiesin a groundwater monitoring program.
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12.3  Provincial Groundwater Monitoring Network Program Implementation

LRCA is participating in the Provincial Groundwater Monitoring Network. Wells are
used to gather water level and quality data at sitesin the LRCA watershed and across the
province. The Ontario Ministry of the Environment (M OE) is coordinating funding for
the program. Ten new wells and two existing wells will be used for the project. LRCA
has already selected the monitoring well sitesin consultation with a MOE
hydrogeologist. Installation of the monitoring wells will be undertaken in 2005. Long-
term monitoring of the wells will be carried out to establish water quality trends over
time.

12.4 Implications of the White Paper on Watershed-Based Source Protection Planning

The White Paper on Watershed-based Source Protection Planning was issued on February
12, 2004 to consult with Ontarians on the proposed approach for the development of a
locally driven watershed-based source protection process. The White Paper consultation
isthe latest in a series of recent government actions aimed at protecting water at the
source.

The White paper serves two main purposes:

To describe the legislative framework proposed for the development and approval of
source protection plans; and

To examine ways of enhancing the management of water takings, including
improvements to the Ministry’ s water takings program and the development of a
framework that would govern how those who take water should be charged.

In conjunction with the proposed improvements to the Permit to Take Water (PTTW)
program and the proposal to apply charges to certain water takings, consideration will
also be given to the status of Ontario Regulation 434/03 made in December 2003 which
places a one-year moratorium on the issuance of new and expanded permits to take water
for certain uses such as the production of bottled water, and other uses that remove water
from the watershed.

The White Paper provides information on the planning aspects of proposed source
protection legislation, improvements to the Permit to Take Water program and the
principles and factors related to implementing a system for charging for water takings.

The White Paper proposes:

An approach for the development of a watershed-based source water protection
program, including how stakeholders and the public will be involved at the local
level;

A legidlative framework for the development and approval of source water protection
plans; and
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Ways to enhance Ontario’s management of water takings, including improvements to
the Ministry of the Environment’s water takings program.

It also puts forward factors that need to be considered in designing a system of water-
taking charges. The following is asummary of the structure of the White paper:

Section one provides context for the discussion on source water protection and the
government's actions on source water protection. Other work on source water protection
includes:

The establishment of the two expert committees on source protection;

A Technical Experts Committee to develop an Ontario-based threats assessment
process; and

An Implementation Committee to engage in consultation on implementing source
protection planning, including funding options.

Section two provides some background on source water protection and helps to answer
some basic questions that readers may have about source water protection (e.g. what is
source water protection?).

Section three discusses the proposed planning components of source water protection
legislation such as the organization, preparation, roles and responsibilities, approvals and
appeal process for source protection plans. Implementation aspects of source protection
legislation and regulatory details will be developed once the work of the recently
established multi-stakeholder Implementation Committee and Technical Experts
Committee is compl ete.

The major components of the legislation proposed in the White Paper are:
Water shed Basis. Plans will be developed according to the watershed boundaries.

Sour ce Protection Planning Committee (SPPC): A local multi-stakeholder SPPC will
develop the draft Plan (e.g., members from municipal, Conservation Authorities, First
Nations, public health, agriculture and other stakeholders). A coordinating body (i.e., the
Conservation Authority Board in areas where a C.A. exists) will assist the SPPC,
including its establishment.

Plan Development: Plan development will involve atechnical assessment phase and
management strategy phase, both will form the source protection plan.

Consultation: The SPPC will undertake a transparent local consultation process
throughout the planning process to obtain local buy-in for the source protection plan.

MOE Approval: The coordinating body will recommend the Plan to the province for
approval.
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Appeal: limited rights of appeal will be available to challenge the approval of source
water protection plans.

Section Four of the White Paper provides information on the proposed improvements to
the Permit to Take Water Program. Improvements to the program may include:

Ensuring a consistent level of stakeholder awareness and involvement;

Improving the science to better understand the consequences of water takings through
research partnerships;

Monitoring and reporting of water use;

Producing clear rules and procedures for making decisions on permit applications,
and

Creating incentives that promote water conservation and efficiency by all water users.

In addition, the paper identifies the key principles related to the government's intent to
charge companies that remove water from the watershed for consumptive use. The paper
also describes charging frameworks in other jurisdictions and highlights the factors and
considerations in designing an appropriate framework for Ontario, including charge
variability, frequency, and exemptions.

The White Paper builds on the recommendations of Commissioner O'Conner's Part Two
Report of the Walkerton Inquiry and the framework proposed by the Advisory Committee
on Watershed-based Source Protection Planning.

The Advisory Committee's Final Report was posted on the Environmental Registry for a
60-day comment period. 153 comments were received from various stakeholders and the
public in response to the posting. The majority of the comments received supported the
Advisory Committee's Report. Some submissions recommended areas for enhancing the
source protection framework. These include: the roles and responsibilities of the
conservation authorities, municipalities and the province and the composition of the
Source Protection Planning Committee.

The Ministry has carefully reviewed and considered these comments to develop the
White Paper, which contains a description of the planning aspects of source protection
legislation. Environmental Bill of Rights (EBR) comments relating to the
implementation aspects of legislation will be considered with the work of the Technical
Experts Committee and the Implementation Committee on Source Protection and in other
future work of the provincial ministries to devel op the implementation components of
legislation.
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13.0 Conclusions

Based on the detailed hydrogeol ogical characterization, aquifer delineation, municipal
well capture zone analysis, aquifer intrinsic susceptibility assessment, contaminant
sources inventory, and analysis of land use risk rating, the following conclusions have
been drawn:

1. Precambrian metavol canics and metasedimentary rocks underlie the majority of
the area, and are intruded by felsic to mafic rocks of various compositions. The
generalized stratigraphy present in the study area consists of seven major
overburden types and five bedrock types.

2. Theintrinsic susceptibility mapping indicated that most of the areais covered
with a thin overburden or exposed bedrock, where the water table is expected to
be shallow and the aquifer is susceptible for contamination. The high to moderate
sensitivity area also includes the area covered by surficial sand and gravel
deposits, which are identified as “recharge areas’.

3. Timerelated capture zones for the Roslynn Village wells were delineated using a
3-D groundwater modelling techniques and indicate that the principal recharge
areas for the wells are as shown on the respective maps.

4. The potential sources of contamination inventory identified a number of potential
contaminant sources, mainly concentrated within the City of Thunder Bay core
and urbanized areas along major transportation corridors.

5. Land userisk rating analysis identified that the areas within 2-year time of travel
(TOT) capture zones are vulnerable and the areas within 10 to 25 year TOT were
identified as moderately risky.

6. Given the size of the study area and the population distribution, data gaps are
inevitable. This study isthe first of its kind in the area and represents an
amalgamation of a number of data sources from existing databases.
Recommendations are provided in the following section to address this issue.
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14.0 Recommendations

1

The Rosslyn Village WHPA delineations should be included in the Municipality of
Oliver-Paipoonge Official Plan, such that certain land use/activities are restricted
within groundwater capture zones as per land use risk rating. Effective land use
policies are essential to ensure that future development does not reduce groundwater
recharge, deteriorate groundwater quality or deplete groundwater resources.

The Municipality of Oliver-Paipoonge should install upgradient groundwater quality
monitoring wells for the Rosslyn municipal wellfield. Thiswill permit the
municipality to assess quality of groundwater moving towards the municipal
wellfield.

A staff member from LRCA should be identified to coordinate and implement future
groundwater protection/management programs and initiatives (community awareness
and public education, etc.).

Due to the number of private wells and septic systems in the study area, the goals and
objectives that embody wellhead and groundwater protection must be communicated
to the citizens in the study area. Individuals must realize that they have an important
role to play in ensuring that their well and septic system are in compliance with all
relevant regulations. This can only be accomplished through the delivery of a
comprehensive community awareness/education campaign. The LRCA should take
the lead to assemble atask force of partners with local representation, and proceed
with the implementation of such a program.

The groundwater management and protection plan included in this report can serve as
a basis for identifying and devel oping appropriate groundwater protection strategies
for each community and/or municipality.

Loca municipalities and Townships should agree on a process whereby new
hydrogeological data (or other relevant information), which becomes available
through detailed site investigations (or similar studies) can be incorporated into this
study. Updates/revisions to the mapping should be carried out on a periodic basis.
Thiswill allow the information compiled in this study to become a “living document”
as new information becomes available. The partner municipalities, LRCA and the
MOE need to ensure that there is a clearly defined “guardian” of the data, who is
prepared and capable of ensuring that the data are kept up to date.

Some suggested approaches and Best Management Practices (BMP) have been
included in this report and should be further explored and implemented, particularly
in those areas where groundwater is susceptible to surface sources of contamination.

A long-term groundwater-monitoring program should be developed in the study area
to resolve data gaps noted in this study. The program should be developed in
consultation with all area Townships and Municipalities and the LRCA, who are
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coordinating new monitoring well installations as part of the Provincial Groundwater
Monitoring Network. The groundwater monitoring program should be designed to
address:

Water quality concerns in the communities experiencing devel opment pressure (e.g.
Kakabeka, Rosslyn Village, Murillo);

Water quality and quantity concerns in the Slate River Valley; and

Potential impacts associated with road salting activities throughout the study area.

It should be noted that this groundwater study is completed on aregional scale and
local scale hydrogeological and other site assessments will be required for
consideration of future development and/or changes in land use activitiesin any
given area.

Finally, we recommend that this report be considered as a basis for the devel opment
of a comprehensive groundwater source protection plan and for future planning
initiatives for the collective study area.

The above report and the contained analysis have been completed in accordance with the
Technical Terms of Reference for Groundwater studies 2001/2002 (M OE, November
2001). Any deviations from the TTOR have been identified in the report.

On behalf of the study team, we trust the results presented in this report and the
conclusions drawn from the analysis adequately address the issues raised in the request
for proposal as per our proposal for this study.

Respectfully Submitted,

Peter G. Rider, B.Sc., P.Geo.
Senior Hydrogeologist, Project Manager

Reviewed by:

Bindu Uppaluri, Ph.D., P.Geo. Peter B. Duckworth, Ph.D., P.Geo.
Senior Hydrogeologi st Principal Geoscientist
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FIGURE 1.1
Study Area

The study area depicted includes areas managed by the Lakehead Region Conservation Authority
plus an additional 5 km buffer zone (excluding the Fort William First Nation and the State of Minnesota).
The total area is 6,500 Square Kilometres (650,000 Hectares or 1,606,184 Acres)

This figure is to be read in conjunction with the Thunder Bay Area Aquifer Characterization,
Groundwater Management and Protection Study. References should also be made to the metadata
completed for the study. This map provides valuable information for regional-scale analyses.

A re-assessment that includes other local-scale information may be required to verify the degree of
accuracy at any specific location.

Mapping data provided by the Ministry of the Environment, Ministry of Natural Resources, Ministry of
Northern Development and Mines, City of Thunder Bay, and the Earth Satellite Corp. via the
Environmental Systems Research Institute (ESRI).
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This figure is to be read in conjunction with the Thunder Bay Area Aquifer Characterization,
Groundwater Management and Protection Study. References should also be made to the metadata
completed for the study. This map provides valuable information for regional-scale analyses.

A re-assessment that includes other local-scale information may be required to verify the degree of
accuracy at any specific location.

Mapping data provided by the Ministry of the Environment, Ministry of Natural Resources, Ministry of
Northern Development and Mines, City of Thunder Bay, and the Environmental Systems Research
Institute (ESRI) Inc.

0 5 10 20
Kilometers
1:450,000 Projection: UTM Zone 16
28 June, 2005 Datum: NAD 83

Prepared By: Paul Stubbert

(1) BURNSIDE amec?

AMEC: TC035044
Burnside: HA034966 L:\HA034966\Map\Cartography\Fig_2 2 Sub_Watersheds.mxd

Verified By: Peter Rider




©2005 Queen's Printer for Ontario

Thunder Bay Area Regional Aquifer
Characterization, Groundwater
Management and Protection Study

FIGURE 3.1
Well Location Reliability
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completed for the study. This map provides valuable information for regional-scale analyses.

A re-assessment that includes other local-scale information may be required to verify the degree of
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This figure is to be read in conjunction with the Thunder Bay Area Aquifer Characterization,

§ Groundwater Management and Protection Study. References should also be made to the metadata
‘g completed for the study. This map provides valuable information for regional-scale analyses.

1 A re-assessment that includes other local-scale information may be required to verify the degree of
accuracy at any specific location.
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i Mapping data provided by the Ministry of the Environment, Ministry of Natural Resources, Ministry of
Northern Development and Mines, City of Thunder Bay, and the Environmental Systems Research

i Institute (ESRI) Inc.
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Quaternary Geology
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I:I 06: Ice-contact stratified deposits
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|:| 08b: Interbedded flow till, rainout deposits and silt and clay
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- 19: Modern alluvial deposits
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This figure is a compilation of different data sources. Quaternary Geology data has been combined with
NOEGTS ( Northern Ontario Engineering Geology Terrain Study) data to create a map representing the
Quaternary Geology for the entire study area. The thick black line on the map shows the outer
boundaries of the actual Quaternary Geology data. NOEGTS data has been reclassified to match the
Quaternary Geology classifications as close as possible.

This figure is to be read in conjunction with the Thunder Bay Area Aquifer Characterization,
Groundwater Management and Protection Study. References should also be made to the metadata
completed for the study. This map provides valuable information for regional-scale analyses.

A re-assessment that includes other local-scale information may be required to verify the degree of
accuracy at any specific location.

Mapping data provided by the Ministry of the Environment, Ministry of Natural Resources, Ministry of
Northern Development and Mines, City of Thunder Bay, and the Environmental Systems Research
Institute (ESRI) Inc.
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