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1.0 INTRODUCTION

Although Ontario’s large inland lakes constitute one of our most precious natural resources, their effects on shoreline
residents are not always benign.  Like other natural phenomena, the behaviour of the lakes is often unpredictable
and beyond human control.

Of fundamental importance to developing effective shoreline management and land use planning management
approaches for addressing shoreline flooding, erosion and dynamic beach hazards, is the need to better understand
the system, particularly its formation, evolution and potential impacts.

The document is divided into nine sections as follows:

  . Section 1 introduces this technical document;

  . Section 2 provides shoreline managers with background material on Ontario’s large inland lakes and
introducing the dynamics of flooding, erosion and dynamic beaches;

  . Section 3 outlines the recommended shoreline classification scheme intended to support the definition
and implementation of the provincial policy;

  . Section 4 provides an analysis of the flooding hazard as defined in the Provincial Policy Statement;

  . Section 5 provides an analysis of the erosion hazard as defined in the Provincial Policy Statement;

  . Section 6 provides an analysis of the dynamic beach hazard as defined in the Provincial Policy
Statement;

  . Section 7 provides an overview of the mapping and staking procedures for delineating the flooding,
erosion and dynamic beach hazards to define the �area of provincial interest�;

  . Section 8 provides direction on how to address the hazards including assessing whether or not
protection works for an area of provincial interest address the flooding, erosion and/or
dynamic beach hazards; and

  . Section 9 introduces the various methods associated with undertaking hazard management in an
environmentally sound manner.

This Technical Guide is similar in format and content to the Technical Guide for Great Lakes - St. Lawrence River
Shorelines.  For the smaller to moderate large inland lakes (i.e., those with surface areas from 100 km  to2

approximately 500 km , or with a maximum fetch length ranging from 6 to 30 km, typically 15 km ), this Technical2

Guide should provide a sufficient level of information for shoreline managers.  For the larger large inland lakes (i.e.,
those with surface areas greater than 500 km  and/or with a maximum fetch length ranging from 20 to 60 km,2

typically 40 km), and/or for large inland lakes with recession rates much greater than 0.3 m/yr,  the suggested
requirements for managing the flooding, erosion and/or dynamic beach hazards and for addressing the hazards
found in the Technical Guide for Great Lakes - St. Lawrence River Shorelines may be more applicable. 
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2.0 PHYSICAL FEATURES AND PROCESSES

Ontario’s large inland lakes represent an extensive, significant, and physically and biologically diverse environmental
resource.  Each of the lakes has its own unique combination of interrelated and interdependent sets of terrestrial,
wetland, and aquatic environments.

There are fifty-three large inland lakes in Ontario (see Table 2.1) representing thousands of kilometres of shoreline.
The terrestrial or landside portion of the shoreline consists of a diversity of shore types from erosion resistant bedrock
to highly erodible cohesive bluffs, to beach, dune and wetland complexes.

The lakes contain a variety of aquatic habitats.  These habitats support numerous fish species and many organisms
upon which fish depend.

The transportation capabilities, water supply availability, recreation opportunities, food supply and aesthetic features
of the lakes attract a wide variety of shoreline interests.  In some locations, competition for the use of the shoreline,
by this diverse and growing range of shoreline interests has and will continue to place considerable strain on this
fragile resource.  In other locations, the use of the shoreline is limited by the access and the local population.

2.1 Definition of Large Inland Lakes

The Provincial Policy Statement (May 1996) states that development will generally be directed to areas outside of:

  . hazardous lands adjacent to the shorelines of the Great Lakes - St. Lawrence River System and large inland
lakes which are impacted by flooding, erosion, and/or dynamic beach hazards;

  . hazardous lands adjacent to river and stream systems which are impacted by flooding and/or erosion
hazards; and 

  . hazardous sites.

By definition, large inland lakes means those water bodies having a surface area of equal to or greater than 100
square kilometres where there is not a measurable or predictable response to a single runoff event (Provincial Policy
Statement, May 1996).

2.2 Flooding, Erosion And Dynamic Beach Hazards

Having been developed and evolved from the naturally occurring processes of glaciation, ice retreat, isostatic
rebound, water inundation, surface weathering (erosion, recession, accretion/deposition) and wind action, the
shoreline of inland lakes continue to experience and provide evidence of these ongoing, naturally occurring
processes.    

In determining the appropriate shoreline management strategy for a given shoreline, an assessment of these natural
processes, the current status or factors impacting on the shoreline, and the intended or proposed use of the shoreline
must be examined and balanced.  In general, the inundation of low-lying shorelines (i.e., flooding) and the loss of
material from non-lithified shorelines (i.e., erosion) and the continuous adjustment of beach profiles (i.e., dynamic
beaches) are considered by the Province to be natural processes.
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Table 2.1  Ontario’s Large Inland Lakes

Lakes greater than 500 km 2

LAKE SURFACE LATITUDE LONGITUDE
AREA (km )2

Nipigon 4322 49 50 88 30

Lake of the Woods 3849 40 00 94 40

Lac Seul 1410 50 20 92 30

Abitibi 916 48 42 79 45

Nipissing 876 46 17 80 00

Rainy 858 48 42 93 10

Big Trout 731 53 45 90 00

Simcoe 708 44 25 79 20

St. Joseph 515 51 05 90 35

Lakes 200 km  to 500 km2   2

LAKE SURFACE LATITUDE LONGITUDE
AREA (km )2

Sandy 453 53 02 93 00

Trout 343 51 15 93 15

Timiskaming 339 46 52 79 15

North Caribou 337 52 50 90 40

Winisk 279 52 55 87 22

Eagle 277 49 42 93 13

Wunnummin 273 52 55 89 10

Attawapiskat 261 52 18 87 54

Lac Des Mille Lacs 241 48 50 90 30

Sachigo 235 53 49 92 08

Sturgeon 214 50 00 90 45

Umfreville 211 50 18 94 45

Temagami 209 47 00 80 05
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Table 2.1 Continued

Lakes 100 km  to 200 km2   2

LAKE SURFACE LATITUDE LONGITUDE
AREA (km )  2

Ogoki Reservoir 192 50 48 88 18

Missisa 187 52 18 85 12

Minnitaki 181 49 58 92 00

Red 176 51 03 93 49

Kesagami 167 50 23 80 15

Stull 153 54 24 92 34

Dog 148 48 46 89 32

Finger 145 53 09 93 30

Deer 143 52 38 94 25

Lac La Croix 137 48 21 92 09

Wanapitei 131 46 45 80 45

Weagomow 128 52 53 91 22

Long 128 49 30 86 50

Severn 127 53 54 90 48

Stout 127  52 08 94 35

Savant 120  50 30 90 25

Kabinakagami 120 48 54 84 25

Wapikopa 119 53 00 88 00

Basswood 119 48 05 91 35

Onaman 114 50 00 87 26

Kakagi 111 49 13 93 52

Makoop 111 53 24 90 50

Whitewater 105 50 48 89 10

Manitou 105 46 01 79 00

Muskoka 103 45 45 82 00

Shibogama 102 53 35 88 15

Seseganaga 102 50 00 90 28

MacDowell 103 52 15 92 42

Eabamet 100 51 32 87 46

Rice 100 44 12 78 10
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Flooding, in general, is a phenomenon which is sensitive to and influenced by water level fluctuations.  Inundation
of low-lying shorelines in and of itself does not necessarily constitute a significant hazard, depending of course, on
the type, design, location and density of any development which may exist in or near the flood inundated shorelines.
However, where flooded lands are coupled with storm events their cumulative impact can and frequently does pose
significant degrees of risk, often over extended periods of time.  Of importance in managing a potential flood
susceptible shoreline is the need to understand the interrelationship between pre-storm flooding, wind setup (storm
surge), wave height, wave uprush and other water related hazards (i.e., ice, boat generated waves).  If the area of
inundation is a wetland or an undeveloped area, the resultant "damage" caused by a storm event may be minimal
if measured in terms of human losses (i.e., property and life).  Indeed, periodic flooding of wetland complexes has
been found to be beneficial for the continued maintenance and enhanced diversity of wetland vegetation itself, by
helping to eliminate the invasion of water sensitive upland vegetation into low-lying shorelines during periods of low
water levels.  In terms of human use and occupation of the low-lying shorelines, development decisions based on
or during periods of low water levels ironically present the most serious problem.  During lower water levels, the
potential flood hazard to homes, cottages and other development often goes unrecognized.  Consequently, when
water levels return to long-term averages or high water levels, flood damages are sustained, damages which are
frequently quite significant.

Erosion rates are dependent upon a number of lake and land processes as well as the composition and morphology
of the shore.  In general terms, identification of erosion susceptible shorelines is rather simple in that erosion of
bedrock and cohesive shores involves a unidirectional process.  In the absence of human intervention and/or the
installation of remediation measures, once material is removed, dislodged or extracted from the shore face and
nearshore profile it cannot reconstitute with the original material and is essentially lost forever.  Even with the
installation of remedial measures (i.e., assumed to address the erosion hazard), the natural forces of erosion, storm
action/attack and other naturally occurring water and erosion related forces may prove to be such that the remedial
measures may only offer a limited measure of protection and may only reduce or address the erosion hazard over
a temporary period of time.

Given the naturally complex and dynamic nature of the beach environment, determining hazard susceptibility of a
given beach formation requires careful assessment of a wide range of parameters.  Over the short term, beach
environments impacted by flood and erosion processes, may undergo alternating periods of erosion and accretion
as they attempt to achieve a dynamic equilibrium with the forces acting upon them.  Over the long term, beaches
experiencing a positive sediment budget (i.e., more sand and gravel is incoming than outgoing) are generally
accreting shore forms while those experiencing a negative sediment budget are eroding.  As such, evaluation of the
hazard susceptibility of dynamic beaches should be dependent on the level of information, knowledge and
understanding of the beach sediment budget and the beach width over which most of the dynamic profile changes
are taking place.

As has been alluded to in above discussions and will be discussed more fully throughout later sections of this
Technical Guide, the degree of risk associated with flood, erosion and dynamic beach hazards are naturally
intensified with the introduction of storm events.  Storm impacts, generally assessed in terms of wave action and
increases in water levels (i.e., resulting from wind setup; seiche effect), often pose significant increased threats of
flooding, increased rates of local erosion, and in turn, increased threats to shoreline developments.

2.3 Physical Processes

One must also have a clear understanding of the physical processes and factors that are currently impacting on the
shoreline and that lead to the transformation of shoreline landforms.  These processes themselves and the nature
of their interaction with the materials that make up the landform are extremely complex.  Only a relatively simplistic
overview of these processes and the associated lake/land interactions will be outlined within this section.  For more
detailed descriptions, the Technical Guide for Great Lakes - St. Lawrence River Shorelines should be consulted.
It includes a bibliography of a number of textbooks on coastal geomorphology and coastal engineering.
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To understand and ultimately predict how different types of human activities may bring about changes in the shore
ecosystem, one must first understand the physical processes influencing a given shoreline and their effects under
existing natural and modified conditions.  By doing so, one will enhance their ability to predict the potential physical
and environmental impacts associated with various human activities or actions.

Continuous change in form and configuration of a shore results from the action of natural shore processes such as
those related to erosion, transport and deposition of material in the nearshore or littoral zone.  The primary agents
are waves and currents.  The degree of impact of these primary forces is dependant on the relative strength of the
nearshore materials.  The impacts that waves and currents impose on shore features are further influenced by water
levels and wind action.

2.3.1 Definition of the Shoreline Zone

For the purpose of implementation of the provincial policy, the shoreline zone or area of interaction between lake
influences (e.g., water, waves, ice, etc.) and land influences (e.g., shore profile, shore stratigraphy, shore alignment,
etc.) is divided into three distinct units (Figure 2.1):

  . onshore , the area landward of and generally beyond the limit of wave action by a particular waterbody, and
may include bluffs, dunes and wetlands subject to only occasional inundation. 

  . backshore  zone which extends from the point of development of vegetation (typically at a point landward
of the ordinary high water mark) or change in physiography to the landward limit  of the nearshore (typically
just landward of the average water level).  It is typically only affected during severe storms.

. nearshore  is an indefinite zone extending from lakeward of the breakers zone to the landward limit of the
swash zone.  The swash zone is the portion of the nearshore in which the beach face is alternately covered
by uprush of the wave swash and exposed by the backwash. The shallow offshore extends from just
lakeward of the breaking wave zone to a depth of 2 to 5 metres in large inland lakes.

2.3.2 Shoreline Characteristics and Evolution

Within the area of lake/land interaction, numerous physical and biological processes contribute to the existing
characteristics and continue to shape the constant evolution of lake shoreline.  The interactions between and
interdependency among the various components of the lakes ecosystem are controlled by these physical and
biological processes.  Rather than being considered external forces, these processes, and even those which are
human-related, need to be assessed and viewed as an essential part of any implementation option and/or strategy
aimed toward effective and proper management shoreline ecosystem.  

A basic characteristic which controls the long term, large scale evolution of lakes shorelines is the controlling
substrate.  Controlling substrate is defined as the dominant underlying material which makes up the main body of
the lakebed in the nearshore and the offshore.  In Section 3 there is further discussion of nearshore substrate. 

2.3.3 Shoreline Processes

Continuous change in form and configuration of a shoreline results from the action of natural shoreline processes
including those related to erosion, transport and deposition of material in the nearshore or littoral zone.  The primary
agents of change are waves and water levels.  The impact that waves and water levels impose on shoreline features
are further influenced by wind action.

The following provides an overview of the shoreline processes and their potential impacts on rates of shoreline
erosion and recession.
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a)  Wind-Generated Waves

Waves are formed by a complex process of energy transfer from wind moving across a smooth water surface.  This
energy is carried by waves to the nearshore zone and serves as the primary energy source for shoreline changes.
Wind-generated surface waves are a major factor in shoreline erosion, damage to shoreline structures, formation
of depositional beach features and littoral transport.  Waves generated by commercial and recreational boats (i.e.,
boat wakes) may be a significant part of the total wave action in the lakes, contributing streams and small harbours
and may also be responsible for erosion in these areas.

Waves are generally defined in terms of their height, period, length and direction of travel (see Figure 2.2).   Wave
height and period generally increase with increasing wind speed, duration of wind, and with increased fetch length
(i.e., the overwater length across which the wind blows).  As such, at any given location along a shoreline, the largest
waves that can reach the site are usually determined by the longest available fetch.  Fetch and wind duration,
separately or in combination, act to limit the length of time that wind energy is transmitted to the water surface.  In
the case of fetch length, since the wave is travelling in the direction of the generating wind, it may reach the opposite
side of the lake before it attains its maximum size.  In shallow waters friction on the lakebed and increased wave
breaking (i.e., white capping) act to reduce the maximum wave conditions.  

b) Shoaling and Refraction

The process of shoaling results in significant changes in a number of wave properties as the wave moves into
shallow water.  Generally, the wave length and celerity decreases and the height increases.  Some reduction in wave
height may also result from energy loss caused by the roughness of the lake bottom in shallow water.  This reduction
in wave height becomes more significant on gently sloping shorelines where the distance over which the wave shoals
is long.

By comparison, the process of wave refraction occurs as waves move from deep water into a shallower shoreline
region, changing their direction as the wave crests attempt to align themselves parallel to the underwater depth
contours (see Figure 2.3).  The degree of wave refraction depends on the wave length, water depth and nearshore
bathymetry.  In addition to changes in the wave direction and alignment to the shoreline, refraction may increase or
decrease the wave height at shoreline locations through the concentration or spreading of wave energy.  

In summary, wave refraction is a very important consideration in assessing the effects of wave action on the
shoreline as opposed to assessing its impact in deep water.  Refraction and shoaling, separately or in combination
influence the erosion and deposition patterns of materials along the shoreline, and therefore the development of
shoreline forms.

c) Wave Diffraction

The process of wave diffraction basically involves a lateral transfer of wave energy along the wave crest.  Diffraction
is important around islands, headlands and structures such as harbour breakwalls and groynes and can be an
important controlling factor on the deposition of material transported by nearshore currents.  Although islands,
headlands and structures do provide shelter from wave action, waves do bend and do transport their energy onto
shorelines in the lee of or sheltered area. 

d) Breaking Waves

The depth at which a wave breaks, and the form of the breaking wave, are determined by the wave height and
period, the water depth and the slope of the bottom.  For example, in deep water, waves break (i.e., white-capping)
when the wave height becomes too large relative to the wave length (i.e., the wave becomes "too steep").  In shallow
water, waves break as a result of the limiting water depth.
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The depth of water shallow enough to initiate breaking of a wave is defined as the breaking depth, d , while theb

height of the breaking wave is defined as H .  As a simple guide, waves will break when the ratio of breaking waveb

height (H ) to breaking water depth(d ) is 0.78 or when the water depth is just slightly greater than the wave height.b     b

Turbulence produced by wave breaking can lead to suspension of sand and finer sediments and to the erosion of
the beach and nearshore profile on cohesive shorelines.

When waves break at the shoreline, or when a wave that has already broken reaches the shoreline, the forward
momentum of the wave results in wave uprush, or runup of the water onto the beach and backshore area.  As such,
this wave uprush ,or runup, extends the effects of the waves both inland and to higher elevations than the shoreline.
Detailed explanations of wave uprush and the methods for calculating wave uprush are provided in Section 4: Flood
Hazard of this Technical Guide and in supporting technical reports (e.g., Wave Uprush and Overtopping:
Methodologies and Applications, Atria 1997).

e) Nearshore Currents

Currents in large inland lakes occur as a result of the inflow and outflow of water within the system, wind blowing
over the surface of the lakes and, at the shoreline, the process of wave breaking.  Lake currents vary from lake to
lake and location to location and can be influenced by factors such as the direction of flow through the lakes and the
direction of the predominant or prevailing winds.  

Nearshore currents in the littoral zone are predominantly wind and wave-induced motions (i.e., alongshore currents
and rip currents) superimposed on the wave-induced oscillatory motion of the water (i.e., mass transport or shore-
directed currents).

Alongshore currents flow parallel to the shoreline and are mostly generated by the alongshore component of motion
in waves that obliquely approach the shoreline.  However, waves approaching parallel to the beach will also generate
a current from areas of higher wave height to areas of lower wave height.  Wind-generated currents can also be
important in the nearshore.

Other significant currents in the nearshore zone can be those generated by the momentum of the waves themselves.
The momentum and excess water mass carried into the surf zone by breaking waves results in the set-up of water
close to the shoreline.  This in turn drives an offshore return flow which may occur either as a uniform "undertow"
at mid-depth or as a more complex three-dimensional rip cell.

f) Erosion by Waves

Wherever consolidated material such as bedrock or cohesive material is exposed to wave action, erosion of the
nearshore and backshore profile may take place as a result of fluid stresses generated by the wave orbital motion,
turbulence due to wave breaking and the direct impact pressures generated by waves breaking at the toe of the bluff.
Where sediments are present on the bed, much of the erosion can take place as a result of abrasion by the impact
of particles being rolled across or hurled against the underlying substrate.  The rate of erosion is dependant on the
relative weakness/strength of the shore material and the presence of vegetation.  Recession is the landward retreat
of the shoreline by erosion of the shoreline material.  Along bedrock and cohesive shorelines, the erosion is
irreversible.

A detailed explanation of erosion is provided in Section 5: Erosion Hazard of this Technical Guide and in supporting
technical reports (e.g., Geotechnical Principles for Stable Slopes, Great Lakes - St. Lawrence River Shoreline,
Terraprobe 1997).

g) Sediment Transport

Wave motion and wave-generated currents are the primary processes resulting in sediment erosion, transport and
deposition in the beach and nearshore zone.  Sediments can be set in motion at the bed by the motion associated
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with the passage of each wave, by turbulence associated with wave breaking and by the action of swash and
backwash on the beach.    As waves shoal and break, the wave motion on the bed leading to the suspension of the
finer sediment.  The presence of any nearshore currents then results in net transport of the sediment in the direction
of the nearshore current flow, whether onshore-offshore or alongshore.  Ice can also be a factor in sediment transport
and is discussed in a later.

h) Wind and Wave Climate

The wave energy (i.e., wave height and period) reaching a given point on the shoreline is determined by the wind
climate (i.e., hourly wind speed and direction), by the fetch lengths in each direction, and by the effect of limiting
factors such as winter ice cover on the lakes which tends to restrict wave generation.

Wave heights and periods can vary hourly depending on the wind conditions.  Therefore, typically the wave climate
can be specified as the average conditions over a specified period and direction.  The average conditions at a given
location can be defined as the average annual hourly frequency of waves by height, period, and direction.  The
average is based on measured or estimated wave conditions over a period of time (i.e., 10 or 20 years).  The
resulting wave climate is often presented as average conditions by direction, by month or season.

In general, sections of shoreline that are exposed to long fetches in the direction of the predominant winds are likely
to experience high wave energy on a frequent basis.  Conversely, shorelines that are sheltered from waves from the
predominant wind directions and from the severe storm wind direction are likely to experience much lower energy
conditions. 

The offshore wave climate can be defined for a point in deep water just offshore of a given shoreline location or
stretch of shoreline.  Using historical wind records and measured fetch lengths it is possible to hindcast, the opposite
of forecast, a wave climate for any given location of stretch of shoreline.

The nearshore wave climate for a specific location can be determined from the offshore wave climate after the effects
of wave refraction, diffraction and shoaling are taken into account.  The total wave energy reaching a given location
or stretch of shoreline control the potential rates of erosion of rocky and cohesive shorelines, while the magnitude
and direction of the net alongshore component of wave energy controls the patterns of littoral sediment transport and
potential rates of sediment transport.

i) Wind

Wind action has a strong indirect influence on beach dynamics through its control on the wave climate and related
wind setup effects.  In addition, wind-driven currents in the lake influence sediment transport patterns, particularly
the offshore transport of fine sands.  Wind action, as a direct influence on the beach change, is generally defined
in terms of aeolian sediment transport.  On sand beaches, onshore winds transport sand landward where it may be
trapped by vegetation, leading to the formation of naturally protective shoreline dunes.

j) Water Levels

Changes in water levels occur as a result of long-term and short-term factors.  Long-term factors generally include
precipitation, inflow to the lakes, which is dependent on precipitation, outflow from the lakes, evaporation, and to a
slight degree by isostatic adjustments to the earth's crust.  Short-term factors generally include oscillations caused
either by the wind blowing over the lake for several hours or by atmospheric pressure changes.  

Seasonal and long-term changes in lake levels result from variations in the amount of precipitation, evaporation,
runoff, storage capacity of the lake and the discharge characteristics of the connecting rivers and streams, including
the effects of ice.   Seasonal changes follow an annual cycle with peaks in the late spring or early summer and lows
in the late fall or winter.  Historical records of long-term variations does not exist for most of the large inland lakes.
However some of the larger large inland lakes, particularly those that are regulated, do have some historical records.
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Short-term fluctuations are generally produced by the influence of the wind and by changes in atmospheric pressure.
Atmospheric pressure differences between the opposite sides or ends of lakes can produce fluctuations in water
levels. When winds continue to blow over the lake surface in one direction for a number of hours, an increase in the
water level against the downwind shoreline is produced, referred to as "wind setup" or "storm surge" (Figure 2.4).
A similar "wind setdown" is produced at the upwind end of the lake.   With the same wind speed and duration, the
setup increases with decreased water depth and nearshore slope.

Another phenomena influencing lake levels is known as seiche effect.  Factors influencing or causing seiche effect
include both atmospheric pressure and wind-induced water level changes.  The return flow of water from the end
with an elevated level to the depressed end can result in oscillations of lake levels similar to the sloshing action that
occurs in an enclosed tank of water.

The water level elevation determines the portion of the nearshore zone over which breaking waves expend their
energy.  During periods of elevated lake levels, a portion of the wave energy may reach the toe of bluffs or sand
dunes, and some washover of low-lying beach areas may occur.  It is during these events that rapid erosion of the
bluffs and dunes occurs.

In addition to the natural factors, various artificial changes have been made in this century that have had an influence
on the levels and flows within the large inland lakes.  The most significant is the regulation of lake levels for hydro-
electric power generation, recreation and flood control using control structures (e.g., dams and weirs).

2.3.4 Other Physical, Biological or Human-Related Processes

Aside from the shoreline processes described previously there are a number of other important physical processes
acting in the coastal zone that are not shoreline processes per se, yet they can influence erosion and recession of
the shoreline.  These are briefly described and include the following physical, biological or human-related processes.

a) Groundwater

In bluff areas the movement of groundwater can be a major factor in the erosion processes.  Many bluffs consist of
layers of different types of material of varying thicknesses and permeability.  The ability of surface water to flow or
infiltrate vertically downward through the bluff structure depends on the types of material from which it is composed.
For example, water passes quickly and easily through a layer of sand, but if the sand is underlain by a layer of
impervious clay, then the vertical movement of groundwater is halted and the groundwater then moves horizontally
along the sand-clay boundary to the bluff face.  The groundwater then exits through the face of the bluff at the sand-
clay boundary and runs down the bluff face causing erosion of the sand layer, the bluff face, and over time, leads
to the landward recession of the bluff.

The presence of groundwater in a bluff reduces its ability to resist collapse or bluff failure.  This is due to the
lubricating effect that a high water content has on the soil.  A collapse or bluff failure of this type is most likely to
occur when the soil is saturated with water.  Soil saturation may be caused by natural influences such as in the
spring snowmelt period or after an extended period of heavy rain, or by human-related structures or activities, such
as a leaking swimming pool. 

b) Surface Water

The flow of surface water down the face of a bluff can lead to erosion of a bluff face and ultimately to varying degrees
of bluff failure or collapse.  Frequently, concentration of surface water flows on a given shoreline bluff feature leads
to the formation of gullies along the bluff face.  As a gully grows, it may become the route for surface water drainage
from an increasing tableland area, thereby increasing both the volume of water flow and the rates of gully growth.
The creation of tableland water drainage networks, such as field tiles or drainage ditches, are typically the forms of
surface water concentration that have led to the formation and growth of shoreline gullies.
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c) Ice

The formation of ice during winter months affects shoreline processes in all the lakes in two ways.  The formation
of shorefast ice in combination with an "ice foot" protects the shoreline area landward of the ice from wave action
even when the main body of the lake is ice free.  As ice forms first along the shoreline, shorefast ice often persists
for several days or weeks after ice on the main body of the lake has melted, protecting the shoreline feature.
However, local scouring can result from waves breaking directly against the ice foot, and sediments incorporated
in the ice may be transported and deposited offshore.  

The second main form of ice, that being ice formed within the main body of the lake, has the effect of reducing wave
generation during the winter months and as such, reduces the potential erosion and the volume of sediment
transport.  During the spring months, as the ice begins to breakup, ice jams, ice piling or ridging may result in
flooding or erosion problems along the shoreline and particularly at the outlets of lakes into their connecting
channels.  Along a river or connecting channel ice breakup occurs as the channel snow and ice cover melts.  As the
melting process continues, water flows in the channel increase, water levels rise, fracturing the ice cover, and
ultimately leading to the formation of ice floes.  

Within lake environments, spring breakup typically begins with the ice first melting along the shoreline where the
ground is warmed by the sun and the ice is thinner.  The ice then becomes detached from the shoreline (i.e., ice floe)
and may be further broken up by the actions of winds and currents.  Ice detached from the shoreline or lake ice that
is piled up by wind action against the shoreline can often scour sections of the beach and nearshore as well as
damage and destroy structures close to shoreline.  It can also remove boulders from the shallow areas, reducing
their protective effect, particularly along cohesive bluff shorelines. 

d) Weathering

Two typical forms of weathering along large inland lake shorelines are physical weathering, such as a repeated
freezing and thawing action within the shoreline structure itself, and chemical weathering, involving a breakdown of
the chemical structure or strength of a shoreline bluff or feature.

During the winter months, repeated freezing and thawing of soils within the bluff face reduces the strength of the soil
and makes it more prone to erosion from surface and groundwater flows.  This process is most prevalent on bluffs
with a southerly exposure, where the sun's rays are concentrated on the bluff face and thawing may occur.  Then
alternately, when the air temperature falls several degrees below freezing, either during the night hours or during
days with little or no sunshine, the moisture within the soil structure on the bluff face again freezes.  

Similarly, a reduction in the strength of cohesive and over-consolidated bluff sediments can be caused by expansion
and contraction due to wetting and drying of the bluff face or by the various processes of chemical weathering of the
rock and bluff materials.

e) Human Activities

Beaches, dune complexes, and low lying shoreline bluffs and banks are often directly and indirectly affected by a
wide range of human activities.  These may range from the stripping of vegetation, increasing intensity of storm water
runoff, removing of sediments cobbles and boulders from the beach and nearshore area, nourishment of beaches,
and the effects of structures on the beach itself and on the supply of sediment from updrift source areas.

2.3.5 Source, Transport and Deposition of Sediment Supplies

The number, magnitude and influence of sediment sources to beach environments are varied and may change over
time.  The primary sources include sediment derived from the erosion of cohesive bluffs and sedimentary bedrock,
riverine deposition, glacial and glacio-fluvial deposition from post-glacial lakes, and lastly, from biological or human-
related activities.
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A source of the sediment supply is derived from wave action eroding cohesive bluffs and relatively weak sedimentary
bedrock.  This material is eroded not only from the bluff or cliff itself but from the whole shoreline profile extending
lakeward out to the limit of wave action on the lakebed.  These sediments may be retained locally, transported for
a distance alongshore to form a beach depositional features.

Fine sediment materials (i.e., silts, clays) are not stable in the beach environment and are usually removed in
suspension to be deposited offshore in the lake basins or in enclosed bays.  Only that fraction of sediment supplied
that is sand size or greater is taken as contributing to the beach environment.

A second source of sediments is from rivers emptying into the lake.

A third source of sediment supply is the volume of sediment in, and adjacent to, beaches which were derived initially
from the reworking of glacial and glacio-fluvial sediments by post-glacial lakes.  Enhancing this process are the
sediment supplies resulting from the large changes in lake levels and accompanying shoreline regressions and
transgressions.  The result of these processes is that in some areas there are quite large beach deposits which are
currently receiving very little new sediments.  In areas where isostatic uplift is resulting in shoreline regression,
sediments are being stranded in the form of dunes and beach ridges above the reach of modern shoreline processes
and as a result reducing the thickness and extent of the modern beach. 

Additional sources of sediment supplies to the beach profile can include a number of natural processes such as
carbonate material from shellfish and aeolian transport of sediment from sand dunes, although these types of
sediment supplies are generally of minor significance.  Sediment may also be supplied by human-related activities,
either in the form of material dumped over eroding bluffs and cliffs in an attempt to halt or reduce recession, or where
sediment is brought into or added to the beach profile to create or nourish the existing beaches.  In these areas care
must be taken to evaluate the effects of artificial sediment supply on the stability of these beaches.

Information on the source of sediments for beach deposits, on the post-glacial lake level history, and on the current
sediment budget is of extreme importance in assessing the stability and dynamic behaviour of beaches.  Managers
should ensure that this information is available and properly assessed as part of the studies carried out in the
development of a shoreline management plan.  In many areas these will be evaluated within the framework of littoral
cells and sediment budget analysis.

a) Littoral Cells
 
In developing and assessing shoreline management options, managers need to ensure that selected management
alternatives, particularly those involving issues of sediment supplies, erosion, sediment transport, beach
maintenance and enhancement, and the installation of onshore-offshore structures which may impact on sediment
supplies and transport, are assessed within the framework of littoral cells, including sources and sinks, and sediment
budget analysis.

The term littoral drift cell is used to define a length of shoreline within which there is an uninterrupted net transport
of sediment alongshore in one direction, with boundaries across which there is little or no exchange of sediment with
adjacent cells.  Characteristically littoral cells consist of an updrift source area where sediment is supplied to the
littoral system, and a downdrift sink area where there is net deposition.  The cell boundaries may be relatively sharply
defined by a headland or an artificial barrier, such as a jetty at a harbour entrance, or they may be transitional in
nature so that it may only be possible to define a zone separating two systems.

For discussion purposes, an idealized littoral cell on a cohesive shoreline is illustrated in Figure 2.5.  In this example,
the updrift cell boundary occurs at a drift divide where sediment is transported to the right into one cell and to the
left into another cell.  The average location of the divide is a reflection of changes in the relative fetch lengths as one
moves from one end of the lake to another, and of the wind climate.  The precise location of the divide may vary as
wind and wave conditions change and as such, the divide extends over a length of shoreline from which sediment
may be transported in either direction.



0
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Within the idealized littoral cell on a cohesive shoreline (see Figure 2.5) sediment is supplied to the littoral system
directly by wave erosion of the bluff and underwater profile and by sediments delivered through gully erosion.  In
combination, these sources form a line source, as compared to the point source formed by a major river.  Sediment
is then transported alongshore at a rate that is limited by either the amount of sediment actually supplied to the
shoreline or by the potential ability of the waves.  There are stretches of the shoreline where the volume of sediment
supply is much less than the capacity of the alongshore transport system referred to as "supply limited".  Within the
littoral cell, the sink area is typically located at the downdrift end of the cell and may exist as a baymouth barrier, spit
or cuspate foreland, the head of a large bay, or as an artificial barrier.     

The material eroded directly by wave action or brought to the littoral zone by rivers and by slumping of bluffs is
generally eroded away by wave action.  As a result of this action, the fines, generally less than 0.06 millimetres, are
dispersed offshore and deposited in the deep lake basins, while the coarser sediments are retained in the littoral
zone the beach and nearshore zone.  The thickness and extent of the beach and nearshore sediments depend on
the magnitude of sediment supplied from wave erosion and land sources and on whether the sediment is retained
in place or removed alongshore to some other location by alongshore sediment transport.

To provide a more detailed assessment of the dynamics within the littoral cell, the sources and sinks, and beach
sediment budget  warrant additional discussion.

i) Sources and Sinks

A "source" is a supply of littoral drift material to the shoreline.  This sediment supply may be either a line source (i.e.,
erosion of the shoreline or bluffs), or a point source (i.e., material supplied to the shoreline by rivers and streams).
Artificial nourishment, deposition of material by humans from inland sources or from dredging outside the littoral drift
zone, are also considered sediment sources.

A "sink" is a loss of littoral drift material from the littoral transport zone.  This loss may be a line sink (i.e., offshore
loss to deep water), a point sink (i.e., loss into an offshore canyon), or deposition on a shoal.  Losses of material to
accretion and deposition areas (e.g., shoals, aggrading beaches, spits) are considered to be sinks.  In addition, any
removal of sediment supplies through dredging is considered to be a sink.

ii) Beach Sediment Budget

Beach sediment budget provides information on the sediment transport process into and out of a section of shoreline
and on the volumes of sediment involved. 

The gross sediment budget is the cumulative total sediment volume of all sediment transfers into and out of the
defined littoral cell through processes such as bluff recession, alongshore sediment transport, and
transport/deposition into the dune complexes.   The greater the gross sediment budget the greater the dynamic range
of the beach.

The net sediment budget or sediment balance is obtained by subtracting all sediment outputs from the inputs to the
defined littoral cell.  It is described as positive when sediment inputs exceed outputs, as neutral when inputs and
outputs are approximately equal, and as negative when outputs  exceed inputs.  In practise, the sediment budget
identifies sediment inputs from updrift sources and outputs at downdrift locations.

The net sediment budget can be viewed as an indicator of the long-term stability of the shoreline.  If the sediment
budget is positive then the beach will increase in size or prograde, if the sediment budget is neutral then the
shoreline will remain stationary, and if the sediment budget is negative then shoreline erosion and recession will take
place.  Under conditions of negative sediment budgets, the rate of erosion and recession will be determined by the
resistance of the material forming the shoreline to erosion and by the magnitude of the deficit.  
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b) Shoreline Changes

In analysing the factors interacting within a littoral cell (i.e., sources, sinks, sediment budgets) examination of
shoreline forms and features can provide valuable clues to the nature and character of shoreline processes, and
identification of the erosional and depositional sections of the shoreline.

Assessing changes in shoreline form can generally be described using four basic terms:  erosion, accretion,
recession, and progradation.  For discussion purposes, these terms are usually defined as follows:

 .  Erosion is a volumetric reduction of shoreline material by natural processes.  It involves the removal
and transport of soil, surficial deposits or rock from any part of the shore form.

  . Accretion is a volumetric accumulation of shoreline material by natural deposition.

  . Recession is the landward retreat (i.e., measured in terms of a linear distance) of the shoreline due to
erosion.

  . Progradation is the accretional and lakeward advance of a depositional landform (i.e., measured in terms
of a linear distance).

Within a defined littoral cell or comprehensive stretch of shoreline, the shoreline may be segmented into "shoreline
reaches".  These are basically defined as segments of shoreline having similar physical characteristics (i.e., soil
composition, orientation, etc.).  Shoreline reaches can be classified as progradational, or recessional, depending
on whether accretion or erosion is taking place.  On any shoreline, the erosional and depositional features may
alternate spatially (i.e., size, dimension, location) and/or temporally (i.e., over time).

With respect to its horizontal position, a particular section of the shoreline may be experiencing stability,
transgression (i.e., shoreline moving landward), or regression (i.e., shoreline moving offshore). 

Isostatic rebound also has an impact on relative shoreline displacement (i.e., horizontal position), particularly where
there are differences in the rate of isostatic rebound between the lake outlets and shorelines. 

Setting aside the effects that the relative movement of land and water have on a shoreline, shorelines can be divided
into three basic types:  stable, accreting and eroding.  Within these three basic shoreline types, stable shorelines
can be further subdivided into two distinct types:  static and dynamic.  

Static stable shorelines generally occur where erosion is negligible due to very low wave energy (e.g., in protected
bays and connecting channels) or on bedrock shorelines where the rock is extremely resistant to erosion.  

In contrast, dynamic stable shorelines generally occur where there is a neutral net sediment budget and where a
full sediment prism is developed and where the wave energy is being dissipated over the beach and nearshore
profile.  During periods of low wave energy, sediment is stored in the beach and foredune areas, and then, during
storm events these sediments are eroded and transported offshore, forming a wide beach and surf zone.  

In shorelines where a negative sediment budget exists, there is insufficient sediment to absorb all the wave energy
and an erosional shoreline develops with the rate of erosion determined by the extent/magnitude of the sediment
deficiency.  Conversely, where there is a positive sediment budget, such as the downdrift end of littoral cells, the
excess sediment inputs from updrift sources will tend to lead to progradation of the shoreline.

A typical phenomena in the natural development of a shoreline feature is that the shoreline will naturally tend to
"face" the waves so as to minimize alongshore transport and/or satisfy the continuity of the relationship between
wave action and littoral transport.  In essence, there is a strong relationship between littoral transport, direction of
wave action and the resultant type of equilibrium shoreline form.  Understanding this unique relationship, enables
the shoreline manager, having first identified the type(s) of equilibrium shoreline forms within a defined stretch of
shoreline, to then interpret or make an assessment on the littoral transport patterns and on the direction of
predominant wave attack based on the type, location and/or size of particular shoreline forms.  This assessment may
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be based on a review of either charts or aerial photographs of the beach/shoreline forms within the defined stretch
of shoreline.  Conversely, the current and potential future geometry of shoreline forms can be determined from an
understanding of the relationship between littoral drift capacity and the direction of wave action.

Headland-bays are a common shoreline feature between headlands or hardpoints on natural shorelines formed in
unconsolidated deposits.  Bay shapes have received various names: crenulate bays, headland-bay beaches, spiral
beaches and zeta bays.  Stable headland-bays have a straight segment downdrift, nearly tangential to the downdrift
headland, followed by curved section of logarithmic spiral form which is then connected to an almost circular section
behind the updrift headland.  The straighter downdrift section is parallel to the dominant wave crests.  Over time,
assuming fixed headlands, a headland-bay will approach an ultimate or static equilibrium shape.  This occurs when
the shoreline has adjusted so that the dominant waves arrive at right angles to the entire periphery with the result
that there is no littoral drift within the bay.  Evidence suggests that these bays maintain a relatively stable shape and
recede mainly due to recession of the headlands.

The shorelines of unregulated lakes (i.e., those undergoing natural lake level fluctuations) respond to the natural
forces of the waves, currents, ice and winds and typically reach a state of dynamic equilibrium.  The shorelines of
regulated lakes may be still undergoing a period of relatively rapid adjustment as the shoreline profile adjusts to the
new lake level regime.



3.0 RECOMMENDED SHORELINE CLASSIFICATION SCHEME TO DETERMINE SHORELINE
REACHES

  
Crucial to the implementation of the flood, erosion and dynamic beach hazard policies is the proper identification and
classification of the shoreline based on a consistent, technically sound and functional set of procedures.  

The purpose of Section 3 is to describe the recommended shoreline classification scheme (based on the
classification scheme outlined in the Technical Guide for Great Lakes - St. Lawrence River Shorelines (1996)
intended to support the definition and implementation of the flooding, erosion, and dynamic beach hazards for large
inland lakes.  The criteria and procedures for the definition and calculation of each of these hazards are provided
in Sections 4, 5 and 6 of this Technical Guide.

3.1 Criteria For Classification Of Large Inland Lakes Shorelines

The objective of any shoreline classification scheme is to provide a consistent, technically sound and viable
mechanism for dividing a given stretch of shoreline into manageable units.  The recommended shoreline
classification scheme described in the following sections is based on "shoreline reaches", which by definition, are
unique segments of shoreline having common physical characteristics.

The primary purpose of the recommended shoreline classification scheme is to aid in the identification of unique
segments of shoreline (i.e., based on shore type), to highlight those factors and processes within each shore type
that are considered significant controls on flooding, erosion and dynamic beach hazards, and ultimately, to facilitate
the identification of shoreline hazards.

Application of the recommended shoreline classification scheme requires that one first understand the principles on
which the classification scheme are based:

  . that shorelines are normally considered to be bedrock, cohesive, or "dynamic beaches", based on the
"controlling" substrate in the nearshore;

  . the majority of shoreline areas with small beach deposits (i.e., surficial deposits) should not  be classified
as "dynamic beaches";  they should be first classified according to the controlling nearshore substrate (i.e.,
predominant underlying material) followed by subclassifications according to "surficial" nearshore substrate
and the general onshore/backshore shoreline type.

  . "dynamic beaches" are only those shorelines having beach/dune deposits that are a minimum of 0.3 metres
thick, 100 metres long and 10 metres wide and where the maximum fetch distance measured over an arc
extending 60 degrees on either side of a line perpendicular to the shoreline is greater than 5 km (this
normally does not occur where beach or dune deposits are found in embayments, along connecting
channels and in other areas of restricted wave action where wave related processes are too slight to alter
the beach profile landward of the waterline;  given the significant amount of beach/dune sediment materials
involved in these areas, the sediment then becomes the "controlling nearshore substrate"   

3.2 Steps for Shoreline Classification

Given these guiding principles, the recommended shoreline classification scheme involves four distinct steps of site
evaluation and classification: 

   . Step 1 controlling nearshore substrate; 
   . Step 2 general shoreline type;
   . Step 3 surficial nearshore substrate;  and
   . Step 4 shoreline exposure and planform.  

These steps are discussed in the following sub-sections.
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3.2.1 Step 1:  Classification of Controlling Nearshore Substrate

The purpose of Step 1 of the recommended shoreline classification scheme is to identify the most critical factor
influencing the physical processes impacting on land/water interface along a particular stretch of shoreline, namely
the "controlling nearshore substrate".  Controlling substrate was defined as the dominant underlying material which
makes up the main body of the lakebed.  For bedrock and cohesive shorelines, there are three types of controlling
nearshore substrate (see Figure 3.1a):

& bedrock;
& cobble/boulder till (cohesive material); and
& fine-grained cohesive  material.

The two controlling nearshore substrate types for dynamic beaches are (see Figure 3.1b): 

& gravel/cobble/boulder; and
& sand.

a) Bedrock Shorelines

Bedrock shorlines include all shorelines where the nearshore and part or all of the backshore consists primarily of
bedrock.  The nearshore is characterized by bedrock and boulders exposed in many places along the shoreline,
extensive rock outcrops in the nearshore, or limited amounts of surficial sand or cobbles overlying the bedrock.  

In general, bedrock shorelines are more resistant to erosion than cohesive shorelines.  The degree of bedrock
strength, defined in terms of resistance to erosion by wave action and weathering processes, varies with rock type
and structure (i.e., bedrock consisting of ingneous and  metamorphic, and limestone and dolomite compared with
sedimentary materials).

Igneous and metamorphic rock generally are considered extremely resistant to erosion by waves with recession
rates in most of these areas being so small that they are virtually immeasurable.  Thickly-bedded limestone and
dolomite bedrock outcrops are considered to be quite resistant to erosional forces (i.e., low recession rates).
Sedimentary rocks such as sandstones, shales and thinly-bedded limestones are often much less resistant to wave
action and to weathering and experience low recession rates.  The resulting nearshore profiles, characteristic of
these softer bedrock types, may be similar in shape to the erosion-resistant cobble/boulder till.

b) Cohesive Shorelines

Cohesive shoreline includes all shorelines developed in sedimentary deposits that contain some fine sediments,
such as silts and clays, and which may possess some degree of strength as a result of the cohesion forces
associated with the clays within the stratigraphic structure of the shore face.  The sediments were deposited by
glaciers, in glacial lakes, or by rivers flowing from glacial ice sheets.   While glacial deposits possess some strength
due to cohesion, a large part of their initial strength is derived from over-consolidation due to the weight of overlying
glacier ice during, or subsequent to, deposition.  In some areas, shorelines may consist of cohesive sediments of
relatively recent alluvial sediments deposited by river or lake currents, which possess some strength due to cohesion
but not due to over-consolidation.

The erosion of the cohesive material which comprises the controlling substrate is irreversible.  The recession rates
and the resulting nearshore profiles can differ depending on the nature of the cohesive material.  For the purpose
of this classification scheme, cohesive shorelines (i.e., the controlling substrate) have been subdivided into two
groups: 
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& Cobble/boulder till  is a cohesive material (e.g., glacial till) with a high content of cobbles and boulders.
Washing away of the fines, by wave action in the nearshore, and erosion of onshore bluffs with a high
content of cobbles and boulders produces a cobble/boulder lag deposit which protects the nearshore.  This
results in a convex, shelf-type profile.  In other instances, the cobble/boulder material in the nearshore may
have originated from other sources other than from the underlying material.  Resulting recession rates tend
to be moderate to high.

& Fine-grained cohesive  material contains a relatively small percentage by volume of coarser grained
material especially cobbles and boulders.  As such, no protective lag deposit is able to build up in the
nearshore.  Ongoing downward erosion of the nearshore results in a convex-shaped profile with the highest
rate of downcutting closest to the shore.  The downcutting rate diminishes as one proceeds offshore.  Over
time, the profile shape tends to remain constant and is merely translated shoreward.  Resulting recession
rates tend to be high to severe.

c) Dynamic Beaches

In general, the term "beach" applies to any accumulation of sediments that have been transported by wave action
and deposited along the shoreline.  These include, sediment accumulations or pockets of sediment material that are
found along many of the bedrock and bluff shorelines of Ontario’s inland lakes.

For the purposes of the recommended shoreline classification scheme, the term dynamic beach will be applied only
to those areas where beach deposits are greater than 10 metres in width, 0.3 metres in thickness and 100 metres
in length and where the beach deposits are not located in embayments or in other areas of restricted wave action.
Under these criteria, there is a sufficient volume of sediment such that significant changes in the profile of the beach
can take place as a result of wave action and water level fluctuations.  More detailed information on dynamic
beaches is presented in Section 6: Dynamic Beach Hazard of this Technical Guide.

d) Other Features

It should be noted that river mouths may be treated as special cases as required.  Some river mouths are drowned
river valleys (i.e., rivers existed at earlier glacial times, under much lower lake levels).  Not only does the
submergence of the old river valley result in an embayment feature, but the lakebed within the drowned river valley
may be significantly modified by fluvial sediments deposited over the lakebed.  This may result in isolated locations
of sandy or silty lakebed conditions along shorelines that are otherwise cohesive or bedrock.

3.2.2 Step 2: General Shoreline Type Classification

The topography and geology of the onshore area have an important modifying influence on the shoreline features.
The steepness and height of onshore area factors in determining the terrestrial habitat characteristics, the limit of
shoreline flooding hazards, the landward limits to dynamic beaches, and the accessibility of the water's edge.
Material eroded from shoreline bluffs contributes to the littoral budget.

Terrestrial habitat considerations are discussed in Section 9: Environmentally Sound Management Within the
Hazardous Lands of this Technical Guide.

Onshore flooding concerns decrease as the height of the bluff or cliff increases.  Conversely, onshore flooding
concerns may pose a significant hazard along low plain shorelines.

The sand and gravel component of cohesive bluffs or the sand and gravel from non-cohesive bluffs provides a supply
of beach material.  Erosion of softer bedrock cliffs (e.g., shale), along with erosion of the nearshore, provides the
material that forms shingle beaches.  Where the bluff material has a significant cobble/boulder content, recession
of the bluff can result in lag deposit of cobbles and boulders along the shore and on the nearshore profile.  The
waves remove the finer materials (i.e., silts, clays, sands and gravel) but are unable to transport the larger material
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away.  The higher the bluff, the larger the quantity of cobbles and boulders "left behind" to protect the shore and
reduce recession rates.  Along shorelines where the topography is undulating, high bluffs are located adjacent to
low plains.  The lag protected high bluffs form headlands while the more erosion prone low plain shoreline due to
lesser available quantity of cobbles/boulders form embayments.  Where creeks or streams outlet to the lake at these
embayments, barrier beaches may form. 

Within Step 2, there are three basic shoreline types (i.e., bedrock, cohesive/non-cohesive, and dynamic beach )
which are based on the nature of the material forming the onshore/backshore ( a fourth shorline type - artificial beach
- also exits, but with minimal occurance and is therfore not discussed in detail in this Technical Guide).  The
onshore/backshore material can differ from the controlling substrate material in the nearshore (i.e., Step 1).  These
three basic types are then further subdivided based on the relief/slope and physical characteristics of the shoreline
to form the seven general shoreline type classifications:

  . Bedrock a)  Bedrock Cliff
b)  Bedrock Low Plain

  . Cohesive/Non-Cohesive a)  Cohesive/Non-Cohesive Bluff
b)  Cohesive/Non-Cohesive Low Plain

  . Dynamic Beach a)  Dynamic Beach Backed by Cliff/Bluff
b)  Dynamic Beach Low Plain (mainland dune)
c)  Dynamic Beach Barrier

In addition to differentiating shore types based on physical attributes, recognition of the dynamic response of these
shore types should also be documented.  The range of dynamic response is usually determined by the influence or
impact of coastal processes on the shore type (i.e., wave climate, wind setup potential, nearshore downcutting,
alongshore sediment transport patterns and beach sediment budgets, and post-glacial lake history).  Human-related
activities, such as the placement of fill and the installation of shoreline protection works, also have an impact on
shoreline type and should be duly recognized in any determination of shoreline type.

a) Bedrock Shorelines

Bedrock shorelines include all shorelines where the backshore and onshore, or area above the waterline, consists
primarily of bedrock.  These areas may be characterized by bedrock and boulders exposed in many places along
the shoreline (see Step 1).

Under the recommended shoreline classification scheme, bedrock shorelines are subdivided into two separate
shoreline bedrock environments:

& Bedrock cliff which generally consist of bedrock features that rise steeply (steeper than 1:3,
vertical:horizontal) from the shoreline to elevations exceeding 2 metres in height, and as such, have only
a very narrow zone at the base of the structure that is subject to flooding and/or wave action.

& Bedrock low plain  which generally have a gentle slope (flatter than 1:3) inland from the shoreline with a
relief of less than 2 metres in height (Figure 3.2).  This type of shoreline structure permits wave action to
extend some distance inland usually exposing the shorelines to flooding during storms and/or high water
periods.
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b) Cohesive/Non-cohesive Shorelines

The onshore, and at least part of the backshore, of cohesive/non-cohesive shorelines can consist of different
sedimentary materials.  It is evident that "cohesive" shorelines are developed in sediments with a variety of
compositions, often with some till units and varying degrees of cohesion.  A significant proportion of the composition
will consist of fine sediments, such as silts and clays.  "Non-cohesive" shorelines predominantly consist of sands and
gravels with only some or trace amounts of silt and clay.

The shoreline may consist of sediments deposited by glaciers, in glacial lakes, or by rivers flowing from ice sheets.
While glacial deposits possess some strength due to cohesion, a large part of their initial strength is derived from
over-consolidation due to the weight of overlying glacier ice during, or subsequent to, deposition.  Once these
sediments are exposed at or near the surface, they may lose much of their strength due to weathering processes
such as repeated wetting and drying, freezing and thawing and to positive pore water pressures.
The shoreline may consist of cohesive sediments of relatively recent alluvial sediments deposited by river or lake
currents, which possess some strength due to conhesion but not due to over-consolidation.

Under the recommended shoreline classification scheme, cohesive/non-cohesive general shoreline types are sub-
divided into two separate  sub-classifications:

& Cohesive/non-cohesive bluff which are a steeply sloping (steeper than 1:3, vertical:horizontal) shoreline
with backshore elevations greater than 2 metres developed in sedimentary deposits.  With bluff shorelines,
wave action and flooding are generally confined to the area between the base of the bluff and the lake.

& Cohesive/non-cohesive low plain  which  are defined as areas with a gentle inland slope from the shoreline
(flatter than 1:3) or where the relief is less than 2 metres (see Figure 3.3).  Along low plain shorelines, wave
action and flooding may extend a considerable distance inland.  Cohesive/non-cohesive shorelines exposed
to wave action are very prone to erosion.

c) Dynamic Beaches

Under the recommended shoreline classification scheme, on the basis of shoreline slope and elevation, dynamic
beaches are divided into three major sub-classifications:

& Dynamic beach backed by a cliff or bluff which are essentially beaches that are backed by either a
bedrock cliff or a cohesive/non-cohesive bluff and as such, the landward extent and the effect of wave action
and flooding are limited.

& Dynamic beach low plain(mainland dune)  which have a gently sloping shoreline and as such, are subject
to wave action and flooding (Figure 3.4).  However, the slope is dependent on the underlying bedrock or
cohesive material on which the beach is developed.  For example, on sandy beach shorelines,  sand dunes
may develop landward of the beach.  The dunes can erode rapidly during a storm event.

& Dynamic beach barrier   which are essentially beaches and any associated dune complexes which are
separated from the mainland by a bay, lagoon or marsh.  Barrier beaches are extremely dynamic and may
be completely overwashed during storm events.

Unlike bedrock and cohesive shorelines, sand beaches present little resistance to wave action. They may, however,
exist in equilibrium with wave action depending on the input and outputs of sediment within a particular shoreline
length.  
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Figure 3.4 Low Plain Beach

3.2.3 Step 3:  Classification of Surficial Nearshore Substrate

The primary purpose of Step 3 of the recommended shoreline classification scheme is to recognize the integral
importance and need to properly identify the surficial substrate and the role that nearshore surficial sediments have
in determining the range of biological or environmental processes occurring on a particular stretch of shoreline.  

To ensure proper recognition of the range of biological processes and potential environmental impacts, Step 3
involves the further subdivision of the controlling nearshore substrate identified in Step 1 and the general shoreline
types, identified in Step 2, based on the surficial sediments found in the nearshore.

In Step 3 there are five surficial nearshore substrate within bedrock and cohesive/non-cohesive general shoreline
types depending on the type of controlling nearshore substrate:

& Bedrock  consisting of exposed bedrock with a relatively smooth and monolithic surface.  Bedrock which is
significantly fractured, with many crevices and loose pieces, may be better classified as cobble/boulder.  A
bedrock surficial substrate can only occur when the controlling substrate is bedrock.

& Cobble/boulder consists of the coarser, larger stone material and may include gravel-sized material (i.e.,
gravel/cobble/boulder, dynamic beach classification).  According to the Wentworth scale, gravel is material
larger than 2 mm in diameter while cobbles are larger than 64 mm in diameter.  Shingle material may be
considered as cobble/boulder material.  Shingles are defined as water-worn, rounded stones which are
usually flat and larger than 16 mm and relatively uniform in size.  The larger diameter cobble/boulder
material results in greater interstitial spaces than smaller diameter sand/gravel material.  It is unlikely to have
gravel/cobble/boulder surficial substrate on a fine-grained cohesive controlling substrate.

& Sand/gravel  consists of small cohesionless particles commonly associated with beaches.  Sand and gravel
is relatively mobile under the action of waves.  While the Wentworth sand scale includes material as fine as
0.062 mm in diameter (i.e., "very fine sand"), material this fine may not be stable on a beach environment.
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& Fine-grained cohesive  is a hard packed (consolidated), fine-grained material with a significant proportion
of clay and silt material as well as sand and gravel.

& Silt/organic  generally consists of loose, fine materials which are not consolidated.  Typically silt/organic
material is found in sheltered or deeper waters where sediments are allowed to settle.  The Wentworth
system classifies silt as material finer than 0.062 mm.  Where physical conditions are suitable, aquatic plants
may become established in these areas.

There are  two surficial nearshore substrates in "dynamic beach" shorelines, gravel/cobble/boulder and sand.  For
"dynamic beaches", the surficial nearshore substrate material will be the same as the underlying controlling
substrate.

The distinction between the various surficial substrate types is based on size, interstitial spaces and consolidation.
Terms such as "clay", "silt", "sand", "gravel" and "cobble/boulder" are used as descriptive terms to suggest a certain
size of material.  The actual size limits of the various terms vary according to the classification system used.  Table
6.2, in Section 6: Dynamic Beach Hazard of this Technical Guide, provides a description of the various size ranges
based on the Wentworth and Unified Soils classification systems.

3.2.4 Step 4:  Classification of Shoreline Exposure and Planform

The purpose of Step 4 of the recommended shoreline classification scheme is to describe in further detail the
exposure the shoreline to wave action and the physical characteristics described in terms of its "planform".  The
exposure and planform helps to define the littoral transport characteristics and are indicators of the long-term stability
or evolution of the shoreline.

Step 4 results in the description of a shoreline as exposed, partial headland, headland bay, and naturally, well
sheltered.  The four exposure and planform classifications are applied in bedrock, cohesive (i.e., cobble/boulder till
and fine-grained cohesive) and "dynamic beach" shoreline environments.  Section 6.3.3, in Section 6: Dynamic
Beach Hazard of this Technical Guide, provides more detailed information on the planform of shorelines. 

The wave energy reaching the shoreline (i.e., the "exposure") can be described in a relative sense as follows:

Wave Exposure Fetch Length

 .  exposed; high wave energy - greater than ±20 km
 .  moderate to high wave energy - ±5 km to 20 km
 .  low to moderate wave energy - ±1.6 km to 5 km
 .  sheltered: low wave energy - less than 1.6 km

The various shoreline classes are subject to different levels of flooding, erosion and dynamic beach hazards.  As
previously noted, the flooding hazard is a function of the height and steepness of the onshore area (see Section 4:
Flooding Hazard of this Technical Guide).  Erosion processes are described in Section 5: Erosion Hazard.  For
descriptive purposes, erosion hazards can be rated as follows:

Average Annual Recession Rate (m/yr) Erosion Hazard Rating

<0.0 to 0.0 accreting or stable
 0.0 to 0.3 low
 0.3 to 0.7 moderate
 0.7 to 1.2 high
 1.2 to 2.0 very high
 >2.0 severe
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3.2.5 Summary

The four steps of the recommended shoreline classification results in a range of shoreline types that are summarized
in Table 3.1.  Table 3.1 also indicates whether or not the different shoreline types are prone to flooding, erosion and
dynamic beach hazards.  The actual extent of the hazard will of course depend on the site specific conditions.

As a result of the dynamic beach classification process, a total of eighteen (18) general beach types or classes are
developed.  Under the recommended shoreline classification scheme, each of these beach classes is differentiated
by name and number.  For more information, a detailed description of each beach class is provided in Section 6:
Dynamic Beach Hazard in this Technical Guide.

Figure 3.6 provides schematic illustrations of some example shoreline classifications.

3.3 Procedure For Classifying And Mapping Shoreline Reaches

Classifications, or definitions of shore type, and the subsequent mapping of these shore classifications are usually
based on a defined length of shoreline unit, usually referred to as a shoreline reach.  Under the recommended
shoreline classification scheme, a shoreline reach is defined as a stretch of shoreline where the
onshore/backshore/nearshore consists of a single class (i.e., non-cohesive bluff with a bedrock (erodible) controlling
substrate and cobble/boulder (shingle) surficial sediments in the nearshore, see Figure 3.6a) and where the shoreline
has relatively uniform physical characteristics.

The alongshore boundaries of the shoreline reach are defined by either a transition to a different shore type (i.e.,
from a non-cohesive bluff to a low plain cohesive shoreline, or from a low plain beach to a barrier beach), or a
change in some significant shoreline characteristic within one shore type (i.e., a change in direction of net sediment
transport, presence of a complete natural or artificial (i.e., large harbour jetty) littoral barrier, a significant change in
bluff or cliff height, or a significant change in land use (i.e., urban to rural)).

In the initial stage of shoreline assessment, maps at a scale of 1:50,000 or 1:100,000 will probably prove most useful
for actual boundary definition.  However, as the need for a more definitive delineation and assessment of shoreline
reaches is required other sources of mapped information may be utilized.  These may include 1:10,000 OBM
mapping, accurate municipal mapping, consultants reports, vertical aerial photographs, topographic maps, surficial
and bedrock geology maps, and local knowledge or information bases.

As with any classification scheme, there will be some locations which will be difficult to classify using the
recommended shoreline classification scheme and which can be considered on a site specific basis.  For example,
a relatively sheltered section of lake shoreline which is a depositional zone for silts and mud carried to the lake by
a river may be difficult to classify according to its controlling substrate.  In this case the shoreline may simply be
classified by the surficial substrate with the controlling substrate considered to be not applicable.   

The first step involves the delineation of boundaries between the controlling nearshore substrate and general
shoreline types.  This initial identification of broad or somewhat general shoreline segments is best approached by
the mapper first examining the characteristics of the central part of what is thought to be a shoreline segment, rather
than focussing on where the boundaries should be placed.  In other words, the boundaries are most easily
determined if the mapper works along the shore in both directions from the central portion of the segment.
Verification of the shore type can only be obtained by cross-referencing all collated background information, with the
ultimate determination being achieved through a field inspection, where warranted.

The final determination of the exact location of the boundaries between shoreline segments and to further subdivide
the shoreline segments is best obtained through a site investigation and subsequent field mapping.  
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Table 3.1 Summary of Shoreline Classes
Shoreline Class 1

Typical Hazard(s)

  � Prone to Flooding
  � Prone to Erosion
  � Prone to Influence of
    Dynamic Beach 

  LEGEND

    - This Table does not include classification1

of shoreline exposure and planform
(exposed, partial headland, headland-bay,
well sheltered).

    - Cliff/bluff - steeper than 1:3 (vert:horz)2

and >2 m high.

    - Low plain -  landward slope flatter than3

1:3 (vert:horz) or <2 m high.

    - Typically only found in naturally well-4

sheltered areas where controlling
substrate may not be applicable.

   - a beach is not classified as a dynamic5

beach, where: 1) beach or dune deposits
do not exist landward of the stillwater line;
2) beach or dune deposits overlying
bedrock or cohesive material are
generally less than 0.3 metres in
thickness, 10 metres in width and 100
metres in length; or 3) beach or dune
deposits are located in embayments,
along connecting channels or in other
areas of restricted wave action.

  Table must be read in conjunction with
  accompanying Technical Guide text.

General Shoreline Controlling Substrate Surficial Substrate
Type
Onshore/ Backshore (predominant underlying (can appear above
(composition and profile) material) water as a beach)

Nearshore Nearshore

5

Bedrock Cliff bedrock bedrock Typically not prone to flooding2

and erosion hazards.
(Softer bedrock does erode. 
Resulting nearshore profile
may be similar to erosion-
resistant cohesive
cobble/boulder till.)

cobble/boulder

sand/gravel

silt/organic4

Bedrock Low Plain bedrock bedrock Prone to flooding.  Typically3

not prone to erosion.
(Softer bedrock does erode. 
Resulting nearshore profile
may be similar to erosion-
resistant cohesive
cobble/boulder till.)

cobble/boulder

sand/gravel

silt/organic4

Cohesive/Non-cohesive bedrock bedrock Not prone to flooding. 
Bluff Typically prone to low to2

moderate erosion.
(Softer bedrock does erode. 
Resulting nearshore profile
may be similar to erosion-
resistant cohesive
cobble/boulder till.)

cobble/boulder

sand/gravel

silt/organic4

cobble/boulder till cobble/boulder Not prone to flooding. 
Typically prone to moderate to
high erosion.sand/gravel

silt/organic4

fine-grained cohesive cobble/boulder Not prone to flooding. 
Typically prone to high to
severe erosion.sand/gravel

fine-grained cohesive

silt/organic4

Cohesive/Non-cohesive bedrock bedrock Prone to flooding & typically
Low Plain  low to moderate erosion.3

(Softer bedrock does erode. 
Resulting nearshore profile
may be similar to erosion-
resistant cohesive
cobble/boulder till.)

cobble/boulder

sand/gravel

silt/organic4

cobble/boulder till cobble/boulder Prone to flooding & typically
 moderate to high erosion.

sand/gravel

silt/organic4

fine-grained cohesive cobble/boulder Prone to flooding & typically
 high to severe erosion.

sand/gravel

fine-grained cohesive

silt/organic4

Dynamic Beach Backed gravel/cobble/boulder gravel/cobble/boulder Prone to flooding, erosion &
by Cliff/Bluff influence of dynamic beach.5

sand sand

Dynamic Beach Low gravel/cobble/boulder gravel/cobble/boulder Prone to flooding, erosion &
Plain  influence of dynamic beach.5

(mainland dune) sand sand

Dynamic Beach Barrier gravel/cobble/boulder gravel/cobble/boulder Prone to flooding, erosion &5

influence of dynamic beach.
sand sand



Example (a)

Controlling Substrate - Nearshore bedrock

(shale bedrock is erodible;

resulting nearshore profile

may be similar to erosion-

resistant cohesive

cobble/boulder till).

General Shoreline Type - Onshore/Backshore

non-cohesive bluff.

Surficial Substrate - Nearshore cobble/

boulder (shingle falls within

size class for cobble/boulder).

Example (c)

Controlling Substrate - Nearshore sand/gravel

(till material not exposed)

(beach deposit >10m wide

and >0.3m thick).

General Shoreline Type - Onshore/Backshore

dynamic beach backed by

bluff.

Surficial Substrate - Nearshore sand/gravel (for

dynamic beaches, surficial

substrate is the same as

controlling nearshore

substrate.

Example (b)

Controlling Substrate - Nearshore fine-grained

cohesive.

General Shoreline Type - Onshore/Backshore

cohesive low plain.

Surficial Substrate - Nearshore fine-grained

cohesive.
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3.4 Sources Of Information

Integral to the initiation of any mapping process is the collection of background information, particularly those related
to the physical characteristics of the shoreline and to the processes affecting the shoreline.  This, combined with
information obtained from field inspections, will generally provide the foundation for the determination of the
classification of each shoreline reach, its alongshore boundaries, and ultimately, the definition and delineation of the
Hazard Lands along the shoreline of large inland lakes.

For most large inland lakes there is very little documented background information, some potential sources of
information may be as follows:

  . Quaternary Geology Mapping  - various, Ontario Geological Survey.
   . Chapman, L.J. and Putman, D.F., 1951.  The Physiography of Southern Ontario: 2nd ed. 1966, University

of Toronto Press, 385pp. 
  . Local offices of the Ministry of Natural Resources, Conservation Authorities, local lake or cottagers

associations, other lake residents or boat operators.

In collating general background material, a number of other information sources should be consulted including:

  . reports from various government ministries and agencies which deal with the sections of the shoreline under
review

  . papers published in journals, university theses and any other documents dealing with various aspects of the
shoreline and the processes affecting various shorelines

  . aerial photographs from several different years, where possible, should be examined to determine changes
in the shoreline through time.  Of particular interest should be changes in the beach width over time  (i.e.,
when using these sources, one should note that oblique aerial photographs and colour slides often provide
better detail than black and white verticals)

  . videotapes of the shoreline from a helicopter or small plane can often provide useful information, particularly
where coverage over different periods in time are available.

In developing and collating background information, prior to initiating the mapping process, several key pieces of
information or data should be compiled, where possible, including:
 
  . fetch window or the range of directions from which waves approach and affect the shoreline unit;
  . fetch lengths at 22.5  angles for that fetch window;o

  . wind speed and direction to determine wave climate and wind setup;
  . wave climate, if available;
  . gross alongshore sediment transport patterns and the net volume of alongshore sediment transport into and

out of the shoreline unit;
  . sources of sediment supply to the shoreline unit (e.g., alongshore sediment transport from updrift, gully

erosion, nearshore and bluff recession);
  . nearshore bathymetry from available hydrographic charts;
  . historical rates of shoreline erosion/accretion; and
  . the limit of erosion/wave action during high water periods.
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4.0 FLOODING HAZARD

Flooding has caused considerable damage along the shorelines of many of the large inland lakes.  As discussed
in Sections 1 to 3, most shorelines of the large inland lakes have some degree of flood susceptibility which must be
assessed and delineated.

Shoreline flooding hazards, as defined in the Provincial Policy Statement (May 1996), consist of three components:

& 100 year flood level;
& wave uprush and overtopping; and
& other water related hazards, such as ice jamming and piling and boat generated waves.

The intent of Section 4 is to provide an in depth analysis of the flooding hazard as defined in the Provincial Policy
Statement (May 1996).  The magnitude, duration and potential impacts associated with flooding and other water
related hazards will be examined.  A flow chart summary of the procedure for delineating the flooding hazard is
presented in Figure 4.2.  The components of the flooding hazard are discussed in detail in the following  sections.

4.1 Provincial Policy:  Flooding Hazard

The flooding hazard along the shorelines of large inland lakes, combines the 100 year flood level  (i.e., static water
level and wind setup), and a flood allowance  for wave uprush and other water related hazards  (Provincial Policy
Statement, May 1996)

The 100 year flood level is a combination of the static water level (see Figure 4.1a) and the wind setup (see Figure
4.1b).  High static water levels are the result of a wide range of natural hydrological, physical, geological and human
factors. These include seasonal trends in precipitation and evaporation.  Longer term changes in water level may
also occur as a result of global warming and hydrostatic rebound.  Many of the large inland lakes are also regulated
for navigation and hydro-electric generation.  Wind setup is caused by winds blowing across the lake.

Wave uprush or wave runup is essentially the vertical distance reached by the uprushing wave above the stillwater
level or flood level.  When the height of the natural shoreline or the protection works above the stillwater level is less
than the limit of runup, wave overtopping occurs.  This can result in backshore flooding (see Figure 4.1c) and can
potentially threaten the stability of the overtopped works.



Wind Setup below land crest,
but uprushing waves spill
over a low barrier, dune or
dike.



--- 4-3 --- 

Ice and boat waves constitute other water related hazards which can cause flooding.  Ice can cause erosion and
flooding of shorelines.  On large inland lakes, moving ice sheets often cause significant damage to shore structures
(e.g., shorewalls, docks, boat ramps).  The ice sheets can even ride-up onto the shore and damage buildings.  Boat
waves can uprush onto the shoreline beyond the defined 100 year flood level.

The 100 year flood level is represented by a contour line or elevation on the shoreline mapping.  The flood allowance
for wave uprush, unless done on a site specific basis, through a study using accepted engineering principles, is
represented by a specified horizontal distance measured landward from the 100 year flood level.  The second
component of the flood allowance (i.e., the component associated with other water related hazards) must be
examined on a site specific basis.  In the absence of studies to determine the allowance for wave uprush and other
water related hazards, the standard flood allowance is 5 metres (see Figure 4.3). 

Where flooding and/or wave action overtops a natural bank or protection works, causing ponding landward of the
100 year flood level, the flood allowance for wave uprush and other water related hazards is to be determined by
a study using accepted engineering principles (see Figure 4.4).

4.2 100 Year Flood Level

By definition, the 100 year flood level means, for large inland lakes, lake levels and wind setups that have a 1%
chance of being equalled or exceeded in any given year, except that where sufficient water level records do not exist,
the 100 year flood level is based on the highest known water level and wind setups (Provincial Policy Statement,
May 1996).

For many of Ontario’s large inland lakes there is minimal recorded water level information.  For those lakes where
there is existing water level data, analysis of the combined probability of static water level and wind setup has usually
not been calculated.  Therefore, in the absence of statistical water level data, maximum recorded water levels,
maximum regulated water levels (e.g., maximum flooding right) or observed high water levels combined with an
estimate of wind setup could be used in place of the 100 year flood level.  Where no documented information
regarding high water levels exists, water level information may be found from local authorities, cottage associations,
or other long-time residents of the lake.  A field reconnaissance may also provide evidence of past high water levels.
Field evidence includes differing vegetation types and erosion or scarping of the backshore.  Wave-borne driftwood
and debris are indicators of the extent of wave uprush.

In examining shoreline vegetation for clues to previous water levels, one must keep in mind that other factors also
play a role in determining vegetation types.  These factors include: wave exposure; water currents; water quality;
shoreline substrate; topography; latitude; and length of time since most recent high and low water episodes.  In
general, the onshore  (i.e., above the maximum water level) will be dominated by woody perennials intolerant of
flooding.  Between the  maximum level and the typical late spring or early summer water level, the shoreline is
characterised by herbaceous species with a wide range of morphologies and life histories and tolerant of occasional
flooding.  The shoreline between the mean spring to fall range of water levels will be dominated by short-lived weedy
plants.  Between the average water level and the extreme minimum water level is the zone where shallow marsh
vegetation can develop  if the other factors, outlined previously, are favourable.  Marsh vegetation includes emerged
aquatic species.  The emergent aquatics can survive continuous flooding but may require occasional low water levels
in order for seedlings to establish.  Submerged and floating- leaved aquatic species can be found below the minimum
low water level.  During low water periods, emergents may spread below the minimum water level but they will be
killed off again when the water level rises.

One of the factors which influences water level fluctuations and is included in the definition of the 100 year flood level
is wind setup.  Wind setup, or storm surge, occurs when wind continues to blow over the lake surface in one direction
for a number of hours resulting in an increase in the water level against the downwind shoreline.  
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Few large inland lakes have recorded water level information that could provide an estimate of wind setup.
Therefore an estimate of wind setup can be made using the following equation from Silvester (1974) based on wind
speed, fetch and depth:  

where k = 3.3 x 10  for lakes,-6

g = 9.81 m/s2

U = windspeed (overwater; at 10 m height) (m/s),
L = fetch length (m),
d = depth (m), and
S = wind setup or storm surge (height above the stillwater level), (m).

Estimates of wind setup can be made using observed extreme wind speeds.  Where this information is unknown,
an appropriate wind speed may be found using maps provided by the Atmospheric Environmental Service, Climate
Atlas.  Figure 4.5 shows the maximum hourly wind speed with an annual probability of 1/30.  For southern Ontario
the wind speed with an annual probability of 1/30 is 97 km/h (27 m/s )and for northern Ontario 80 km/h (22 m/s).
These values represent wind speeds over land and should be adjusted to account for the difference in temperature
between the air and the water (i.e., the stability correction, R ,) and the location effect (i.e., the ratio, R , of over waterT         L

windspeed to overland windspeed).  Therefore, U  = U  X R  X R .  The stability correction factor, R , can bewater  land  L  T       T

set at 1.1 and the the location factor, R , can be assumed to be 1.2.  Therefore, as a first approximation, the windL

set-up, S, for a relatively exposed large inland lakes shoreline can be made as follows:

northern Ontario S (in cm) =   0.014 L/d 

southern Ontario S (in cm) =  0.021 L/d

The shoreline planform (i.e., straight shore, long narrow embayments, etc.) will influence the magnitude of the wind
set-up at site specific locations.
 
Water level and topographic elevations are typically referenced to Geodetic Datum or a municipal or local datum.
The differences between the land-based Geodetic Datum and local datums are site specific.  It is important to know
which datum the elevations are referenced to and how to convert from one datum to another.

4.3 Wave Uprush and Wave Overtopping

Along shorelines susceptible to wave action, flooding hazard areas extend landward beyond the 100 year flood level
to the limit of wave action.  All shorelines of large inland lakes should be considered to be susceptible to wave action
unless site specific study demonstrates that wave action is not significant. 

Wave action includes wave uprush, wave setup, wave overtopping and/or wave spray.  Wave uprush is the time
varying height above the stillwater level that the water runs up the shoreline face, while wave setup is the mean
increase in the water level caused by the onshore transport of water due to waves breaking at the shoreline.  In
general, methods used to estimate wave uprush are measured from the stillwater level and thus inherently include
wave setup (see Figure 4.6a).  The relationship between the vertical wave uprush/runup value, R, and the horizontal
offset for wave runup is shown in Figure 4.7.  Wave overtopping occurs when the limit of wave uprush or incident
wave action passes over or exceeds the top of a shoreline bank or the top elevation of a shore protection work (see
Figure 4.6b).  As a result, waves overtopping the protection work can cause flooding of the onshore and can threaten
the structural stability of protection works.







,
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4.3.1 Characteristics of Wave Uprush and Overtopping 

The primary controlling parameters for wave uprush are (see Figure 4.8) stillwater level (SWL); the incident wave
climate (wave height, H, and wave period, T); the beach (or protection work) slope (tan �); the lake bottom slope (m);
the water depth at toe of the protection work's slope or beach slope (d ); and surface roughness and protection works

permeability (� , and P).  Other factors such as the local bathymetry (e.g., offshore bars and composite slopes),r

berms in front of protection works and oblique wave attack may also change the magnitude of the wave
uprush/runup.  Ice cover of the shore can also influence the wave uprush by making a rough permeable slope into
smooth impermeable slope and/or limiting the depth of water (hence limiting the wave action) by the presence of an
ice foot.  
The basic parameters controlling wave overtopping are essentially those affecting wave uprush.  

The commonly accepted measure of overtopping is the mean discharge, Q.  The mean discharge is the total volume
of overtopping water over a given time period (e.g., one storm of several hours), divided by the length of that time
period.  The mean discharge, Q, is usually specified in terms of the mean discharge per unit length of shoreline or
protection works (i.e., m /s�m; note that 1000 litres(l) = 1 m ).3        3

The amount, magnitude, duration and landward extent of overtopping water and wave spray are of direct concern
in assessing shoreline flood susceptibility and degree of risk.  The degree of risk is measured in terms of:

  # risk to the safety of persons and property behind the shoreline protection works (e.g., usage considerations);
  # the threat to the stability of the shoreline protection work itself;  and
  # the magnitude and impact of flooding and ponding behind the protection work (e.g., drainage

considerations).

Protection works that permit a safe amount of wave overtopping are not uncommon and their proper design,
installation and use is considered to be acceptable practice.  Initial costs of protection works that preclude
overtopping may be prohibitive and, depending on the proposed land use to the lee of the protection work, a non-
overtopping work may not be necessary.  The controlling criteria in any decision-making process is whether the
intensity and/or the amount of wave overtopping endangers people or property, threatens the structural stability of
the protection works and/or permits excessive water to pond in the onshore area.  

Protection works which are subject to overtopping must be carefully designed to withstand the forces of the
overtopping water.  Special attention must be given to the details of the crest and backside of the protection works
to ensure that its stability is not jeopardized.  Proper provisions for the drainage of the overtopping water must be
specifically incorporated into the design of the shoreline protection work to prevent onshore flooding and ponding.

Additional supporting information  on wave uprush and overtopping, is outlined in a separate report, Wave Uprush
and Overtopping: Methodologies and Applications (Atria 1997).  It provides a review and summary of accepted
practice for determining wave uprush and overtopping, as well as typical examples of application.

4.3.2 Flood Allowance for Wave Uprush and Overtopping

By definition, the flooding hazard for large inland lakes involves the combined influence of the 100 year lake level
and a flood allowance for wave uprush and other water related hazards.  In the absence of studies using accepted
engineering principles, a standard flood allowance of 5 metres, measured horizontally landward from the 100 year
flood level, is to be used to define the flooding hazard limit for large inland lakes (see Figure 4.3).
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Shoreline managers responsible for determining and applying this standard should note that the 5 m horizontal
allowance is not to be interpreted as or used as the required setback for development.  The required setback may
be further inland due to other hazards (i.e., erosion and dynamic beach; see Section 7) or it may be closer to the
water if floodproofing or erosion protection works exist (see Section 8).    It should be recognized that the 5 m flood
allowance, in the absence of detailed, site-specific studies, is intended only to provide a means of defining the
landward extent of the wave uprush and other water related hazards component of the flood hazard on natural
unprotected shorelines.

Where municipalities determine that the 5 m standard wave uprush allowance is excessive or not sufficient enough,
mechanisms providing the flexibility to undertake a study using accepted engineering principles should be
incorporated into the municipal planning process.  This flexibility may not be warranted or desired where a more
precise definition of the flooding hazard is not necessary, where there is sufficient area within the development lot
to site any proposed development outside of the flooding hazard limit, where development pressure is low and
alternative development sites exist, or where staff, administrative and financial resources within the municipality may
preclude the ability of the municipality to support such studies.

4.3.3 Using Studies to Determine Wave Uprush and Overtopping

Where the standard 5 m flood allowance is considered to be insufficient or greater than necessary to safely address
the wave uprush component of the flooding hazard on large inland lakes, flexibility is provided to define the limit of
wave uprush and other water related hazards through the use of a study using accepted engineering principles.

Field or on-site  indicators that the standard flood allowance may be insufficient or too great with respect to wave
uprush generally would be based on sound evidence and local knowledge of the limit of wave uprush experienced
during periods of high water.  The 5 m flood allowance may be insufficient if the following indicators are present
landward of the 5 m limit:

  . materials washed up by waves (cobbles/shingles/gravel, driftwood, debris); 
  . the lakeward extent of mature, established vegetation; or 
  . erosion of the backshore (beach dune, berm or bluff) or a high vertical bluff or cliff.  

The presence of materials washed up by waves or evidence of erosion of the backshore, lakeward of the 5 m flood
allowance, is not proof of that the flood allowance is too great unless this is supported by information regarding the
recent flood levels.  Field evidence must be backed up by further analysis of the limit of wave uprush using accepted
engineering principles. 

a) Accepted Methods for Estimating Wave Uprush

At present, the understanding of wave uprush processes is limited, and there seems to be no generic methodology
for the prediction of the limit of wave uprush/runup.  Existing guidance is mainly based on empirical research work,
carried out in laboratory facilities.

Figure 4.8 provides a first approximation of the wave uprush level at a vertical wall, a smooth, impermeable slope
and a rough, permeable slope.  These first approximations are based on depth-limited wave conditions in front of
the structure (i.e., H = 0.78d, where d is the depth of water) and are intended to provide a preliminary understanding
of the magnitude of the uprush level.

The technical support document Wave Uprush and Overtopping (Atria 1997) provides several uprush methodologies
that may be considered as "accepted engineering principles" provided they are used in the same context for which
they are based.  Some of the "accepted" methods include: Ahrens and McCartney (1975); Stoa (1978; 1979);Losada
and Gimenez-Curto (1981); Ahrens (1981); Ahrens and Heimbaugh (1988a); Walton and Ahrens (1989); Mase
(1989); Pilarczyk (1990) ; U.S. Army Corps of Engineers (1990); and van der Meer and Stam (1992).
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b) Methods of Calculating Wave Overtopping

The prediction of wave overtopping through an entirely theoretical basis of analysis is not yet possible.  The inability
to predict wave overtopping is essentially due to the complex processes which govern wave interaction with
shorelines and protection works.  These processes cannot yet be fully explained and put into the form of
mathematical equations. There is, however, some limited guidance in the literature for predicting overtopping rates
of some protection works with simple profiles (i.e., uniform vertical seawalls and uniformly sloping armour stone
revetments, see Figure 4.9).  For these simple protection works, the results of a number of model tests have been
assembled and analysed and some predictive empirical wave overtopping methodologies have been developed.
Most wave overtopping prediction models include the following input parameters, taken at the toe of the protection
work: wave height, H; wave period, T; water depth, d ; and freeboard, F (distance between the stillwater level ands

the top of the protection work).  Other models require the equivalent unrefracted wave height, H .o
'

The accepted wave overtopping methodologies for simple vertical seawalls are Ahrens and Heimbaugh (1988b) and
Goda (1985).  For sloping armour stone revetments the methodologies are Ahrens and Heimbaugh (1988b), Goda
(1985), and Owen (1982).  The technical support document Wave Uprush and Overtopping: Methodologies and
Applications (Atria 1997) provides further details.  Caution must be exercised when applying these methods due to
the significant margin of error associated with the results.

c) Upper Limit of Wave Uprush

For the definition and delineation of shoreline flood hazards in large inland lakes, an appropriate upper-bound  curve
of the "accepted" uprush procedures for smooth slopes can be used and is given as follows:

together with and limited by the maximum value as a function of the protection work (or beach) slope 

where: R =  the significant uprush (m);s

H =  the significant wave height (m) at d ;s         s

! =  the surf similarity parameter; and
� =  slope of protection works (in radians).r

The surf similarity parameter is as follows

where:

� =  slope of protection works (in degrees)
L =  deep-water wave length (m); L  = 1.56T ; and T is wave period (s).o       o

2
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Figure 4.10 graphically shows this upper-bound, smooth slope, uprush method.

For rough slopes, the smooth slope runup values can be modified by the appropriate slope surface reduction factor,
r, as follows:

Table 4.1 provides an upper bound of the slope surface reduction factors, r.

Table 4.1:  Upper Bound of Slope Surface Reduction Factors

  Slope Surface Characteristics r

  Smooth 1.0

  Concrete or Gobi blocks 0.9

  Grass 0.9

  Quarrystone, rubble 0.8

  Stepped surface 0.8

d) Distribution of Irregular Wave Uprush

During a storm, the maximum limit of wave uprush will exceed the value of uprush determined by R  /H .  This iss s

because even though the wave conditions during a storm are characterized by the single value, H , the wavess

actually vary in height (i.e., they are "irregular").  H  represents the "significant wave height" and is described as thes

average of the highest one-third of all the wave heights.  It is often assumed that the wave uprush is Rayleigh
distributed resulting in

where:
R =  the uprush level exceeded by only 2% of all the uprush levels  2

The R  uprush value could be considered as a reasonable limit for minimal overtopping for shoreline protection2

works.  However, it should be noted that making allowances for safe overtopping is considered to be acceptable
engineering design practice.  R  is the mean uprush value.  As a general guide, if the freeboard, F, is less than 2m

times R , there may be considerable or excessive overtopping.m

To obtain an upper-bound estimate of the R /H  level, the upper-bound curves (Figure 4.10), represented by the2 s

equations presented above, could be increased by a factor of 1.4.
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e) Acceptable Rates of Overtopping

A summary of acceptable mean overtopping rates is presented in Figure 4.11.  Further guidance for assessing the
acceptable rate of overtopping is provided in Wave Uprush and Overtopping (Atria 1997).  The guidance provided
by Figure 4.11 is grouped according to three categories:

  1) usage considerations;
  2) structural stability considerations; and
  3) flooding/drainage considerations.

All three considerations must be addressed when assessing the allowable level of overtopping.  The usage
consideration is further subdivided into "vehicles", "pedestrians" and "buildings".  The usage guidelines are generally
applicable for situations in close proximity (i.e., less than 10 m) to the shoreline or protection works.

Usage considerations should be evaluated using severe wave and water level conditions that are likely to occur
during periods of normal operation.  Structural stability and flooding/drainage considerations should be evaluated
using the 100 year flood level and the associated wave conditions.

It is important to note that during a storm, overtopping is characterized by sporadic, intense events when the larger
waves overtop the shore.  It is during these brief, intense moments when most of the overtopping volume takes
place.  For example, over a period of one hour, approximately one-half of the total overtopping volume may be the
result of the single largest overtopping wave.  The volume of water in this single overtopping wave, and the rapidness
with which it occurs (i.e., of the order of a couple of seconds), will determine the hazard level.  As a result, it is not
so much the average rate that determines the level of inconvenience or danger, although average rates can be used
as criteria for acceptable overtopping (Jenson and Juhl 1987).

Wind can have an important influence on the quantity and extent of wave overtopping.  Wave spray can be carried
much further inland.  Building and structure designers should be made aware of the potential for significant icing
during freezing weather.

f) Data Requirements

The data required for determining wave uprush and wave overtopping includes:

  # the stillwater level (SWL);
  # the incident wave climate (wave height, H, and wave period, T); 
  # the beach or protection work slope (tan �);
  # the lake bottom slope (m);
  # the water depth at toe of the protection work's slope or beach slope (d ); ands

  # surface roughness and protection work permeability (� , and P).r

The  stillwater level should be the 100 year flood level.  The 100 year flood level includes both the mean lake level
plus wind setup.

When defining wave conditions, for shoreline reaches with significant fetch areas, wind generated deep-water waves
should be calculated, or depth-limited nearshore wave conditions assumed, to determine the wave uprush offset
allowance.  A fetch is considered to be significant where the maximum fetch distance measured over an arc
extending 60( on either side of a line perpendicular to the shoreline is greater than 5 km.



2 l / s / m considered acceptable for dykes in Holland (Pilarczyk 1990).

Suggested limit by GODA (1985) for utilization considerations and requires drainage
channel of sufficient width (few tens of metres wide) and strong paving to withstand
impact of falling water.

Suggested limit by GODA (1985) if ground elevation behind structure is lower than
flood level or if insufficient facilities for proper drainage. Keillor and Miller (1987)
suggest this limit for residential properties.

*
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. Waves and the Flooding Hazard

Storm surge and wave action are not independent events as both are wind driven phenomena.  Further, the 100 year
flood level is a combination of mean lake level and storm surge.  It follows that the 100 year flood level is not
independent of wave action.  In order to determine the limit of wave uprush for the purpose of determining the limit
of the flooding hazard, it is necessary to know the wave conditions which are reasonably likely to accompany the
100 year flood level.  There are three approaches that can be used: the first, is based on the appropriate return
period of the deep-water waves; the second, is derived from the wave conditions resulting from a maximum
sustained wind speed; and the third, is the based on the depth limited wave condition.  Both the first and second
approaches require transformation of the deep-water waves to the site in the shallow nearshore (i.e. local wave
conditions).

With the exception of Lake Simcoe (MMM 1981), there is no available information on deep-water wave conditions
which are likely to accompany the 100 year flood level on Ontario’s large inland lakes.

An estimate of wave height (H) and period (T) based on wind speed, fetch and depth can be made using the wave
prediction methods found in the Shore Protection Manual (USACE 1977).   Shallow-water curves should be used
to estimate the offshore wave conditions if the average depth of the lake is in the range of 4.5 to 15 m (15 to 50 feet).
The deep-water curves should be used where the depth is greater than 15 m (50 feet).  For the Great Lakes, FEMA
(1991) recommends a maximum sustained wind speed of 65 km/h.  For shallower lakes with shorter fetch distances,
the appropriate maximum sustained wind speed used should be greater than 65 km/hr.  Matheson (1989) reported
that the 30 year return maximum hourly wind velocities were found to provide acceptable guidance in determining
the significant wave heights with effective fetches up to 10 km.  Figure 4.5 shows the maximum hourly wind velocities
with an annual return period of 1/30.  The values range from 80 km/h for northern Ontario to 97 km/hr for southern
Ontario.

If deepwater  waves are used, the deepwater  waves then have to be transformed to the nearshore to take into
account the effects of refraction, shoaling, diffraction and other influences.  Simple techniques for estimating
refraction, shoaling and diffraction, based on linear wave theory, are available in the Shore Protection Manual
(USACE 1984).  In practice, most nearshore wave transformation studies carried out at the present involve more
sophisticated computerized models.  These models must be used and interpreted by qualified coastal engineers.

An alternative approach to determining the deepwater  wave conditions and then transforming the waves to the
nearshore is to assume depth-limited wave conditions in shallow nearshore waters.  Depth-limited simply means that
the wave height is physically limited by the depth of the water.  That is to say, a given depth of water can only support
a certain maximum wave height.  The depth-limited wave height condition used in the uprush equations, for
protection works in the inner nearshore or backshore, can be approximated as follows:

It is useful to know the deepwater  wave height associated with the depth-limited wave height (i.e., what deepwater
wave height is necessary to produce the depth-limited wave).  Comparison of depth-limited associated deepwater
wave height with the actual deepwater  wave conditions estimated previously or ,where data exists, the observed
wave climate will give some indication of how often the structure would be subject to these waves, if at all.

. Sensitivity Analysis

A range of wave conditions (i.e., height and period) should be used to determine sensitivity of the wave uprush
methodologies.  Depending on the site conditions (i.e., slope, approach slope and water depth), the maximum wave
height may not necessarily produce the maximum value of wave uprush.
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. Incident Versus Transmitted Waves

In instances where a structure, such as a detached breakwater, may act to reduce the incoming, or incident, wave
action at a site, it may be necessary to estimate the transmitted wave height (i.e., the wave height on the leeside or
shoreward side of the structure) for the purpose of determining the floodproofing standard.  Estimates of transmitted
wave height can be made by qualified coastal engineers using guidance from the literature (i.e., CIRIA/CUR 1991
(see Atria 1997); Allsop 1983; Bremner, Foster, Miller and Wallace 1980; Seelig 1979; van der Meer 1990).  

. Shoreline Slope, Approach Slope and Water Depth

Data on the nearshore bathymetry and onshore topography at the study site are needed for evaluations of wave
uprush and overtopping.  In undertaking these evaluations, it is important to obtain the nearshore bathymetry near
the site in order to define the transition from the approach slope (i.e., lake bottom) to the shore or protection works
slope and to determine if a composite slope procedure is applicable.  A composite slope consists of various slopes
as opposed to a single constant slope.

A further complicating factor arises when the extent of the calculated uprush extends past the top of the shore or
structure slope such as might occur along a low bluff or bank shoreline.  Guidance on the inland extent of the wave
uprush is provided in the Technical Guide for Great Lakes - St. Lawrence River Shorelines (MNR 1996).

. Surface Roughness and Structure Permeability

The surface roughness and structure permeability is dependent on the structure type.  The surface roughness of
various materials is demonstrated in Table 4.1.  Saturated sandy beaches are typically assumed to be smooth and
impermeable.  Permeability of the structure depends on the thickness and number of armour layers, the underlayers
and filter.  Single layer armour stone revetments with a minimal under layer of rip-rap and a geotextile filter may be
considered as a rough impermeable structure for the purpose of wave uprush.  This due to the fact that the velocity
of the uprushing and downrushing water greatly exceeds the ability of the geotextile filter to pass water.  Further
information on roughness and permeability is provided in Wave Uprush and Overtopping: Methodologies and
Applications (Atria 1997).

. Alongshore Considerations

For isolated protection works (i.e., no protection at adjacent alongshore properties) or for protection works with low
level protection at adjacent properties, the provision of adequate wave uprush protection, at the one site only, may
be insufficient to protect the property against flooding.  Water overtopping the shoreline at the adjacent properties
may flow unimpeded onto the subject property.  Consideration must be given to the provision of drainage of water
from adjacent properties.

. Shoreline Protection Works

The structural stability of protection works can be threatened when they are overtopped by waves.  Overtopping can
erode the area behind or above the protection work, resulting in the removal of material which supports the structure
and may ultimately lead to the potential failure of the protection work.  

The effects of overtopping can be reduced by increasing the crest elevation (i.e., increase the freeboard, F) or by
protecting the surface area behind the protection work.  The protection work can consist of armour stone, rip-rap,
concrete or asphalt pavement, proprietary reinforced grass or soil products or other suitable materials.  Of primary
importance is the provision of a proper bedding and filter for the selected protection works and a continuous
connection with the filter of the primary protection.  A description of some of the methods for estimating the
overtopping protection requirements for shoreline structures are outlined in Atria (1997).
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. Drainage Provisions

In the design of seawalls, the drainage system for the overtopped water should be well planned, ensuring that the
volume of overtopping water due to storm waves, which can be considerable, is properly calculated and
accommodated.  The drainage system must ensure rapid drainage otherwise recovery operations may be hampered.

Factors to take into consideration, when designing a proper drainage system for any development, include the
following: 

  # the temporal and spatial distribution of the overtopping water (i.e., most of the water volume is the result of
relatively few waves resulting in short periods of high flow with the greatest intensity closest to the protection
works); 

  # while overtopping intensity may decrease as you move away from the shoreline, the increased distance
does not diminish the flooding risk due to the total volume of water which comes over the structure;

  # the potential for blockage of drains by wave carried sediments and debris; and

  # the potential freezing of the drains.  

The predictors of wave overtopping can provide estimates of the average overtopping rate.  Using established,
standard civil engineering drainage design methods as a guide, a designer should then ensure that these factors
are incorporated into a drainage system for the selected protection works.  The resulting shore drainage should be
much larger than typical land-based systems.

Where drainage provisions landward of a protection work are uncertain or are not sufficient, the elevation of the
development should be greater than the level of the limit of wave action (i.e., the development must meet the
conditions of the floodproofing standard).

4.4 Other Water Related Hazards

A number of additional water related influences impact on the landward extent or destructive nature of flood hazards.
These include, but are not limited to ice piling, ice jamming and boat generated waves.

4.4.1 Ice

On lakes, ice first starts to melt along the shore because it is thinner there and beacuse more heat comes from the
adjoining ground surface.  A free water surface appears along the shoreline leaving the main body of ice floating free.
At that time the ice cover still has considerable strength (Michel 1971).  Significant  damage to shore structures (e.g.,
docks, ramps and shorewalls) can occur along shorelines of large inland lakes where a combination of early ice
breakup and strong onshore winds results in large pieces of floating ice being driven into the shore.  Ice piling occurs
when wind or wind driven currents and waves carry ice sheets or flows on top of one another and eventually onto
the shore. 

Ice jams, usually occurring during spring ice breakup, involves the broken pieces of ice moving to join a stationary
piece of ice to form a jam.  The most significant impact of ice jams on large inland lakes, when they clog the outlet
or an inflowing river, is that of shoreline flooding.  The ice cover, itself, can also cause changes to the hydraulics of
the a lake and/or river system causing local and regional flooding threats.  This usually occurs where a portion of
the system which is normally open channel flow is restricted or closed resulting in conduit flow and flooding.    

While ice piling can damage shoreline structures and erode beaches, ice can also act as a natural protector of
shoreline environments.  The initial formation of shore ice can reduce the influence and overall destructive impact
of wave action by acting as a protective barrier.
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Hazards related to ice, including ice jams and ice piling are to be addressed and included in the calculation of the
flood allowance for wave uprush and other water related hazards.  Where local conditions suggest that the standard
flood allowance of 5 metres for large inland lakes is not sufficient to address recurring problems associated with ice
piling and ice jams, a more detailed engineering study, using accepted engineering principles, should be considered.
It should be noted that the present ability to predict the inland extent of ice incursion is limited due to the many
variables such as time of year, air temperature, stage of ice decay, wind conditions, ice thickness and strength, snow
thickness and strength of ice cohesion to the shoreline.

4.4.2 Boat Generated Waves

Boat generated waves are a familiar and common phenomenon to people living and interacting near harbours,
embayments, navigation channels, or other bodies of water on which boats operate.  Depending on the shoreline
configuration and slope characteristics, boat generated waves can rush up the shoreline past the 100 year flood
level.  In addition to boat generated wave uprush, the subsequent boat generated wave drawdown can scour and
damage a shoreline or protection works.

Local conditions such as bathymetry, water levels, soil conditions, protection works, currents and waves have a direct
effect on the degree to which a site is susceptible to boat waves. As such, site specific conditions may require that
investigations using acceptable engineering principles be carried out in these and other locations affected by boat
generated waves.

By definition, the calculation of the flood allowance for wave uprush and other water related hazards includes the
influence of  boat generated waves.  Where local conditions suggest that the standard flood allowance of 5 metres
for large inland lakes is not sufficient to address recurring problems associated with boat generated waves, a more
detailed engineering study, using accepted engineering principles, should be considered.  

At the present time the level of analysis and understanding of the processes related to boat waves is limited.  There
is no predictive method available for determining the limit of wave uprush due to boat generated waves.

Some work has been done in predicting ship generated waves which may be applicable boat generated waves.
Although present techniques do not translate the ship generated wave information into a horizontal distance, they
are useful in providing an understanding of some of the processes which are occurring as a result of ship generated
wave activity.  Appendix A3.6 of the Technical Guide for Great Lakes - St. Lawrence River Shorelines provides a
review of ship wave processes.

4.5 Combination of the Flooding Hazards for Large Inland Lakes and River and Stream Systems

Determining the relevant flooding hazard limit at the junction of a lake and river or stream is based on an evaluation
of which flooding hazard limit governs the site, namely the flooding hazard limit for large inland lakes or the flooding
hazard limit for river and stream systems.  In other words, the decision on which limit applies is based on which
factors most influence the level of the flood risk or hazard at a given location.
 
This determination may become particularly difficult at a wide river mouth due to the interaction of lake generated
waves with the channel currents and the complex bathymetery at the river mouth, as when waves propagate into
the river and stream system.  If the currents in the river and stream system are significantly high, the wave
propagation pattern (i.e., refraction and diffraction) will be altered and the wave conditions along the connecting
channel, which are essential for wave uprush calculation, may be affected.



Note: Erosion and dynamic beach hazard limits for Large Inland Lakes
and erosion hazard limits for River and Stream Systems must still
be evaluated and applied if further landward.
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Determining which flooding hazard limit applies is based on the same principles outlined in the Technical Guide for
River and Stream Systems (MNR 1996) and are as follows:

Rivers flowing into large inland lakes require an analysis of the respective river and lake flood levels.  Where
the high water conditions at the junction are generated by two independent flood events, the flooding hazard
limit should be based on the higher of: 

  i) mean annual lake level and the river and stream systems flooding hazard limit as shown in
Figure 4.12, Section A-A';

or 

  ii) large inland lakes flooding hazard limit as shown in Figure 4.12, Section B-B'.
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5.0 EROSION HAZARD

Many geological, topographical and meteorological factors determine the erodibility of a shoreline.  These include
soil type, bluff height, vegetation cover, groundwater seepage, shoreline orientation, wind and wave climate and lake
level fluctuations.  For the most part, these factors are dictated by natural processes, but in many instances they can
be made worse through human intervention (i.e.,  removal of shoreline vegetation and nearshore boulders and
cobbles, altering surface and groundwater drainage, and impounding lake levels).

Although the rate of erosion may be heightened during storm events and the resultant short-term losses of land more
readily visible immediately following a major storm event, erosion over the long-term can be a continuous process
influenced by lakeside (i.e., wave action, water levels) and landside forces (i.e., surface/subsurface drainage,
loading/weight of buildings, removal of surface vegetation).

To slow the erosion of shorelines, structures such as breakwaters, seawalls and revetments have been used.  Often
these attempts can cause some new problems; such as aggravating hazards at updrift and/or downdrift properties;
and causing unacceptable detrimental impacts to a wide array of environmental components of the shoreline
ecosystem (i.e., fisheries, wetlands, water quality).   When making land management and land use management
decisions, there is a need for individuals and implementing agencies to better understand, recognize and adapt to
the natural processes at work along their shoreline.

The intent of  this section is to provide background information on  the erosion hazard as defined in the Provincial
Policy Statement (May 1996).  Further detailed information can be found in the Technical Guide for Great Lakes -
St. Lawrence River Shorelines (MNR 1996) and Geotechnical Principles for Stable Slopes, Great Lakes - St.
Lawrence System Shorelines, (Terraprobe 1997).

5.1 Shoreline Erosion and Slope Stability Processes

In defining and delineating shorelines susceptible to erosion there first needs to be an understanding of what causes
erosion, an identification of those landforms susceptible to erosion and a clarification of general slope failure
mechanisms which influence rates and magnitudes of slope recession.
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Erosion and slope instability are two different processes which are often associated together (see Figure 5.1).
Erosion results from two basic causes:  forces of nature acting along the shoreline and the actions of man.  The
erosion process affects the soils at the particle level, by dislodging and removing the soil particles from the parent
mass (see Figure 5.2).  Water movement is often the agent commonly occurring in one of the following manners (see
Figure 5.3);

  . wave action (i.e., shorelines of lakes, bays);
  . rainfall or snowmelt and surface run-off (e.g., sheet or rill or gully erosion);
  . internal seepage (e.g., springs) and piping; and
  . water flow (e.g., banks or base or river, creek, channel).

Other processes such as loss of vegetation, wind, ice and frost may assist in the weathering or dislodging and
transport of soil particles.  Shore geology, shore orientation and adjacent bathymetry can also influence the erosion.

Slope failures (i.e., instability) consist of the movement of a large mass of soil (see Figure 5.4).  Slope movement
or instability can occur in many ways but is generally the result of:

  . changes in slope configurations, such as steepness or inclination;
  . increases in loading on a slope, such as structures or filling near the crest;
  . changes in drainage of the soil which create higher water levels or water pressures, such as heavy rainfall,

blocked drainage, broken watermains etc.;
  . loss of vegetation; and
  . erosion of slope toe.

Wave induced toe erosion frequently triggers slope instability, due to steepening or undercutting of the slope.  Along
cohesive shorelines (i.e., the controlling substrate is composed of cohesive material; see Sections 2 and 3), on  the
larger of the large inland lakes (i.e., long enough fetch to generate sufficient wave action), the downward erosion,
or downcutting of the nearshore profile may also be an important consideration.  For most of the smaller large inland
lakes, and those with erosion resistant controlling substrates, downcutting is not likely a significant concern.  A more
complete discussion of downcutting along cohesive shorelines is provided in Appendix A1.2, Land/Lake Interaction,
of the Technical Guide for the Great Lakes - St. Lawrence River Shorelines.

Water seepage or groundwater levels can also affect slope stability since they affect the slope strength.  "Piping"
on a slope face can be related to "springs" or seepage, where soil erosion occurs in water bearing sands and slopes.

Initial formation of coastal slopes takes place through cycles of water erosion, followed by stabilization and re-
vegetation.  Stabilization occurs when the slope reaches a stable angle, and soil movement stops. Vegetation then
becomes established on the stable slope mass, which provides protection against surface erosion (see Figure 5.5).
Sloping surfaces are prone to increased erosion due to the increased flow velocities and to the increased
concentration of flow quantity, or duration.

Environmental influences (e.g., climate and heavy rainfall) may interrupt stabilization by causing new erosion that
can trigger or re-initiate slope movements.  Studies have found that along river valley slopes, low intensity but long
duration storms seem to produce more slope failures related to toe erosion (i.e., water flow along toe).
Comparatively, along lake shoreline slopes, sustained storms or high lake levels tend to produce more slope failures
influenced by toe erosion (i.e., wave attack on toe).  Shoreline erosion can also increase when the mean lake level
is elevated to accommodate hydro-electric development, recreational and boating needs or flood control works.  At
the new higher level, shoreline materials previously above water are now subject to water and wave action.  There
will be a period of time of increased erosion as the shoreline adjusts to the new water level.

Evidence of shoreline erosion may be detected in several ways.  Aerial photographs can be a great aid in a
preliminary investigation, however, the more direct approach would be to undertake a site visit.  Once in the field,
a systematic reconnaissance of the entire site and adjacent lands should be conducted.  Field notes on pertinent
observations should be recorded at the time and place of observation.  To further augment and support the field
observation, a photographic record can often prove very useful in any subsequent analysis and discussion of
management options. 
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In general, there are a number of visible indicators of erosion which can be determined through a site investigation.
A number of the more common visible indicators include (see Figure 5.6): 

  . bare slopes indicates erosion in the area is too rapid for plant growth to take hold

  . hummocks on a bluff slope indicative of earth flow; look for lumpy, uneven slopes

  . bare scarps indicative of slumping; look for bare, vertical or near vertical faces on a
vegetated slope

  . leaning trees or indicative of soil creep down a slope face;  in addition, dead
trees with curved trunks  trees near the edge of the bluff often suggests broken roots or loss of root

support through soil creep or erosion

  . displaced fence lines or may be indicative of soil creep 
other linear, man-made 
features

 . springs, seeps, or bands are generally indicative of a saturated soil or sedimentary layer 
of vegetation adapted to which may, therefore, be susceptible to landsliding
wet soils

  . hummocks at the toe can be indicative of an earth flow;  look for topographic 
of a bluff anomalies

  . soil cracks, tension may indicate slow mass movement and potential slumping 
cracks and separations 
on top of the bluff or
on slope face

  . an undercut slope toe indicates an unstable slope condition

  . leaning or stepped can indicate a lowering of the foreshore which in time could 
shore protection works undermine the slope toe creating an unstable condition.

  . presence of slumped is direct evidence of a recent slope failure 
material in the nearshore 
and a scalloped bluff face

In determining the erosion potential of a particular site, consideration must be given to the cyclic nature of shoreline
erosion, current potentially hazardous slopes do not always display evidence of past slope failures.  In addition, some
shoreline locations may not have experienced any recent failures, or conversely, where old failures have occurred
they may have been small in magnitude or size and are now disguised by vegetation and surface or toe erosion. 
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5.2 Provincial Policy: Erosion Hazard

Defining the erosion hazard involves the calculation of the cumulative impact of stable slope, average annual
recession rate, and an erosion allowance (Provincial Policy Statement, May 1996).  To address the variable nature
of the large inland lakes shorelines and to provide flexibility and technical support in the application of the provincial
policy, a two step process to define the erosion hazard is recommended.  

The first step involves the determination of whether or not appropriate erosion or recession information for the
particular stretch of shoreline under study is available. It is recommended that at least 35 years  of sound recession
information about the unprotected shoreline should exist before a particular recession rate is adopted for a particular
site to provide a measure of reliability in the projection of the average annual recession rate over the planning
horizon of 100 years.

Defining the landward limit of the erosion hazard first involves the selection of one of the following:

  # the sum of the stable slope allowance plus  100 times the average annual recession rate (i.e., 100 year
recession) measured landward from the toe of the shoreline cliff, bluff, or bank for shorelines where a
minimum of 35 years of recession information is available  (Figure 5.7) 

OR

  # the sum of the stable slope allowance plus  a 15 metre erosion allowance measured landward from the
toe of the shoreline cliff, bluff, or bank where there is insufficient recession rate information  (Figure 5.8)

The second step then involves the comparison of the first choice with:

  # a 15 metre erosion allowance  measured landward from the top of the shoreline cliff, bluff, or bank or the
first lakeward break in slope (Figure 5.9)

Under the second step, it is the greater  of these two measurements (from Step 1 and Step 2) which ultimately
determines the landward limit of the erosion hazard . 

The erosion hazard is applied to all shorelines of large inland lakes except where dynamic beach shore types exist.
Although erosion of cohesionless sediments, such as sands, silts and clays found in beach environments, have a
significant influence on the change and configuration of certain shore forms, discussion on this form of erosion is
more appropriately and more fully discussed in Section 6, Dynamic Beach Hazard, of this Technical Guide.

The following sections explain in more detail how each of the three contributing factors are determined:

  # stable slope allowance  (Section 5.3 describing the 3:1 stable slope allowance standard, situations where
a study using accepted geotechnical principles may be acceptable and applied),

  # average annual recession rate  (Section 5.4 describing the use of the minimum 35 years of record, and the
various methods for defining recession rates)

  # 15 metre erosion allowance  (Section 5.5 describing shorelines where an adjustment in the 15 metre
erosion allowance standard may be considered based on accepted scientific and engineering principles)
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5.3 Stable Slope Allowance

The stable slope allowance is a horizontal allowance measured landward from the toe of the shoreline cliff, bluff, or
bank equivalent to 3.0 times the vertical height of the cliff, bluff, or bank (see Figure 5.10) or a distance determined
through a study using accepted geotechnical principles.

A horizontal to vertical ratio of 3:1 is considered to be an acceptable conservative value for most shoreline locations.
Identification of the toe and top of cliff/bluff/bank and height of the cliff/bluff/bank must be found to  determine the
stable slope allowance.

The location of the toe of a cliff/bluff/bank can be either submerged, covered or emerged.  The top of the
cliff/bluff/bank corresponds with the lakeward edge of the tablelands and is sometimes referred to as the first
lakeward break in slope (Figure 5.11a).  In some instances, usually in shorelines which have undergone past slides
(Figure 5.11b), the top of cliff/bluff/bank may be some distance landward from the lakeward edge of the tablelands.
In these instances, experienced judgement in the determination of the top of cliff/bluff/bank is required. The vertical
height of a cliff, bluff or bank shore type is simply the vertical difference in elevation between the toe and top (first
lakeward break in slope) of the cliff, bluff, or bank.  

Where municipalities determine that the 3:1 requirement is excessive or not sufficient enough, mechanisms providing
the flexibility to undertake a study using accepted geotechnical principles should be incorporated into the municipal
planning process.  This flexibility may not be warranted or desired where a more precise definition of the erosion
hazard is not necessary, where there is sufficient area within the development lot to site any proposed development
outside of the erosion hazard limit, where development pressure is low and alternative development sites exist, or
where the staff, administrative and financial resources within the municipality may preclude the ability of the
municipality to support such studies.

Where studies using accepted geotechnical principles are approved by the municipalities or planning boards, the
landward limit of the erosion hazard will be defined by the engineered stable slope allowance plus either the 100 year
recession rate or a 15 metre erosion allowance and applied only in the area studied.

Municipalities, implementing agencies and development proponents should consult the Technical Guide for Great
Lakes - St. Lawrence River Shorelines (Part 4: Erosion Hazard) and the technical support document (Terraprobe
1997) for technical direction regarding what constitutes "accepted geotechnical principles" (i.e., what methodologies
should be used, where they should be used, and the appropriateness and applicability of study results).

5.4 Average Annual Recession Rate

The average annual recession rate is a representative linear measurement of the annual retreat of the toe or top of
cliff, bluff, or bank over time (usually described in metres per year).   The average annual recession rate along a
given shoreline should be based on the "natural" recession rate (i.e., a rate derived from an unprotected shoreline).
This recession rate type of measurement is readily accepted as a form of measuring and expressing the impacts of
erosion, which is in reality a volumetric measure, or the loss of the usable, shore tablelands, particularly by local
landowners.  For descriptive purposes the erosion classification system in Table 5.1 can be used.

In measuring erosion in terms of an average annual recession rate, two specific shore features, the toe and top of
the shore cliff/bluff/bank are used.  These reference points are generally easily visible or distinguishable on aerial
photographs, topographic maps and in the field.

There are two methods  recommended for determining average annual recession rates along the shorelines of  large
inland lakes.  The first method is to use existing historical recession studies where they exist, and the second is to
carry out a comparative analysis of historic and recent shoreline toe and top of the cliff/bluff/bank positions obtained
from surveys, maps and/or aerial photographs.
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Table 5.1  Erosion Classification System

Recession Rate (m/yr) Erosion Classification

< 0.0 to 0.0 Stable or accreting

0.0 to 0.3 Low

0.3 to 0.7 Moderate

0.7 to 1.2 High

1.2 to 2.0 Very High

> 2.0 Severe

In determining the recession rate(s) for any shoreline point location, all available information where the shoreline is
unprotected should be utilized.   Visible evidence of erosion, described Section 5.1, as well as local anecdotal
information may also assist in assessing the average annual recession rate or erosion allowance for a site.

5.5 Erosion Allowance

For the purpose of defining the landward limit of the erosion hazard, two different situations are compared. The first
being the stable slope allowance plus 100 times the average annual recession rate where sufficient recession rate
information is available, or 15 metres where there is insufficient recession rate information, measured landward from
the toe of the cliff/bluff/bank.  The second being 15 metre erosion allowance measure landward of the top of
cliff/bluff/bank.  The greater of these is the landward limit of the erosion hazard.

The 15 metre erosion allowance is considered to be an appropriate minimum distance: 

  . to address safety issues associated with risks to life and property; 

  . to account for the uncertainties associated with calculating or not knowing the local recession rates, and the
present inability to accurately predict the final form and extent of any surface failure;  and 

  . the potential, yet incalculable, impact on the local recession rates from changes in land use.

Recognizing the variability in the erosion potential throughout the large inland lakes, the uncertainties associated
with predicting recession rates in the absence of sound historical records, and the complexities associated with
determining rates of recession where a wide range of surface, subsurface and lakeside erosive forces are
simultaneously acting on a particular shoreline, and in the interest of providing the added flexibility to address this
variability, shoreline managers can permit changes to the 15 metre erosion allowance where it is considered to be:

  . too onerous in addressing the local erosion potential; or

  . not sufficient enough to address the local erosion potential.

Any deviation from the 15 metre erosion allowance standard is to be undertaken only in accordance with accepted
scientific and geotechnical engineering principles, as warranted by the site conditions and the size and nature of the
proposed development and site alteration.





--- 5-15 ---

Of particular concern are shorelines of large inland lakes that are undergoing adjustment due to changes in the mean
water level as a result of the construction of dams or weirs.  The recession rates may be changing depending on the
time since the mean level was adjusted.  As outlined in Penner (1993), reservoir shore erosion rates generally
decline over time.  A common assumption is that the erosion rate will decrease exponentially with time (i.e., rapid
erosion at the outset, and diminishing as a new shore profile is established).  Penner notes that where erosion-
resistant rock is buried beneath a thin cover of unconsolidated soil material, the rate is nearly constant until rock is
encountered at which point the erosion stops.  Factors affecting the recession include the type and density of forest
vegetation. 

5.5.1 Reduction of the Standard 15 metre Erosion Allowance

An evaluation of the general physiography, post-glacial composition and range of erosion forces impacting on
shorelines throughout the large inland lakes suggests that there are two general shoreline types or locations where
the standard 15 metre erosion allowance standard may be considered too onerous.  These include bedrock
shorelines; and naturally well-sheltered shorelines.  Other shoreline types and location must be further evaluated
on a case-by-case basis.

a) Bedrock Shorelines

Bedrock shorelines are defined as those composed of predominantly metamorphic or igneous rock that are not
currently being undermined by coastal processes.  Although it is recognized that bedrock environments do erode
over time, they do so at a very slow rate compared to cohesive shorelines.  Where studies are undertaken, using
accepted scientific and engineering principles, to determine the erosion allowance in bedrock environments, the
scientific/engineered erosion allowance is to be based on a sound knowledge and understanding of the stability of
the local bedrock formation.

As a general guideline, the defined erosion allowance should ensure that all proposed shoreline developments are
located landward of any obvious tension cracks or surficial jointing which may be indicative of weaknesses in the
bedrock structure.  Any evidence of block slide events or of boulders and rubble material at the waterline or at the
base of a bedrock bluff or cliff shoreline, and the lack of lichens or moss on the face of the bedrock structure are
additional indicators of potentially weak rock structures and should be given due consideration through the site
evaluation process.

Where development is proposed in areas consisting primarily of bedrock cliffs, recognizing the uncertainties
associated with identifying a definitive measure of bedrock stability, the erosion allowance standard determined for
the site should be related to cliff height (i.e., the higher the cliff, the greater the erosion allowance).

For bedrock shorelines composed of predominantly shale or sedimentary rock formations, given that these
formations can be undermined by coastal processes and that they are considerably weaker than the massive
metamorphic and igneous bedrock formations, additional care must be taken in the determination of a reduction in
the erosion allowance.

b) Well-Sheltered Shorelines

In determining the erosion allowance along a particular stretch of well-sheltered shoreline, consideration must be
given to the erosive potential of the shoreline sediments, impacts of wind and boat generated waves, and ice effects.
The erosion allowance may need to be increased where significant wave activity occurs and/or where the shoreline
soil structure (based on the nature of the material or on past recession rate information) or backfill material behind
the structure is highly erosive.



--- 5-16 ---

5.5.2 Increase in the Standard 15 metre Erosion Allowance

In defining the erosion hazard limit, it is the intent that the standard 15 metre erosion allowance be considered a
minimum value.  There is, however, flexibility to address local conditions.  As such, where a 15 metre erosion
allowance is deemed to be insufficient in addressing the rate of recession along a given shoreline, local
municipalities have the option of increasing the erosion allowance requirements in accordance with accepted
scientific and engineering principles.

An increase in the 15 metre erosion allowance may be appropriate, but not limited to, actively eroding cohesive bluff
shorelines where the average annual recession rate is unknown but considered to be potentially greater than 0.15
metres per year.  In these situations, determination of an appropriate erosion allowance standard should be based
on a sound understanding of the local wave climate and on the erosive potential of the materials which compose the
shore profile.

In shoreline locations consisting of predominantly low-lying cohesive shore profiles, an erosion allowance standard
of greater than 15 metres may be warranted.  For example, an increase in the erosion allowance standard may be
desired near the outlet of a river where the outlet has historically migrated up and down the shoreline area.  A second
example may include the mouth of a river where the combined hydraulic forces of the river and the lake have the
potential to accelerate episodic erosion of the river banks or lake shoreline profile.

In those locations where shore protection works have temporarily arrested erosion for all of the years of available
and reliable recession rate records, yet the shoreline is composed of erodible sediments, the erosion allowance
standard determined for the site should be based on the erosion potential of the materials at the site (i.e., backfill
and natural soil composition).  The erosion potential can be determined in several ways, the most common being
an examination of nearby unprotected shorelines composed of the same materials, or possibly from an examination
of similar materials located elsewhere and exposed to similar site conditions and coastal processes (i.e., fetch, wave
height, alongshore sediment transport, etc.).

5.6 Combining the Erosion Hazard Limit for Large Inland Lakes and River and Streams Systems

The erosion hazard limit at the junction of a lake and a river is the combination of the erosion hazard limit for the
large inland lake, as defined in this Technical Guide, and the erosion hazard limit for river and stream systems, as
defined in the Technical Guide for River and Stream Systems.

Figure 5.12a shows the location of the erosion hazard limits for both the lake and river when the river mouth is
narrow.  For wide-mouthed rivers, the shoreline manager must first determine the point where the river or stream
starts and the lake shoreline ends.  The erosion hazard limit is then determined for the river or stream system and
the erosion hazard limit is determined for the lake shoreline.  Figure 5.12b illustrates the location of the erosion
hazard limit for a wide-mouthed river.

5.7 Historical Maps and Aerial Photographs

5.7.1 Sources Of Mapped Information

The following section provides a list of potential federal, provincial and public programs offering access to map and
aerial photograph information.  In addition to identifying map and aerial photograph programs that may be applicable
to the shoreline of Ontario’s large inland lakes.  This listing is not intended to be comprehensive.

  . Ontario Basic Mapping Program:  Ontario Ministry of Natural Resources
  . Large Scale (1:2000) and Medium Scale Mapping (1:10,000; 1:20,000)

  . Ontario Hydro
  . National Topographic Series (NTS) Mapping

  . Topographic coverage of entire landbase of Canada (1:50,000, 1:250,000, and 1:1,000,000)
  . Canadian Hydrographic Service Charts (CHS Charts of navigable waters various scales).



Flooding Hazard Limits and Dynamic Beach
Hazard Limits must still be evaluated and
applied if further landward.

Flooding Hazard Limits and Dynamic Beach
Hazard Limit must still be evaluated and
applied if further landward.
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For more information regarding these programs including, program overview, content, coverage(s) and scale(s)
available, procedures for conversion to digital files and/or availability of digital information where available and
direction on ordering procedures consult the Technical Guide for Great Lakes - St. Lawrence River Shorelines,
Appendix A4.3: Historical Maps and Aerial Photographs.  

5.7.2 Sources of Aerial Photographs

In selecting aerial photographs for use in calculating an average annual recession rate, remember that photos scaled
at 1:20,000 or larger are most appropriate.  Photos of this scale are required so that the precise location of features
including roads, buildings and toe and top of bluff (where present) can be identified.  The following is a list of aerial
photograph sources:

  . National Air Photo Library - Department of Energy, Mines and Resources (EMR),  Ottawa 
  . various scale, age and quality

  . Ontario Ministry of Natural Resources (MNR)
  . Forest Resource Inventory (FRI) photo coverage
  . Ontario Basic Mapping Program (OBM) photo coverage

  . Ontario Hydro

For more information regarding these programs consult the Technical Guide for Great Lakes - St. Lawrence River
Shorelines, Appendix A4.3: Historical Maps and Aerial Photographs.  

5.8 Creating Historic-Recent Shoreline Position Maps

A method for creating a historic-recent shoreline position map is outlined in Appendices A4.4 and A4.5 of the
Technical Guide for Great Lakes - St. Lawrence River Shorelines.   Specifically, it provides the following: identifies
relevant shoreline data required to create a historic-recent shoreline position map; evaluates the availability of
pertinent historic-recent information sources and the issues associated with using map and aerial photography in
creating historic-recent shoreline position maps; recommends procedures to create a historic-recent shoreline
position map; and  develops a step-by-step procedure to determine the average annual recession rate from a
historic-recent shoreline position map for natural shorelines and altered shorelines.

5.9 Methodologies to Monitor Shoreline Recession

The purpose of this section is to provide a description of suggested procedures for measuring shore profiles or cross-
sections from ground measurements, which, when done annually, can provide valuable  information on the
erosion/recession rates and contributing processes at the monitoring sites.  The two primary methodologies involve
the use of a:  1) field monitoring program;  or 2) photogrammetric monitoring program.

5.9.1 Field Monitoring Program

A field monitoring program requires a representative cross-shore profile to be located such that it can re-established
at subsequent time intervals (e.g., annually) and the profile measurements repeated.  The profile location could, for
example, extend along a property boundary, across the tableland, down the bluff face, across the beach, and along
the lake bottom to some desired distance offshore.  As a general rule, it is recommended that measurements be
made at locations where erosion is visibly occurring (Section 5.1).  This representative cross-shore profile is then
surveyed and plotted.  When the exact same location is surveyed and plotted on, say an annual basis, the volumetric
amount and rate of erosion can be determined.  In addition, the linear recession rate of the shoreline can also be
calculated.
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Ideally, the measurements should be done about the same time each year.   The month of July or August, is the
recommended period for monitoring since the summer months tend to represent a quiescent erosion period and
generally provides similar environmental conditions.  In addition to the summer survey, some may wish to replicate
the measurements after major storm events to assess the catastrophic nature of erosion and/or to obtain an
understanding of the magnitude of damage done by various intensities of storms in their region.  Monitoring of this
type of information will aid in the development and selection of appropriate shoreline management options to address
existing shoreline erosion concerns.

There are essentially two types of measurement sites that can exist.  The first involves the shore profile, consisting
of a bluff feature, where measurements are taken across a portion of the tableland (e.g., on top and landward of the
edge of the bluff), down the bluff face, across the beach fronting the bluff and out into the offshore.  The second
general shore form involves beach environments where the beach may be backed by a dune complex.  In this latter
situation, measurements should begin in the backshore area where little change in shore profile has been observed
over time (e.g., leeward toe of first main foredune) and then extend the measurements lakeward across the beach
and into the lake.

Although annual measurements are recommended, economics may limit the frequency and the extent that
measurements are taken.   Where only landside measurements are taken, they should extend lakeward to a depth
where an individual is able to safely wade.  It is recommended that shoreline managers obtain profile measurements
of the nearshore zone at least every 5 years to provide sufficient information to understand the processes and
potential impacts that nearshore lowering may have on any particular shoreline reach.

Survey methods and equipment available for monitoring shoreline erosion vary from simple (e.g., tape measure and
hand level) to sophisticated (total station equipment).

The various methods and steps involved in undertaking shore profile surveys can best be described by differentiating
between those steps involving onshore and then offshore measurements.

  Onshore Measurements and Tasks

  . Step 1 Determine the water level information for the time period in which the surveying will be
undertaken, if available.  Obtain the elevation of a known benchmark or reference point.

  . Step 2 Locate the site and establish the base profile line from a fixed reference point (i.e., stakes,
iron bars, house corners).  As the landward retreat or recession of the shore profile reaches
the defined reference points, these reference points may need to be re-established and/or
replaced.

  . Step 3 Set up a theodolite or similar equipment on the base profile line near the bluff crest to view
backsights and downslope.  Starting well enough back from the crest of the bluff/bank to be
in an area of little change, place markers on the base profile line at points where major
slope changes occur on the tableland, at the top of the bluff/bank, down the bluff/bank
slope, at the toe of the bluff/bank and across the beach to the water line.  

Care should be taken to ensure that the selected survey points are representative of any
major changes in slope so that the drawing of straight lines between survey points will
represent a true cross-section or profile of the existing bluff/bank or beach.  When these
points are not obvious then a survey point about every 3 metres vertical and/or 2 to 3
metres horizontal would provide a rough guide, with some exceptions.  On a beach profile
the survey points should be taken at any visible changes in slope and/or every 5 metres,
with additional survey shots being taken near the water's edge.

  . Step 4 Set up a level or similar equipment and establish the elevation of the level by reading the
elevation from the bench mark.  Determine the ground elevations at the marked survey
points.  For offshore points to waist or shoulder deep water, the rod person must ensure
than they position themselves on the base profile line by aligning with the markers.  In doing
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so, care should be taken to pin the measuring chain to a known point on the beach to
simultaneously measure this distance with the measurement of the beach/offshore
elevation, or by using stadia.

  . Step 5 Determine the water level elevation.  This can be done by placing rod on a rock, or about
a foot into the water and, while the rod person reads the average water level on the rod (i.e.,
between wave crests and troughs) the level operator reads elevation.  Subtract one reading
from the other, record the time, and water condition.  This may be substituted for re-levelling
up the bluff/bank to close the traverse and/or re-level to close.

  . Step 6 Measure the horizontal distances between the marked survey points.  Collate and record
the measurements and confirm the measurement in the survey record/notes.  

  . Step 7 Take a picture of the site and record any additional comments for future reference. 

  Offshore Measurements and Tasks

  . Step 8 For the offshore work, the base profile line can be sounded by a depth recorder, mounted
in a small boat, positioned on line by the theodolite and walkie-talkies, with the distance
measured electronically.  The cost of this process may prove prohibitive where only a small
number of sites are being measured.

A simple alternative to the use of a depth recorder would be to use a sounder, or lead line,
with a small boat kept on line by marker poles, with the distance measured by a pre-marked
stretch line or by theodolite triangulation.  The aim of this method would be to survey to a
few hundred metres offshore and/or to a three or four metre depth.  

Calculation of nearshore depth can then be done using timely lake water level data.

  Compilation of the Surveyed Information

  . Step 9 Reduction and plotting of the information in the office.  

5.9.2 Photogrammetric Monitoring Program

A field program for monitoring erosion is considered to be superior to the implementation of a photogrammetric
program since photogrammetric work does not yield underwater information and is subject to scaling errors.
Photogrammetric programs can, however, efficiently process greater lengths of shoreline.  Field survey
measurements yield information from a limited number of select locations while photogrammetric monitoring
programs provide continuous coverage along the shoreline.  For more detailed information regrading
photogrammetric monitoring see the Technical Guide for Great Lakes - St. Lawrence River System, Appendix  A4.6.
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6.0 DYNAMIC BEACH HAZARD

Low-lying shoreline environments generally tend to undergo a continuous or "dynamic" change of form and
configuration due to the natural processes of erosion and accretion.  These processes can broadly be defined as
the removal, movement and deposition of material in the onshore and offshore areas by wave action and currents.
Depending on their magnitude and the sediment supply in the nearshore, the turbulence of breaking waves
uprushing onshore can build or destroy shoreline beach environments.

On hard rock shorelines, these changes are so slow that they can only be detected when measured in geological
time.  On shorelines of unconsolidated materials (gravels, sands, silts and clays) significant changes, either a partial
or entire loss of the beach, may be observed following a severe storm event or a series of storms, only to reappear
days, months or years later.

In many cases, the existing land form and its natural physical and biological features offer a high degree of natural
protection against flood and erosion damages.  For instance, dunes or sand ridges that lie landward of beaches
absorb the energy of large storm waves thereby protecting inland areas from flood and erosion damage.  In addition,
they provide a valuable reservoir of sand to replace beach material that is carried off during severe storm events.
After a storm has passed, the dune is then restored with new beach sand carried in by wind or aeolian forces.

Due to the highly dynamic and highly valued naturally occurring protective benefits realized by maintaining the
physical integrity of these dynamic beaches, implementing agencies must ensure that policies established to address
these areas recognize these benefits and maintain these dynamic beaches in their natural state.

In examining these issues, the intent of Section 6:  Dynamic Beach Hazard is to provide an analysis of the dynamic
beach hazard as outlined in Section 3.1, Natural Hazards, of the Provincial Policy Statement (May 1996).  For
purposes of clarification, Section 6 will outline supporting background information on the nature of dynamic beach
forms and processes, will promote an awareness and understanding of the response of dynamic beaches to natural
or human-induced changes, and will provide a procedure for classifying and mapping dynamic beaches.

6.1 Dynamic Beach Processes

A beach is an accumulation of detrital material or sediment along a lake or broad river shoreline that has been
transported and deposited by waves and by currents generated by waves and wind.  The sediment composition of
a beach may vary from sand to gravel, cobbles or boulders and may contain varying amounts of shell fragments.

6.1.1 Definition of Beach and Dynamic Beach

In a very restricted sense, the term beach can be used to describe the sediment that is exposed above the mean
waterline during low wave conditions.  Observations quickly show, however, that this sediment does not remain
stationary for very long and that some of the sediment may be transported offshore during storms, only to be returned
during periods of calmer weather.  In addition, sand-sized sediment may be transported landward to be deposited
in the form of sand dunes.  During low lake level periods, the sand deposited and stored in the dunes may remain
there for years and then returned to the water by storm wave action during periods of high lake levels.  As such, for
the purposes of this Technical Guide, the term beach is broadly defined to include the whole shoreline over which
sediment is transported by wave action, extending offshore to the limit of wave action on the underwater bed and
onshore to a point just landward of the maximum limit of wave action during intense storms.  For instance, on sandy
coasts where a dune system is developed the beach will be defined as including the embryo dune and foredune
which lie adjacent to the top of the beach proper, and which receive sand directly from the beach.  In general,
sediment that is transported beyond these onshore and offshore boundaries cannot be returned and is permanently
lost to the beach system.  
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To provide an illustrative description of a sandy beach, a generalized profile including the dominant features and
commonly used terminology is provided in Figure 6.1.  Typical of sandy shorelines, the beach is divided into the
underwater nearshore; the foreshore, which is subject to wave action during low wave conditions; the backshore,
which is only subject to wave action during storms; and the dune area which is subject to wave action near the beach
and to sand transport by wind over the whole area.  The features shown are not found on all beaches and may vary
with seasonal and long-term changes in lake level and storm activity.

The term dynamic beach is used to emphasize and describe beach profiles which undergo changes on a broad
range of time-scales, from hours or days to years and decades, in response to changing wave, wind, and water level
conditions and to changes in the rate of sediment supply to a particular section of shoreline.  An important
consequence of this variability is that the elevation of any point on the beach profile is not a constant, instead this
elevation varies through time.  As such, it is not possible to define the landward limit of the dynamic beach based
a single elevation.  Instead, to define the landward extent of the dynamic beach requires that the range of the profile
variation along each section of beach be evaluated.

The Provincial Policy Statement (May 1996) defines dynamic beach as: 

$areas of inherently unstable accumulations of shoreline sediments along the Great Lakes - St. Lawrence
River System and large inland lakes.  The dynamic beach hazard limit includes the flooding hazard plus a
dynamic beach allowance.#

As defined, the dynamic beach hazard recognizes that a combination of criteria are required to properly define and
delineate the landward extent of dynamic beaches on sections of shoreline characterized by beaches (in contrast
to cohesive bluffs or bedrock shorelines). 

6.1.2 Factors Controlling Beach Dynamics

The factors controlling the dynamic nature of a beach environment are numerous and their interaction produces a
highly complex set of processes and responses.  In general terms, beach dynamics reflect the operation of
processes such as wave-generated and wind-generated currents in the lake, transport of beach-building materials
(i.e., sand, gravel) by wind on the sub-aerial part of the beach and dune, and the direct action of ice.  The frequency
and magnitude of these processes in turn are dependent on factors such as weather and climate, fluctuations in lake
levels on a number of timescales (i.e., days, months, years), extent of winter ice cover, and the orientation and fetch
of the beach.  Finally, attributes of the beach itself, such as the size of the beach sediment, the sediment supply and
beach sediment budget also act to determine the dynamic range of an individual beach.

6.2 Provincial Policy:  Dynamic Beach Hazard

By definition, the dynamic beach hazard involves the calculation of the cumulative impact of the flood hazard limit,
the average annual recession rate and a dynamic beach allowance (Provincial Policy Statement, May 1996).

In addressing these factors, the dynamic beach hazard  is defined as:

  # the landward limit  of the flood hazard  plus  a 15 metre dynamic beach  allowance  (Figure 6.2);

OR

  # the landward limit  of the flood hazard  plus a dynamic beach  allowance based on a study using
accepted scientific and engineering principles .
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The dynamic beach hazard is applied  to all shorelines of large inland lakes where there is an accumulation of
surficial sediment landward of the stillwater line (defined at the time of mapping under non-storm conditions),
such that action by waves and other water and wind-related processes can lead to erosion of the sediments
and a resultant landward translation of the shore profile.  

The dynamic beach hazard is not applied where : 

  # beach or dune deposits do not exist landward of the stillwater line,

  # beach or dune deposits overlying bedrock or cohesive material are generally less than 0.3 metres in
thickness, less than 10 metres in width and less than 100 metres in length, or 

  # beach and dune deposits located in embayments, along connecting channels and in other areas of restricted
wave action, where wave-related processes are too slight to significantly alter the profile landward of
waterline.  This generally applies where the maximum fetch distance measured over an arc extending 60o

on either side of a line perpendicular to the shoreline is less than 5 km.

The criteria used to define and classify a section of shoreline as a dynamic beach are intended to be applied over
a stretch of shoreline on the order of 100 metres or more in length.  Where shorter sections of sediments occur on
a rocky or cohesive shoreline they are likely to be transitory.  Beach width and thickness should be evaluated under
calm conditions and at the average annual low water level.  When lake level conditions are higher, consideration
should be given to the submerged portion of the beach.  If possible, mapping should not take place during high lake
level conditions.  It is expected that the person carrying out the mapping will exercise judgement, based on
knowledge of the local area and historical evidence, in those areas where the beach width is close to the suggested
criteria for defining a dynamic beach.  

While the criteria used for defining and mapping of dynamic beaches generally tend to be based on "landside"
characteristics or limits of the exposed beach, to ensure the proper identification and protection of the dynamic range
of the beach, all delineations of shoreline dynamic beaches should also include a "lakeward" limit into the sub-
aqueous portion of the profile to a depth of about 2 to 5 metres.  

On the majority of beaches in large inland lakes the range of dynamic profile change due to waves and other
processes can be accommodated within the defined landward limit of the dynamic beach hazard.  However, it should
be recognized that the dynamic beach hazard is designed to provide a minimum landward limit which can be easily
interpreted, mapped and staked in the field, in the absence of more detailed studies.

For those situations where a municipality, the proponent and the implementing agencies determine that for various
reasons a scientific and engineering study would be a more appropriate method in determining the landward limit
of the dynamic beach hazard, there is flexibility to address these situations by having the option to:

  # permit or require the undertaking of a study using accepted scientific and engineering principles to
determine the dynamic beach hazard  limit.

These studies may be initiated by the implementing agencies as part of the process of mapping of the hazardous
lands or at the request of a development proponent.  Where the studies have been undertaken using accepted
scientific and engineering principles and have been approved by the implementing agencies (i.e., municipalities),
the scientific/engineered dynamic beach hazard limit is to be applied only in the area studied.

Guidelines to assist shoreline managers in determining when and where such studies are appropriate and what
constitutes accepted scientific and engineering principles and procedures are provided in Sections 5.5 and Appendix
A5.1 of the Technical Guide for Great Lakes - St. Lawrence River Shorelines (MNR 1996).  Depending on the
particular dynamic beach environment being studied, a study using accepted scientific and engineering principles
may result in either a reduction or an increase in the landward limit of the dynamic beach hazard.

A study-defined increase in the dynamic beach allowance should be considered where the potential range of profile
adjustment and extent of wave action is likely to exceed the limit defined by the dynamic beach hazard.  In these
areas, the landward limit of potential beach profile adjustment and of the area subject to wave action and other
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related shoreline processes, is based on site investigation and analysis using accepted geomorphological and
engineering principles.  Beaches that may warrant such an investigation include, but are not limited to, barrier
beaches, beaches backed by dune systems, filet beaches and nourished beaches.  In addition, where there is
historical evidence that shoreline recession is occurring, consideration should be given to increasing the dynamic
beach allowance to accommodate the shoreline recession within the planning framework (i.e., 100 times the average
annual recession rate (AARR))(Figure 6.3).  Procedures for distinguishing between long-term shoreline erosion and
short-term fluctuations around a mean are given in Section 5.5 of the Technical Guide for Great Lakes - St. Lawrence
River Shorelines (MNR 1996).

There are several circumstances under which natural factors may require redefining the landward limit of the
dynamic beach hazard, as mapped in the field, to a point lakeward of that defined by the standard dynamic beach
hazard limit (i.e., flooding hazard plus 15 m).  These include: 

  # where a cliff or bluff, consisting of cohesive sediments or bedrock, exists landward of the beach, the toe of
the bluff/cliff acts to limit the landward extent of dynamic beach profile adjustment. In these areas the
dynamic beach hazard limit should be defined as the toe of the cliff or bluff (Figure 6.4).  The stable slope
allowance and the erosion allowance should be applied to the cliff/bluff.

  # on some low shoreline plains the beach and associated dune deposits, or cobble deposits in the case of
cobble beaches, may be of such low height and width that the flooding hazard is at a higher elevation or
extends landward of the beach deposits.  In this case the landward limit of the dynamic beach hazard limit
is mapped as the lesser of the landward boundary between the beach and associated dune deposits and
the material forming the low plain or 15 metres measured landward from the base of the slope of the leeward
side of the first main foredune dune (Figure 6.5). 

  # where the dynamic beach exists on a narrow barrier system, the landward limit determined by the dynamic
beach hazard limit may fall within the marsh or bay that exists landward of the barrier.  In these areas the
dynamic beach hazard limit should be defined by the toe of barrier slope on the landward side (i.e.,
intersection of the unconsolidated material and the marsh or bay bottom) (Figure 6.6).

# Defined Portions of a Dynamic Beach

By definition, defined portions of a dynamic beach 

$means those portions of the dynamic beach which are highly unstable and/or critical to the natural
protection and maintenance of the first main dune feature and/or beach profile, where any development or
site alteration would create or aggravate flooding or erosion hazards, cause updrift and/or downdrift impacts
and/or cause adverse environmental impacts# (Provincial Policy Statement, May 1996).

In determining the critical  or defined portions of a dynamic beach, various factors should be considered including,
but not limited to:

# physical characteristics of the shoreline;
# each individual component of the flooding hazard (i.e., water levels, wave uprush, other water related

hazards);
# duration and frequency of flooding;
# pre-development/post-development flood conditions/impacts;
# date and reliability of the flood information;
# availability, accuracy, applicability of existing engineering studies;
# dynamic nature and range of the shoreline sediments, profile and planform;
# sediment/material (i.e., type, size, depth, width, composition, etc.);
# exposure to wave action;
# nearshore/offshore bathymetry;
# orientation of prevailing winds relative to the shoreline alignment (i.e., exposure);
# aeolian forces (magnitude, duration, etc.); and
# influence of vegetation in stabilizing the dynamic beach.



*

Base of Slope

(leeside of first dune)
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Caution should be exercised in designating chronic problem areas as non-critical.  While development in such areas
could adequately be floodproofed or the "hazards" potentially addressed through the use of protection works, past
experience throughout the Province has repeatedly demonstrated that such decisions can result in the creation of
new hazards, the aggravation of existing hazards on updrift/downdrift properties, adverse environmental impacts,
and ever increasing maintenance and replacement costs.

Past experience has also demonstrated that beach and dune formations left unaltered by humans, often naturally
protect inland shoreline developments and lands from the destructive impacts of shoreline flooding and erosion.  For
example, where developments and site alterations have been directed to locations inland of the beach or dune
features (i.e., landward of the first main foredune), these features often naturally prevent flood waters from reaching
inland areas and absorb the erosive impacts and forces of wave action.  Where left unaltered, as water levels recede
these same beach and dune features naturally rebuild to once again provide protection to inland shoreline
developments.

It should be noted that the limit of hazardous lands is the furthest landward of the flooding, erosion and dynamic
beach hazard limits.  In some instances (e.g., narrow barrier system, low shoreline plain) the flooding hazard limit
or erosion hazard limit may govern the limit of hazardous lands.  The flooding hazards and erosion hazards for the
river and stream systems must also be considered.

6.3 Beach Processes and the Dynamic Beach Sub-Classification

To assist shoreline managers in determining where detailed studies and field investigations may be required or
appropriate for determining the landward limit of the dynamic beach hazard, one must first develop an understanding
of the controls on, and the behaviour of, dynamic beaches.

The dynamics of beaches of the large inland lakes are determined by the interaction of controlling processes such
as waves, wind and ice, and a number of physical beach attributes such as sediment size and supply, shoreline
orientation, and the alongshore and the onshore-offshore form of the shoreline.   While each beach can be regarded
as unique, it is possible to produce a simple classification scheme based on a combination of the controlling factors
which would then provide a mechanism for identifying the major controls on the dynamic nature of an individual
beach.  Application of this classification scheme would then serve as a guide to the selection of the appropriate
procedure for mapping and field staking of the dynamic beach hazard limit.
 
Section 6.3.1, as follows, provides a general overview of the dynamic beach sub-classification scheme.  For the
purposes of clarification, the recommended dynamic beach sub-classification scheme is an expansion of the
recommended shoreline classification scheme initially outlined in Section 3.0,  Recommended Shoreline
Classification Scheme to Determine Shoreline Reaches.  For dynamic beaches, the surficial nearshore substrate
material will be the same as the underlying controlling substrate.   A more detailed explanation of this sub-
classification procedure is contained in Part 5 of the Technical Guide for Great Lakes - St. Lawrence River Shorelines
(MNR 1996).  Part 5 also identifies potential problems and provides guidance as to whether studies using accepted
engineering, scientific and engineering principles to determine the landward limit of the dynamic beach hazard may
be warranted.

6.3.1 Criteria for Sub-Classification of Dynamic Beaches
 
The criteria for developing the recommended dynamic beach sub-classification scheme have been selected to reflect
their role in controlling the dynamic nature of beaches in large inland lakes and as a representation of their
relationship to the hazard and to environmental sensitivity. 
 
Fundamental to the recommended dynamic beach sub-classification scheme are the three primary criteria:

1) BEACH PROFILE TYPE
1) cliff/bluff  
2) low plain  
3) barrier
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2) BEACH PLANFORM AND EXPOSURE
1) headland-bay  
2) partial headland  
3) exposed

3) BEACH MATERIALS
1) gravel, cobble or boulder; 
3) sand

Application of these three criteria (i.e., beach profile type, beach planform and exposure, and beach materials) and
their respective sub-classifications produces a total of 18 different beach types or classes, each being identified by
a class name and associated number.  Table 6.1 shows the outline of the sub-classification scheme.

Within each of the 18 classes recognition is also given to two other factors which act to influence the dynamic nature
of the beach: 

  . whether the beach profile is fully developed in sediment , or instead is underlain by bedrock or cohesive
materials which act to limit the dynamic range of the beach profile; and 

  . whether the beach is the product of natural processes or has been artificially created , in part or as
a whole, by structures and/or beach nourishment.

 

Table 6.1: Dynamic Beach Sub-Classification

PROFILE TYPE PLANFORM AND MATERIALS * CLASS #
EXPOSURE

CLIFF/BLUFF Headland-Bay cobble 1-1-1
sand 1-1-3

Partial Headland cobble 1-2-1
sand 1-2-3

Exposed cobble 1-3-1
sand 1-3-3

LOW PLAIN Headland-Bay cobble 2-1-1
sand 2-1-3

Partial Headland cobble 2-2-1
sand 2-2-3

Exposed cobble 2-3-1
sand 2-3-3

BARRIER Headland-Bay cobble 3-1-1
sand 3-1-3

Partial Headland cobble 3-2-1
sand 3-1-3

Exposed cobble 3-3-1
sand 3-3-3

* The term cobble is used here for simplicity although the class includes sediments ranging from gravel through cobble to boulder.

The recommended shoreline sub-classification scheme is based primarily on the physical attributes of the shoreline
and associated beach deposits, which in turn exercise some control on the dynamic behaviour of the beach.
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When using the recommended shoreline classification scheme, one should recognize that the dynamic range of each
particular beach type is also determined by a number of process variables, including wave climate, storm surge
potential, alongshore sediment transport patterns and beach sediment budget, as well as by the impact of human
activities such as harbour construction, fill and shoreline protection measures (see discussion in Part 2: Physical
Features and Processes).  Any determination of the appropriate landward limit of the dynamic beach hazard at any
location must therefore involve an evaluation of these factors and may require field inspection and additional
geomorphological and engineering studies in some locations.

Given the complexity of the natural environment, the recommended and simplified dynamic beach sub-classification
scheme, outlined for the purposes of this Technical Guide, cannot be assumed to describe all the shoreline situations
that may occur within large inland lakes.  Two possible exceptions where the recommended sub- classification
scheme may be potentially unable to appropriately identify a single beach class type are:

  . transitional sections of shoreline where one shoreline type changes to another (e.g., the transition from low,
eroding shoreline bluff to sandy mainland beach); and 

  . sections of shoreline which are dominated by a unique factor or process that is not reflected in the shoreline
classification scheme (e.g., the area immediately adjacent to a large river mouth).

6.3.2 Beach Profile

Of the three fundamental criteria used to describe beach class type under the recommended dynamic beach sub-
classification scheme, the first is the beach profile type normal to the shoreline.  For the purposes of this Technical
Guide, a generalized profile beginning several hundred metres offshore and extending 200 to 300 metres inland is
all that is required to determine the type of beach profile within a particular shoreline location.  

In terms of beach profiles, three separate profile types can usually be recognized: cliff/bluff beaches; low plain
beaches; and barrier beaches.

. Cliff/Bluff Beaches

The term cliff  or bluff is used to describe a shoreline where the shore profile landward of the beach material rises
steeply, where the slope angle is commonly greater than 18  and where the elevation above the beach is greatero

than 2 metres.  A distinction should be made between bedrock cliffs , which are usually resistant to erosion and
associated with very low recession rates, and bluffs  which are usually developed in cohesive sediments (with
varying amounts of silt and clay present) or sand, having relatively little resistance to wave erosion and commonly
associated with high recession rates (Figure 6.7a). 

. Low Plain Beaches

In low plain beach shorelines the shore profile slopes gently upward from the beach and there is no abrupt change
in slope angle as is normally seen with cliff or bluff shorelines (this description does not include slope changes
associated with the presence of sand dunes which are superimposed on the general slope of the land surface).  In
addition, there is no topographic restriction on the landward limit of the dynamic range of profile adjustment of the
beach (Figure 6.7b). 

. Barrier Beaches

Barrier beaches are essentially depositional features resulting from alongshore transport of sediment and are formed
when the beach and any associated dune system is separated from the mainland by a bay, lagoon or marsh area
(Figure 6.7c).  
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6.3.3 Beach Planform and Sediment Transport Patterns

Beach dynamics are also influenced by the overall three-dimensional planform and orientation of the shoreline on
which they are developed, and consequently on the exposure of the beach and the significance of alongshore
sediment transport in the sediment budget. 

Although there are a wide range of possible beach planforms , for the purposes of this Technical Guide beach
planforms will be described in terms of three main types: headland-bay beaches; partial headland and log-spiral
beaches; and exposed beaches.

. Headland-Bay Beaches

In general, headland-bay beaches can be divided into two main types; pocket beaches which are limited in size and
extent of surficial sediment; and full headland/bay beaches where there is a large sediment body (Figure 6.8a).  The
beach at the head of the bay forms the sink for two converging littoral cells.  Recognizing that offshore sediment
losses are restricted by the protection offered by the headlands, the bayhead beach tends to be stable or
progradational. 

. Partial Headland and Log Spiral Beaches

Partial headland and log-spiral beaches occur where headlands are not large enough to form a complete barrier to
alongshore sediment transport and as a result, provide only partial shelter to a portion of the coastline (Figure 6.8b).

. Exposed Beaches

Exposed beaches occur where beaches develop along a straight or gently curving shoreline where there are no
major headlands to shelter a portion of the shoreline from waves from one direction or to act as a barrier to
alongshore sediment transport (Figure 6.8c).  Beaches along this type of shoreline are typically exposed to waves
from a wide range of directions (up to 180 ) and tend to have a greater dynamic range than the other two categories.o

6.3.4 Beach Sediment Size

The size of the sediment forming the beach exercises an important control on the dynamic behaviour of beaches
and to some extent on long-term stability.  Of the 18 dynamic beach classifications, all can be divided into two broad
groups on the basis of sediment size: 

  . coarse sediment beaches consisting of gravel, cobble and boulders , having a mean sediment size greater
than 2 millimetres; and 

  . sand beaches , having a mean sediment size ranging from 0.062 to 2.0 millimetres. 

This differentiation or classification of beach type according to sediment size applies primarily to the material in the
zone from the bottom of the step across the foreshore and backshore to the limit of normal wave activity.  For the
purpose of clarification, a descriptive classification of sediments and corresponding size ranges for each sediment
class, Table 6.2 should be consulted.

In practice, sediment sizes finer than about 0.05 millimetres are removed from beaches by wave action and
deposited either in the deep lake basin or in sheltered bays and lagoons.  As such, an accumulation of silt and clay
near the edge of the water is an indication that wave activity is below the threshold required for a dynamic beach
and the shoreline under investigation should not be classified as a dynamic beach.
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Similarly, at the other end of the scale, boulders greater than 1 metre are not usually transported by wave action.
Accumulations of boulders at the foot of bedrock cliffs are essentially stable and as such, these sections of shoreline
should also not be classified as a dynamic beach.

The size of the sediments making up the beach effects the beach dynamics in several ways.  For example, the slope
of the beach foreshore and backshore generally increases in steepness as grain sizes become coarser (i.e., larger).
As a result, the steepest beaches are usually associated with cobble-sized sediment.  In addition, cobble or larger
sized sediment beaches frequently have a steeper slope of the nearshore profile close to the beach which in turn
permits large waves to break at, or close to, the shoreline.  Conversely, where sand sized sediments are abundant,
the nearshore profile is usually gentle, forcing large waves to break some distance offshore, thereby reducing wave
energy at the shoreline.  

During storm events, higher waves and water levels may result in the erosion of the berm and a flattening of the
beach profile with much of the original sediment being returned to the nearshore (see Figure 6.9).  With storm events
generally tending to be more frequent and of a greater intensity in spring and fall (i.e, storm (winter) profile), sand
beaches tend to be flatter and narrower in the those periods and higher and wider in the summer months (i.e., swell
(summer) profile).  When undertaking site investigations in sand beaches, it is important to keep this fact in mind.

Where sand beaches are formed they are generally backed by sand dunes formed by the landward transport of sand
from the top of the beach by strong onshore winds and by the deposition of the sand in vegetation established
beyond the limit of wave action.  

6.4 Classification and Alongshore Boundaries of Dynamic Beaches

The following presents a procedure for classifing a particular beach form using the recommended dynamic beach
sub-classification scheme.  Prior to following the procedures, one must first ensure that a preliminary identification
and classification of the shoreline using the procedures described in Section 3 has confirmed that the subject
shoreline is a dynamic beach form; that the person carrying out the classification and initial mapping procedure is
familiar with the classification scheme for shorelines (outlined in Section 3 and Section 6.3); and that all the available
relevant background information such as maps, consultants reports, aerial photographs, and shoreline videos, have
been assembled.
 
The ultimate objective of the process for classifying dynamic beaches described in this section is to properly divide
the shoreline into reaches with relatively uniform characteristics.  After having segmented the shoreline into unique
shoreline reaches, a determination of the classification of the dynamic beach reach can be achieved by following
Table 6.1 and Section 6.3 which describes the information on the beach eventually permits the assignment of the
beach to one of the 18 classes in the recommended dynamic beach sub-classification scheme.  

Determining the alongshore extent of individual shoreline reaches sometimes becomes difficult, particularly in areas
of transition between one shore reach type and another.  In addition to providing a step-by-step procedure for
classifying individual reaches of dynamic beach, this section also provides the procedures for determination of the
alongshore boundaries of shoreline reaches.  Repetition of this process of first identifying the dynamic beach
classification for each general reach along a subject shoreline, followed by the determination of alongshore
boundaries of each reach will ultimately enable the proper classification and delineation of unique reaches of
dynamic beaches along a given stretch of shoreline.
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6.4.1 Classification Procedure

To ensure consistency and future cross-referencing of information developed through the completion of the outlined
procedure to follow, it is assumed that the supporting background information for each shoreline reach has been
collated and recorded in a systematic manner.

  . Step 1 -  Select the shoreline segment. 
Select one of the shoreline segments identified as a "dynamic beach".  Begin with a point near the middle
of the selected shoreline segment and away from any obvious boundaries for the selected segment such
as a headland or river mouth.

  . Step 2 -  Determine the beach profile classification.
Using topographic maps (e.g., 1:10,000 OBM) as a base and any additional information provided by
hydrographic charts, aerial photographs etc., sketch a cross-section of the shoreline at that location
beginning, where possible, 100 to 200 metres offshore and extending inland for 200 to 300 metres.
Additional measurements landward may be required if there is a feature such as a marsh or bay behind the
actual dynamic beach shoreline.  

On the basis of the cross-section and on an analysis of supporting background information, assign the
selected shoreline segment to one of the three profile classifications, cliff/bluff, low plain, or barrier.

A cliff or bluff profile will show up as closely spaced contour lines immediately landward of the shoreline on
the topographic map. Based on aerial photographs, reports and personal experience, determine whether
the material in which the slope is formed is bedrock (cliff) or cohesive sediments (bluff). Where large sand
dunes are present, the dune features may also show up on the contour maps as high areas with steep
slopes facing to the beach.  In these instances, aerial photographs and field information should be consulted
to distinguish the large sand dune features from cliff/bluff features.  Where dunes are present, the shoreline
is to be classified as low plain, except where the dunes develop only in a narrow band between the shoreline
and a bedrock cliff or cohesive bluff.

A low plain will show up as widely spaced contours on the topographic map.  The area landward of the
shoreline should be flat or slope gently upwards as the feature extends landward, and should be 2 metres
or less in height close to the shoreline.

Barriers should consist of a bay, estuary or marsh behind the shoreline, with at least some areas of open
water.  The area of land separating the open lake from the bay, estuary or wetland should be formed
primarily in beach and dune sediments.  In many instances there  ill be a channel or channels connecting
the bay, estuary or marsh to the open lake and there may be evidence of wave action reaching the
bay/estuary/marsh in the form of washovers.  This will be evident particularly on aerial photographs taken
during or immediately after periods of high water.

  . Step 3 -  Determine the beach planform and exposure classification.
Using a map with a scale of 1:50,000 or even 1:100,000 as a base, examine the shoreline planform for a
distance of 10 to 20 kilometres on either side of the point of interest to determine the extent to which the
beach is exposed to waves from a wide range of directions.

Where there are headlands on both sides of the beach which restrict wave action to about 45  on either sideo

of a line perpendicular to the shoreline, the beach should be classified as headland-bay beach (Figure 6.8a).
Partial headland beaches have headlands that are much shorter than the headland-bay class and as such,
offer much less protection from wave action.  Often the shoreline exhibits a tight curvature downdrift of each
headland, giving a characteristic log-spiral form (Figure 6.8b).  Exposed beaches are nearly straight
shoreline features extending over a long distance and may be exposed to waves over angles greater than
75  on either side of shore perpendicular (Figure 6.8c). o
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  . Step 4 -  Determine the beach material size classification.
This step is intended to distinguish between coarse sediment beaches and sand beaches on the basis of
the average size of the sediment particles on the beach.

Coarse sediment beaches are made up primarily of sediments that are greater than 2 millimetres in
diameter, and consist of gravel, cobble, boulders, or some combination of each.  For simplification the term
cobble is used at times although the class includes sediments ranging from gravel through cobble to
boulders.

Sand beaches are made up of sediments smaller than 2 millimetres in diameter.  The distinction between
the coarse sediment and sand beaches is designed to be made qualitatively.  In general, it is not necessary
to carry out a detailed analysis of the beach sediments to make this distinction in particle size.  In many
instances the identification can be made from a simple visual inspection of aerial photographs, shoreline
videos or a site visit.  This information may also be available from reports and papers describing the
particular shoreline area under investigation.

On aerial photographs and shoreline videos, sand beaches generally appear to be light in colour when
compared to coarse sediment beaches. The existence of dunes behind the beach is a second indicator that
the beach is composed of sand.  Where sand is abundant in the nearshore, sand bars are nearly always
present and show up as light patches in shallow water forming a distinct linear pattern parallel to the beach.
The bars may be straight or crescentic shaped. 

Coarse sediment beaches are nearly always associated with a nearby source of bedrock from which the
material is eroded.  Wherever bedrock cliffs or outcrops are present within the selected shoreline or within
adjacent shoreline segments, and there are no indications that sand is present (e.g., the visual indicators
discussed above), then it is likely that the sediments within the selected shoreline are gravel or cobble.

Field inspection of the selected shoreline segment should make it readily apparent whether most of the
sediment is sand or coarser material.  If the beach consists of a mixture of sands and coarse material, the
assignment of beach classification (i.e., cobble or sand) should be based on an assessment of whether sand
is present in the form of dunes or whether bedrock outcrops are common within and adjacent to the selected
segment of shoreline.

  . Step 5 -  Determine the dynamic beach type sub-classification.
Based on the information determined from Steps 2, 3 and 4, the selected segment of shoreline can then be
placed in one of the 18 dynamic beach sub-classifications outlined in Table 6.1.

At this stage it may be useful to confirm the correct classification of the beach by comparing the attributes
of the shoreline to those previously described for the each dynamic beach sub-classification in Section 6.2
Where there are inconsistencies between the description provided in Section 6.2 and the shoreline segment
under consideration, these should be resolved at this step, or immediately following the completion of Step
6.

  . Step 6 -  Determine the alongshore boundaries of the dynamic beach sub-classification.
Steps 6 and 7 form a two-stage procedure for dividing the shoreline into reaches.  In Step 6, the alongshore
boundaries of the dynamic beach sub-classifications identified in Step 5 are determined. 

The boundaries are established simply by working along the shoreline first in one direction and then in the
other direction starting from the approximate mid-point within the selected segment of shoreline.  

The reach boundary is placed where there is a transition from one dynamic beach type to another dynamic
beach type (e.g., from an exposed sandy beach backed by a bluff (1-3-3) to an exposed sandy barrier (3-3-
3)), or a transition to a different shoreline type altogether (e.g. from an exposed sandy beach backed by a
bluff to a bluff shoreline where the beach is less than 10 metres wide).  
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In many instances these transitions will be abrupt and readily apparent on maps and aerial photographs.
In some locations, however, there may be a more gradual transition from one shoreline type to another.  For
example, along some sections of shoreline underlain by bedrock, narrow sand or gravel beaches may
develop, often with small patches of bedrock outcropping.  In other areas, narrow sandy beaches may exist
in front of eroding cohesive bluffs during low water periods and then may be absent in the spring or during
years of high lake levels.  In all such situations, an assessment must be made to determine whether there
is sufficient sediment present along the stretch of shoreline to act as a dynamic beach or whether the
bedrock or bluffs essentially act to constrain any profile adjustment. 

When endeavouring to determine a classification for an area of transition between shoreline types, the
general guideline in identifying a "beach" is that sediment thickness should exceed 0.3 metres and that the
beach form above the waterline should be greater than 10 metres in width.  One should further note that
these "guidelines" are minimum values and that they are intended to be applied as an average over a length
of shoreline exceeding 100 metres.  One should accept that some degree of judgement will have to be
exercised in the precise placement of the dynamic beach classification boundary and that in some instances
a field inspection may be warranted.  

  . Step 7 -  Determination of alongshore reach boundaries
A alongshore reach boundary can be determined in three different situations:

  . defining a change from one dynamic beach sub-classification to another 
  . defining a change from one shoreline type to another 
  . defining changes within a single dynamic beach sub-classification

Changes identified between different dynamic beach sub-classifications and different shoreline types must
automatically be marked by a reach boundary.  Within a single dynamic beach sub-classifications there may
be several unique reaches.  In general, reaches should not be less than 0.5 kilometres in length and are
usually not more than 20 kilometres in length. 

Within a single dynamic beach sub-classification individual reach boundaries may be drawn on the basis
of a change in one of several criteria: 

  . where there is a change in shoreline orientation;
  . where there is a break in beach continuity at a river mouth or inlet entrance;
  . where there is a change in the height or composition of the cliff/bluff or some other relevant feature

landward of the beach; or 
  . where there is some change in beach stability (e.g., from erosional to depositional).

As a result, reach boundaries are drawn by examining the shoreline within the boundaries drawn for the
individual dynamic beach sub-classification for any significant change in one of the factors noted above.
Once the reach boundaries have been established, they can be placed on shoreline maps at the appropriate
scale.

  . Step 8 -  Confirmation of Dynamic Beach Sub-Classification
The final step in the classification procedure is to review the information collected and to confirm that the
shoreline reaches meet all the requirements of a dynamic beach provided in Section 6.2. 

If these conditions are met then the dynamic beach sub-classification and reach boundaries, determined
using the eight step procedures outline above, can be confirmed.  In some areas, a field visit may be
necessary to determine beach width and thickness.
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6.4.2 Field Verification of Dynamic Beach Classification

The classification and boundary delineation process described previously is based primarily on an "in-office"
assessment of background information, maps, aerial photographs, videos and field reports, and represents an
appropriate level of investigation for those areas of shoreline not presently undergoing development.  In areas where
shoreline development is currently existing, intensifying, or proposed, field verification of the dynamic beach sub-
classification and boundaries assigned to each reach is recommended. 

For the majority of shorelines, the verification of dynamic beach sub-classifications and reach boundaries can simply
be achieved through a single site inspection.  In shorelines involving complex shore types or where a precise
determination and delineation of the dynamic beach hazard is required, the verification procedure may involve more
than one site visit to determine the final placement of the boundaries between reaches.  This later process may also
include the need to integrate information obtained from secondary sources with that obtained from the field
inspections. 

As a result, the verification process will often be an iterative one in which there are several stages of classification
and revision until the boundaries of the shoreline units are finally confirmed.  The actual process applied by any one
individual or agency is likely to vary slightly from one region to another in response to differences in the length of
shoreline reaches and shoreline complexities between regions.  

 
The following step-by-step procedure is intended as a guide to assist shoreline managers in undertaking the
verification process.

  . Step 1 -  Based on the information provided by the initial classification procedure, select a section of
shoreline for field inspection centred on the area of interest.  The selected section of shoreline will likely
contain several dynamic beach reaches.  It is expected that the selected section of shoreline will be defined
by clearly identifiable boundaries.  Wherever appropriate, the selected section of shoreline should include
all, or a major portion, of a littoral cell.

  . Step 2 -  Identify all the dynamic beach units within the selected shoreline section and ensure that the
supporting background information used in making this determination has been transferred to the field sheet
for each unit.

  . Step 3 -  To begin the field verification process, select a dynamic beach reach at one end of the section
under investigation.  The selected dynamic beach reach should be at the updrift end of the section of
shoreline wherever a well-defined littoral transport direction exists. 

  . Step 4 -  Examine the characteristics of the shoreline within the selected dynamic beach reach in the field,
focusing on the central part of the dynamic beach reach rather than on the boundaries of the reach.  Verify
the initial information on the field sheet that will be used in the classification procedure, by:

  . establishing that the minimum criteria for classification as a beach, in terms of the width and
thickness of beach sediments, are met;

  . confirming that the information on beach profile and planform are correct;
  . determining through visual inspection the average size of the beach sediment;
  . classifying the beach as sand or coarse sediment (i.e., gravel/ cobble/boulder); and
  . determining whether the sediments are thick enough for the profile to be fully-developed (i.e.,

sediments generally thicker than 1 metre over bedrock or cohesive materials) or whether bedrock
or cohesive materials are close enough to the surface to restrict profile changes due to wave action
and water level fluctuations.

  . Step 5 -  Based on the information obtained in the field:
  . confirm the original sub-classification of the dynamic beach reach (i.e., determined in the office

through analysis of supporting background information); or 
  . use the information collected and recorded during the field inspection process to re-classify the

reach.
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  . Step 6 -  Work, in both directions, along the shore to determine the final placement of the boundaries of the
reach.  As was the case in the procedures described previously, the boundaries of the reach will be
determined by: 

  . a change in one of the factors that form the basis for the classification scheme (e.g., a change in
sediment size class, or in the beach profile) so that a new dynamic beach unit occurs; or

  . by a transition to a section of shoreline that no longer meets the requirement for dynamic beach
(e.g., bedrock outcrops and sediments become too thin to form a beach). 

In this latter case, one needs to make the determination of whether there is sufficient sediment present along
the stretch of shoreline to act as a dynamic beach.  The general guideline in these areas is that sediment
thickness should exceed 0.3 metres and that the beach above the water line should be greater than 10
metres in width.  In applying this general guideline, one should note that these are minimum values and that
they are intended to be applied as an average over a stretch of shoreline of greater than 100 metres in
length. 

  . Step 7 -  Move to the adjacent dynamic beach unit and repeat Steps 1 to 6.  As the process is repeated, new
dynamic beach units or reaches may be created where the field investigation indicates and confirms
changes to a different dynamic beach type that were not evident in the preliminary classification (e.g., a
change from cobble to sand which was not evident in the initial data collected for that shoreline section).
Conversely, some of the preliminary units may be merged where field investigation confirms that the initial
boundary determined through the preliminary classification process was incorrect.

6.5 Determination Of Recession Rates On A Dynamic Beach Shoreline

On dynamic beaches backed by a cliff or bluff the calculation and definition of the erosion hazard limit is applied to
the cliff or bluff feature and as such, shoreline recession is accounted for in the determination of this  landward limit
of erosion.  Within the shorelines involving low plain beach and barrier beach classifications, however, there is no
explicit inclusion of an erosion allowance to address shoreline recession.  The primary reason for this is the
difficulties associated with obtaining precise and accurate measurements of the average annual recession rate on
these shoreline types.  However, where shoreline managers have found evidence that shoreline recession is
occurring on these shoreline types efforts should be taken to obtain the best estimate of the recession rate and to
incorporate this measurement into the determination of the landward limit of the dynamic beach.  

To assist shoreline managers in this task, Table 6.3 provides a brief description of the visible indicators of stability
and long-term erosion and suggested reference points for determining and measuring long-term recession rates for
the three broad groupings of dynamic beaches.  For more general information on techniques for measuring shoreline
recession, Part 5:  Erosion Hazard, Section 5.4:  Average Annual Recession Rates, should be consulted. 

The decision as to whether measurements of the long-term shoreline recession rate should be made will depend
on the availability and perceived reliability of evidence from previous studies, the results of preliminary field
investigations, on the magnitude or severity of recession currently occurring at the location, and on the extent of
existing or proposed shoreline development.  

As a general guide, three situations can be envisaged: 

  . recession rate is zero  -  There is no visible or measured evidence of shoreline erosion and recession
identified in available studies or from field investigations.

  . recession rate is low  -  There is evidence that shoreline recession is occurring through available studies
or from field investigations.  The measured or visible rate of recession appears to be relatively slow (e.g.,
less than 0.15 metres/year).  In most cases, the limits of resolution determined by the precision of the
techniques for determining recession and the uncertainties introduced by the dynamic profile adjustments
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make it uneconomical for the municipalities to undertake studies to determine actual recession rates for
small lengths of shoreline.  

In these locations, it is recommended that for mapping purposes, the average annual recession rate should
be set at 0.15 metres/year and detailed measurements of recession be undertaken only in conjunction with
a proposal for development accompanied by a request to reduce this value (i.e., work is undertaken by the
proponent). 

  . recession rate is high  -  There is evidence that the shoreline recession rates are high and probably
exceeding 0.15 metres/year as determined from available studies or from field investigation.  

In these locations, consideration should be given to undertaking preliminary studies to determine the long-
term recession rates.   Where the shoreline is undeveloped and no development is proposed the rate need
only be determined for a few localities and these values used for mapping purposes.  Where development
is proposed, a determination on the level of field study and the degree of precision required in the calculation
of the recession rate within a particular location or stretch of shoreline by the development proponent should
be reflective of the type, density and level of investment associated with the proposed development.

Table 6.3 : Factors Indicative of Stability in the Absence of Long-Term Recession Rate Information

BEACH TYPE INDICATORS OF INDICATORS OF REFERENCE POINT
STABILITY LONG-TERM

EROSION

sand or cobble - vegetated - narrow backshore - cliff/bluff 
beaches backed by backshore - absence of trees - crest or toe
cliff/bluff between beach - evidence of toe

and cliff/bluff erosion rockfall
- debris - slumping on

accumulation at cliff/bluff face
cliff/bluff toe

cobble low mainland - cobble ridges - exposure of tree - waterline
and cobble barrier - inland from modern roots - vegetation line

beach - toppling of trees
- trees close to - fresh (lichen-free)

beach but no cobbles deposited
erosion of trees in vegetation

- peat exposure on
barrier foreshore

sandy low - dune ridges inland - dune cliffing and - lakeward edge of
mainland and sandy from foredune toppling of trees foredune crest
barrier - vegetation - soil layers exposed

succession inland in eroding dunes
- hardwoods occur - peat outcrops on

50 m or more foreshore of
landward of beach barriers
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7.0 STAKING THE HAZARDOUS LANDS LIMIT

Following the proper classification of a given shoreline by shore types (see Section 3), and the determination of the
appropriate flooding hazard (Section 4), erosion hazard (Section 5), and dynamic beach hazard (Section 6) for that
shore type, the final step is the determination of the hazardous lands limit which indicates the landward extent of the
"area of provincial interest".  

This section will outline how to stake the flooding, erosion and dynamic beach hazards in the field.  In those areas
where 1:2000 scale mapping is available for the shoreline, then mapping the limit of the hazardous lands should be
carried out.  For more information on mapping the hazards and surveying techniques, Part 6 of the Technical Guide
for Great Lakes - St. Lawrence River Shorelines should be consulted.

7.1 Provincial Policy: Hazardous Lands

The "area of provincial interest", or hazardous lands as identified in the Provincial Policy Statement (May 1996), is
based on the delineation of the furthest landward limit  of the three shoreline hazards at each point along the
shoreline (see Figure 7.1):

  ## flooding hazard
  ## erosion hazard
  ## dynamic beach hazard

Mapping  of the hazardous lands limit is simply the process of drawing a continuous line on a map along the furthest
landward limit of the three hazard limits, where they exist.  Applying the hazardous lands limit in the field will often
require the staking  of each hazard applicable to that specific shoreline reach.  It also should be recognized that the
mapped  location of the hazard(s) may not coincide with their staked  location on the day of the field investigation
due to:

  # changes in the configuration of the shorelines in response to local shoreline processes, or as a result of
human-related activities (e.g., grading, placement of fill); and

  # inherent inaccuracies associated with the technique or medium (e.g., aerial photograph/historic maps) used
to determine the components (e.g., 100 year flood level, average annual recession rate) of the hazards.

As such, the map  location of the flooding, erosion and dynamic beach hazards and the hazardous lands limit is to
be considered as a guide and should not be used exclusively in making final decisions on planning applications.
Field staking  of all the hazards applicable to a reach is highly recommended to ensure that the correct location of
the hazardous lands limit is identified.

7.2 Procedure For Staking the Hazardous Lands Limit

The staking of the hazardous lands will be required as needed on a site by site basis.  The flooding hazard, detailed
in Section 4, should be staked first.  The erosion  hazard, detailed in Section 5, should be staked second unless the
shoreline is classified as a dynamic beach.  The dynamic beach hazard, detailed in Section 6, should be staked last
and only for those shorelines that have been classified as being a dynamic beach (including any stable slope
allowance and/or erosion allowance).
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The general procedure outlined below is for a shoreline with inadequate mapping (i.e., existing mapping is not
current, does not reflect existing conditions, or is at an inappropriate scale) or no accessible reference points are
available.  Other procedures, when mapping and reference points are available, are described in detail in the Part
6 of the Technical Guide for Great Lakes - St. Lawrence River Shorelines.  In these areas one will require either a
bench mark (BM), for vertical control (i.e., elevation) or a temporary bench mark (TBM) to determine an elevation
from which the limit of the hazardous lands will be staked. The minimum instrumentation required would be a level
and a tape measure.  Other instruments such as a transit, theodolite or total station could also be used.

7.2.1 Staking the Flooding Hazard Limit

The flooding hazard consists of the 100 year flood level plus a flood allowance for wave uprush and other water
related hazards, as outlined in Section 4.  Once the flood hazard limit has been determined, it can be staked using
the following method (see Figure 7.2):

  .  Step 1 Establish the location of a BM or TBM to provide an elevation at the site.  If the water level or
elevation of a structure is used as the TBM, the same procedure is followed.

 
  .  Step 2 Establish a point of known elevation at the site by bringing the BM or TBM elevation to the site using

a levelling technique.

  .  Step 3 Calculate the difference in elevation of the known point established at the site and the 100 year flood
level.

  .  Step 4 Determine the location of the difference in elevation using a level and stake this location.  This is
the location of the 100 year flood level.

  .  Step 5 A horizontal flood allowance for wave uprush and other water related hazards (i.e., 5 metres for
large inland lakes or as determined through a study using accepted engineering principles) must
be added to the 100 year flood level.  This horizontal flood allowance can then be measured from
the location of the 100 year flood level with a tape and staked.

If necessary, repeat the process to determine the location of the landward limit of the flooding hazard for several
points. The need to repeat the process will vary depending on the length of shoreline of concern and/or if the
orientation of the shoreline changes.  The landward extent of the flooding hazard  is delineated by the staked points.

7.2.2 Staking the Erosion Hazard Limit

Staking the erosion hazard limit essentially involves delineating the landward limit of the erosion hazard in the field.

It is recommended to delineate the erosion hazard by staking:

  . the stable slope allowance plus 100 times the average annual reces sion rate  where there is recession
rate information or  where recession rate information is not  available a 15 metre erosion allowance , and

  . a 15 metre erosion allowance measured from the top of cliff/bluf f/bank or the first lakeward break in
slope .

The most landward of these two points is the limit of the erosion hazard.

The steepness of the slope and the required accuracy of the data will dictate which type of surveying equipment and
technique will be used to stake the erosion hazard limit.  For example, in areas where the site may be more difficult
to stake (i.e., steep, high bluff), more sophisticated survey techniques (e.g., total station or global positioning systems
(GPS)) will be necessary for accurate results.  If approximate results are adequate, a clinometer may be used.   If
the slope is gentle enough to walk up, the distance can be measured with a tape and hand level depending on the
required accuracy.  If greater accuracy is needed, instruments such as a transit or theodolite will be required.
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a) Staking the Stable Slope Allowance Plus 100 times the Average Annual Recession Rate or
a 15 metre Erosion Allowance

The following steps should be followed to stake the stable slope allowance plus 100 times the average annual
recession rate or the 15 m erosion allowance (see Figure 7.3):

  .  Step 1 Establish the location of the BM or TBM to provide an elevation near the site.  The water level or
elevation of a structure could be used as the TBM.

  .  Step 2 Establish a point of known elevation at the site by bringing the BM or TBM elevation to the site using
a levelling technique.

  .  Step 3 Determine the location of the toe of the slope. If the water level is against the toe of the slope one
may assume that the point where the water level intersects the slope is the toe of the slope.

  .  Step 4 Determine the elevation of the toe of the slope from the known point elevation by using a levelling
technique.

  .  Step 5 Determine the location of the top of cliff/bluff/bank or the first lakeward break in slope.

  .  Step 6 Knowing the elevation of the toe of the slope determine the elevation of the top of the slope by using
a levelling technique.  The steepness of the slope and the accuracy required will determine the
instrumentation to be used.

  .  Step 7 Once the difference in elevation of the slope (i.e. height of the cliff/bluff/bank) has been determined,
calculate the horizontal distance for the stable slope allowance (i.e., 3 times the height of the
cliff/bluff/bank or the stable slope allowance which was determined using accepted geotechnical
principles).  

  .  Step 8 Landward from the toe the slope, stake the location of the stable slope allowance.  This can be done
by using a slope taping or horizontal taping technique or by using instruments such as a transit,
theodolite, electronic distance measurement (EDM) or global positioning system (GPS).

  .  Step 9 A horizontal erosion allowance must be determined depending on the available information. The
erosion allowance is either 100 times the average annual recession rate where sufficient recession
rate data is available or 15 metres where there is insufficient recession rate data or a study using
accepted scientific and engineering principles may be permitted to determine the erosion allowance.

  .  Step 10 Measure the horizontal erosion allowance from the stable slope allowance and stake this point.  This
is the erosion hazard limit.

If necessary, repeat the process to determine the location of the erosion hazard limit for several points. The need
to repeat the process will vary depending on the length of shoreline of concern and/or if the orientation of the
shoreline changes.

b) Staking the 15 metre Erosion Allowance Measured Landward from the Top of Cliff/Bluff/Bank
or the First Lakeward Break in Slope

The following step should be followed to determine the 15 metre erosion allowance measured landward from the
top of cliff/bluff/bank or first lakeward break in slope (see Figure 7.4):

  . Go to the top of the cliff/bluff/bank (i.e., first lakeward break in the slope) and measure landward a
15 m erosion allowance.  A study using accepted scientific and engineering principles may be
permitted to determine the erosion allowance.
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If necessary, repeat the process to determine the location of the 15 metre top of bank allowance for several points.
The need to repeat the process will vary depending on the length of shoreline of concern and/or if the orientation
of the shoreline changes.

c) Staking the Erosion Hazard Limit Based on the Erosion Limits

Once the erosion limits, as defined through the procedures identified in sub-section (a) and (b), have been staked,
the erosion hazard limit is the furthest landward of these staked erosion limits.  If necessary repeat this process to
determine the landward limit of the erosion hazard for several points.  The landward extent of the erosion hazard
is delineated by the furthest landward of these staked points.

7.2.3 Staking the Dynamic Beach Hazard Limit

Field staking of the dynamic beach hazard limit is usually undertaken in one of two situations:

  . to compare the general location of the landward limit of the dynamic beach hazard with physical shoreline
features to determine whether the landward limit within a reach or series of reaches is appropriate for the
local conditions or whether further studies be undertaken to define the landward limit of the dynamic beach
hazard; or

  . to locate the precise landward limit of the dynamic beach hazard with respect to an individual feature such
as a building or property lot line.

In the first situation, the dynamic beach hazard limit should be determined at several locations along the shoreline.
The level of precision required in this type of exercise is generally low, with horizontal positioning being in the order
of plus or minus 2 to 3 metres.  This degree of accuracy is considered adequate for these types of situations.
Measurements may be made with the use of a standard tape measure.

In the second situation, where a precise definition of the landward limit of the dynamic beach hazard is required at
a single shoreline location, the use of a levelling technique may be necessary.

The following method should be followed for staking the dynamic beach hazard (see Figure 7.5):

  .  Step 1 Stake the flooding hazard limit as described in Section 7.2.1

  .  Step 2 From the flooding hazard limit, add a horizontal distance for the dynamic beach allowance.  The
dynamic beach allowance will be 15 m or an allowance determined through an acceptable scientific
and engineering study.  

There are several additional factors which may complicate staking of the dynamic beach hazard.
Where these factors apply, it is recommended that a study using accepted scientific and engineering
principles be undertaken.  The complicating factors include:

. If the dynamic beach is eroding add 100 times the average annual recession rate to the 15
metre dynamic beach allowance.  Therefore the dynamic beach hazard for an eroding
dynamic beach will be the flooding hazard plus 100 times the average annual recession rate
plus 15 metre dynamic beach allowance (see Figure 6.3). 

. If the dynamic beach is backed by a cliff/bluff such that the initial determination of the
dynamic beach limit lies landward of the toe of the cliff/bluff, it is recommended that the
dynamic beach hazard limit be staked as the toe of the cliff/bluff (see Figure 6.4).  If the
cliff/bluff is eroding the stable slope allowance plus 100 times the average annual recession
rate should be staked for the cliff or bluff.
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. If the dynamic beach profile is below the 100 year flood elevation, the  dynamic beach
hazard limit should be staked as the landward boundary between the beach and the
associated dune deposits (i.e., unconsolidated beach material) and the material forming the
low plain or 15 metres measured landward from the first break in slope on the lee side of
the first dune (see Figure 6.5). In this instance the landward limit of the flooding and/or
erosion hazard may govern the limit of the hazardous lands.

. If the dynamic beach exists on a narrow barrier such that the initial determination of the
dynamic beach limit falls within the marsh or bay that exists landward of the barrier, it is
recommended that the dynamic beach hazard limit be staked at the toe of the barrier slope
on the landward side (i.e., intersection of the unconsolidated material and the marsh or bay
bottom) (see Figure 6.6).

  .  Step 3 Stake this landward point which represents the limit of the dynamic beach hazard.

Repeat the process for several locations along the shoreline within the dynamic beach reach using the applicable
method.  The landward extent of the dynamic beach hazard for the reach being evaluated is delineated by the staked
points.

7.2.4 Hazardous Lands Limit

The furthest landward of the staked flooding, erosion and dynamic beach hazards limits is the limit of the hazardous
lands (see Figure 7.6). 
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8.0 ADDRESSING THE HAZARDS

Shoreline flooding, erosion and/or dynamic beaches are natural phenomena evident on many shoreline reaches of
large inland lakes.  These phenomena, or natural shoreline processes, only become shoreline hazards, when
development and site alterations are located in close proximity to the shoreline.  By definition, development 

"means the creation of a new lot, a change in land use, or the construction of buildings and structures,
requiring approval under the Planning Act; but does not include activities that create or maintain
infrastructure authorized under an environmental assessment process; or works subject to the Drainage Act"
(Provincial Policy Statement, May 1996).

Site alteration

"means activities, such as fill, grading and excavation, that would change the landform and natural
vegetative characteristics of a site"  (Provincial Policy Statement, May 1996).

Sections 1 through 7 of this Technical Guide have discussed the characteristics of the shoreline processes and the
delineation and mapping of hazardous lands adjacent to the shorelines of the large inland lakes which are impacted
by flooding, erosion, and/or dynamic beach hazards.  Section 8 builds on this information and examines the shoreline
management approaches that may enable the flooding, erosion, and/or dynamic beach hazards to be safely
addressed in accordance with established standards and procedures and in an environmentally sound manner.

The potential impacts of the protection works on the physical coastal processes are identified.  Guidance is provided
on whether or not these impacts may create or aggravate hazards at other sites.  The physical impacts identified in
Section 8 are also used in Section 9 to help assess if the protection works are environmentally sound. 

A series of three summary charts have been developed to aid in the identification of appropriate shoreline
management approaches which have the potential to address the hazards on-site, for a particular shoreline type and
nearshore substrate, and which do not create new, or aggravate existing hazards off-site.

8.1 Addressing the Hazards:  Provincial Policy

8.1.1 Shoreline Policies

The Provincial Policy Statement (May 1996) provides direction with respect to development and site alterations within
the hazardous lands.  With the exception of certain situations noted later (i.e., Policies 3.1.2(a) and (b)), development
and site alteration may be permitted within the least hazardous portions of the hazardous lands  provided that all of
the following policy requirements can be achieved:

  # the hazards can be safely addressed, and the development and site alteration is carried out in accordance
with established standards and procedures (Policy 3.1.3(a));

  # new hazards are not created and existing hazards are not aggravated (Policy 3.1.3(b));
  # no adverse environmental impacts will result (Policy 3.1.3(c));
  # vehicles and people have a way of safely entering and exiting the area during times of flooding, erosion and

other emergencies (Policy 3.1.3(d)); and
  # the development does not include institutional uses or essential emergency services or the disposal,

manufacture, treatment or storage of hazardous substances (Policy 3.1.3(e)).

Development and site alteration are not permitted within those areas identified in Policy 3.1.2, namely:

  # defined portions of the dynamic beach (Policy 3.1.2(a)); and
  # defined portions of the one hundred year flood level along connecting channels (Policy 3.1.2(b)).
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In Ontario, addressing shoreline flooding, erosion and/or dynamic beach hazards has typically involved one or more
of three shoreline management approaches:

 . prevention;
 . protection works; and
 . emergency response.

Prevention is essentially the orderly planning of land use and the regulation of development and site alteration along
shorelines subject to flood, erosion and dynamic beach hazards (i.e., generally directing development and site
alteration to areas outside of hazardous lands as stated in Policy 3.1.1(a)).  Prevention reduces or minimizes hazard
losses by modifying the loss potential and tends to have little or no impact on the shoreline environment.  Prevention
is the preferred approach for the management of development  and site alterations  adjacent to the shorelines
of large inland lakes .  

Where prevention approaches are not feasible, proper protection works, in combination with the appropriate stable
slope and hazards allowances, may provide sufficient "protection" to warrant consideration of development and site
alteration within the least hazardous portions of the hazardous lands.  Protection works are essentially engineered,
non-structural and structural protection works, such as relocation, floodproofing, bioengineering measures, dune
enhancement, filling and dyking, revetments, seawalls, groynes, artificial headlands and detached breakwaters.
Protection approaches reduce hazard losses by modifying the flooding and/or erosion hazards at the shoreline.
Structural protection works are most commonly associated with impacts to adjacent properties as well as to the
terrestrial and aquatic environment. 

The inclusion of Policy 3.1.3 (Provincial Policy Statement, May 1996) is intended to provide flexibility to recognize
local conditions.  When applying this flexibility, care must be taken to ensure that the magnitude or degree of risk(s)
is clearly understood, and that the potential or feasibility for development and site alteration to safely locate within
certain portions of the hazardous lands is sound, reasonable and can be implemented in accordance with the
established standards and procedures (Policy 3.1.3(a)).  Care must also be taken to ensure that the interests and
intent of other policies addressing the same shoreline areas are not compromised.  Where all of these conditions
cannot be fulfilled, the development and site alteration should be directed to areas outside the hazardous lands.

The requirements of Policies 3.1.3 (a) to (e) are intended to promote public safety and to minimize risks to life,
property damage, adverse environmental impacts and social disruption.  Ecological, geomorphological and socio-
economic elements are concentrated at the shoreline and are uniquely defined by their interactions within the shore
environment.  A delicate, dynamic balance exists between these elements, a balance which can easily be altered
or upset.  It is imperative that any protection works consider both the immediate and the broader ecological,
geomorphological and socio-economic contexts, as no part of the system operates independently of any other part.
The proponent should also consider whether or not the protection works are justified from a benefit-cost perspective
and are in keeping with any objectives for public access, recreation and aesthetics.

When applying Policy 3.1.3, a number of complicating planning issues may arise.  For example, municipalities and
planning boards may need to develop strategies to deal with existing lots of record, residential infilling, residential
intensification, or with additions and alterations to existing development.  In some shoreline municipalities,
development applications involving structures or buildings which by the nature of their use are normally located in
close proximity to or within the water (e.g., water intake structures, marinas, boathouses, utilities, etc.) may also
require a more detailed evaluation.  In each of these cases, municipalities and planning boards should determine
the potential risks associated with the various municipal land use planning strategies that may be under
consideration or applied.  In all of these situations, regardless of the planning issue being evaluated, the overall intent
of the Policy, to minimize the potential risk to life and property, is to be preserved.
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8.1.2 Established Standards and Procedures

Where the potential for environmentally sound development to safely occur does exist, the development and site
alteration should be carried out in accordance with the established standards and procedures (Policy 3.1.3(a)) that
apply (Provincial Policy Statement, May 1996).  By definition, established standards and procedures means the
following:

  # "floodproofing standard , which means the combination of measures incorporated into the basic design
and/or construction of buildings, structures, or properties to reduce or eliminate flooding, wave uprush and
other water related hazards along the shorelines of the Great Lakes - St. Lawrence River System and large
inland lakes, and flooding along river and stream systems";

  # "protection works standard , which means the combination of non-structural or structural works and
allowances for slope stability and flooding/erosion to reduce the damages caused by flooding, erosion and/or
other water related hazards, and to allow access for their maintenance and repair"; and

  # "access standard , which means a method or procedure to ensure safe vehicular and pedestrian movement,
and access for the maintenance and repair of protection works, during times of flooding, erosion, and/or
other water related hazards" (Provincial Policy Statement, May 1996).

Further discussion regarding the floodproofing, protection works and access standards is provided in Section 8.2.4.

8.2 Addressing the Hazards On-Site

8.2.1 Initial Considerations

After the flooding, erosion and dynamic beach hazards have been delineated and prior to the selection of a particular
protection works to safely address the hazards at a specific site, it is appropriate to first consider a number of
important questions:

& What type of development activity is at risk?

& What is the intended purpose of the structure (i.e., is it to safely address the hazards or is it for recreational,
aesthetic or other reasons)?

& Have prevention and relocation measures been given serious consideration?

& Is there a significant potential risk that the protection works will have any adverse impacts on neighbouring
properties or the environment?

& What is the total cost of the protection works over the long-term (i.e., including construction, maintenance
and replacement)?

& Is the structure viable considering what exists at the adjacent properties (i.e., is there a coordinated
approach with the adjacent properties)?

Seeking answers to these questions will guide the shoreline manager and the proponent in determining the most
suitable and environmentally sound approach to addressing the hazards.  The following subsections examine some
of the issues raised by these questions. 
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a) Type of Development Activity

The characteristics of a proposed development activity, or the resulting land use, should influence the type of
protection works to be applied.  For example, habitable residential development will obviously require a greater
degree of protection from flooding and erosion hazards than minor non-habitable buildings (e.g., gazebos, garden
sheds).  Structural protection works proposed for certain site alterations, such as decks and groomed lawns, in many
cases are not appropriate.

Development can generally be grouped into three major categories:

 . multi-lot, large lot and large scale development

# creation of multiple lots, or large lot, medium to high density residential
development, or other large-scale developments (see Figure 8.1).

 . residential or habitable infilling, redevelopment, replacement, major additions/alterations,
minor additions/alterations

# infilling: development on previously undeveloped lot, or creation of a residential lot,
generally between two existing developed lots of a similar size and which are
situated on the same side of a road and are not more than 100 m apart;

# redevelopment/ existing residential unit removed from previously developed, serviced land and a
intensification: new larger residential unit erected or the creation of new residential units or

accommodation in existing buildings on previously developed, serviced land;

# replacement: existing structure removed and new residential or habitable unit for same use
and of same size or smaller erected;

# major additions/ construction is equal to or exceeds 30% (50% for floodproofing) of the
alterations: foundation area or market value of the existing structure or work;

# minor additions/ construction is less than 30% (50% for floodproofing) of the foundation area or
alterations market value of the existing structure or work.

. Non-habitable buildings and structures  (see Figure 8.2)

# major structures: non-habitable buildings or structures that do not qualify as minor structures;

# minor structures: non-habitable, moveable structures with no utilities and maximum size of 14 m .2

Further discussion dealing with existing development within the hazardous lands is presented in Appendix A7.2 of
the Technical Guide for Great Lakes - St. Lawrence River Shorelines.
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b) Understanding the Purpose of Shoreline Protection Works to Address the Hazards

Where prevention approaches are not feasible, the goal of protection works is to address the hazards on-site (e.g.,
minimize flooding, stabilize erosion) without creating or aggravating hazards off-site and without creating adverse
environmental impacts.  If possible, aquatic and terrestrial habitat should be enhanced and the shoreline aesthetics
maintained or improved.

In areas of real flooding and erosion hazards, when development requires protection, structural measures may be
considered necessary and acceptable provided they meet the policy requirements as discussed in Section 8.1.1.
However, there have been situations where structural shoreline works were permitted, for the stated purpose of flood
and/or erosion control, on shorelines where no real or significant flood or erosion problems existed.  In some of these
cases the shoreline was stable and no modifications were necessary.  In other cases, minor problems existed which
could have been easily controlled by non-structural measures.  Yet in other cases, the real purpose of proposed
structural works was to create additional lawn or recreational beach areas or ancillary facilities such as boathouses,
docks and marine railways.  Thus, the need for structural protection works to address the hazards should be
demonstrated by examining the following questions:

& Is there a real flooding, erosion or dynamic beach hazard that needs to be addressed (i.e., have the flooding,
erosion and/or dynamic beach hazard limits been established)?

& How severe is the hazard and what is the cause (i.e., is it a natural process or has it been exacerbated by
actions such as inappropriate removal of vegetation (see Figure 8.3a) or improper regrading or filling (see
Figure 8.3b))?

Figure 8.3a Effects of Vegetation Removal

Figure 8.3b   Erosion of Unprotected Fill Material
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& Is a structural protection measure to address the hazard warranted at the site (i.e., what type of development
is at risk and is the risk worth preserving the shoreline in its natural condition)?

Sections 4, 5 and 6 discuss the flooding, erosion and dynamic beach hazards respectively.

The primary purpose of shoreline protection works to address the hazards can be: flood protection, which includes
wave uprush (i.e., storm wave damage) and other water related hazards; erosion protection; or a combination of
flood and erosion protection.  There may be secondary purposes, such as retaining upland soil (e.g., bulkhead wall)
or providing access for people or boats (e.g., walkways and boat ramps).  It is important that the primary purposes
of the protection works be clearly defined and understood. 

Design criteria for shoreline protection works to address the hazards should be governed by the primary flooding
and/or erosion hazard protection purposes and should not be unduly compromised for secondary purposes, such
as recreational access to the water.  For example, an armour stone revetment protection works that must be a certain
height to provide effective wave overtopping protection should not be arbitrarily lowered just because easier access
is desired.  However, that is not to say that protection works can only satisfy one purpose.  There are many ways
in which protection works can effectively satisfy multiple purposes.  In fact, as noted earlier, aquatic and terrestrial
habitat should be enhanced and the aesthetics maintained or improved wherever possible. In the example provided
above, effective protection and access could possibly be provided by stepping the armour stone, by using a flatter,
more permeable structure, and/or by incorporating vegetation into the works.  

Proposed shoreline works intended primarily for purposes other than addressing flooding and erosion hazards and
which by the nature of their use are normally located in close proximity to or within the water (e.g., water intakes,
walkways, boathouses, boat ramps, boat docks and landscaping or aesthetic improvements) may be governed by
design criteria which are not necessarily as stringent as those for safely addressing flood and\or erosion hazards.
However, in all of these situations adverse environmental impacts and new hazards are not to be created and
existing hazards are not to be aggravated.  Also, regardless of the planning issue being evaluated, the overall intent
of the Policy, to minimize the potential risk to life and property, is to be preserved.

c) Prevention and Relocation Versus Shoreline Protection

The shoreline manager should always ask: Would a prevention, relocation or a non-structural approach be more
suitable than a structural protection measure?

The preferred and often the most appropriate means of addressing flood , erosion  and dynamic beach
hazards  at a given site, for all types of shorelines, is through prevention; namely, locating development
landward of the hazardous lands .  Structural protection works should not be necessary for development that is
located landward of the hazardous lands since the development will be reasonably safe from the flood, erosion and
dynamic beach hazards for the planning horizon.  In areas of existing development, relocation should be given
serious consideration.   Section 8.2.3(b) provides further discussion of the relocation option.

The advantages of prevention and relocation over structural protection works are:

& the hazards are addressed within a defined acceptable level of risk (i.e., flooding, erosion, and dynamic
beach hazard limits);

& no adverse environmental impacts will result;
& new hazards are not created and existing hazards are not aggravated;
& initial capital construction costs and long-term maintenance and replacement costs are greatly reduced;
& natural aesthetics and amenities of the shoreline are preserved; and
& approvals and permitting requirements are greatly reduced.

Prior to permitting development to occur within the hazardous lands, through the implementation of structural
protection works, proponents should be required to demonstrate that other alternative approaches (i.e., prevention
or nonstructural measures, such as relocation, floodproofing, bioengineering measures and dune enhancement)
have been evaluated and have been found to be not feasible.
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d) Impacts

Determining whether or not a particular shoreline management approach safely addresses the hazards at a given
site is only the first step in establishing the best overall acceptable approach.  In addition to addressing the hazards
at the site, the selected management approach must not create or aggravate existing hazards off-site (Policy
3.1.3(b)) nor can it result in any adverse environmental impacts (Policy 3.1.3(c), Provincial Policy Statement, May
1996).  
    
Structural protection works are most commonly associated with effects on the physical shoreline environment (e.g.,
trapping and/or deflecting alongshore sediment transport, altering the nearshore topography).  These effects are
discussed in more detail in Section 8.3.  Changes in the physical processes due to structural protection works may
also result in a range of potential impacts on the terrestrial and aquatic environment.  These environmental impacts
are discussed in detail in Section 9.0: Environmentally Sound Hazard Management, of this Technical Guide.

Proposed shoreline protection works must be accompanied by an impact assessment which demonstrates that new
flooding, erosion, and dynamic beach hazards are not created and existing hazards are not aggravated at updrift
and downdrift properties.

The assessment of the proposed protection works must also identify that no adverse environmental impacts will
result.  If it is determined that major environmental impacts will occur as a result of the proposed structure, then the
works should not be permitted.  If it is determined that the structural protection works will cause minor environmental
impacts, mitigation and/or compensation measures should be applied.

e) Total Costs

Proponents should be encouraged to critically evaluate the total costs and benefits of proposed protection works.
Many shoreline property owners have often resorted to structural protection works to address hazards on-site with
little or no consideration of the real costs of maintaining, repairing and replacing the protection works over the full
life of the development (i.e., the planning horizon).  In addition, the impacts, or indirect costs, of structural works to
the environment and to updrift/downdrift shorelines are often not factored into the benefit-cost analysis.  However,
along with these indirect costs can also come indirect benefits beyond property protection, such as enhanced
recreational opportunities or protection of significant resources (e.g., an important wetland or a cultural feature of
historical value).  A broad evaluation, including direct and indirect costs and benefits, both quantitative and
qualitative, should be applied to provide a more comprehensive and more realistic determination of the
appropriateness of the various forms of protection approaches.

f) Coordinated Efforts with Adjacent Properties

To be most effective, shoreline protection works must be coordinated with the adjacent properties.  The lack of, or
the level and type of, flood and/or erosion protection at adjacent properties must be considered.  It is of little value
to provide wave uprush protection along the lakeside of a site if the properties adjacent to the site have little or no
flood protection.  Water that floods the properties adjacent to the site could easily flow to the site from the sides (see
Figure 8.4).  Also, erosion protection along a single, narrow lot may be of little value, even if flank protection is
provided, if the adjacent properties are not protected (see Figure 8.5).  One must consider that for individually
protected lots, or at the property limits of subdivisions, there has to be sufficient stable slope and erosion allowances
from the sides of the development, as well as directly perpendicular from the development to the lake.  Concern
regarding sufficient allowances from the sides increases as lot width decreases, bluff height increases and recession
rates increase.
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8.2.2 Characteristics of Hazards

a) Flooding Hazard

Flood damages along the shorelines of large inland lakes vary with the type and severity of shoreline flooding which
in turns depends on the velocity, depth and resultant inland extent of shoreline floodwaters.  The three types of
shoreline flooding, as described in Part 4: Flooding Hazards, of this Technical Guide, are as follows:

  & higher, lakewide, static water levels;
  & wind setup; and
  & wave uprush and overtopping and other water related hazards (e.g., ice and boat generated waves).

Low plain and beach shorelines are typically susceptible to flooding particularly in areas subject to significant storm
surges or more moderate surges accompanied by higher lakewide static water levels.  Bluff and cliff shorelines are
generally not prone to flooding due to their height.  To address the flooding hazard, the protection works must
prevent entry of flood waters and/or minimize damage due to wave impact.  Wave impact damage is a result of wave
uprush striking shoreline development.

Floodwaters impose hydrostatic forces and hydrodynamic forces.  Hydrostatic forces result from the static, or
stationary, mass of water at any point of flood water contact with a structure.  They are equal in all directions and
always act perpendicular to the surface on which they are applied.  Hydrostatic forces can act vertically on structural
members, such as floors and decks (i.e., tends to uplift or $float# structures), and can act laterally on upright structural
members, such as walls, piers, and foundations (i.e., tends to $push# the structure over, see Figure 8.6a).
Hydrostatic forces increase as the water depth increases. 

Hydrodynamic forces result from the flow of flood water around a structure, including a drag effect along the sides
of the structure and eddies or negative pressures on the structure's downdrift side (Figure 8.6b).  These are more
common in flash floods, shoreline floods, and when flood water is wind-driven.

Flooding characteristics that must be considered when evaluating floodproofing measures include:

  & Depth of expected flooding and, in shoreline areas, height of wave crests, which will determine the required
elevation of a building and the hydrostatic and hydrodynamic forces to be expected.

  & Velocity of flood waters and waves, which influences both horizontal hydrodynamic forces on building
elements exposed to the water and debris impact loads from water-borne objects.  Waves striking structures
in the shore zone can cause considerably more damage than simple inundation.  Past storms have resulted
in waves knocking houses off their foundations, demolishing walls and destroying shore protection works.
The amount of wave damage depends on the position and exposure of buildings/structures to the effects
of storm wave action and the frequency and energy with which the storm waves act on the shore.

  & Frequency of flooding, which is the amount of time between occurrences of damaging floods.  This will have
an important influence on site selection.

  & Duration of flooding, which affects the length of time a building may be inaccessible, as well as the saturation
of soils and building materials.

  & Rate of rise, which indicates how rapidly water depth increases during flooding.  This determines warning
time before a flood, which will influence the need for access routes (ingress/egress) to be elevated above
floodwaters and whether valuable possessions should/can be kept underneath the structure and moved only
when flooding is imminent.

  & Ice and debris, which can cause serious damage to structures.  Wind-driven ice or ice jams have, in some
cases, completely demolished bridges, homes and businesses, snapped off large trees and pushed
buildings completely off their foundations.  Floating debris can be equally dangerous in this regard.  Little
can be done to avoid these phenomena short of avoiding sites where they are more likely to occur.  
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For further information regarding the characteristics of flooding, Part 4: Flooding Hazard of this Technical Guide,
should be consulted.

Within the flooding hazard limit, flood hazards can be addressed in ways similar to addressing flooding hazards in
riverine flood plains.  However, two additional considerations must be addressed when dealing with shoreline
flooding hazards, namely, wave impact and prolonged high water levels.  Higher lakewide levels are of particular
concern given that they can persist for months and sometimes years.

Options to protect against shoreline flooding include preventing the entry of floodwaters (e.g., "floodproofing") and
reducing the wave uprush by reducing the incoming wave energy.  For the purposes of this Technical Guide, a
distinction has been made between non-structural and structural floodproofing protection measures.  Non-structural
protection measures are essentially those structures that are located onshore and do not involve construction or
placement of significant additional structures and/or materials at the shoreline.  However they can include design
features related to the habitable structure (e.g., raising structure up on piles and elevating services ).  Hence, some
floodproofing measures, even those requiring $structural# modifications to a house, are not classified as "structural"
protection works.  Structural floodproofing protection measures refer to measures that involve significant construction
and/or the placement of significant quantities of imported materials (e.g., filling, dyking and floodwalls).

Standard structural protection works, such as revetments and seawalls, can be used to mitigate flood and storm
hazards, typically wave uprush and overtopping, in the onshore area (e.g., the structure is located above the 100
year flood level) on relatively stable shorelines (i.e., low recession rate, less than or equal 0.3 m/yr).  Suitable design
guidance for these "standard" works (i.e., located on stable shoreline and above 100 year flood level) can be
obtained from existing publications (e.g., MNR 1987; USACE 1981, 1984).  One is reminded that the approaches
outlined in USACE (1981) and MNR (1987) are generally not suitable for open coasts exposed to direct wave attack
and erosion.  If the flood hazard is reduced, specifically the potential wave impact hazard, non-structural
floodproofing measures for development in the onshore area may be more feasible.

Filling and dyking exposed to wave action will require erosion protection.  If the fill or dyke is located above the 100
year flood level (only exposed to wave uprush and other water related hazards), standard erosion protection
measures, as discussed above, could be used.

Floodproofing protection works are described in Section 8.2.3.

b) Erosion Hazard

As discussed in Section 5 of this Technical Guide, erosion is a natural process resulting in the wearing away and
removal of the land by water action.  For the most part, the shoreline erodes from the forces of wave action.  Waves
work endlessly to break down and reshape the shoreline, a process which property owners often overlook or are not
aware of in their eagerness to be close to the water.  Therefore, shoreline property losses are generally the result
of naturally occurring erosion processes associated with wave action, unstable slopes and the continuous landward
recession or retreat of the shoreline.  Section 5: Erosion Hazard, of this Technical Guide, provides a detailed
discussion of the erosion processes and slope stability.

The severity or risks associated with the erosion hazards and the selection of approaches to address these hazards
are dependent on the controlling nearshore substrate (i.e., bedrock, cohesive or dynamic beach) and the general
shoreline type (i.e., bedrock cliff or low plain, cohesive/noncohesive bluff or low plain or dynamic beaches).  More
detailed information on the controlling nearshore substrates and general shoreline types is outlined in Section 3  of
this Technical Guide.

At different locations, shoreline recession rates can vary from low (0.0 to 0.3 m/yr) to severe (>2.0 m/yr).  Where it
found that recession rates exceed 0.3 m/yr, the shoreline manager may wish to consult the Technical Guide for Great
Lakes - St. Lawrence River Shorelines for further information.
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. Bedrock Shorelines

As outlined in Section 3: Recommended Shoreline Classification Scheme to Determine Shoreline Reaches, of this
Technical Guide, bedrock shorelines consist of a controlling substrate of bedrock at, or very near the lakebed.  Most
bedrock shorelines (but not all bedrock shorelines), are characterized by low to stable recession rates and generally
do not pose a significant erosion hazard.  The resistance to erosion, however, can vary with the bedrock material.
Softer bedrock materials, such as some shales and limestones, do erode but at a relatively low rate.  Factors that
may cause shale to erode include, but are not limited to, wetting/drying and freezing/thawing processes.  For the
softer bedrock materials, such as shale, it may be useful, when reviewing protection options, to consider them as
an erosion resistant cohesive material.

Along bedrock-controlled substrate shorelines, where the backshore and onshore area is comprised of a cohesive
or noncohesive material, the erosion hazard can increase.  The relatively stable base provided by a bedrock
nearshore typically permits consideration of the full range of alternative structural erosion protection works to address
erosion hazards at a shoreline site.  If the backshore/onshore material is erosion resistant bedrock, then erosion
protection is unlikely to be necessary. 

. Cohesive Shorelines

The controlling process for the recession of a cohesive shoreline is the downcutting, or downwards erosion of the
nearshore profile by wave induced forces.  This downcutting of the cohesive material is considered to be irreversible
and constant.  "Fine-grained cohesive" shorelines (see Section 3 of this Technical Guide), often characterized by
moderate to severe recession rates, have exposed cohesive nearshores and tend to have concave-shaped profiles
(i.e., the depth increases rapidly as you move offshore).  The downcutting rate of the nearshore profile is the greatest
at the shoreline and gets less towards the offshore.  The presence and movement of sediments over the cohesive
profile can influence the erosion of the profile depending on the quantity and volatility of the sediment cover.
Cohesive shorelines with a significant amount of cobbles and boulders are more erosion resistant. Further
explanation of cohesive shorelines is presented in  Appendix A1.2: Lake/Land Interaction, of the Technical Guide
for Great Lakes - St. Lawrence River Shorelines).

To truly control the recession of a cohesive shoreline over the long term, it is necessary to slow or stop the
downcutting of the nearshore profile.   Such a requirement can only be accomplished by "macro" type protection
works that extend into the nearshore, such as:

  & protective beaches (i.e., beach nourishment generally accompanied by detached breakwaters or large
artificial headlands) to protect the cohesive profile; and

  & detached breakwaters which reduce wave action across the nearshore profile.

These macro-scale projects are costly and require the coordinated response of many property owners over hundreds
of metres of shoreline and an extensive design effort.  Due to fact that they extend into the nearshore, they would
typically require permission to occupy Crown Land.  Also, these macro-scale projects, because of their large scale
and their location in the nearshore, are most likely to cause adverse impacts to the environment.

Backshore, shore parallel structures, such as revetments and seawalls only protect the backshore area.  These
structures typically do nothing to reduce the erosion of the nearshore lakebed which is the root of the long term
recession of cohesive shorelines.  Along cohesive shorelines, revetments and seawalls only postpone the inevitable
by "buying time" for the property owner who is then faced with the decision to increase the size of the structure at
a later date or to abandon the structure (see Figure 8.7).

On cobble/boulder till cohesive shorelines, where recession rates are relatively lower, protection structures limited
to the backshore area may be viable. To appropriately address the hazard, backshore structural protection works
must be designed to accommodate the effects of erosion of the nearshore lake bottom.  The design must incorporate
provisions for this downcutting as it relates to the potential undermining of the structure and the increased depth
limited wave heights as the water gets deeper.  The increased wave heights result in increased wave forces, uprush
and overtopping.
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Figure 8.7 Schematic of Continued Downcutting of Nearshore Profile

c) Dynamic Beach Hazard

Two types of natural hazards can be identified on dynamic beaches:  a) wave action and other water related hazards
such as wave spray and ice action that impinge directly on buildings, roads, and other facilities, or wave action that
indirectly affects structures by removing beach material which supports foundations, footings and piles; and b)
flooding due to a rise in the water table within sand dunes and low-lying areas landward of the beach during periods
of seasonal and long-term high lake levels as well as to short-term events associated with storms.  In the latter case
the property is not subject to direct wave action and the hazard may be overcome using the approaches outlined
in Section 8.2.3(b) on floodproofing, provided they do not interfere with the normal adjustment of the dynamic beach
profile.  In this section, attention will be focused  on addressing the hazards associated with wave action.

Along non-erosional dynamic beach shorelines, the simplest, most effective and most desirable approach to
addressing the hazard is to setback all permanent construction such as buildings, roads, and parking lots, landward
of the dynamic beach hazard limit (i.e., landward of the area that will be affected by wave action and other natural
beach processes).  The reason for this is simply that dynamic beaches adjust to changing wave and water level
conditions and that the natural beach itself provides the best protection against wave action.  If permanent structures
are located landward of the limit of profile adjustment on a stable dynamic beach then, by definition, they will be
protected from wave-related hazards.

If a building is located within the dynamic beach hazard limit, it will be within the zone exposed to wave action at
some time as well as being subject to the removal of its supporting beach material.  Thus the building itself, or any
structure designed to protect it, will not only be subject to the hazard, but it will also interfere with the ability of the
beach to adjust to natural processes.  This in turn will impair the ability of the beach to offer protection to the area
behind it, as well as having the potential to affect adjacent sections of the beach.  This is the rationale behind the
provision in the Provincial Policy Statement (May 1996) that development and site alteration will not be permitted
within defined portions of the dynamic beach.
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Outside the defined portions of the dynamic beach, development and site alteration may be permitted provided it
meets all the requirements of Policy 3.1.3.  The preferred order to implementing the range of potential response to
addressing the hazard is outlined in the following paragraphs.

Where development already exists within the dynamic beach hazard  limit on a non-erosional beach (i.e., overall
long-term recession rate is zero or negative), or where it is proposed to locate development and site alteration
outside the defined portions of the dynamic beach, there is a preferred order to implementing the potential range of
responses to addressing the hazard:

  1. Relocate buildings, roads, and other facilities to a position landward of the dynamic beach hazard  limit.  This
in turn will permit removal of retaining walls and shore protection structures such as revetments and groynes
completely from the dynamic beach hazard limit.

  2. Where existing buildings, roads and other facilities are located near landward margin of the dynamic beach
hazard limit and are subject to wave action only infrequently (i.e. less than once every 10 years) they may
be protected by changes to the structure itself to minimise the impact of wave action and to reduce
interference with the natural processes.  Such changes could include raising the structure on stilts or
removing porches and windows at low levels.

  3. Protection in the form of a wall or revetment may be used to prevent wave action from reaching a building.
However, this should be placed next to the primary building itself and as far away from the beach as possible
in order to minimize impacts on the normal beach processes.  Seawalls, revetments and other protection
works positioned for the protection of non-essential structures and features, including but not limited to
ancillary structures (e.g., gazebos, sheds etc.), lawns and/or other landscaping features, and which extend
into the dynamic beach hazard, should not be permitted.

  4. Where existing buildings, road and other facilities are located so close to the beach that they are subject to
wave action more than once every ten years, then a greater degree of protection than set out in 3 above will
be required.  This should be permitted only in exceptional cases where it is essential for the operation of the
facility that it remain located in this area, otherwise the preferred solution is relocation.  In this case it is likely
that the hazard will be overcome by constructing some form of seawall or revetment close to the building.
The protective structure should be designed to minimise impact on the beach in front of the property and on
adjacent beaches.  However, it should be recognized that it is impossible to build a structure within this zone
without having a significant impact on the beach environment.  Alternative approaches that involve either
building out of the beach, through trapping of sand in groynes, or behind detached breakwaters, may have
an even greater impact on downdrift areas and therefore may be even less desirable.

Where one of the first three approaches is taken, the protection afforded by the beach and associated dunes on a
sandy beach can be enhanced by promotion of dune development through protection of the natural dune vegetation
and through measures designed to minimise the impact of activities on the vegetation and the dune form.  These
will promote deposition of sand within this zone as well as preventing losses of sediment inland.  Boardwalks, boat
houses and other similar facilities should be made removable so that they are placed during summer months and
removed during the period of maximum storm activity in the spring and fall, and so that their location can be adjusted
to long-term lake level fluctuations.

8.2.3 Protection Works

The preferred approach to address the hazards is prevention by locating development and site alterations outside
the hazardous lands.  However, as previously identified in Section 8.1.1, development and site alteration is permitted
within the least hazardous portions of the hazardous lands adjacent to the shoreline of large inland lakes provided
all the conditions of Policies 3.1.3(a) to (e) inclusive, are fulfilled. 

Protection approaches involve engineered methods for protecting development susceptible to flooding, erosion
and/or dynamic beach hazards.  Where protection works are installed, they are always to be combined with an
appropriate allowance for stable slope and an appropriate hazard allowance.  Protection approaches reduce hazard
losses by modifying the flood and/or erosion hazard.  
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For the purpose of this Technical Guide, protection approaches or methods have been classified as non-structural
or structural works.  Non-structural  protection works are activities that do not involve the construction or placement
of significant additional structures or material.   Structural  protection works have been defined as engineered works
that involve the construction and/or placement of significant additional structures and/or materials at the shoreline.

Bioengineering  is the utilization of vegetation, either by itself (i.e., live construction) or in combination with structural
elements (i.e., biotechnical methods).  Live  construction entails the use of conventional plantings alone (e.g., grasses
and shrubs).  Biotechnical  is a term used to describe bioengineering methods which consist of both structural and
vegetative elements working together in an integrated manner (e.g., brush layering, vegetated crib walls).  With
biotechnical methods, the vegetation has an important functional role that will vary depending on the  structural
elements involved.  Therefore, depending on the construction details, a given bioengineering measure can be
classified as either non-structural (e.g., vegetation on its own, contour-wattling, brush-layering) or structural (e.g.,
vegetated crib walls, vegetated rip rap).  Where the role of vegetation is primarily decorative, the protection works
can no longer be considered a bioengineering approach; they would be considered an inert, structural measure (e.g.,
conventional concrete seawall, steel sheetpile bulkhead).  

a) Exposure and Other Site Conditions

Wave and ice action are the primary natural forces which govern the type of protection works suitable for a given
site.  Vegetation on its own can only be used in sheltered areas.  Sites exposed to significant wave action will require
structural works to address the high wave energy.  In some high wave energy situations, structural measures could
be introduced into the nearshore (e.g., detached breakwaters) to modify the backshore into a low wave energy
environment suitable for vegetation.  Other factors also play a role in determining the appropriate protection works,
including: substrate, nearshore slope, water quality and available sunlight. 

Table 8.1 provides some generalized criteria for using vegetation on its own or $light-duty# biotechnical protection
works.

The use of vegetation and light-duty biotechnical measures involves considerable practical experience and
judgement.  There is little in the way or quantitative design guidance available.

Where the fetch length exceeds about 5 km, only biotechnical measures with a heavy structural component should
be considered.  For the larger large inland lakes (i.e., those with surface areas greater than 500 km  and/or with a2

maximum fetch length ranging from 20 to 60 km, typically 40 km), and/or for large inland lakes with recession rates
much greater than 0.3 m/yr,  the suggested requirements for addressing the hazards found in the Technical Guide
for Great Lakes - St. Lawrence River Shorelines may be more applicable.

b) Non-Structural Protection Works

. Relocation

Relocation is an effective means of mitigating flood, erosion and dynamic beach hazards by moving the building or
service (e.g., roadway, utility) to a different site further inland or to a more landward location within the existing site
(see Figure 8.8).  Relocation often proves to be less costly than protection, especially in areas of high to severe
erosion.  Virtually any structure can be relocated but whether or not the cost of relocating is justified depends on
several factors.  The major limitations are the size and construction style of the building (and therefore the actual
feasibility of moving) and the availability of a site for relocation.  The actual moving costs for a typical single family
dwelling can be relatively small in comparison to providing effective protection works.  Generally, the width and
height of the house are the limiting factors.  The width must be less than the clearance along the roadways (i.e.,
between trees, hydro poles) and the height lower than the overhead clearance (i.e., under overhead wires, bridges).
Houses with slab foundations, concrete block walls, extensive brick or stone work, or large unusual shapes are often
impracticable to move.  The greatest costs associated with relocation may be in acquiring an additional parcel of land
if setbacks requirements do not permit relocation on the same property.  When a building or service is relocated it
should be placed landward of the hazardous lands.
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Table 8.1 Criteria for Vegetation and Biotechnical Protection Works

Shoreline Treatment Generalized Criteria Reference

Submerged vegetation - substrate is sand or finer Minns et al. 1995
- depth less than twice the Secchi depth
- nearshore slope <15%
- effective fetch less than 2 km

Emergent vegetation - see Table 8.2 USACE 1980

- open water fetch <1.6 km (use of stone Garbisch and Garbisch
breakwaters or sills can expand site 1994
suitabilities to more exposed sites)
- slope of existing shore no steeper than 10:1
- motor boating activities offshore of the site
are negligible
- site can receive at least 6 hours of direct
sunlight daily during the growing season

- depth generally between 0.2 m and 1.5 m Silander and Hall 1997
and are more rich and diverse between 0.6
and 0.9 m
- wave heights less than 0.6 m

Timber piles and brush ($light- - wave height <0.6 m USACE 1981
duty# biotechnical)

Figure 8.8 Relocation of Residence from Hazardous Lands
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. Floodproofing

In the context of the large inland lakes, floodproofing is defined as the combination of measures incorporated into
the basic design and/or construction of buildings, structures, or properties to reduce or eliminate flooding, wave
uprush and other water-related hazards."  Some examples of floodproofing include the elevation of buildings on
posts, piers, wall or pilings (see Figures 8.9 and 8.10), watertight closures for doors and windows and location of
electrical equipment and utilities above the expected flood levels (see Figure 8.11).  Two structural types of
floodproofing that are discussed later in this section are placement of dykes or floodwalls around individual buildings
and the elevation of buildings on fill.

Floodproofing is somewhat of a misnomer in that floodproofing measures and flood protection works can only lessen
flood damage to properties.  No floodproofing measure will prevent all damages due to flooding.  Measures
undertaken to prevent the entry of flood waters into a structure are termed dry floodproofing.  Dry floodproofing can
be carried out by elevating the development above the level of the floodproofing standard.  Wet floodproofing is
considered to include measures that minimize damage to the structure if flood waters do enter.  Wet floodproofing
is generally limited to non-residential/non-habitable structures.  All floodproofing measures can be further described
as active or passive.  Active floodproofing requires advance warning and some action to be taken (e.g., closing of
water tight doors).  Passive measures (e.g., continuous dykes or floodwalls) are those that are in place, do not
require flood warning and do not require any action to be taken.

In general, dry, passive flood protection is the most desirable approach for all types of development adjacent to the
shorelines of large inland lakes.

Although it may be technically possible to incorporate floodproofing measures into structures exposed to any depth
of flooding hazard, there are practical limitations due to the rapid increase in floodproofing costs as the flood depth
and  wave attack exposure increases.  This may in fact prove to be the limiting factor in the construction of buildings
where the potential of flood damage cannot be economically reduced or eliminated.  In addition, some floodproofing
measures (e.g., pumps, floodgates) involve contingency items which must be kept in a perfect state of readiness and
be easily accessible at all times.  As such, these items should undergo periodic inspections, testing and continual
maintenance.  The roles, responsibilities and schedule of maintenance checks should be established in a formal
agreement with the municipality.  Regardless of the degree or magnitude of flooding hazards identified on-site,
floodproofing measures should not be considered as a panacea for all flooding problems.  Other approaches may
be more appropriate under certain conditions.

Floodproofing measures are applicable with certain limitations and only after certain prerequisite information is given
to verify its feasibility.  Since there are various types of floodproofing measures, selection of the most appropriate
approach depends on the following conditions:

  & nature of the development and adjoining property under consideration (i.e., existing structure or proposed
new structure, type of land use, impact on neighbouring properties);

  & physical characteristics of the shoreline and the potential for updrift and/or downdrift impacts;

  & local flood and other water related hazard(s) conditions and the level of the floodproofing standard, in order
to evaluate the type or degree of floodproofing required and the requirements for access (i.e.,
ingress/egress);  and

  & cost-effectiveness of the floodproofing measure(s).
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Within the Province of Ontario, there are two basic approaches to floodproofing which may be described as follows:

  � dry floodproofing
. the use of fill, columns, or design modifications to elevate openings in buildings or structures above

the floodproofing standard;
or

. the use of water tight doors, seals, berms/floodwalls to prevent water from entering openings below
the floodproofing standard.

  � wet floodproofing
. the use of materials, methods and design measures to maintain structural integrity and minimize

damage due to flood water and other water related hazards
. building or structures are designed to intentionally allow flood waters to enter.

In addition, there are two basic techniques to floodproofing which may be described as follows:

  � active floodproofing
. floodproofing techniques which require some action prior to any impending flood in order to make

the flood protection operational (e.g., closing of water tight doors, installation of waterproof
protective coverings over windows, etc.);

  � passive floodproofing
. floodproofing techniques which are permanently in place and do not require advance warning and

action in order to make the floodproofing and/or flood protection measure effective.

Development activity, or land use considerations could also influence the type of floodproofing measures to be
applied.  For multi-lot or large lot development, infilling, redevelopment, replacement, major additions/alterations and
minor additions/alterations, different land use factors will influence the range or type of floodproofing measures which
may be deemed appropriate.  For example, the height of surrounding buildings will be a primary consideration in
examining possible floodproofing measures for infilling, replacement buildings, and major additions/alterations.  As
a result, floodproofing through the use of fill may be deemed undesirable in certain situations.  However, for a large,
multi-lot subdivision, conformity with surrounding areas may not necessarily be as critical.

In keeping with the goal of minimizing risks/threats to life, certain floodproofing approaches may be less desirable
for some land uses than others.  For example, special consideration should be given to land uses such as residential
where overnight accommodation exists.  Wherever possible, floodproofing measures should be to the floodproofing
standard, however, lower levels of protection may be considered providing there is adequate rationale/justification
(i.e., floodproofing requirements are lessened/altered with the installation of protection works).

Based on all of the foregoing, the following will serve to guide shoreline floodproofing measures in Ontario:

  & in general, dry, passive flood protection is the most desirable approach for all types of development;

  & new multi-lot or large lot residential development and the habitable portions of any other new buildings
should incorporate dry passive floodproofing measures.  Wet floodproofing measures should not be
considered acceptable;

  & it is recognized that the proximity to water is a key consideration in the use and enjoyment of recreational
facilities such as marinas, campgrounds, boathouses, and park buildings.  Dry passive floodproofing may
not be achievable or practical in all instances but should, however, be implemented to the fullest extent
possible;

  & wet floodproofing could be considered for development earmarked for non-residential/non-habitable use and
for buildings accessory to residential/habitable uses (e.g., garages).  Dry active floodproofing could also be
considered where a minimum of six (6) hours flood warning is available;
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  & minor additions/alterations to an existing building is the only development permitting floodproofing to less
than the applicable floodproofing standard;

  & minor additions/alterations should incorporate floodproofing measures to the extent and level possible,
based on site-specific conditions.  As a minimum, the addition/alteration should not be more flood vulnerable
than the existing structure;

  & infilling, replacement or major additions for residential/habitable use, should require dry passive
floodproofing to the applicable floodproofing standard.  However, where such a requirement impacts on or
is significantly out of context with neighbouring properties, other flood reduction approaches, such as dry
active or wet floodproofing measures may have to be considered.  Any acceptable floodproofing approach
could be considered for replacement or major additions/alterations for non-residential/non-habitable use;

  & as a minimum, access (ingress/egress) should be considered "safe" for all buildings, such that flood depths
and associated wave action do not hinder safe pedestrian and vehicular movement during times of flooding.
Access (ingress and egress) should remain "dry" at all times for institutional buildings servicing the sick, the
elderly, the physically challenged or the young.  It is however recognized that in some situations this may
be difficult if not impossible to achieve.  Therefore, some exceptions may be permitted in special situations
following careful and detailed evaluation of the alternatives.  As well, ingress and egress should remain "dry"
at all times for buildings housing essential services such as police, fire and ambulance.

With increases in flood levels and the impacts associated with other water related hazards (e.g., wave action, wave
spray, ice, etc.), design considerations for floodproofing buildings and structures generally become more complex
and costly.  In addition, increasing flood levels and associated hazards pose greater risks of loss of life and property
damage.  As different buildings and structures can withstand flooding, associated other water related hazards and
related loadings better than others, it is recommended that a professional engineer or architect skilled in
floodproofing measures carry out the required evaluation and design stages, to ensure that these factors have been
critically assessed and duly recognized in the selection of the floodproofing measure(s) deemed appropriate for the
given shoreline location.

It is suggested that designs for the following be carried out by a professional engineer or architect skilled in
floodproofing measures;

  & Where the product of flood depth and velocity of flood water is equal to or greater than 0.4 m /s (4 ft /s) or2   2

where depth exceeds 0.8 m (2.6 ft) or where velocity exceeds 1.7 m/s (5.5 ft/s);
  & Where wave impact loads may occur;
  & Where wet floodproofing is proposed;
  & Where flood depth is in excess of 0.8 m (2.6 ft) and floodproofing involves the use of closures and seals;
  & Where floodproofing through the use of fill exceeds depth of 1.8 m (6 ft) or velocities between 0.8 - 1.5 m/s

(2.6 - 5 ft/s), depending on soil type, vegetation cover and slope;
  & here dykes and floodwalls in excess of 1 m (3.3 ft) in height are proposed;  and
  & Where piles, columns and posts are proposed.

A summary of floodproofing and access design criteria is provided in Appendix A7.1 of the Technical Guide for Great
Lakes - St. Lawrence River Shorelines.

. Bioengineering Measures and Onshore Improvements

Bioengineering measures consist of maintaining and/or enhancing terrestrial and aquatic vegetation at the shoreline,
either on its own or in combination with structural elements.  Other onshore improvements include: controlling
drainage of the surface runoff and/or the groundwater flow; and/or the regrading of the slope.  When applying
onshore improvements, other sources of water that need to be controlled (e.g., not freely discharged down the slope
face) include lawn sprinkling, downspouts, swimming pool drainage and leaks and septic systems.
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On their own, bioengineering  measures are insufficient to address an erosion hazard on a shoreline that is
eroding due to heavy wave action.  Structural protection measures may be required to address the hazards.
In situations of bluff instability a professional engineer qualified in geotechnical engineering should be
consulted.  Section 5: Erosion Hazards, of this Technical Guide, provides guidance for reviewing slope
stability concerns.

A brief outline of some of the various bioengineering measures and other onshore improvements include:

Vegetation and Biotechnical Methods  

Aquatic plants are a natural part of healthy aquatic ecosystems.  Plants provide habitat in which fish can spawn,
hatch their eggs, feed and hide from predators.  Aquatic plants also help to maintain water quality for both fish and
humans by stabilizing sediments.

Trees, shrubs, grasses and emergents help control erosion of the shoreline through the combined effects of the
roots, stems and foilage.  Roots and rhizomes reinforce the soil.  Immersed foliage absorbs and dissipates wave
energy and may cause sufficient interference with the flow to prevent scour.  In sediment -laden water, the foliage
may also promote deposition.  Vegetation can be used to help stabilize soil on the face of a slope by anchoring the
soil with the root mass and by reducing the velocity of the surface runoff flow (see Figure 8.12).  The vegetation acts
as a buffer strip to control sediment runoff.  It can improve the visual quality of a shoreline area and provide wildlife
habitat.  Specific  functions which they can perform include (Hall and Silander 1995):
    
& absorbing and dissipating wave-wash energy;
& interference and protection of the shoreline bank from the flow;
& reinforcement of the surface soil through the root mat and prevention of scour of the bank material; and
& sediment accumulation brought about by the dense plant stems.

In certain low wave energy environments (refer to Table 8.1), vegetation may be used by itself to provide suitable
protection to an eroding shoreline. Reeds and other marginal plants can form an effective buffer zone by absorbing
wave energy and restricting the alongshore flow velocity adjacent to the shoreline (see Figure 8.13).

Marginal plants require very wet ground and generally will not survive in water which is more than 0.5 m deep for
long periods of time. They flourish in conditions of low flow velocity and their integrity is weakened by wave action
in excess of 0.5 to 0.75 m. Different species offer different levels of protection with regard to wave energy dissipation.
For wave conditions under 0.5 m, reed beds having a width of 2 to 2.5 m may dissipate 60 to 80% of the incoming
wave energy (Hall and Silander 1995). In areas with higher levels of wave energy, natural boulders or rip-rap and
geotextiles may be used in conjunction with vegetation to provide effective biotechnical protection (Figure 8.14).  In
areas of high incident wave energy, an area of low wave energy can be created behind a primary defense such as
an offshore rock structure or wave screen, or through the creation of lagoons behind stable control structures.

Natural methods of protection, used by themselves, generally have low capital cost in comparison with conventional
engineering methods. However, they may well have higher recurrent cost due to regular inspection, trimming and
cutting and repair.  Other possible disadvantages are that natural protection schemes take time to mature and to
become fully effective. Depending on the type, natural protection may take several growing seasons to reach the
desired standard of protection.

Bio-engineering differs from other conventional forms of engineering in two key respects which strongly influence
the design approach:

& bioengineering involves considerable practical experience and judgment, as opposed to the application of
quantitative theory or rules; and

& careful management is required not only in the establishment of vegetation, but also in its aftercare over the
initial growing seasons.

Table 8.3 provides some guidance for using vegetation.
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Table 8.3 Use of Vegetation (after Hall and Silander 1995)

Use of vegetation requires the following points to be considered.

Plant Selection :  The principal plant groups that can be used are aquatic plants, grasses, shrubs and trees. Selection is based on consideration
of the different roles to be performed by  the vegetation, taking into account the physical and chemical properties of the soil, the climatic conditions
and the soil/water regime under which the plant must survive.

Soil Requirements :  Plants must be provided with the correct soil conditions to enable them to achieve their intended growth. The soil profile
for the plant generally needs to be designed to at least 0.5 m depth, and sometimes considerably more, in order to optimize the root growth.
Requirements for plant growth, such as low soil compaction, may apparently conflict with normal geotechnical requirements for stability and
strength of the subsoil.

Surface Preparation :  Proper ground preparation can enhance the establishment of vegetation. This may entail:
1. cultivation to produce an acceptable seedbed, or suitable trimming on steep slopes.
2. contouring to provide appropriate surface topography for drainage and future management.
3. scarification or ripping to relieve excessive subsoil compaction.
4. soil amelioration to improve soil structure, water holding capacity and/or fertility.
5. provision for short-term erosion control pending establishment of vegetation.

Vegetation Establishment :  Five principal methods of seeding may be considered:
1. drilling, direct placement of seeds in the soil.
2. broadcasting, dry spreading seeds over the soil surface.
3. hydroseeding, spreading the seeds in a water slurry.
4. mulchseeding, wet or dry constituents with a heavy mulch applied dry, including pre-prepared seed mats).
5. hand seeding, including hand broadcasting and localized spot seeding of patches of seeds.

Pre-grown plants may be transplanted as turfs or planted individually as clumps.  Vegetation establishment may take several growing seasons
and is a seasonal activity that must be managed and maintained. There must be specific management objectives and a management program.
This is in order to ensure that the vegetation is maintained in a fit condition to perform its intended roles.

Zones and Horizons of Natural Protection :  With natural methods of protection, and particularly methods involving the use of live material, the
effectiveness of different materials is strongly dependent on their location in relation both to the dominant external water level and to the subsoil
soil/water regime. To achieve effective protection using natural materials, the designer will almost inevitably need to use different methods of
protection in different zones and horizons of the shoreline.

Use of Reeds :  The emergent and marginal types of aquatic plants, such as the common reed, bulrush and great pond sedge, are frequently used
for interference and protection purposes to form a protective margin along the shoreline at the waterline. They also encourage siltation by
absorbing current flow energy, and thus reducing the sediment-carrying capacity of the flow.  Reeds can be easily weakened by erosion and
loosening of the soil around the rhizomes due to wave energy. It is therefore necessary to protect the zone containing roots from high-velocity
flow or significant wave attack. Provided this is done, the stems and leaves will protect the shoreline bank above.

Uses of Shrubs and Trees :  A limited range or trees are water-tolerant and can be used in bioengineering structures for bank protection in both
the aquatic and damp zones. The willow, alder and black poplar are the principal water-tolerant species. In particular, a dense root structure is
able to provide some protection as well as substantial reinforcement effect to enhance the stability of the shoreline bank both above and below
the mean water level. The willow and poplar are particularly useful for bioengineering because they can be propagated from cut limbs. The cut
limbs can be placed such that secondary root growth develops and shoots sprout from dormant buds.  Trees which are not water-tolerant do not
have any major direct function in shoreline stabilization, although they may provide shade to control the growth of aquatic life as discussed earlier.

Use of Grasses :  Grass is used very extensively in bank protection in the zones above the high water level. Grass roots cannot tolerate prolonged
submergence periods. A wide variety of grass species and mixtures therefore are appropriate to satisfy the functional, environmental and
management requirements for a protection scheme.  The principal functions which grass fulfils are those of interference, protection, root
reinforcement and soil restraint. The surface root structure forms a composite soil/root mat which enhances the erosion resistance of the bare
subsoil, and which is anchored into the subsoil by deeper roots.

The physical attributes of the grass plant which determine the effectiveness of grass for protection are:  1) length and stiffness of the sward;  2)
surface area of grass blades; 3) strength and depth of root structure; and 4) density of rhizomes, stolons and surface root structure.

The engineering function of grass may be augmented by the use of geotextile or cellular concrete reinforcement to form composite protection.
With both types of reinforcement, the visual effect of grass is retained.  Erosion of grass cover by wave runup generally occurs by the scouring
of soil from around the roots of a plant, thereby weakening its anchorage until the plant itself is removed by the drag of the flowing water. The
effectiveness of grass protection can also be seriously reduced by any localized patches of bare soil or poor grass cover.

The rate of growth of different grasses varies considerably. Complete grass cover should nominally be achieved by the middle of the first growing
season while full protective strength of the sward is reached during the second season. Provision should be made for aftercare including mowing,
fertilizing and weed control.  Grassland will slowly revert to scrub unless woody plants are removed, thus grass swards require continuous
maintenance.

Use of Timber and Woody Material :  A variety of timber and other dead woody materials can be used in the shore protection scheme usually
fulfilling a reinforcement, protection and sometimes drainage functions. Natural hardwoods will retain their integrity for 5 to 10 years if built into
the bottom of a bank below the water level. Out of the water they can last longer but the worst environment for timber is the alternately wet and
dry zone around mean water level.
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Biotechnical methods combine structural measures (e.g., timber cribbing) with live plant materials.   Figure 8.15
summarizes some biotechnical measures.  Section 10.5 of Geotechnical Principles for Stable Slopes (Terraprobe
1997) provides further description of biotechnical methods.  Native plant species which are compatible with the local
flora should be used.

The long-term performance of biotechnical shore protection methods is not well established.  Practical experience
is important in the design process.

Drainage Improvements

The erosive effects of surface drainage on a slope can be reduced by directing water away from the slope (see
Figure 8.16a) or by providing an erosion resistant swale or channel which conveys the water down the slope face
in a controlled manner (see Figure 8.16b).

Where internal drainage (groundwater) is causing bluff erosion and instability, the drainage can be improved by
interceptor drains, french drains or tile drains (see Figure 8.16c). 

Where the existing bluff is oversteep and unstable, the bluff can be regraded to a flatter slope (see Figure 8.17).
Regrading is often accompanied by drainage improvements and revegetation.  

. Dune Enhancement

Sand dunes are fragile features of the shore and as such are easily altered by the actions of people (i.e., pedestrian
and vehicular traffic).  If the natural vegetation, which stabilizes the dunes, is lost, the sand can more easily be blown
away.  Dune enhancement involves measures to protect and enhance vegetation and dune growth.  These
measures include restricted or controlled access points and the re-establishment of dune vegetation (see Figure
8.18).  Driftwood and fallen trees help protect dunes and should not be removed.  The Beach and Dune Management
Manual (OMNR and Geomatics 1995) provides additional information on the importance of dunes and measures
for dune enhancement.

c) Structural Protection Works

. Filling and Dyking

Filling and dyking are two forms of structural floodproofing.  They are considered to be structural measures, as
opposed to non-structural, because they involve the placement of significant additional materials at the shoreline.

Filling is the placement of additional soil material at the site to raise the elevation of the land (see Figure 8.19).
Dykes are artificial banks or mounds built around the perimeter of subject area to prevent the entry of flood waters
(see Figure 8.20).  As with dykes, floodwalls are designed to keep the water away from the house (see Figure 8.21),
but are constructed of materials such as concrete or masonry block.  Floodwalls are often dependent on the
installation of one or more gates to seal openings.  Filling and dykes are subject to only occasional inundation and
beyond the limit of normal storm wave action.  Fill exposed to wave action must be accompanied by suitable erosion
protection structures.  
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Where a dyke or floodwall has been properly designed and constructed and a suitable maintenance program is in
place, the area behind the dyke or floodwall may be developed provided the development meets the requirements
of the floodproofing standard.  Development behind a dyke or floodwall should only be considered under
extraordinary circumstances and generally would involve areas of existing development (e.g., usually involving
infilling development).  Where permitted, the development should be directed to the least hazardous portion of the
area and away from those potential high velocity areas immediately adjacent to the dikes.  Auxiliary measures that
may be needed (e.g., pumps, backflow gates and valves) must be subject to periodic inspections and regular
maintenance.

. Flexible and Rigid Revetments and Seawalls

A revetment is a sloping facing of stone, concrete or other durable materials built to protect a scarp or embankment
against erosion by wave action.  Revetments can be considered as flexible or rigid.  Flexible structures include those
constructed of armour stone (i.e., individual quarried stone blocks; see Figure 8.22a), rip-rap, or interlocking concrete
block mats.  A poured-in-place concrete slab revetment is an example of a rigid structure (see Figure 8.22b).  A rigid
concrete revetment requires a sound foundation which will not settle over time.  Flexible structures can tolerate some
settlement without structural failure.  An armour stone or rip-rap revetment can tolerate more settlement than an
interlocking concrete block revetment.  Flexible armour stone or rip-rap revetments can be further classified as static
or dynamic.   Static revetments use individual armour units, such as armour stone or mass concrete blocks, which
are heavy enough to resist movement by waves during a storm (see Figure 8.23a).  Dynamic revetments have
smaller armouring material which is designed to shift and reshape in response to the wave action (see Figure 8.23b).
Figure 8.24 shows a photograph of a typical static riprap stone revetment.

A seawall is a vertical or near vertical shoreline protection work separating the land and water areas and has the
primary purpose of blocking the wave action (see Figure 8.25).  Wave action is recognized in the design process
to be severe and the resulting hydrodynamic forces are meant to be resisted primarily by the seawall structure itself.
To resist the full force of the waves, seawalls tend to be rather massive structures such as rigid concrete gravity walls
(see Figure 8.22d) or flexible rubble-mound seawalls (see Figure 8.22(c)).  As noted, seawalls can also be classified
as rigid (e.g., poured concrete), semi-rigid (e.g., stacked concrete blocks, stacked armour stone), or flexible (e.g.,
rubble-mound).  Semi-rigid seawalls can tolerate somewhat more settlement than rigid walls which require a sound
foundation.  Damage to flexible rubble-mound structures is usually progressive.  An extended period of damaging
waves is usually required before the structure ceases to be effective.

A bulkhead differs from a seawall in that, while it also separates the land and water, intercepting wave action is a
secondary objective.  The primary function of a bulkhead is to retain fill.  As such, bulkheads tend to be of lighter
construction than seawalls.  Bulkheads typically are constructed from light steel sheet piles (see Figure 8.26) or
timber.  Bulkhead structures, such as anchored steel sheet piles, can be designed to resist wave action, effectively
acting as seawalls.

Smooth, vertical, impermeable seawalls (such as concrete, Figure 8.27, and steel sheet pile) reflect more incoming
waves than sloping, rough, permeable rubble mound revetments.  Wave reflection from structures decreases as the
slope of the structure gets flatter and as the structure permeability and surface roughness increase.  Waves reflected
back outward, as well as downward, can result in scouring of the lakebed.

Revetments and seawalls are typically located in the backshore, along the water's edge and parallel to the shore.
The toe, or base, of these structures may extend into the shallow nearshore.  They are primarily intended to control
the erosion of the backshore (i.e., the land behind the structure) due to direct wave attack.  Revetments and seawalls
do not protect the nearshore zone where natural downward erosion of the lakebed will continue unabated.  Along
eroding shorelines, any narrow beaches initially present in front of the backshore works will erode away over time
as the downward erosion, lakeward of the revetment/seawall, continues.  Along the toe of the revetment or seawall,
the natural erosion may be increased by scouring which results from wave reflection.  If downward erosion of the
nearshore is significant, the onshore structure will eventually be undermined.  This is of particular concern along
cohesive shorelines with moderate to severe recession rates.  Hence, rigid seawall structures which require stable
foundations, such as bedrock, for support are not recommended for fine-grained cohesive shorelines (i.e., shorelines
with high to severe recession rates).  Rigid seawalls will only have limited lifespans along cohesive cobble/boulder
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till shorelines (i.e., shorelines with moderate to high recession rates).  Flexible revetments, or rubble-mound
seawalls, can tolerate some settlement and are usually suitable for bedrock and cohesive cobble/boulder till
shorelines.  As well, flexible revetments may be considered for fine-grained cohesive shorelines but it should be
recognized that they will likely have a reduced lifespan.
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Figure 8.27 Concrete Seawall

. Beach Nourishment

Beach nourishment is the artificial placement of suitable imported beach material on an eroding or sediment deficient
beach area in order to replenish, maintain and/or enhance the beach width (see Figure 8.28).  Depending on the
beach width and slope, the added beach material protects the shoreline from erosion and storm wave damage.  The
increased beach width can also provide recreational benefits.  Nourishment is defined as a structural approach
because it is an engineered method that involves the placement of significant quantities of additional material at the
shoreline.  However, it is considered as "soft" structural protection because it attempts to replicate the natural
processes.

The grain size diameter of the imported beach sediment will generally be the same or larger than the native material
to reduce the rate of erosion of the imported material after placement.  The beach material will be imported from an
inland source.  In most cases, beach nourishment will have to be periodically replaced as it is moved downdrift
and/or offshore by wave action.  This requires a commitment by the proponent for future works (i.e., maintenance
and renourishment) over the planning horizon of the shore development.  The availability and quality of additional
beach nourishment material for the complete life-cycle of the project is a major concern.  Dedicated sand for the
projected life of the project must be identified and committed to the project.  Beach nourishment should be
considered as suitable hazard protection for a development only if long-term commitments to maintain the
beach nourishment are in place.  

A concern that must be evaluated is the effect of the "loss" of the imported material on aquatic habitats adjacent to
the site as well as water quality considerations.  The amount of silt/clay in the imported material is important because
it will determine how turbid the water becomes during construction, how much fallout and sedimentation will occur,
and how much residual silt/clay there will be to be stirred up during storms.

Beach nourishment may be accompanied by "anchoring" or retaining structures, such as groynes, sills, artificial
headlands, or detached breakwaters, to reduce the loss of the placed material downdrift due to alongshore transport
or towards the offshore due to cross-shore transport.  When used with retaining structures, beach nourishment is
often termed "beach fill".  Without the retaining structures, maintaining the placed beach material would be very
difficult in areas of rapid erosion (i.e., along fine-grained cohesive shores) or where no previous beach existed (i.e.,
bedrock shores).
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Nourishment projects typically involve the cooperation of many adjacent shoreline property owners because it is
generally not a viable approach for short reaches of shoreline.  The design of a beach nourishment project requires
a specialized knowledge of coastal processes (e.g., nearshore waves, littoral transport, interaction with structures)
and is often completed with the aid of computer models.

Perched beaches are a form of stepped beach created by placing beach fill behind a beach sill (see Figure 8.29).
The beach sill is a submerged structure placed parallel to the shoreline some distance into the water.  The sill is used
to retain the beach fill at a mild slope on an existing, possibly steeper sloping foreshore. The abrupt change in depth
at the beach sill may pose a safety concern for swimmers and boaters.  Perched beaches must be implemented as
a cooperative measure over numerous properties and involve a significant design effort.  There is limited
documented information on perched beaches on large inland lakes and hence it is difficult to evaluate their
effectiveness.

. Groynes

A groyne is a narrow structure projecting from the shoreline into the nearshore, at approximately a right angle (i.e.,
perpendicular to the shore).  A groyne system or groyne 'field' is made up of a number of individual groynes, usually
of similar length and installed at regular intervals along the shoreline (see Figure 8.30).  Groynes come in various
shapes (i.e., straight, L-shaped, T-shaped), sizes and materials (e.g., timber, armour stone, concrete blocks or steel
sheet piles with pipe piles used as reinforcement).

At shorelines where there is sufficient alongshore transport of beach material, the intent of a groyne is to act as an
artificial physical barrier to the natural alongshore drift (beach material) and trap some or all of it on the updrift side
of the groyne.  The groynes do little to affect the cross shore transport.  Trapping of the alongshore transport causes
a sediment deficit at the adjacent downdrift properties.  To mitigate the downdrift effects, groynes should be prefilled
with imported beach material.  Groynes can also deflect the alongshore material further offshore from where it is only
then slowly returned to shore further downdrift.

Many of the large inland lakes have minimal alongshore transport.  When this is the case, groynes will not work.
Groynes do not "attract" beach material that does not exist. 

Groynes are used in some situations to help anchor beach nourishment.

The use of groynes involves the cooperation of many adjacent shoreline property owners  A proper detailed study
would only be cost effective for a groyne field which extended across dozens of properties.  The design requires a
specialized knowledge of coastal processes (i.e., nearshore waves, littoral transport, interaction with structures) and
is often completed with the aid of computer models.  Numerical modelling of shoreline processes requires a great
deal of experience and expertise to be properly utilized.  The use of groynes should not be permitted without an
express understanding and documentation of the potential adverse impacts to the littoral system, especially
at downdrift properties .

. Artificial Headlands

Artificial headlands (see Figure 8.31) are designed to combine some of the aspects of groynes (i.e., the shore
perpendicular connections trap alongshore transport) and some aspects of detached breakwaters (i.e., the shore
parallel "headlands" alter incoming waves through wave diffraction).  They have also been referred to as headland
breakwaters, headland-bay breakwaters and pocket beach breakwaters.  Artificial headlands differ from groynes in
that artificial headlands tend to be more massive than groynes in size and the structures themselves have a
significant alongshore dimension to influence the incoming waves through diffraction.  Artificial headlands differ from
detached breakwaters in that artificial headlands are generally constructed closer to the original shoreline and tend
to have a fixed connection to the shore.  Artificial headlands are often used to protect and retain placed beach fill
material.





Groyne Field
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Artificial headlands can reduce the sediments available to downdrift shorelines by trapping alongshore transport and
by deflecting sediments to deeper water.  As with beach nourishment and groynes, artificial headlands typically
require a cooperative approach of many adjacent properties and an intensive design effort.  The use of artificial
headlands should not be permitted without an express understanding and documentation of the potential
adverse impacts to the littoral system, especially at downdrift properties .

. Detached Breakwaters

Detached breakwaters (see Figure 8.32) are shore parallel structures constructed a significant distance offshore and
are not connected to the shore by any sand-retaining structure (i.e., they are "detached" from the shore)  Detached
breakwaters can be constructed as a single continuous structure or as a series of structures (i.e., two or more
structures separated by gaps).  A series is referred to as "segmented" detached breakwaters.  A "low-crested"
detached breakwater has a crest, or top elevation which is at, or just above, the water level (see Figure 8.32).  A
"reef" breakwater is a detached breakwater with a crest which is submerged significantly below the water level and
it is often constructed using a homogeneous stone size (see Figure 8.32).  The submerged crest allows a significant
amount of wave energy to pass over the top to the leeward side.

Rather than physically trapping alongshore transport, like groynes, detached breakwaters operate by creating an
area of reduced wave energy on the leeward side of the structure by dissipating, reflecting or diffracting incoming
waves.  A reduction in the waves results in a reduction of currents and thus sediment will tend to deposit along the
shore.  The newly formed beach is called a salient if it does not extend all the way to the detached breakwater.  If
the wave energy is reduced enough, the new beach area will touch the breakwater, forming a tombolo.  If a salient
forms, alongshore transport can continue to move through the site to the downdrift shores.  A tombolo can act as
a total barrier to alongshore transport causing a sediment deficit downdrift.

A properly designed detached breakwater, that addresses the potential impacts on the coastal processes, would
require a significant design effort.  The use of detached breakwaters should not be permitted without an
express understanding and documentation of the potential adverse impacts to the littoral system, especially
at downdrift properties .

. Other Shoreline Structures

Combination Structures

Structures which combine elements of two or more of the eight primary types could be grouped according to the
predominant element.

Proprietary Systems

There are a number of proprietary, non-traditional shore protection devices that are being marketed as beach erosion
control systems.  Many of these devices are "breakwater" systems consisting of precast concrete units of unique
geometry or construction.  The units are individually placed, side-by-side, to form a continuous structure parallel to
the shoreline.

There is very limited data on which to support the proponents' performance claims.  There have been problems with
displacement of these units (i.e., settlement and sliding).  Reported advantages include relative ease of placement
and the ability to relocate the units if they are found to be ineffective at the initial location or removed if found to be
detrimental.  Some of these systems have undergone limited laboratory testing and some have seen limited field
testing.  "Some apparently have had limited success and some have not.  Some may be applicable in one area and
not in another.  Proponents of various schemes can make unsubstantiated claims of product success.  A coastal
engineering assessment of the product relative to a specific site is critical prior to its purchase and use" (Chasten,
Rosati, McCormick and Randall 1993).  Seymour et al. (1996) note that "many non-traditional devices have shown
no real capability for shoreline protection over the long term".  Prior to their use they should be evaluated "objectively
by qualified engineers acting in a third-party role."  It is probably most appropriate to consider these proprietary
systems as not another type of protection structure but simply as an alternative "material" with which to construct
the primary types of structures noted previously.   
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Docks, Piers and Boat Launch Ramps

Structures that are not primarily intended to address flooding and/or erosion hazards, but are primarily for other
purposes, such as boat docks, piers, jetties, boat launch ramps, typically can be grouped according to their location
and orientation to the shoreline (i.e., backshore, shore parallel; backshore/nearshore, shore perpendicular;
nearshore/offshore, shore parallel) and their impacts judged accordingly.  For example, a boat dock on reasonably
spaced piles could be considered as a very permeable groyne.  Very permeable groynes may not result in a
significant impact to the alongshore transport.

8.2.4 Established Standards and Procedures

a) Floodproofing Standard

Floodproofing is generally defined as a combination of structural changes and/or adjustments incorporated into the
basic design and/or construction or alteration of individual buildings, structures or properties subject to flooding
hazards so as to reduce the risk of flood damages, including wave uprush and other water related hazards along
the shorelines of the Great Lakes - St. Lawrence River System.  It is acknowledged that this term is somewhat
misleading, in the sense that total protection from flood damage cannot be assured.  Floodproofing and flood
protection works can only reduce the risk and/or lessen the damage to properties.  No measure will prevent all
damages due to flooding.  Floodproofing is not intended for all areas subject to flooding hazards.  In some instances,
the flood threat is too severe for "standard" procedures.  However, if applied effectively, floodproofing can play a
significant role in comprehensive shoreline management planning.

Where it has been determined that development and site alteration could possibly be located within the less
hazardous portion(s) of the flooding hazard (i.e., the flood hazard(s) can be safely addressed), mechanisms should
be established through the municipal planning process to recognize and address the potential increased risk and/or
threat to life and property and to ensure that the development and required floodproofing measures are done in an
environmentally sound manner.

The minimum floodproofing standard  for development and site alteration located within the flooding hazard limit
is as follows:

  � on large inland lakes , development  and site alteration  is to be protected from flooding, as a minimum,
to an elevation equal to the sum of the 100 year monthly mean lake level  plus  the 100 year wind setup
plus  a flood allowance for wave uprush and other water related hazards (see Figure 8.33).

It should be noted that the flooding hazard limit defines the area of concern.  Development located landward of the
flooding hazard limit is considered to be adequately safe from flooding hazards unless there is sufficient evidence
to support otherwise.

Development which by the nature of its use is normally located in close proximity to or within the water (e.g., water
intakes, walkways, boathouses, boat ramps, boat docks and landscaping or aesthetic improvements) may be
governed by design criteria which provides for a lower floodproofing level.  Factors to be considered include the
safety of persons using the development during the intended period of use and the structural stability of the works
at all times (including the "off-season").  The safety of persons using the development in close proximity to the water
will be dependent on the nature of the development, frequency and duration of flooding, flooding depths and
velocities, overtopping rates, and degree of available egress.
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b) Protection Works

. Protection Works Standard

Protection works are generally defined as a combination of non-structural or structural works or landform
modifications designed and constructed to address the impacts of flooding and other water related hazards, to arrest
the landward retreat of shorelines subject to erosion, and/or to address dynamic beach hazards.  It is acknowledged
that this term is somewhat misleading, in the sense that total protection from these hazards cannot always be
assured (i.e., structural integrity cannot be assured for the long term).  However, if applied effectively, hazard
protection works, when done in an environmentally sound manner, can play a significant role in comprehensive
shoreline management planning.

In general, where actions intended to address shoreline hazards involve the installation of protection works,
emphasis should be placed on non-structural or bio-engineering approaches.  Protection works using structural
approaches should only be considered where such actions are required to protect existing developments that are
at high risk, where non-structural or bio-engineering solutions are not feasible, and where environmental impacts
have been appropriately addressed and incorporated into the design of the protection works.

Where it has been determined that development and site alteration could be safely located within the less hazardous
portion(s) of the flooding hazard (i.e., the flooding and other water related hazards can be appropriately addressed),
and/or the erosion hazard (i.e., the erosion hazard(s) can be appropriately addressed), and/or the dynamic beach
hazard, excluding those areas defined by Policy 3.1.2, (i.e., the dynamic beach hazards can be appropriately
addressed), recognition of the potential increased risk and/or threat to life and property and the need to ensure that
such works are done in an environmentally sound manner, should be addressed.

To safely address the hazards, protection works must be of sound, durable construction and be designed by a
qualified coastal engineer according to acceptable practice.  An overview of the design approach for protection
works, including shoreline processes and characteristics and design criteria, is presented in Appendix A7.1 of the
Technical Guide for Great Lakes - St. Lawrence River Shorelines.

In "addressing the hazards" in an environmentally sound manner, where development and site alteration may be
considered within the hazardous lands , the following minimum protection works standard should be applied:

  � the installation of protection works should be combined with : 
. an allowance for stable slope (3:1  OR as determined by a study using accepted geotechnical

principles)  plus  
. a 15 metre hazard allowance (OR as determined by a study using accepted scientific and

engineering principles).  

  � the design and installation of protection works be such that access to the protection works by heavy
machinery, for regular maintenance purposes and/or to repair the protection works should failure
occur, is not prevented  

It must be recognized that there are no guarantees that any protection works will offer protection for 100 years. There
must be a recognition, however, that proper protection works, in combination with appropriate setbacks (stable slope,
and hazard allowance) to address flooding, erosion and dynamic beach hazards will provide sufficient "protection"
to warrant consideration of development within the hazardous lands.

Discussions on the stable slope allowance and the hazard allowance are provided in subsequent sub-sections.

Where the established standards and procedures for stable slope (i.e., 3:1) or the hazard allowance (i.e., 15 metres)
is deemed to be too excessive or insufficient to address the severity of the shoreline hazards impacting on a
particular site, the flexibility to undertake a study is provided.  Municipalities and planning boards should ensure that
the municipal planning processes incorporates this added flexibility and includes mechanisms to permit or require
the undertaking of a study.
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Where the municipality or planning board approves a study to determine the stable slope allowance (using accepted
geotechnical principles) and/or a study to determine the hazard allowance (using accepted scientific and engineering
principles), the protection works plus the studied stable slope allowance and hazard allowance (addressing flooding,
erosion and/or dynamic beach hazards) are to be applied only to the area studied.

Regardless of the stable slope allowance and the scientific/engineered hazard allowance calculated for a given
stretch of shoreline, care must be taken to ensure the long-term functionality and level of protection provided by the
selected protection works.  This is normally achieved by, and dependent on, a commitment to regular inspection and
maintenance and/or repair or replacement in the event of failure. 

The design and siting of buildings and structures on the subject property should also give consideration to access
to the site by heavy machinery for general maintenance and repair of protection works in the event of failure (i.e.,
buildings with narrow side yards could potentially restrict landside access to a failed protection works).  Additional
discussion of access is provided in Appendix A7.1 of the Technical Guide for Great Lakes - St. Lawrence River
Shorelines.

Protection works proposed to address the hazards at a site, can not cause new hazards or aggravate existing
hazards at updrift/downdrift properties.  The potential impacts of protection works and the relative significance of the
impacts are discussed in Section 8.3.

Finally, the protection works should be designed and installed in an environmentally sound manner to balance the
concerns related to the physical hazards with the concerns of maintaining, protecting and enhancing the integrity
of the shoreline ecosystem (see Section 9: Environmentally Sound Hazard Management).

. Stable Slope Allowance

The stable slope allowance is addressed in Section 5: Erosion Hazard of this Technical Guide and forms an integral
component of the overall approach to addressing the hazard.

. Hazard Allowances

For development and site alterations protected by protection works, the protection works standard requires a stable
slope allowance plus a minimum hazard allowance of 15 m, or as determined by a study.  The hazard allowance is
in recognition of several factors including, but not limited to the following:

  & uncertainties in recession rate data, nearshore downcutting processes, wave data, shoreline;
  & limited design life of protection works;
  & wave uprush, overtopping and spray;
  & inability to enforce long-term maintenance requirements;
  & some uncertainty with respect to structure performance (i.e., armour stability, wave overtopping, toe scour);
  & condition and effectiveness of any adjoining protection works;
  & provision of an environmental buffer strip along the shoreline;
  & provision for maintenance access; and
  & provision for ingress/egress during emergencies.

Development located outside the flooding hazard and without shoreline protection works is generally considered safe
from flooding hazards.  Where development is being considered within the flooding hazard limit, one must first meet
the requirements of the floodproofing standard.  The floodproofing standard outlines the elevation requirements for
development located within the flooding hazard.  Second, one must fulfil the requirements of the protection works
standard, for an appropriate hazard allowance.

A safe hazard allowance for flooding depends on the height of the development above the 100 year flood level (i.e.,
the freeboard) and the limit of wave uprush (see Figure 8.34).  The lower the freeboard and the higher the uprush,
the greater the required distance for a safe setback.
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Development located outside the erosion hazard limit, and without shoreline protection works, is generally
considered safe from erosion hazards over a planning horizon of 100 years.  Where development is being
considered within the erosion hazard limit, one must first understand how this area of interest is defined.  In areas
where the average annual recession rate is known using sufficient data, the erosion hazard limit is defined by a
stable slope allowance plus 100 times the average annual recession rate (Figure 8.35a) or 15 metres from the top
of the bank, cliff or bluff, whichever is greater.  In areas where there is insufficient average annual recession rate
data, the erosion hazard limit is defined by a stable slope allowance plus 15 metres or 15 metres from the top of the
bank, cliff or bluff, whichever is the greater.  

Historical recession rates are based on erosion of the shoreline material present at the time of study (i.e., when the
evaluation and calculation of the recession rates were undertaken). If the stratigraphy of shoreline in the cross profile
direction changes, the shoreline may become more erodible (or less erodible) than had been previously experienced
at the original time of study.  Similarly, changes in the volume of littoral sediments in the nearshore (e.g., due to
increased protection of updrift bluffs which may be the sediment source, construction of harbour jetties or entrance
channels which can block the movement of littoral materials) may reduce the size of protective beaches and/or
reduce the volume of sediment cover on the underlying cohesive stratum.  This reduction in sediments may result
in increased shoreline erosion and nearshore downcutting.

In recognition of the variable nature of the shoreline, the protection works standard allows the hazard allowance to
be increased or decreased, as appropriate, based on studies using acceptable scientific and engineering principles.
The 15 m allowance may not be sufficient in areas of moderate or high to severe recession.  The primary
considerations in determining the hazard allowance for erosion  include:

  & the representative recession rate without protection works (including nearshore profile downcutting);

  & the goal of providing a development which is safe from the hazards for a planning horizon of 100 years (i.e.,
equivalent to the erosion hazard limit); and

  & the design life of the protection works (including durability of materials, stability against undermining, see
Appendix A7.1 of the Technical Guide for Great Lakes - St. Lawrence River Shorelines).

Where development is proposed within the least hazardous portion of the erosion hazard limit and involves the
installation of protection works, the development must be setback a distance equivalent to the stable slope allowance
(3:1 or as determined by a study) plus a hazard allowance (15 metres (Figure 8.35b(i)) or as determined by a study
(Figure 8.35b(ii)).  Where a study using accepted scientific and engineering principles is used to establish the hazard
allowance, the erosion component of the hazard allowance usually involves two steps.

The first step is to setback the development from the stable slope allowance a distance equivalent to:

[100 years minus  the initial design life of the protection works]  multiplied by
[the average annual recession rate].

This approach (see Figure 8.35b)(ii)) recognizes that most protection works have a design life that is significantly
less than the planning horizon of 100 years and that there is no mechanism to ensure that the present owner or
subsequent buyers of the property will be able to rebuild or replace the protection works.  Design life is discussed
in Appendix A7.1 of the Technical Guide for Great Lakes - St. Lawrence River Shorelines.  
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The second step is to evaluate the hazard allowance determined in the first step by using accepted scientific and
engineering principles to consider other factors including, but not limited to the following:

  & mechanism of failure of the protection works (i.e., rigid structures may fail rapidly and completely, while
flexible structure failures tend to be more progressive and provide some residual protection);

  & nature of the backshore materials (i.e., erosion resistant consolidated materials, loose, highly erodible
materials, fill material) including how quickly they would erode if the protection works were to fail and
whether there would there be sufficient time to have repairs carried out;

  & consequences and extent of damage to the backshore if structure fails (degree of risk of loss of life, damage
to property, social disruption and adverse environmental impacts); 

  & stable slope allowance;
  & the provision of a coastal environmental buffer (habitat corridors, access to the water, sediment controls; see

Part 9: Environmentally Sound Hazard Management, of this Technical Guide);
  & the nature of the proposed and future development (i.e., public versus private funding; size, land use, and

intensity of use; habitable or occupied structures; alterations or additions; hazardous, institutional uses);
  & existing protection on adjacent properties (age, condition, effectiveness);
  & ingress/egress during emergencies (includes fire department standards);
  & allowances (i.e., setbacks) for wave overtopping and spray (see Part 4: Flooding Hazard, including ice

buildup during winter);
  & volume of overtopping water (drainage provisions, see Part 4);
  & access for heavy equipment to repair/maintain protection works (as required by protection works standard);
  & proposed action at end of estimated lifespan (i.e., rebuild larger structure, abandon structure and rely on

remaining setback or relocation);  and
  & allowances for uncertainties in the design data (including but not limited to, recession rates and nearshore

wave climate), the level of design/analysis effort and the predicted performance of the structure.

It should be noted that where protection works are installed, the landward limit of the erosion hazard does not
change .  The protection works standard merely determines where the development can safely be located within the
erosion hazard.

If no recession rate data exists, extra caution should be exercised in adopting an appropriate hazard allowance due
to the uncertainty in the long-term stability of structure.  Additional guidance on increasing or decreasing the hazard
allowance can be found in Section 5: Erosion Hazard.

. Hazard Allowance at the Alongshore Limits of a Property  

An appropriate hazard allowance for erosion must be provided at the alongshore limits of a property where the
adjacent properties have no protection works installed or where the adjacent protection works are insufficient to
provide long-term protection.  Where protection works are proposed, the "safe" siting of the development must also
take into consideration potential for side or "flank" erosion.  

At a minimum, determination of the side or "flank erosion allowance" should be based on a distance equivalent to
the stable slope allowance plus a 5 metre allowance  (Figure 8.36).  This side or "flank erosion allowance" can also
serve as an access corridor for heavy machinery to maintain and/or repair the protection works in the event that they
should fail as required by the protection works and access standards. 

As an alternative, the protection works could be extended by the equivalent distance (i.e., stable slope allowance
plus 5 m) beyond the property limit and onto the adjacent property.  Extending the protection works can only be done
with the explicit permission of the adjacent property owner.  Where the protection works have been extended onto
an adjacent property, access for maintenance and repair of the protection works must still be confirmed and ensured.
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c) Access

. Access Standard

Where it has been determined that development and site alteration could safely be located within the least hazardous
portion(s) of the hazardous lands, recognition of the potential increased risk and/or threat to life and property must
be addressed.  For this reason, the issue of access (ingress/egress), from either an individual development site
and/or from a development area (e.g., shoreline subdivision, marina development, island communities), during
emergencies at times of flood and/or erosion hazards (e.g., storm events), must be addressed.

In keeping with Policy 3.1.3(d), the access standard  for development located within the hazardous lands is as
follows:

Access standard, which means a method or procedure to ensure safe vehicular and pedestrian
movement, and access for the maintenance and repair of protection works, during times of flooding ,
erosion  and/or other water related hazards .

Access to (ingress) and from (egress) a building can be facilitated by locating parking and driveways, as well as the
building, in the area of a site least likely to be flooded.  Access is an important concern during flooding events with
the primary concern being the ability to ensure that building occupants can safely evacuate and that police, fire
protection, ambulance and other essential services can continue to be provided.

Where developments are considered within flood susceptible areas, access roads should approach the buildings
from the non-flood susceptible areas to reduce the likelihood that they will be blocked by flood waters and debris.
To reduce potential erosion, siltation, and runoff problems, roads should not disrupt drainage patterns, and road
crossings should have adequate bridge openings and culverts to permit the unimpeded flow of flood water.  If roads
are to be raised, the slopes (gradients) of the embankments should be minimized and exposed slope faces stabilized
with ground cover or terracing.

The degree to which access (ingress/egress) is available to and from a site to escape from potential danger due to
flood hazards, especially short-term hazards such as storm surge and wave uprush, should be taken into
consideration when establishing the acceptable level of risk for users of the development.  For example, a walkway
along a low plain shoreline provides egress to safer inland areas at virtually any point along the walkway.  In contrast,
much lesser degrees of egress are available along a walkway at the toe of a steep bluff where evacuation is only
provided at opposite ends of the walkway, and for a walkway on a pier which extends out into the water and provides
for evacuation at only one point (i.e., entrance to the pier).  Where egress is constrained or limited, the requirements
for floodproofing should be carefully evaluated.

The options of ensuring access (ingress/egress) to an individual development site and/or the entire shoreline area
(e.g., low-lying, flood susceptible shoreline communities) should also be addressed through the Municipal
Emergency Action Plan.  Assistance in the establishment of options for site and/or area evacuation, the issuance
of flood and storm warning and/or flood/storm alerts from local Conservation Authorities, and the provisions of
emergency action programs (e.g., sandbagging, technical advise, etc.) should be developed in consultation with the
local Conservation Authority, the Ministry of Natural Resources, the Office of the Solicitor General and other pertinent
emergency management agencies.

. Access to Protection Works for Maintenance/Repairs

During its design life, a structure will generally require maintenance to ensure its performance level and structural
integrity.  Eventually a structure may need to be replaced or extensively refurbished to ensure that the appropriate
level of protection is being provided.  The designer should keep the maintenance and replacement procedures in
mind and make sure that the structure details and layout permit future work on the structure.  Typically the access
width to the shoreline should be approximately 4 m to 5 m  Further details regarding maintenance access are
provided in Appendix A7.1 of the Technical Guide for Great Lakes - St. Lawrence River Shorelines. 
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8.2.5 Existing Protection Works

Upgrading existing protection works and/or the installation of new protection works in areas of existing development
(where the existing development is to remain unchanged) may be considered if the works are done in accordance
with accepted coastal engineering practice, are undertaken in an environmentally sound manner and where they
do not create and/or aggravate hazards off-site (i.e., updrift and downdrift properties).  Where existing works are
being upgraded or new protection works are being installed at a site of existing development, it is recommended that
the protection works standard (including protection to the 100 year flood level) be fulfilled.  Where this is not possible,
due to financial or site constraints, the standards applied should be as high as possible.  Where the protection works
do not fully conform to the protection works standard (including protection to the 100 year flood level), it should be
prominently and clearly noted on the proponents' drawing and application for approval that the works do not provide
protection to the 100 year flood level and that they do not meet the full intent of the protection works standard
requirements for development.  In this manner, the "approved" work can not be presented to subsequent potential
purchasers of the property as meeting the full protection works standard.

Examples of the type of improvements to existing protection works may include (see Figure 8.37): 

  & replacing or buttressing deteriorating (i.e., badly damaged and spalled concrete, wall leaning or sliding
lakeward) and/or reflective seawall with a less reflective structure such as an armour stone revetment;

  & providing scour protection at toe of structure;
  & increasing the stability of the armouring by increasing the size of the primary armour or by adding an

additional layer of armour; and
  & providing increased wave uprush and overtopping protection by increasing the height and/or providing

improved splash pad.

Prior to expending significant sums of money on improvements to existing protection works, the property owner
should critically evaluate relocation as an option.  As well, the owner should examine whether the capital and
maintenance costs of the protection works are worth the long-term benefits.  The benefits may be limited by ongoing
downcutting of the nearshore profile, inadequate protection on neighbouring properties and an insufficient hazard
allowance.
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8.2.6 Initial Evaluation of Shoreline Management Approaches

The shoreline management approaches that may be appropriate to address the hazards, at a given site, are
dependent on the shoreline class and the nature of the hazard.  The different processes governing erosion at
bedrock, cohesive and beach shorelines, along with the nature of the hazard (i.e., the entry of flood waters including
wave action, or erosion of the shore) will govern the appropriate approach.

Table 8.4 has been prepared as a summary to aid shoreline managers in the identification of shoreline management
approaches that have the potential to safely address the hazards at a particular site, for a given shoreline class.
Note that all structural options must be accompanied by a stable slope allowance and a hazard allowance.  In
addition, be advised that Table 8.4 does not include the potential impacts of these approaches and therefore it must
be read in conjunction with Section 8.3.

In Table 8.4, the shoreline classes are listed down the left-hand side according to general shoreline type
(onshore/backshore composition and profile), controlling nearshore substrate and surficial substrate in the nearshore
(see Section 3).  For each shoreline classification, it is noted whether that shore type is generally prone to flooding,
erosion and/or dynamic beach hazards.  The shoreline management approaches are listed across the top of the
Table.  The individual approaches are divided into the three categories: 1) prevention; 2) non-structural protection;
and 3) structural protection.  They are further sub-divided by their location; onshore, backshore, and nearshore.

Table 8.4 identifies appropriate shoreline management approaches ("shaded" cells) to address the hazard(s), on-
site, associated with the general shoreline types, nearshore controlling substrate and surficial sediments.
Approaches that are "recommended" are denoted '���'.  Approaches that are considered to be "generally
appropriate" are denoted '��'.  Approaches that "may be considered but which may not provide sufficient or proper
protection" are denoted '�'.  It should be noted that Table 8.4 also indicates that structural options for development
in dynamic beaches, excluding possibly beach nourishment, are not permitted in the defined portions of the dynamic
beach (Policy 3.1.2(a)).  Also, Table 8.4 notes that all structural options must be accompanied by a stable slope
allowance and a hazard allowance (see Section 8.2.4).

Table 8.4 is not intended as an automatic endorsement or rejection of any particular shoreline management
approach.  It is general in nature and is only intended to serve as a guide that will provide an initial indication
of whether or not a particular approach may be appropriate for addressing the hazards  at a particular site
along a given shoreline class.  In the final analysis, the specific appropriate approach for addressing the
hazard(s)  at a site will depend on the development, the site-specific details and the nature and magnitude
of the  hazard(s).

To use Table 8.4 requires that you first identify the nearshore controlling substrate, the general shoreline type and
the surficial substrate and that you determine the nature of the hazard(s).  The table provides a guide with respect
to the hazards generally associated with the various shore types.  To confirm the hazard, examine the mapping to
define the flooding, erosion and dynamic beach hazards.  Once you have identified the shoreline class, you can
review the various shoreline management approaches which may be appropriate to address the hazards at the site.

Consideration of a particular approach from Table 8.4 must be followed by an identification of the potential impacts
of the selected approach on the physical shoreline processes and characteristics (see Section 8.3, Table 8.5).  The
impacts identified in Table 8.5 are then evaluated with respect to their potential for creating or aggravating any
updrift/downdrift hazards away from the site (see Section 8.3, Table 8.6).  As well, the impacts identified in Table
8.5 must be examined to ensure that the selected approach is environmentally sound (see Part 9).  It is possible that
a review of Tables 8.5 and 8.6 and Part 9 will show that the shoreline management approach which was initially
selected, as appropriate for addressing the hazards at the site (i.e., meets requirement of Policy 3.1.3(a)), is in fact
unacceptable because it does not meet other, equally important requirements: namely, new hazards can not be
created and existing hazards can not be aggravated (Policy 3.1.3(b)); and no adverse environmental impacts will
result (Policy 3.1.3(c)).

On site specific cases, the proponent may still be required to demonstrate that the selected approach does not cause
and/or aggravate flood, erosion and/or dynamic beach hazards elsewhere and that it is environmentally sound.
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Table 8.4: Addressing the Hazards for Development: Initial Evaluation of Shoreline Management
Approaches by Shoreline Class (continued)

LEGEND AND NOTES

TABLES ARE GENERAL IN NATURE AND ARE ONLY INTENDED TO SERVE AS A GUIDE.  THIS TABLE DOES NOT INCLUDE CONSIDERATION OF POTENTIAL
UPDRIFT/DOWNDRIFT AND ENVIRONMENTAL IMPACTS.  (see Notes)

LEGEND

777-  Recommended to address hazards.

77 - Generally will address hazards.

7  - May be considered but may not provide proper level of protection to address hazard.

<, = Typically used in conjunction with other structural protection works.

HA   - hazard allowances for flooding and erosion
PA   - property acquisition
Re   - relocation
FP   - floodproofing
BM   - bio-engineering measures
DE   - dune enhancement
Fl     - filling
D     - dyking
BN  - beach nourishment

 +  typically extends across backshore and into nearshore
fR/S - flexible revetments and seawalls
rR/S - rigid revetments and seawalls
G     - groynes
AH - artificial headlands (typically with beach fill)
DB - detached breakwater

 ,  can also be located in shallow offshore

  - This Table does not include classification of shoreline exposure and planform (exposed, partial headland, headland-bay, well sheltered).1

  - Cliff/bluff - steeper than 1:3 (vert:horz) and >2 m high.2

  - Low plain -  landward slope flatter than 1:3 (vert:horz) or <2 m high.3

  - Typically only found in naturally well-sheltered areas where controlling substrate may not be applicable.4

 - A beach is not classified as a dynamic beach, where: 1) beach or dune deposits do not exist landward of the stillwater line; 2) beach or dune deposits overlying5

bedrock or cohesive material are generally less than 0.3 metres in thickness, 10 metres in width and 100 metres in length; or 3) beach or dune deposits are
located in embayments, along connecting channels or in other areas of restricted wave action.

  - Typically imported cobble/shingle/gravel beach fill with anchoring groynes.6

  - Very limited structure lifespan.7

 - Likely insufficient on its own to fully address hazard - must be accompanied by other measures.8

 - Addresses flood hazard only.9

- Nearshore structures require significant analysis and design effort by qualified coastal engineers.10

- Technical Guide provides minimum hazard allowance requirements for bedrock.11

- Policy does not permit development within defined portions of dynamic beach hazard.12

NOTES:

Refer to Table 8.5 , to assess the potential influences and impacts of shoreline management approaches on the physical shoreline processes and characteristics.

Refer to Table 8.6 ,  to assess the relative significance of the potential impacts with respect to increasing updrift/downdrift flood, erosion and dynamic beach hazards.

Refer to Table 9.2, 9.3 and 9.4, Part 9 , to assess the biological impacts related to shoreline management approaches.

Tables must be read in conjunction with Technical Guide text.
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8.3 Influences and Impacts of Shoreline Management Approaches

The shoreline is an environmental system made up of various subsystems which are linked and related to each other
through various pathways of interaction.  These sub-systems include the physical shore processes (i.e., supply and
transport of littoral materials, water circulation) the physical characteristics (i.e., onshore/backshore/nearshore
topography, surface and groundwater drainage), water quality and aquatic and terrestrial biota.  Rapidly expanding
development along the shorelines of the large inland lakes has led to increased amounts of shoreline protection
works.  Protection works can alter one or more of the natural shoreline processes or characteristics, and set off a
series of chain reactions among the various sub-systems.  The result could be a reduction of the natural supply of
beach material provided by erosion of the shore, a blockage of the natural movement of beach materials along the
shore, a decrease in the nearshore water circulation and a loss of nearshore aquatic habitat and shoreline wetlands.
These potential influences and impacts of shoreline management approaches on the physical shoreline process and
characteristics are summarized in Section 8.3.1.  The relative importance of these potential impacts on creating
and/or aggravating hazards off-site (i.e., at updrift and downdrift properties) is discussed in Section 8.3.2.  A review
of the impacts to the physical processes and characteristics, as identified in this section, with respect to the
"environmentally sound" aspects of shoreline hazard management, is outlined in Section 9 of this Technical Guide.

8.3.1 Potential Influences and Impacts

For the purpose of this Technical Guide, shoreline management approaches can be considered as alterations to the
shoreline environmental system.  Environmental influences  are defined as the environmental changes that are set
in motion, or as the natural physical processes that are accelerated or decelerated, by alterations to the
environmental system.  The resulting net changes to the environmental system, due to the influences, are defined
as impacts .  

Potential impacts can be categorized as either major  or minor , based on the importance of the coastal physical
process affected, the spatial extent of the impact, the duration of the impact, the recovery rate of the process
affected, the potential for mitigation and the consideration of cumulative effects.  For the purpose of this Technical
Guide, the definitions of major and minor are as follows:

  � Minor impacts  are those which can be mitigated, that is, the proposed structure/activity will cause impacts
which can be mitigated through changes in design and/or timing of activity.  Confining impacts to what is
considered a minor (as opposed to a major) level is contingent upon having an impact of short duration,
availability of mitigation practices, a high rate of recovery, and a low potential for spin-off effects.  A minor
impact can occur when the degree of change in the coastal process is comparatively unimportant or small
in magnitude and/or of a localized nature.

  � Major impacts  occur when the structure/activity has significant long-term or permanent adverse impacts
on the net physical coastal processes on or off site.  A major impact can occur when the impact is of long-
term duration, the rate of recovery of the coastal process is low, there is a high potential for spin-off or
indirect effects and/or the process affected is considered to be a critical process with respect to providing
hazard(s) protection.  A major impact is notable or conspicuous in effect and scope with respect to
increasing the hazard(s).

Shoreline management approaches may address hazards locally on-site.  However, the characteristics of structures
(i.e., location, orientation to the shore, structural form and slope, size of material, permeability), the methods used
in their construction and their maintenance and the post-design life of the structures may directly influence the
physical shoreline processes and characteristics which in turn may adversely impact the environment and/or
increase the hazards for others at updrift and downdrift properties.

The following discussion is general in nature and applies to many situations in the large inland lakes.  It is
intended to serve as a guide in identifying potential impacts.  The discussion is not exhaustive and site-
specific conditions may differ .
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The potential influences of the various shoreline management approaches on the physical shoreline processes and
characteristics and the possible resulting impacts are summarized in Table 8.5.  For purposes of identification in this
Technical Guide, the influences are identified by an 'A' followed by a number and the impacts are identified by a 'B'
followed by a number.  In Table 8.5, the shoreline management approaches are listed across the top of the chart,
grouped according to location (onshore, backshore and nearshore) in the same manner as Table 8.4.  The five main
categories of physical shoreline processes and characteristics are listed in the first column on the left hand side of
the table.  The potential influences ("A._"), that shoreline management approaches could have on the general
processes or characteristics, are listed in the second column and the corresponding impacts ("B._") are listed in the
third column.  The potential impacts associated with a given shoreline management approach are identified by a "7".
Further detail discussion is provided in the Technical Guide for Great Lakes - St. Lawrence River Shorelines. 

If a particular shoreline management approach is being considered, a look to Table 8.5 will indicate the potential
impacts of the proposed approach on the physical processes and characteristics.  The relative significance of
these potential impacts with respect to increasing updrift/downdrift hazards (i.e., none, minor or major) and
by shoreline class (i.e., bedrock, cohesive and dynamic beach) is reviewed in Section 8.3.2.   Environmental
considerations regarding terrestrial and aquatic habitat are outlined in Part 9: Environmentally Sound Hazard
Management, of this Technical Guide.

The physical processes and characteristics of the shoreline that can be influenced and impacted by shoreline
management approaches can be combined into five general categories as follows:

. Supply and Transport of Littoral Materials

The availability of littoral zone sediments, derived from erosion of the shoreline (both above and below water) and
other sources, such as rivers, may be altered by a shore management approach.  By definition, any shoreline erosion
control structure that works will stop or slow erosion of the shoreline and will result in a reduction of the natural
supply of sediments to the littoral system.  Revetments and seawalls on cohesive shores protect only the land behind
them; they do not alter the rate of nearshore and/or offshore erosion.  Reducing the rate of nearshore downcutting
must be accomplished by a reduction in wave energy over the profile (i.e., detached breakwaters) or increasing the
protective cover layer (i.e., beach fill with anchor structures).

The alteration of the sediment supply has potentially the furthest ranging impact as its effects can extend throughout
the littoral cell.  For example, the protection of eroding bluffs updrift will reduce the amount of sand available at a
downdrift beach.  The reduction of sand supply could then increase the erosion of the beach.  Along cohesive
shores, the sand cover over the nearshore profile plays a role in the downcutting process.

The location and rate of littoral transport, which plays a large role in the erosion and/or deposition patterns, can be
changed by the placement of protection works (see Figure 8.38).  Structures which form physical barriers along the
shoreline (e.g., groynes (see Figure 8.39), artificial headlands) can trap littoral material and prevent it from moving
alongshore to downdrift adjacent shores or can possibly redirect the material away from downdrift properties.
Structures which reduce the nearshore currents at a subject site (i.e., in lee of detached breakwaters) can also result
in reduced alongshore and cross-shore transport.  Localized scour can also occur as a result of protection works
(see Figure 8.40).

. Water Circulation

The circulation and exchange of water in the nearshore areas is dependent on the intensity and frequency of the
wave action and the resulting direction and magnitude of the nearshore currents, other lake-wide currents, as well
as thermal upwellings and downwellings.  Structures can impact the water circulation by altering nearshore currents
and by significantly sheltering the shoreline.  For example, a detached breakwater will reduce the wave climate and
currents on its lee side.  Less circulation or exchange of the offshore and the nearshore waters can increase
nearshore water temperatures, reduce nutrient exchange, decrease the oxygen content and reduce the cleansing
action of the waves which can "sweep" silt material from the nearshore substrate.  The magnitude of these potential
impacts would depend on the extent to which the shoreline remains "exposed" to lake action (i.e., function of size
of structures and gaps between structures or degree of enclosure).
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. Backshore and Nearshore Topography

The existing surface features of the backshore and nearshore, including relief and terrain may be changed as a result
of a shoreline management approach.  Protection works directly modify the area where they are located and displace
the natural topography.  The works can significantly alter the existing surface features, including gradient, texture,
interstitial spaces, by covering, replacement and/or removal (see Figure 8.41).  For example, an armour stone
revetment constructed in the backshore area of a shoreline with a surficial substrate of cobble, would alter the
existing gradual slope and native cobble material to a relatively steep slope with large quarried armour stone.  Works
can also indirectly modify a larger area by altering the wave energy at adjacent shorelines through diffraction and
refraction (e.g., sheltering adjacent shoreline may promote sedimentation).

. Onshore Topography

The existing surface features of the onshore area, including relief and terrain may be changed as a result of a
shoreline management practice.  After protection works are constructed, the slope of the onshore bluff will flatten
out as it undergoes self-stabilization.  Often, the slope is graded to a stable slope condition as part of the
construction.  Backshore works often require excavation of the onshore as part of the work.

. Surface/groundwater

The rate and/or direction of flow of the surface and/or groundwater drainage may be altered in the onshore or
backshore area by the construction of shoreline protection works.  If an impermeable seawall is built in a poorly-
drained, low-lying area, the seawall may inhibit the lakeward movement of groundwater causing an increase in the
elevation of the water table.

8.3.2 Discussion of Relative Significance of Physical Impacts by Shoreline Class

The following discussion is general in nature and applies to many situations in the large inland lakes.  It is
intended to serve as a guide in identifying the significance of the potential impacts.  The discussion is not
exhaustive and site-specific conditions may differ.

The relative significance of the potential physical impacts with respect to increasing the updrift/downdrift flooding,
erosion and/or dynamic beach hazards can be evaluated according to shoreline class; dynamic beaches, cohesive
shores (fine-grained cohesive and cobble/boulder till), and bedrock.  The physical impacts considered are only those
associated with the supply and transport of littoral materials.  Table 8.6 summarizes the relative significance of the
impacts.  It was prepared to assist shoreline managers in undertaking a preliminary screening of the potential
significance of the impacts with respect to increasing the updrift/downdrift hazards.

The potential impacts, B.1 to B.7, that are related to the supply and transport of littoral materials (see Table 8.5) are
listed across the top of Table 8.6.  The shoreline classes (general shoreline type, controlling substrate and the
surficial substrate) are listed in the first three columns down the left hand side of Table 8.6.  The significance of the
potential impacts are then identified as none (blank box), minor (hollow circle) or major (filled in circle), for each of
the shoreline classes.
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a) Dynamic Beaches

Impacts to the supply and transport of littoral materials are generally a major concern along dynamic beach
shorelines because these processes govern the behaviour and long-term stability of the beaches.  The two primary
considerations are that protection works may trap the alongshore sediment transport and that they may divert
sediment towards the offshore.  Both these influences result in a reduction of sediment, or a sediment deficit, at
downdrift properties, which in turn can increase the flooding, erosion and dynamic beach hazards.

Figure 8.41 Backshore/Nearshore Areas Occupied by Protection Works
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The magnitude of the impacts are generally proportional to the alongshore length of the proposed protection works
and the distance the structure extends into the nearshore.  The longer a structure extends out into the nearshore
zone, the greater the volume of littoral material that will be trapped (impact B.3) and the greater the downdrift extent
of increased erosion (B.4 and B.5) due to trapping and offshore diversion.  All the impacts, except B.4, will occur for
the duration of the protection works.  Impact B.4 (increased erosion downdrift due to trapping of material updrift) will
last only as long as the structure takes to fill up with sediment and bypassing begins to occur.

Impacts can be mitigated by measures which include the placement of imported material compatible with the native
littoral material, mechanical bypassing of the trapped littoral material and by reducing the size of the proposed works
(e.g., reducing the alongshore length of seawalls and the offshore length of groynes, and increasing the gap-to-
length ratio for detached breakwaters).  Revetments and seawalls located along beach shores should be positioned
as far back from the water as feasible.  Reasonable estimates or approximations of the impacts can be made by
qualified coastal engineers/scientists.  Impacts of protection works on the supply and transport of littoral materials
along dynamic beaches can be stopped by removing the protection works.  However, removal will often be very
difficult and costly and may come too late to prevent downdrift damages.

It is quite evident that groynes and artificial headlands on a dynamic beach can adversely affect the adjacent
shorelines by trapping the alongshore sediment transport and by diverting coarse material to the nearshore bar
(Philpott 1986; Kamphuis 1990).  Evaluation of the impacts can be complex as they depend on many factors
including the site characteristics, wave conditions, littoral transport patterns, and the grain size of the beach material.
Assessment of the impacts of groynes, artificial headlands and detached breakwaters on dynamic beach shores
should be carried out by a qualified coastal engineer.

b) Cohesive Shores

Along cohesive shores, the impact of alterations to the supply and transport of littoral materials is generally not as
readily apparent as it is on dynamic beach shores.  Previously it had been thought that reducing the sediment supply
to all downdrift shores inevitably resulted in increased erosion.  However, it is now better understood that this "rule"
is mostly applicable only to dynamic beach shores and is not necessarily applicable to cohesive shores. 

The recession of a cohesive shoreline primarily depends on the wave forces, the erodibility of the cohesive material
and the presence and movement of coarse sediments over the cohesive profile.  The importance of the sand cover
to the overall erosion of a cohesive shoreline is not very well understood and is the subject of ongoing research.

The coarse sediments which form the narrow beaches along cohesive shores, are typically derived from erosion of
the bluffs and the nearshore profile.  Where the controlling substrate is cobble/boulder till, nearshore erosion
provides only a limited quantity of sediment.  Onshore bluff erosion would provide the balance of the shoreline
sediment source.  Low plain shorelines would also only provide limited sediment supply.

Downdrift littoral sinks (i.e., beaches) can be negatively impacted by a reduction in the sediment supplied by the
coarse fraction of eroding cohesive bluffs and nearshore profiles.

Protection works located in the backshore area (seawalls and revetments) can lead to some very localized erosion
of the backshore/onshore at the ends of the work.  This increased erosion can be the result of wave reflection from
the flank wall.  This can be mitigated by making a gradual transition (i.e., avoid sharp corners) from the end of the
protection work to the adjacent shoreline and/or by ending the works some distance away from the adjacent property.

Silt and organic surficial sediments will accumulate at locations with limited wave action or at significant sink areas.
With limited wave action, there will be a lesser concern regarding the supply and transport of littoral materials.

c) Bedrock Shores

The form of bedrock shorelines is not determined by the supply and transport of littoral material.  Bedrock erosion
is caused primarily by wave action and other processes (wetting/drying, freezing/thawing).  These processes are
not altered off-site, at updrift/downdrift properties, by shoreline management approaches on-site.
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At shorelines where the controlling substrate is bedrock, but the general shoreline type (i.e., onshore/backshore)
consists of cohesive or non-cohesive material, erosion of the bluffs, especially at higher water levels, will provide
a source of littoral material.  Protection of the bluffs may reduce the sediment supply to downdrift beach sinks.  The
magnitude of the effect will depend on the percentage of beach size material in the bluff material, the bluff height,
the length of the proposed protection works, and the overall sediment budget of the littoral cell.  For low plain,
bedrock controlling substrate shorelines, the volume of littoral material from the onshore will likely be relatively small
and the volume from the nearshore will be insignificant.

8.4 Best Management Practices

8.4.1 Environmentally Sound

Ensuring that the protection works can be implemented in an environmentally sound manner is of paramount
importance.  Environmental considerations, as discussed in Part 9: Environmentally Sound Hazard Management,
include but are not limited to:

  & enhancing, restoring, rehabilitating and/or creating aquatic, reptile, amphibian and terrestrial habitat where
appropriate;

  & using diverse aquatic and terrestrial landforms, including the land/water interface, to allow the opportunity to
introduce aquatic and terrestrial species and communities to a site (where appropriate) (e.g., undulate the
landform and provide a variety of slopes, exposures, elevations and orientations);

  & introducing the availability of water (where appropriate) at the site for further opportunity to provide a variety
of aquatic and terrestrial habitat; and

  & using materials that can provide more "aquatic structure" (i.e., interstitial spaces, variable sizes of materials and
vertical relief).

The following best management practices will help ensure that the development and/or protection works  will be
environmentally sound:

& Locate development landward of the hazardous lands and maintain the shoreline in its natural state (see Figure
8.42).  Shoreland areas provide a unique ecological zone that is required for certain plant and animal species.
 

& Native vegetation along the shore presents the most natural edge to water bodies, so preserve it as much as
possible (see Figure 8.43).  Shoreland areas provide a unique ecological zone that is required for certain plant
and animal species.  Diverse and balanced species populations are healthier because they are more resistant
to disease and other changes to the environment.  Maintain as much of the natural landscape as possible to
promote a diverse, interesting and heathy environment for plant and animals.  Plant additional native vegetation
and replace damaged vegetation to improve screening.

& On shorelines adjacent to fish habitat, vegetative buffer strips should extend a minimum of 15 m shoreward
from the top of the annual high water mark.  A 15 m buffer strip will provide a check on nutrients, contaminants
and sediments entering the water, and will help to protect the water temperature of, and food supply to, fish
habitat.  Additional measures, including a wider buffer strip, may be required to ensure protection of fish habitat
if warranted by the site conditions.  Areas of particular concern are those immediately adjacent to shorelines
with moderately to highly erodible soils, slopes greater than 10 degrees, and long slope lengths.  Eroded soil
and sediment contain nutrients that promote excessive algae and bacteria in lakes.  Excessive suspended
sediment levels can be harmful to fish and fish habitat.  The addition of bedload/lakebed sediment to waters
used a fish habitat is not acceptable.

& Natural stormwater runoff can usually be handled by the natural landscape.  Buildings, roads, driveways and
patios add $hard# surfaces which are impermeable to water and increase the intensity of the runoff.  This an
lead to increased erosion.  Hard surfaces should be minimized.
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& Maintaining a proper sewage system will minimize contaminants from leaking into the ground and surface
waters.  Nitrate levels should meet specified requirements.

& Construction should be staged to limit the area and duration of soil exposure.  The slope length and gradient
of disturbed areas should be limited.  Disturbance to the existing vegetation should be minimized and disturbed
areas should be revegetated as soon as possible.  During construction, appropriate sediment control measures
should be implemented (e.g., sediments traps, rock check dams, sediment fences, straw bales).  Where
applicable, ensure that the provisions of the Sedimentation and Erosion Control Plan are implemented.  Timing
restrictions may apply to avoid impacts to certain life stages of the fish (e.g., spawning, larvae).

& Maintaining natural filter strips and adopting proper hazard allowances should limit the need to alter the shore.
If shoreline alterations are necessary they should be sensitively designed, using natural materials such as
native boulders or rock (not removed from lakebed) and low growing vegetative screening that will not obscure
the view (see Figure 8.44).  A combination of vegetative and non-vegetative techniques (see Figure 8.45) is
encouraged where permitted by site exposure conditions.

& Aquatic plants are a natural part of healthy aquatic ecosystems.  Having too many aquatic plants can interfere
with boats swimming and other water activities.  At times, some control may be necessary.  However,
indiscriminate removal of aquatic plants can harm the environment and destroy fish habitat.  Permits may be
required depending on the location, the method of removal (e.g., mechanical or herbicides) and the quantity
to be removed.  It is best to consult the local MNR office for further advice.

& Avoid replacing the natural shoreline (see Figure 8.46) with smooth, impermeable seawalls (see Figure 8.47)
and revetments (see Figure 8.48).  Protection works such as seawall and revetments built in the water cover
aquatic plants, rocks and stumps necessary to fish for food, shelter and reproduction.  Vertical and/or
impermeable walls harden the natural shoreline creating a sterile, unproductive environment.

& Build structures on dry land at or above the high water mark.  Select a structure which minimizes disturbance
to the lake bottom.  The use of revetments constructed of riprap or armour stone are preferred over vertical
seawalls constructed from steel sheet pile or concrete.  The revetment should conform to the natural alignment
of the shore and it should not obstruct the natural flow of water.  Revegetation over revetments above the high
water mark is recommended.  Use clean rocks taken from dry land that are clean and free of soil.  The rocks
must not be taken from the lake bottom.

& The introduction of sand or gravel (e.g., for dune enhancement, beach nourishment or beach fill) along a
shoreline as a protective measure to supplement the natural littoral transport may have detrimental effects on
fish habitat.  Where such a proposal is considered acceptable, coarse sand, pea gravel or gravel may be
necessary.

& Carefully evaluate the need for lawn areas in close proximity to the water’s edge (see Figure 8.49).  Watering
can waste valuable groundwater.  Lawn fertilizers, pesticides and herbicides tend to runoff into the water and
degrade the lake.  Eliminating the lawn adjacent to the lake (see Figure 8.50) will help to preserve the
environment.  If a lawn is needed, minimize the size and use safe additives in the proper amounts.
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8.4.2 Aesthetics and Recreational Value

Aesthetics and recreational concerns should be incorporated into the design.  Increasing accessibility to the waters
edge is desirable but not always feasible.  Aesthetic and recreational considerations must not override significant
structural performance and stability criteria if the structure is to be considered as addressing the hazard.

Proposed works which will be predominantly for the recreational benefit of one property owner should not be to the
aesthetic and/or recreational detriment of adjacent property owners, especially in situations involving Crown land.
In these instances, the concerns of the adjacent property owners should be given proper and due consideration.

8.4.3 Design Criteria

Criteria for the design of shoreline protection works include the following:

  & project life;
  & structure design life;
  & acceptable level of risk;
  & factor of safety;
  & water level and wave conditions (including return period);
  & floodproofing criteria;
  & ice;
  & structure performance and stability analysis;
  & response of littoral processes;
  & construction materials and methods;
  & structure access, maintenance and replacement;
  & adjacent protection works (risk of failure, anticipated useful functional life, flooding concerns, reliance of works

at site on adjacent works);
  & assessment of impacts on coastal processes and impacts to updrift/downdrift shorelines;
  & environmental soundness;
  & aesthetics and recreational value; and
  & benefit-cost evaluations.

The relative importance of these criteria and the rigour with which they are evaluated will vary by project.  The type
and size of project and the sensitivity of the location will generally determine the level of effort that goes into the
design and impact evaluation process.

Protection works intended to protect against long-term erosion and/or which extend below the 100 year flood level
should be designed by a professional engineer with experience and qualifications in coastal engineering.  Slope
stability analysis should be carried out by a professional engineer with experience and qualifications in geotechnical
engineering.

Protection works located above the 100 year flood level which are intended to protect only against storm damage
(wave uprush, overtopping and other water related hazards) must have due regard for the coastal environment and
forces and be of sound construction.  Designs can be prepared in accordance with guidelines prepared by various
agencies (e.g., USACE 1981, 1984;  MNR 1987).  Caution should be exercised when considering $low cost#
structures as these are typically not recommended for shorelines exposed to moderate to high wave energy.

Further details are provided in Appendix A7.1 of the Technical Guide for Great Lakes - St. Lawrence River
Shorelines.



--- 8-79 ---

8.4.4 Summary of Conditions to be Satisfied for Shoreline Protection Works

It is recommended that a number of conditions be satisfied prior to new protection works being implemented.  They
include, but are not limited to, the following:

  1) The purpose or objective of the proposed works (i.e., to prevent storm wave damage due to wave uprush,
overtopping, or other water related hazards, or to stabilize erosion of the shore over the long-term) should be
clearly outlined.

  2) The proponent should clearly establish ownership of the land where the protection works are to be constructed.
Work proposed for Crown land may require a Work Permit.

  3) Protection works intended to protect against long-term erosion and/or that extend below the 100 year flood level
should be designed by a professional engineer with experience and qualifications in coastal engineering.  Slope
stability analysis should be carried out by a professional engineer with experience and qualifications in
geotechnical engineering.

  4) Protection works located above the 100 year flood level which are intended to protect against storm damage
(wave uprush, overtopping and other water related hazards) should have due regard for the coastal
environment and forces and be of sound construction.  Designs can be prepared in accordance with guidelines.

  5) The design and installation of protection works should allow for access to the protection works for appropriate
equipment and machinery for regular maintenance purposes and/or to repair the protection works should failure
occur.

  6) Protection works should be coordinated with adjacent properties for an existing development. 

  7) The  works should not aggravate existing hazards and/or create new hazards at updrift/downdrift properties.

  8) The protection works should be environmentally sound.

  9) To demonstrate points 7) and 8), each proposal for protection works should include an impact assessment
based on accepted engineering and scientific principles.  The assessment should include a detailed description
of the site and must address the following requirements:

  & the proposed works will not adversely affect the littoral transport rates;
  & long-term erosion rates at updrift/downdrift properties will not be increased;
  & existing adjacent protection works will not be adversely affected; and
  & the terrestrial and aquatic ecosystem will not be adversely affected.

  10) Adjacent property owners, for an appropriate distance on either side of the proposed works, should
be given an opportunity to comment.  Works  that are not primarily for the purpose of addressing the
hazards (i.e., the works are primarily for recreational and/or aesthetic purposes) and which are
proposed for Crown land should not adversely impair the use and enjoyment of the shoreline by
adjacent property owners.

  11) Depending on the shoreline ownership issue, consideration should be given for maintaining
pedestrian access along the beach (if there is one).  

  12) Quality control should be exercised during construction.  The designer should monitor construction.

  13) The completed protection works should be monitored periodically to ensure that any problems are
detected in a timely manner in order for corrective action to be taken. 

  14) All costs associated with the design, study of impacts, construction, future maintenance and
monitoring are solely the responsibility of the proponent (landowner).
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8.4.5 Common Deficiencies

Aside from the expense of protection works and the potential updrift/downdrift and environmental impacts, all too
often, protection works have been inadequate at even addressing the hazards at the site.  This has been due to the
lack of consideration and/or understanding of the relevant coastal processes (e.g., water levels, waves and currents,
morphology, sediment processes) and their interaction with shore protection structures, inadequate design
procedures, poorly executed and monitored construction and little or no maintenance.  Common deficiencies include:

  & the structure is not high enough to protect against wave uprush and/or it does not have adequate protection
against wave overtopping;

  & toe stones of revetment subject to sliding;
  & future downcutting of the nearshore profile not considered;
  & size of primary armour is insufficient;
  & inadequate toe scour protection;
  & inadequate underlayer filter;
  & inappropriate geotechnical filter;
  & intended response of littoral processes is not realized (i.e., groynes do not trap beach material);
  & insufficient mass of gravity seawalls;
  & insufficient embedment and/or anchoring of steel sheet pile walls;
  & nondurable materials (poor quality armour stone, poor quality concrete, lack of cover over reinforcing steel);
  & protection is not coordinated on a reach basis;
  & poor or no maintenance access;
  & visually unattractive; and
  & water's edge not accessible.

8.5 Summary

8.5.1 Addressing the Hazards

For certain development and site alteration to be permitted within hazardous lands adjacent to the shorelines of the
large inland lakes, Policy 3.1.3 states that all of the following requirements must be fulfilled:

  & the hazards can be safely addressed, and the development and site alteration is carried out in accordance with
established standards and procedures (Policy 3.1.3(a));

  & new hazards are not created and existing hazards are not aggravated (Policy 3.1.3(b));
  & no adverse environmental impacts will result (Policy 3.1.3(c));
  & vehicles and people have a way of safely entering and exiting the area during times of flooding, erosion and

other emergencies (Policy 3.1.3(d)); and
  & the development does not include institutional uses or essential emergency services or the disposal,

manufacture, treatment or storage of hazardous substances (Policy 3.1.3(e)).

Section 8 of this Technical Guide provides direction on how to safely address the hazards.  An overview of the
various shoreline management approaches that can be considered for addressing shoreline flooding, erosion and
dynamic beach hazards is presented.  The different types of approaches are broadly grouped into three primary
categories: prevention, non-structural protection and structural protection works.  The approaches are further
grouped according to location: onshore, backshore and nearshore.

Prevention is the orderly planning of land use and the regulation of development in hazards susceptible shorelines.
Prevention approaches reduce hazard losses by modifying the loss potential (i.e., hazard allowances and property
acquisition).  Protection approaches are engineered methods for protecting development located within hazards
susceptible shoreline areas and they reduce hazard losses by modifying the hazards at the shoreline.  Protection
approaches can be further classified as non-structural or structural.  Non-structural protection works are activities
that do not involve the construction or placement of significant additional structures or material at the shoreline.
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There are essentially four basic types of non-structural protection works: relocation, floodproofing, bio-engineering
measures and dune enhancement.  Structural protection works involve the construction and/or placement of
significant additional structures and/or materials at the shoreline. There are eight basic types of structural protection
works: filling, dyking, flexible revetments and seawalls, rigid revetments and seawalls, beach nourishment, groynes,
artificial headlands and detached breakwaters.  Beach nourishment is considered a "soft" structural protection
approach.

Prevention approaches are generally the most environmentally sound and cost-effective means of ensuring that
buildings and structures are not susceptible to flooding, erosion and/or dynamic beach hazards and that adjacent
properties and existing developments do not sustain damages as a result of new development.  Prevention
approaches tend to result in little or no impact on the environment by maintaining the shoreline in its natural state.
In addition, prevention is considered to be a proactive practice as opposed to the reactive approaches of protection
and emergency response.  

While prevention is the preferred alternative for addressing the hazards, it is recognized that in certain situations
proper non-structural and structural protection works, when used in conjunction with stable slope and hazard
allowances may be appropriate.  Prior to permitting development within the limits of the flooding hazard, erosion
hazard and/or the dynamic beach hazard, outside of the defined portion of a dynamic beach and defined portions
of the 100 year flood level on connecting channels (i.e., Policy 3.1.2 (a) and (b)), through the implementation of
protection works, proponents should demonstrate that other alternative approaches have been evaluated and have
been found to be not feasible.  Once it has been determined that the shoreline flooding, erosion and/or dynamic
beach hazard requires a shoreline management response and that prevention and nonstructural alternatives are not
feasible, structural protection may be considered.

Addressing the hazards through the use of established standards and procedures (i.e., floodproofing, protection
works, and access standards) is discussed.  The standards include stable slope and hazard allowances.  Table 8.4
summarizes the appropriate shoreline management approaches to address the hazards for development based on
the different types of shoreline as defined by the recommended shoreline classification scheme.

Determining whether or not a particular shoreline management approach safely addresses the hazards at a given
site is only the first step in establishing the best overall acceptable approach.  In addition to addressing the hazards
at the site, the selected management approach must not create or aggravate existing hazards off-site (Policy
3.1.3(b)) nor can it result in any adverse environmental impacts (Policy 3.1.3(c)).  Evaluating the effects of the works
on creating or aggravating hazards off-site (i.e., updrift and downdrift properties) is discussed in Section 8.3.  The
general physical shoreline processes and characteristics, and how they may be influenced by the approaches, are
identified.  The potential impacts that may result from the influences are outlined.  The potential influences and
impacts of the various shoreline management approaches are summarized in Table 8.5.  Section 9 of this Technical
Guide uses the influences and impacts identified in Section 8.3 to assess the environmental impacts of the
approaches.

An initial assessment of the relative importance of the potential impacts on the physical shoreline processes and
characteristics with respect to increasing the hazards off-site is provided.  The relative significance of the impacts,
identified as major, minor or none, are outlined in Table 8.6.

Following the evaluation of addressing the hazards at the site, and the determination of whether or not the proposed
approach will cause or aggravate hazards off-site, it is required that the approach be assessed for adverse
environmental impacts.  Potential biological impacts to the environment are outlined in Part 9: Environmentally Sound
Hazard Management. 

8.5.2 Suggested 7 Step Procedure: Addressing the Natural Hazards

The suggested 7 step procedure is designed to aid decision-makers in evaluating an area, or particular location,
within hazardous lands and hazardous sites.  The procedure helps to ensure that consideration is given to both the
physical and biological influences and impacts when selecting which, if any, natural hazard management response
(e.g., prevention, non-structural protection works or structural protection works) would provide the "best management
practice" given local site conditions.  The steps include:
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  � Step 1: Identify Hazards;
  � Step 2: Identify Development  Proposed Within the Hazardous Lands  or Hazardous Sites ;
  � Step 3: Identify Appropriate Hazard Management Response;
  � Step 4: Determine Potential Impacts to Physical Processes and Characteristics;
  � Step 5: Assess Off-Site Physical Impacts;
  � Step 6: Assess Biological or Environmental Impacts; and
  � Step 7: Mitigate Minor Impacts of Preferred Hazard Management Response.

A flowchart of the Suggested 7 Step Procedure for addressing the natural hazards is presented in Figure 8.51.  The
procedure focuses on some basic questions and issues regarding the natural hazards that should be addressed in
any development decision-making process.  The level of evaluation should be site specific and directly proportional
to such factors as the size, severity, and type of risks and the potential physical and biological impacts that may
result.

It must be pointed out that this 7 step procedure only refers to the natural hazards under Policy 3.1, Public Health
and Safety, of the Provincial Policy Statement (May 1996).  Proponents should also consider other applicable
policies of the Provincial Policy Statement (e.g., Natural Heritage) and any other relevant provincial and federal
legislation, including but not limited to: Public Lands Act; Lakes and Rivers Improvement Act; Fisheries Act; and
Navigable Waters Protection Act.  Keep in mind that approval from one government agency does not guarantee
approval from another government agency.
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The beds of, or land under, most waterbodies in Ontario are legally public land (i.e., Crown land).  The construction
of most buildings and structures on Crown land normally requires the approval of MNR under the Public Lands Act
in the form of a land use occupational authority.  Since 1989, any construction must be carried out in accordance
with a Work Permit.

Recent legislative changes have amended the Public Lands Act so that some buildings and structures no longer
require work permit approval.  However, MNR still requires permits for many other activities on Crown land.
Examples of activities for which MNR requires a permit, include:

 . docks, boathouses and ramp structures that occupy more than 15 square metres of shorelands (i.e., crib docks
and/or boathouses where the total surface of all historical cribs and the proposed new cribs exceeds 15 square
metres in surface area; docks and boathouses with solid foundations (e.g., concrete), jetty docks, or docks
constructed with steel sheeting);

 . dredging (including new boat channels, swimming areas and removal of rocks and boulders) and filling
activities;

 . construction of breakwalls;
 . construction of all new roads;
 . construction of trails, other than for mineral exploration purposes;
 . construction of bridges and dams;
 . installation of large culverts or culverts draining a large area;
 . construction of most buildings on public land;
 . removal of aquatic vegetation (depending on location and quantity).

Docks and boathouses which will not require a work permit:

 . cantilever docks;
 . floating docks and floating boathouses;
 . docks and boathouses supported by posts stilts or poles;
 . boathouses built above the high water mark;
 . crib docks and crib boathouses where the total supporting crib structure (including historical crib strcutures)

does not exceed 15 square metres in surface area;
 . any combination of the above (e.g., a floating dock with a crib less than 15 square metres);
 . boat lifts and marine railways;
 . removal of aquatic vegetation (depending on location and quantity).

It is recommended that you contact the local MNR office for further details on work permits.

The federal Fisheries Act provides for the protection of fish habitat.  Under this Act, no one may carry out work that
harmfully alters, disrupts or destroys fish habitat unless there is specific project authorization from the federal
ministry.  Also, it is not permitted to deposit a harmful substance in water frequented by fish.  A conviction under the
Fisheries Act can result in fines of up to one million dollars and/or imprisonment, and you may be required to cover
the costs of restoring the site. 



--- 9-1 ---

9.0 ENVIRONMENTALLY SOUND MANAGEMENT WITHIN HAZARDOUS LANDS

Increasing pressure to develop along shorelines susceptible to flooding, erosion and dynamic beach hazards
has resulted in detrimental impacts to the shore and aquatic ecosystem.  Effective shoreline management
requires  implementing agencies to manage not only the hazards (i.e., flooding, erosion, dynamic beach) but
also recognize and understand potential impacts of any such actions on the shoreline environment or ecosystem
and the mandates and objectives of other resource management programs (e.g., fisheries, wetlands, wildlife).

The purpose of Section 9 is to provide direction in considering the shoreline environment.  Through
understanding the function and susceptibility of various shoreline ecosystems to disturbance, the potential
impacts that may occur as a result of proposed development or remedial works can be identified, and methods of
reducing these impacts through design changes or mitigation measures can be implemented.

Environmentally sound refers to those principles, methods and procedures involved in addressing the protection,
management and enhancement of the shoreline ecosystem which are used in disciplines such as geology,
geomorphology, botany and zoology.  These methods and procedures are applied in the study of coastal
processes, vegetation, wildlife, and aquatic habitat resource management.

9.1 Provincial Policy And Provincial Natural Hazards Management Program

The direction and intent of Policy 3.1: Public Health and Safety: Natural Hazards (Provincial Policy Statement,
May 1996) for large inland lakes is to ensure that shoreline environments and related resource management
values and programs are given due regard in any decision-making process.  

Where development and site alteration may be considered within the least hazardous portions of the $area of
provincial interest#, as defined by the hazardous lands, Policy 3.1.3 confirms the standards and requirements
which must all be fulfilled.  One of the five standards and requirements is that: 

"no adverse environmental effects will result"  (Policy 3.1.3(c))

To assist in clarifying and ensuring that $no adverse environmental effects will result#, specifically that due regard
and recognition is given to environmental concerns and impacts in any decision-making process dealing with the
shorelines of large inland lakes, Part 9:  Environmentally Sound Hazard Management within the Hazardous
Lands  provides the information and direction necessary to assist shoreline managers in achieving this goal.

The management principles to be followed are:

  # recognition of the connection between all life within the natural world, including humans;
  # preservation of biodiversity;
  # integrated resource management;
  # prevention of negative environmental impacts in new resource situations; and
  # "precautionary principles" in resource use, due to incomplete understanding of ecosystem function.

The objective is to ensure the long-term health of ecosystems by protecting and conserving soil, aquatic, forest
and wildlife resources as well as their biological foundations.

9.2 Environmental Receptors And Sensitivities

9.2.1 Shoreline Ecosystem

The environmentally sound management of shorelines requires an understanding not only of the changes to
physical processes that result from protection works, as described in Section 8: Addressing the Hazard, but also
of the effects of these physical processes on the shoreline ecosystem.  The significance and susceptibility of the
relationships in this ecosystem to changes resulting from protection works are the focus of this section.



--- 9-2 ---

For the purpose of this section, an effect is a change to the existing environment, and may be positive or
negative.  An impact describes a detrimental change to the environment.

The biological environment is best described in the context of the shoreline ecosystem.  An ecosystem is a
dynamic network of living organisms interacting with each other and with their environments.  The shoreline
ecosystem can be described as the ecological unit comprised of terrestrial and aquatic organisms and their
physical environment which are inseparably inter-related and interact with each other because of the land/water
interface (illustrated in Figure 9.1).  This land/water interface is in a state of constant change through the
movement, removal and deposition of materials by the action of water.  The complexity of the physical
characteristics of the shorelines provides a diversity of habitat types for plant and animal species.

For practical reasons, in this document, ecosystems are considered as areas with relative homogeneity which
may be described and characterized efficiently.  The environmentally sound management of the shoreline
ecosystem requires both the recognition of these ecosystem units as well as their functions and interactions
including condition, shape, diversity, size, configuration and connectivity in the landscape.  The environmentally
sound management of shorelines also needs to ensure adequate provision of habitat for viable populations of a
diversity of species in areas which are large enough to accommodate natural disturbances.

Habitat is the combination of living and non-living things which provide a particular species with the resources it
needs to complete its life cycle.  These may include soil, water, air, rocks, rain, heat and the other plants and
animals which provide the food needed for survival.  The existence of a diversity of habitats is essential to
accommodate the needs of many species and to ensure the continued diversity of wildlife.

The area of provincial interest for shorelines of large inland lakes extends from the landward limit of the
hazardous lands lakeward to the limit of significant effect of physical processes, generally a water depth of 2 to
5 m.  In some cases, the shoreline ecosystem that is impacted by protection works extends beyond these
boundaries.  In such cases, the far-reaching biological impacts must be taken into consideration along with the
effects of physical processes.

The shoreline ecosystem can be considered in terms of the terrestrial, aquatic and wetland ecological units and
the communities they support.

As shown in Figure 9.1, the spatial distribution of these communities overlap.  For example, the area between
the average low water and the high water level may support terrestrial shoreline, wetland or littoral (aquatic)
communities.  For the purposes of this Technical Guide, three general classifications will be used:

  . Terrestrial Habitat includes the plant and animal habitat of predominantly terrestrial species in the
upland or backshore areas of the shoreline.  Terrestrial communities range from
shoreland communities such as herpetofauna found in beach/dune areas to the
upland communities which use the shoreline as a migration corridor.

  . Wetlands by definition, wetlands are those "lands that are seasonally or permanently
covered by shallow water, as well as lands where the water table is close to or
near the surface (Provincial Policy Statement, May 1996).  In either case, the
presence of abundant water has caused the formation of hydric soils and has
favoured the dominance of either hydrophytic or water tolerant plants".

  . Aquatic Habitat the Federal Fisheries Act (Sec. 34.C1) defines fish habitat as "spawning
grounds and nursery, rearing, food supply and migration areas on which fish
depend directly or indirectly in order to carry out their life processes".  This
includes communities in the nearshore or littoral zones which are the shallow
areas close to shore, river mouths, and embayments as well as communities in
the open lake.
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For each of these three classifications, the function and significance are discussed below and its susceptibility to
disturbance is described.  The function and significance of a ecological unit includes the interrelationships
between it and other components of the ecosystem, its general importance, in terms of its economic or social
value, or its intrinsic value such as providing habitat to endangered species.

The susceptibility of an ecological unit describes the response of that particular area to stress or changes being
placed upon it.  Areas that can withstand this stress, or can adapt or recover quickly have a low susceptibility to
disturbance.  Stress or change to the shoreline ecosystem can be caused by natural processes (i.e., large storm)
or by human actions such as protection works.  The focus of this section is on susceptibility to disturbance
resulting from protection works.

As described in Section 8, protection works can be categorized into three groups, each having a different
potential to impact on the shoreline ecosystem.  These are prevention, non-structural protection, and structural
protection.

Prevention techniques, such as the siting of buildings landward of the shoreline hazard limits, property
acquisition, and non-structural protection works, such as relocation and floodproofing, do not require alteration to
the nearshore and backshore environments.  The environmental impacts and potential for long-term disturbance
to sensitive habitats from these measures are considered to be negligible.

Other non-structural protection works, such as bluff measures and dune enhancement, require some alteration
of the onshore and backshore.  These measures may add new stressors to susceptible habitats but often
provide an opportunity to enhance environmental conditions if done properly (e.g., stabilization of dune
vegetation).

Structural protection works may occupy the onshore (e.g., filling and dyking), backshore (e.g., revetments and
seawalls) and nearshore (e.g., beach nourishment, groynes, headlands and detached breakwaters).  Protection
works have the potential to cause environmental impacts depending on the susceptibility of the biological
communities and their associated habitats to disturbance.

9.2.2 Characteristics of the Shoreline Ecosystem:  Function, Significance and Susceptibility to
Disturbance

a) Terrestrial Habitats

Terrestrial habitat includes the plant and animal habitat of predominantly terrestrial species.  These include
communities that are not necessarily water-oriented but may inhabit the upland or backshore area.

. Function and Significance

Terrestrial habitats play an important role in the shoreline ecosystem.  Key roles of shoreline vegetation include:

  . providing shelter and protection for a variety of wildlife species;
  . providing linkages along the shoreline for the movement of wildlife;
  . stabilizing slopes as shallow rooted grasses hold soil particles in place while deeper roots of woody

vegetation prevent slippage of soil layers;
  . slowing wind velocity and trapping wind blown sediments; and
  . helping prevent erosion by removing water from bluff areas through uptake and transpiration and

absorbing the energy of falling rain.

Wildlife that use shoreline areas are invaluable in their own right.  They are also a renewable resource that
provide many benefits and socio-economic advantages to Canadians.  Other activities such as hunting also
provide economic benefits.  It is vitally important to treat habitats on which various wildlife depend as a precious
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resource and to manage those habitats in such a way that future generations will receive the full benefits in
perpetuity.

Extensive shoreline development, Intensive agriculture and urban development have resulted in the elimination
and fragmentation of wildlife habitats.  This often results in a replacement of the former habitat with less complex
and less stable ecosystems, characterized by reduced biodiversity.  Pre-disturbance species are replaced by the
opportunistic species which adapt to the altered environment.  Fragmentation also results in the disruption to
movement corridors or linkages along the shoreline.

Large inland lakes support many different types of terrestrial habitats.  For example, wooded bluffs provide
shelter and corridors for wildlife movement but on unprotected beaches, the conditions may be hostile to many
wildlife species.  The beach/dune environment provides habitat for a variety of plants and wildlife.  Birds such as
semipalmated piper and whimbrel use beach systems during migration.  They are also used for breeding by
kingfisher, bank swallow, piping plover, killdeer, and spotted sandpiper.  Turtles, snakes and other herpetofauna
use sandy beaches and dunes for laying eggs.

The beach dune is also a feeding area for birds, mammals, and herpetofauna.  Many shorebirds and gulls use
the beach zone for feeding, utilizing material carried on shore by waves as well as invertebrates.  Nests of birds
and herptiles provide food for other birds and mammals.

. Susceptibility to Disturbance

Terrestrial habitats are most susceptible to disturbance from structural protection works which change the
topography of the backshore or which result in the removal of vegetation.

An important characteristic of the shoreline for mammals such as raccoons, deer, moose, fox and skunk is the
availability of drinking water.  Therefore these areas are sensitive to any changes that may affect the safe access
of animals to the water's edge.  This may include changes to the topography or slope that restricts access, or the
clearing of vegetation which removes the protective vegetative cover.  The clearing of vegetation may also
increase the susceptibility of the backshore to erosion and may disrupt wildlife movement corridors along the
shoreline.

Beach dunes are susceptible to a number of stresses.  The beach wave zone receives nutrient and energy
inputs from the body of water.  The presence of washed up vegetation, fish and other organisms results in
significant local nutrient inputs to the beach zone for plant growth and for many scavengers.  Beach cleaning and
sweeping results in the removal of this material.

Turtles, snakes and other herpetofauna utilize the shallow water, beach and backshore areas of the shoreline.
These creatures serve an important role in providing food for both higher and lower levels of the food chain.
Tadpoles, turtle hatchlings, frogs and toads are a very important food source for many species of marsh birds,
fish and riverine animals.  Many herpetofauna begin the decomposition phase by feeding on carrion and plants
that other animals have left.  Herpetofauna habitat includes driftwood, debris, quiet backshore lagoons,
vegetation and rock crevices which provide necessary cover and protection.  The removal of this material,
particularly the removal of shoreline vegetation and dredging of soil, reduces not only the food sources available
to herpetofauna but also places stress on other organisms.

b) Wetlands

Wetlands, which interface between aquatic and terrestrial environments, are defined as lands where the water
table is at, near or above the land surface long enough each year to support the formation of hydric soils and the
growth of hydrophytes, as long as other environmental variables are favourable.
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Shoreline wetlands provide an important source of fish and wildlife habitats.  Shoreline wetlands types include:

  . Open Shoreline Wetlands usually exist as a hydrophytic vegetation fringe adjacent to the
shoreline.  The fringe generally tends to expand inland or
lakeward in response to lake effects such as wave action.  The
dominant vegetation is usually emergent, however submergent
vegetation may also be present, although not necessarily
bordering on the shoreline.

  . Unrestricted Bays are characterized by a marshy fringe along a bay shoreline,
having natural protection from such lake effects as wave action.
Depending on its size and depth, the whole bay could be
vegetated.  Submergents can be a part of those vegetative
communities.  This wetland type also includes typical open
shoreline areas that are sheltered by an island or peninsula.

  . Shallow Sloping Beach Wetlands are typically areas with very gentle to almost flat slopes on sand
substrates.  Very small variations in lake levels have
widespread effects on vegetation zones.  Sand bars, if present,
provide some wave protection.

. Function and Significance

Wetlands serve many important functions within the ecosystem.  These functions, which may be described as
the biological, physical and socio-economic interactions that occur in an environment as a direct result of the
properties of the wetland, include:

  . groundwater recharge and discharge;
  . flood and/or erosion damage reduction;
  . shoreline stabilization;
  . sediment trapping;
  . nutrient retention and removal;
  . food chain support;
  . habitat for fish and wildlife;
  . corridors for wildlife movement; and
  . social and economic benefits.

Along the shorelines of large bodies of water, wetlands can act as a buffer between open water and uplands.
The dense root systems and stems of wetland vegetation break up wave energy and stabilize the shoreline as
well as trap silt and organic materials carried by overland runoff.

Wetlands help to purify water by converting nitrates and phosphates into protein and other nutrients and putting
oxygen back into the water.  Recent research indicates that plants growing in wetlands may act as a sink for
heavy metal contaminants such as mercury, lead, zinc and copper by trapping them in their roots and removing
them from certain foodchains, but not from the foodchains of herbivores (i.e., some waterfowl and fish).

Wetlands are important to the productivity of the entire ecosystem.  They provide essential habitat for a wide
variety of plants and animals.  Many forms of wildlife depend on wetland habitats for resting, breeding and
feeding.  For example, one of the most important habitat requirements for waterfowl is access to shallow waters
that contain extensive beds of submerged aquatic vegetation and that produce high numbers of small aquatic
invertebrates.  This provides a high-quality diet for egg-laying females and actively growing young.  Wetlands
with a high proportion of edge between emergent vegetation and water, such as found in the shoreline in quiet
bays and inundated backshore areas, provide particularly good waterfowl habitat.  These areas are highly
sensitive to disturbance from the removal of aquatic vegetation, prolonged fluctuations in water level and shifts in
substrate material that may cover benthic invertebrates.
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Waterfowl also depend on wetlands for feeding and resting areas during their spring and fall migration. 

Reptiles and amphibians return to wetland areas to breed.  The invertebrates that form the food of birds and fish
also rely on water for most if not all phases of their existence and are most numerous in wetland areas.  Many
other plants and animals live in areas adjacent to wetlands and are directly dependent on them for survival.

Wetlands serve three major kinds of functions for fish communities.  They provide breeding grounds, nursery
grounds, and act as a source of food and provide cover from predators, especially for young fish.  Most species
of freshwater fish are dependent on wetlands for one or more of these functions.

Wetlands provide essential habitat for a wide variety of endangered species.  Some of the threatened and
endangered species, nest in marshy areas of lakes and feed on small wetland-dependent fish species.
Wetlands also provide valuable renewable resources of fur, wild rice, fish, bait, cranberries and game.  They are
rich in plant and animal life and are ideal for scientific studies and educational purposes.

. Susceptibility to Disturbance

Human impacts on wetlands vary depending on the scope, intensity and duration of the impact.  The most
serious type of impact results in the total displacement or removal of the wetland (e.g., infilling or draining).  This
results in the loss of the wetland functions in that area and may have indirect effects, such as increased flooding
on adjacent areas.

The loss of wetland areas creates isolated patches of wetlands.  The greater the distance between these
patches, the fewer number of bird species that are attracted to each wetland area.

Wetlands are also sensitive to fluctuations in water levels.  In most shoreline wetlands, cyclic changes or
fluctuations in water levels are required to stimulate plant regeneration, promote diversity of plant growth, and
encourage the release of nutrient material from organic debris through oxidation.  When water levels are
controlled for an extended period of time (about seven years), the productivity of the wetland declines.

Some species utilizing wetlands are highly sensitive to disturbance.  For example, many birds require
undisturbed habitat during the nesting season from May to June.

c) Aquatic Habitats

The topography and physical processes of large inland lakes give rise to a variety of nearshore and offshore
substrates which in turn provide habitats for small aquatic organisms, fish and wildlife.  For example, erosion
over time on a bedrock cliff may cause chunks of rock to break off and fall into the shallow nearshore area.  The
flood prone beach low plain, on the other hand, frequently provides conditions suitable for growth of submerged
and emergent aquatic vegetation.  Sediments that have accumulated over time in shallow protected
embayments often provide excellent conditions for wetlands which in turn provide significant habitats for fish and
wildlife.

Fish have evolved to carry out their life processes (i.e., reproduction, feeding, rearing of young) in specific
habitats.  Smallmouth bass, for example, lay their eggs in exposed rock/cobble areas and guard them until they
hatch.  Pike, however, leave their eggs among vegetation in sheltered areas where they remain hidden until they
hatch.

Many fish species found in Ontario are near the northern limit of their range and as a result have very specific
habitat requirements.  Therefore, knowledge of the aquatic habitat or bottom substrate type along a piece of
shoreline can be used with some certainty to predict its importance to the fish community of the lake.

Fish habitats adjacent to areas along the shorelines of large inland lakes which have undergone development
(e.g., urban, recreational, resource extraction) are subject to numerous stresses.  Loss of significant habitat for
certain species has resulted in severe declines of those species.  Of particular note is the destruction of
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shoreline wetland areas which have been dredged or filled to create hard shorelines to support residential
development, marinas and ports and farmland.

The federal Fisheries Act provides for the protection of fish habitat from harmful alteration, disruption or
destruction.  A framework for habitat protection is provided in the Policy for the Management of Fish Habitat
(DFO 1986).  The long-term policy objective is the achievement of an overall net gain of the productive capacity
of fish habitats.  This objective can be met through fish habitat conservation, restoration and development.
Fundamental to the conservation goal is the guiding principle of "no net loss".  When a fishery resource and its
supporting habitat are put at risk by a proposed undertaking, a hierarchy of preferences will be used to achieve
no net loss.  The first preference is the maintenance of habitat without disruption and may be achieved through
the redesign or relocation of the project or use of suitable mitigation measures.  If this is not possible or practical,
compensation measures will be required including like-for-like compensation, or replacement of habitat off-site.
The least preferred method of compensation is artificial production to supplement the fishery resource.

In Ontario, MNR is responsible for administering and enforcing the Fisheries Act and implementing the Policy for
the Management of Fish Habitat (DFO 1986).  Approval must be obtained by DFO for any project that may result
in the harmful alteration, disruption or destruction of habitat.

. Function and Significance

The importance of aquatic habitats in the shorelines of lakes and rivers for fish spawning, feeding and rearing
activities has long been acknowledged.  The littoral zone, that area where light reaches the bottom enabling
photosynthesis in algae and aquatic plants to occur, is particularly important.  Plants and substrates such as
cobble and boulders add structure and diversity to the aquatic habitat by providing attachment surfaces for the
small aquatic organisms upon which fish feed (e.g., insect larvae, snails and other aquatic invertebrates).  They
also provide protective cover for small fish species and young-of-the-year, enabling them to hide from predators.

Aquatic habitats in the nearshore/offshore areas of large inland lakes can be broadly classified based on the
surficial nearshore substrate.  The surficial substrate is the material found in the top layer of the lake bottom.  In
some cases the surficial substrate will be the same as the underlying controlling substrate as discussed in
Section 3.  In other areas, the surficial substrate has been deposited by coastal processes acting along the
shoreline reach and are not the same as the underlying or controlling substrate.  A surficial substrate such as
sand overlying a controlling substrate such as a cohesive material is an example.

The five categories of surficial nearshore substrate are as follows:

  . bedrock This surficial substrate is generally flat and hard and provides habitat for few
species.

  . cobble/boulder This surficial substrate consists of large rocks on a hard surface and provides
significant spawning and nursery habitat for many species (e.g., salmonoid
species such as lake trout).  Larger aquatic invertebrates such as crayfish and
dragonfly nymphs favour this habitat and provide a food supply for predators
such as rock bass and smallmouth bass.

  . sand/gravel This surficial substrate consists of small particles which provide good spawning,
feeding and nursery habitat for a variety of fish species and bottom-dwelling
organisms upon which they feed.  Where physical conditions are suitable,
aquatic plants may grow in these areas and provide rich and diverse habitats for
a wide range of aquatic organisms.

  # fine-grained cohesive This surficial substrate is a hard packed fine-grained material with a significant
proportion of clay and silt material as well as sand and gravel.
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  . silt/organic This surficial substrate is generally found in sheltered or deeper areas where
sediments are allowed to settle; where physical conditions are suitable, aquatic
plants may become established and increase the productivity and diversity of
these areas for aquatic organisms.

Typical characteristics for each of these habitats are shown in Figures 9.2 to 9.7.

Aquatic habitats can also be discussed in terms of exposure to wave action.  Open coast areas are unsheltered
and are exposed to extensive wave action, resulting in a relatively hostile environment for aquatic organisms.
These habitats occur to some degree throughout Ontario’s Lakes and generally provide living space for the
same fish species throughout all lakes.  There are, however, some differences in the resident fish communities
of these lakes which are influenced by the physical characteristics of the lakes themselves (e.g., shoreline
configuration, depth, coastal processes, chemical and temperature regime, etc.).  These areas are also
susceptible to hypolimnetic upwellings, which result in cold subsurface water introduced to the warmer
nearshore area.  These upwellings may affect the survival rate of warmwater species inhabiting the nearshore
area.

Open coast areas generally support a coolwater and coldwater fish community.  Some of these species are
migratory and may utilize reefs and shoals for natural reproduction (i.e., lake trout, lake whitefish, lake herring).
Prey species, including alewife and smelt, also occupy these areas seasonally, particularly during spawning
runs.  The action of waves on the shoreline also provides oxygen to the shallow nearshore area.
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Other areas of the shoreline such as river mouths, estuaries and embayments are sheltered from the open coast
effects.  The deposition of fine materials in these areas often allows the establishment of aquatic vegetation.
Warmwater fish communities typically utilize these refuse areas.  Warmwater fish may also utilize nearshore
zones as linkage corridors when migrating between warmwater production areas.

. Susceptibility to Disturbance

The susceptibility of each of the surficial substrate categories to disturbance is summarized on Table 9.1.

Open coast areas are susceptible to changes which affect the wave zone.  The most important open coast
habitats are usually rocky areas in deeper water that are kept clean of fine sediments by current and wave
action.  Where this is disturbed, the suitability of the substrate for spawning declines.

TABLE 9.1
Aquatic Habitat in the Large Inland Lakes:

Susceptibility to Disturbance

Surficial Substrate Susceptibility to Disturbance

Exposed Bedrock   � not sensitive to disturbance

  � in exposed, open coast areas the nearshore area may be utilized for spawning by alewife
and whitefish

  � low productivity for aquatic organisms (e.g., fish and invertebrates) due to lack of habitat
structure

Cobble/Boulder   � moderately susceptible to sedimentation and alteration from removal or disruption of
rock/cobble substrate

  � provides spawning substrate for a variety of warmwater species (e.g., smallmouth bass),
and coldwater species (e.g., lake trout)

  � provides habitat structure and diversity for aquatic organisms

Sand/Gravel   � moderately susceptible due to potential for movement of substrate which can change
habitat character and productivity

  � moderate productivity for aquatic plants and benthic organisms

  � provides habitat for a variety of warmwater fish species

Fine-Grained Cohesive   � not sensitive to disturbance

  � hard-packed surface has limited internal spaces for invertebrates

  � often exposed to wave activity

  � low productivity for aquatic organisms due to lack of habitat structure

Silt/Organic   � highly susceptible to removal of aquatic plants or disruption of currents and/or wave action

  � high productivity in areas where aquatic plants growth or organic litter occur

  � provides habitat for a very wide variety of warmwater fish species

  � wetlands may occur in these substrates if topography and other conditions are suitable

  � generally found in sheltered embayments and estuaries
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9.3 Biological Impacts Related to Shoreline Protection Works

The gradual encroachment of human developments has impaired the shoreline ecosystem in many areas.  The
impacts expanding urban shoreline areas are cumulative and, as such, may be overlooked until it is too late to
recover sufficient habitat for wildlife and nearshore fish and aquatic communities.  It is essential that
environmental concerns be considered as an integral part of managing the shoreline, and not as an isolated
study component at a later stage in a project.  If environmental concerns are to be satisfactorily dealt with, they
must be considered at all stages of the land use planning process, from formulation of alternative strategies
through to plan implementation.

9.3.1 Criteria to Evaluate Impacts on the Shoreline Ecosystem

The impacts on the shoreline ecosystem resulting from the installation of flood and erosion protection works can
be considered according to a number of criteria including importance, spatial extent, duration of impacts,
recovery, mitigation, and cumulative effects.

a) Importance

This criterion addresses the significance or the value attached to the potentially affected area as a result of such
things as its location, uniqueness or importance for wildlife.

There are areas along the shorelines of large inland lakes that are identified as having high value or significance
due to the special functions or habitat they provide.  Examples include endangered species habitat, spawning
areas, Areas of Natural or Scientific Interest (ANSI), Provincially and locally significant wetlands and
Environmentally Significant Areas (ESA).  Any activity that has the potential to impact on these areas requires
attention.

Possible data sources include, ESA reports, ANSI reports, Official Plan documents, and wetland inventories.

b) Spatial Extent

The environmental impacts associated with shoreline structures can occur in the immediate site vicinity as well
as further updrift and/or downdrift of the site.

Impacts in the immediate vicinity of the work can result from both large-scale activities (e.g., construction of a
large breakwater at a harbour entrance) and small scale activities (e.g., clearing of vegetation for a revetment).

Typical on-site environmental impacts of protection works include:

  . placement of fill material which covers aquatic plants and bottom substrates resulting in disturbance to
various aquatic habitat and food supplies;

  . change to topography and nearshore substrate upon which fish species may spawn (e.g., cobbles);
  . alteration of water levels in periodically flooded areas which may restrict spawning areas and waterfowl

habitat;
  . removal or clearing of shoreline vegetation which provides shade, bank stabilization, and habitat for wildlife;

and
  . removal of material from the nearshore such as boulders, cobble, and stumps can affect habitats and feeding

grounds by reducing the potential of food organisms.

Typical effects to updrift and downdrift areas result from physical processes such as release of sediments into
the water column; and changes in sediment supply and alongshore sediment transport.
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The release of sediments into the water column may cover essential spawning habitat, restrict light penetration,
reduce the visibility for fish species, reduce submergent vegetation growth and may result in increased egg
mortality.  Persistent turbidity may also impair feeding efficiency of filter feeders such as mussels and clams and
in the long-term effect the growth and survival of resident fish species.

There are numerous potential impacts on the biological community resulting from changes in sediment transport.
For example, existing sand bars and shallow water areas protect the shoreline from significant wave and ice
action and provide quiet, protected areas for the establishment of aquatic vegetation, benthic invertebrate habitat
and nursery areas for fish.  The removal of this protective material may result in the loss of this habitat.

The increased deposition of fine material carried in alongshore transport also influences the downdrift areas.
Aquatic macrophytes that provide fish habitat may be covered.  Due to the continued addition of material, new
aquatic growth may be restricted.  The mouths of small streams that serve as fish migration routes may be filled
in making passage by fish difficult.

Other effects on updrift and downdrift areas include disruption to the nesting habitat of bird species which may
be sensitive to noise and disturbances in the surrounding area.

c) Duration of Impact

This criterion addresses the length of time associated with the activity and its possible impact.  An impact can be
described as being of either short-term or long-term duration.  Protection works generally have a defined design
life, and as such it is perhaps more useful to discuss temporal aspects of the potential impact on the environment
based on the life phase of the structure under consideration.

The three key phases are construction-related activities, operation and function of the structure during its design
life, and post design life.

Short-term impacts are generally associated with construction activities and may often be avoided through
project design or construction practices.  For example, during construction it is often necessary to build access
roads to the shoreline.  These may require the clearing of vegetation thus increasing the potential for erosion.
These areas may be restored/rehabilitated to their original condition after construction so during the design life
phase, these impacts no longer occur.  The construction phase often involves the highest level of disruption to
the site vicinity compared to the other phases. Noise, dust, trampling of vegetation, and increased sedimentation
are all examples of short-term construction-related impacts.  The disturbances to local wildlife, waterfowl and fish
can be avoided or minimized by planning activities around critical nesting and spawning periods.

Long-term impacts are generally related to the project design and occur during/following construction.  For
example, the direct loss of a fish spawning bed by the placement of a groyne would be considered a long-term
impact.  During the life of a properly constructed and designed structure which is not situated in a sensitive or
critical area, the most prevalent type of impact will be associated with indirect effects in the updrift and downdrift
areas, such as changes to alongshore transport.  There is potential to incorporate mitigation measures to the
design of a structure to significantly reduce impacts.

During the post-design life phase, the structure is no longer functioning as designed.  Impacts during this stage
may be more difficult to predict and will likely occur on-site, as well as updrift and downdrift.

d) Recovery

The susceptibility of habitat and its ability to recover following a stress placed on it must be considered.  For
example, the re-establishment of a small area of shoreline vegetation when a construction access road is no
longer required, may be quick and require little input.  Other impacts, such as the alteration of drainage patterns
to a wetland may be irreversible.
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e) Mitigation

Standard practices may be available to alleviate or reduce impacts of an activity.  Mitigation measures can be
employed during the construction phase and in the design of the protection works to reduce impacts on the
environment.  The net environmental impact or residual impact of a structure is therefore lessened.

Mitigation may include changes to the project design, rescheduling of construction activities to avoid critical
periods (i.e., nesting, spawning or migration), or the use of well established methods of reducing or controlling
impacts.  It is important to differentiate those impacts which can be controlled through mitigation and those for
which it is not possible.  For example, the use of silt curtains during construction may be effective to reduce
sedimentation in the site vicinity.  The loss of spawning substrate by the construction of a vertical seawall may be
more difficult, or even impossible to mitigate.  Mitigation measures should favour the use of soft-engineering
approaches wherever possible.  Soft-engineering approaches combine elements of the natural system with
structural methods.  Section 8 outlines bio-engineering techniques that may be implemented on large inland
lakes.

When standard mitigation measures will not substantially reduce impacts (i.e., a loss of habitat occurs),
compensation for displaced habitat may be required.  This may involve the replacement of similar habitat on-site
or in a suitable location off-site.  Compensation plans for any destruction or alteration of fish habitat must be
approved by the Department of Fisheries and Oceans (DFO).

In order to provide a truly integrated, innovative and effective design, one should consider the following design
principles, where appropriate:

  . enhance, rehabilitate or create aquatic, terrestrial or wetland habitat;
  . use a diverse landform (i.e., undulate the landform to provide a variety of slopes, exposures, elevations,

orientations and aspects; and
  . diversity of substrate types in combination with varying bathymetry encourages a variety of aquatic

vegetation communities.

f) Cumulative Effects

The impact from the proposed activity may be minimal, however, the addition of this new impact on an already
stressed ecosystem from a previous activity may cause serious degradation.

9.3.2 Definition of Major and Minor Environmental Impacts

Potential impacts can be categorized as either major or minor, based on the importance of the ecosystem
affected, the spatial extent of the impact, the recovery rate of the ecosystem, the potential for mitigation and the
consideration of cumulative effects.  For the purpose of these technical guidelines, the definitions of major and
minor are as follows:

  . Minor impacts  are those which can be mitigated, that is, the proposed structure/activity will cause
impacts which can be mitigated through changes in design and/or timing of activity.
Confining impacts to what is considered a minor (as opposed to a major) level is
contingent upon having an impact of short duration, availability of mitigation practices, a
high rate of recovery, and a low potential for spin-off effects.

  . Major impacts  occur when the structure/activity has significant long-term or permanent adverse impacts
on the net productivity of the habitat on or off site.  A major impact occurs when the rate
of recovery of the habitat is low, there is a high potential for spin-off or indirect effects
and/or the area affected is considered to be critical habitat.
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9.3.3 Potential Biological Impacts Resulting From Protection Works

The environmentally sound management of shorelines requires that the change to the physical processes
associated with protection works be understood, but also that the impacts of these processes on the biological
environment be considered.  Specific physical impacts for various protection works were identified in Section 8.
In this section the potential biological impacts will be identified.

The location of protection works (e.g., onshore, backshore, or nearshore) dictates to a large degree the
biological community which may be potentially affected.  For example, structures which occupy the onshore
have a greater probability of directly affecting terrestrial habitat than the fish and aquatic habitat in the area.
However, the indirect impacts of protection works located on the onshore on aquatic habitat must also be
considered.  For example, fish and aquatic habitats and wetland areas may be affected by the disruption of
surface and groundwater drainage, or an increase in erosion and sedimentation resulting from onshore works.  

The physical impacts associated with protection structures located on the onshore, backshore and nearshore are
summarized on Table 9.2 and are discussed in more detail in Table 9.3.  The potential for biological impacts on
aquatic habitat, terrestrial habitat and wetlands are indicated.    

Table 9.3 provides a general summery of typical physical and biological impacts of protection works and
measures that could be carried out to mitigate these impacts.  Readers of this Technical Guide must note that
the information provided in Table 9.3 is general in nature and is intended to serve as a guide in
identifying potential impacts and possible mitigation measures.  The discussion is not exhaustive, and
impacts which require specialized mitigation measures may occur in site-specific cases.     Table 9.3 is
made up of 3 tables, th first, Table 9.3a, provides information on onshore structural protection works (e.g., filling
and dyking) , the second, Table 9.3b, on backshore structural protection works (e.g., revetments and seawalls)
and the third, Table 9.3c, on nearshore protection works (e.g., beach nourishment, groynes, artificial headlands,
and detached breakwaters).
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9.3.4 Assessment of Major and Minor Impacts

Based on the descriptions of ecosystem susceptibility to disturbance (Section 9.2.1), and potential effects on the
biological and physical environment (Section 9.3.3) an assessment of the potential level of impact (e.g., major,
minor, none) can be made.

As discussed in Section 9.3.2, major impacts occur when a protection measure occupies a portion of the shore
considered to be sensitive from a biological standpoint and where habitats and their associated communities
may be permanently lost.  Exceptions may occur when the area disturbed is not considered to be biologically
productive.

The potential impacts to terrestrial habitat from protection work generally occur as a result of changes to the
onshore or backshore topography.  Changes to the slope or material, or the removal of protective cover (i.e.,
vegetation) may limit the access of wildlife from upland areas to the water's edge and may also restrict
movement from one portion of the shoreline to another (i.e., migration corridors).

Other related impacts include the clearing of vegetation which provides a source of food and disturbance to
wildlife during critical periods (i.e., nesting, migration).

Generally, impacts to terrestrial habitats from protection works are of a minor nature.  Protection works may be
designed to allow for the movement of wildlife from upland areas to the shoreline.  The removal of vegetation
should be minimized and may be re-established to provide suitable habitat.  Construction periods should avoid
critical seasons.

Impacts may be of a major nature if the proposed site is located within an important wildlife habitat area.  These
may include the habitat of an endangered species.  Other habitat areas of local or regional significance should
also be determined. 

The potential for impacts to wetland communities occurs when a protection work directly displaces a wetland or
wetland vegetation or from indirect impacts such as filling and dyking the onshore.  The area most affected by
the latter activity occurs in the periodically flooded zone landward of the protection work during high water levels
(separately or annually).  This zone may support aquatic vegetation and be used for spawning and nursery areas
for fish species such as pike and nesting sites for waterfowl.

The result of such an impact will be of a long-term duration and is considered major.  The provincial policy
addressing wetlands (i.e., Policy 2.3, Provincial Policy Statement, May 1996) prohibits development in
provincially significant wetlands and requires an environmental impact statement to be completed for proposed
work in the 120 m area adjacent to the wetland.  The location of provincially significant as well as other locally
significant wetlands is available at District MNR offices (see also Glooschenko et al.,1987).

The potential for impacts resulting from protection works is generally the greatest on fish and aquatic habitat.
These range from direct impacts on the habitat from the placement of a structure on the nearshore to indirect
impacts due to increased sedimentation, decreased supply of new coarse material to the nearshore area, etc.

Protection works which cover existing habitat (nearshore substrate) should be considered major.  These impacts
are of long-term duration and may occur in an important spawning, nursery or migration area.  Any harmful
alteration, disruption or loss of fish habitat requires compensation and approval by DFO.  The District MNR
Office should be contacted regarding possible critical habitat areas.

Indirect impacts on aquatic habitat occur predominantly from changes to the erosion and depositional patterns.
As discussed in Section 9.2, some nearshore substrates are more susceptible to disturbance than others.  The
magnitude of this type of impact is greater in sand/gravel environments, typically where supply of sediments is
the greatest.  The potential for major physical effects is also great in gravel/cobble/boulder nearshore of beach
environments.  Cobble/boulder substrates are also important to the fish and aquatic community.  The many
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crevices of this substrate provide protective cover for species such as crayfish, etc., and spawning activity for
many fish species.

The impact on substrates such as bedrock and fine-grained cohesive may be of a minor nature as these areas
are not as susceptible to disturbance and are not generally as biologically productive.

Table 9.4 summarizes the level of impact (none minor, major) that is likely to occur on the terrestrial, wetland and
aquatic habitat of the shoreline ecosystem if a particular protection work were put in place.  Onshore, backshore
and nearshore locations are considered, as are the various types of shores and nearshore substrates.  These
are discussed in Table 9.5
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9.4 Glossary of Terms

The following terms and their definitions are intended for the purposes of the interpretation and implementation
of the shoreline policy and supporting technical guidelines:

  . Biodiversity is a short form for biotic or biological diversity and refers to the variety of wildlife
species, the genetic variability of each species, and the variety of different
functions they perform.

  . Ecosphere the thin layer at the surface of the earth in which life is possible

  . Ecosystem the physical and biological sphere of the environment comprised of terrestrial
and aquatic organisms and their physical environment.  

  . Effect a change to the existing environment, and may be either positive, negative or
neutral.

  . Environment can be generally defined as air, land, water, plant and animal life including man,
and the social, economic and cultural conditions that influence the life of a
community.

  . Environmentally 
Sound 
Management refers to those principles, methods and procedures involved in addressing the

protection, management and enhancement of the shoreline ecosystem which
are used in disciplines such as geology, geomorphology, botany and zoology
and applied in the study of coastal processes, vegetation, wildlife and aquatic
habitat resource management.

  . Habitat is the combination of living and non-living things which provide a particular
species with the resources it needs to complete its life-cycle; soil, water, air,
rocks, rain, heat and the other plants and animals which provide the food
needed for survival.

  . Impact a detrimental change to the environment.

  . Wild Life includes all wild mammals, birds, reptiles, amphibians , fish, invertebrates,
plants, fungi, algae, bacteria, and other wild organisms
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