=z
S
S
=
=
=
<
T
~ad
=
=)
=
2]
50
<
=
=
<P]
=
)
P
S
=
7




NOOqpPUBH JUIWASEUR]A] UIPIOYS

saperion




Ow ................................ mpﬁHmﬁHHmNVOnHQHHHH .H@nHﬁﬂquﬂﬂrHuquoz - DHH@HHHQOH@\V@Q mqﬂpmﬁumm
mm ....................................... OH‘_'@ mﬂp-muvm mgp HH..H.M&HH.-H.NE _ pHHm.HHHQO.Hm.NVwQ mq“ﬁﬂmHNm
wm ......................................................... @.ﬂ.ﬁHHMWH UerN.mHIH Qoqmom OHHHHd.ﬁHhQ w . m . m
@M .................................................................... M:.”.HHH._H‘H .DpHdeHlH qo._”monHm N.m.m
mm ................................................................... P._”HHHH_.H UerNdm mHH..H.UOOHrm .H .m . m
mn ................................................ mUPH.MNdm .Ho HHO..H.PHH@\VO#H& - pqmaQOHQNV.QQ gmz
Nm ............................................................................ mHHOHPﬁnHm.DHw.HHOO HdnHO.mHm.mv
@N ............................................................................ mwgogmmm ® Uo mggﬂomm

Nkm .................................................................... mvHOpo.N—m HHO..HmonHm nH@H\Hu.O w.m.m
mm ............................................................................... mHHOHP._”UHHOO ®OH Nh .N.N
ANJ._N ............................................................................ uvHHmHHHONVOE UHH.mm @.N.m
mm ................................................. mwpd.m ﬁHOHmwmomm m.ﬁHH._HO.HOHHm O...VHOQMMHIH m.m.m
HN ........................................................ mgﬁggou.nHQNVo .UHH@ Qﬁg.m ®>.m>> %-N.N
@ ._” ........................................................................................... mm&%mg. m . & . N
m._” ................................................................................. m.ﬂm\VmﬂH er.HmE N.N.N
H ._“ ..................................................................... mp.mnHPmQ.,D.w mHH..m._HOpHDHHOO .—” .N .m
H ._” ................................................................................. mmmmmoogm m.ﬁHH._HmnHOQm
@ ................................................................... HHO.HP.MOH'HHWW@MD mgﬂﬂmpogw N . H . N
m ............................................................................ mqﬂupmm ,_“.mo._”mo.moww H . H .N
m ............................................................................ mgﬁﬁmmﬂo,ﬂ_ﬂm mwgﬂgﬁg m&..m_‘H

g'a
7'e

2’3

12

mooocooocoococc..-ouoo.oooQoooo .FHOMWO."H .v.ﬂﬂ“ goo.”h Oaﬂo.ﬂﬁm gﬂ“ﬂ.moﬂwu.nbll & ZOHBUHm

.H 0 0000000000000000000E000E0000000000000000000000000000000E000000000000000000000 go.mﬂ.cs..vckﬂ”.-HH - ﬁ ZO“BUHm

Moooooooo0oo..oooo-oocnootocooooouocolo-ooo-oo-c-o-oo.'o-ooo-ao-ou.o.uo.-a-n.oooo.o.oo.oo mpguﬁuwuﬂﬁg.ogoq

S1U9U09

JOOQPUBH 1USUWISeFBURIN aUl[od0oys Sadiuurpy e




Lake Winnipeg Shoreline Management Handbook

3.8
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3.7.8 Stable Slope and Hazard Allowances

3.7.3 Beach Nourishment and Lakebed Armouring
(Replicate the Shoreline Processes)

3.7.4 Groynes, Detached Breakwaters and Artificial Headlands
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Heavy Protection Structures
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Light Protection Structures
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West Shore Beach

7|

2.1.2 Shoreline Classification

Based on the geological setting, the south basin of Lake Winnipeg can be divided into three basic
shoreline groups:

* lacustrine clays underlain by till along the west shore;
*  sandy boulder fills along most of the east shore; and

* wind and water sorfed sand deposits along the south shore and at a number of locations on the
east shore.

These three groups are briefly described in the following paragraphs in the context of the west, east and
south shores. The three basic groups can be subdivided into twelve shoreline types. The distribution and
description of the twelve different types is provided in Appendix I.

West Shore

The west shore consists of low sand and mixed sand-gravel beaches in the north, giving way southward
to extensive low cliffs fronted by narrow sand and gravel beaches. Willow Point, the most prominent
littoral feature along the west side of the south basin, is formed by a
boulder-lag platform. On the north side of the Point, a transgressive
sandy barrier is moving onshore over the back barrier marsh. South
of Willow Point, the shore is heavily developed and extensively
modified by shore protection structures.

The soil profile af the shore generally consists of a shallow depth (1to
20 ft, or 0.3 to 6 m) of lacustrine clay underlain by clay fill {(see Figure
2.1}. Afurther description of the distribution of the soil profiles along
the shore is presented in Appendix |. The lacustrine clay is relatively
stone free and highly erodible. The underlying fill contains significant quantities of coarse particles -
sand, gravel, cobbles and boulders. The quantity of coarse particles remaining after the fine grained
particles - silt and clay — have washed away varies along the shore but is typically only 15% to 20%. The
remaining sand deposits are typically concentrated in a narrow band adjacent to the shoreline where
they may be 1.5 to 4 feet deep (0.45 m 10 1.2 m). The sand layer is normally only 0.5 ft deep 100 ft
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East Shore

Shorelines along the east shore are more
variable and complex and are generally higher
than the west shore. They include glacial
outwash deposits consisting mainly of sands,
lacustrine clays and silts, and boulder-rich clay till
(see Figure 2.2}. The beach profile between
elevation 713 ft and 718 ft has a slope that
generally varies from 1:20 to 1:40. Offshore
profiles are variable with some armoured by
cobbles and boulders. The eastern shoreline
material is approximately 90% to 95% coarse-grained. Erosion of the fine-grained material from the
boulder rich till material leaves a significant lag deposit of cobbles and boulders, forming armoured
headlands.

s

Cobble Beach at Halcyon

North of the Winnipeg River, the east shore of the south basin is relatively low and characterized by a
succession of shallow embayments between rock or boulder-lag headlands. Mixed sand and gravel
beaches and low erosional scarps fringe the embayment shores. Shallow gravelly washover veneers
are present at some headland locations. Vegetation extends down across the upper beach in some
places implying a period of reduced wave runup. Colonizing vegetation also commonly extends into the
water on gravel shoal platforms and headlands.

Figure 2.2 - Example of soil profile along east shore

Black River is located approximately midway along the
east shore of the south basin. The river edges are low-
lying with predominant areas of marsh vegetation and
Sand ¢ some bedrock outcrops. Local observations indicate that
gravel the width of the river has increased over time and
Cobbles ¢ adjacent areas have become submerged. Areas that
boulders were once hay fields have now become wetlands.
Houses and a school building close to the river were
reportedly abandoned decades ago due to increasing
water levels.

?|
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Figure 2.4 - Lake Winnipeg Shoreline at

Brokenhead River and Triple Creek

Location of former cotfages,
mouth of Brokenhead River

The transgression of the shoreline and the effects of wind sefup result
in long-term and short-term flooding of the shoreline areas. For
example, in the vicinity of the Brokenhead River, the barrier island
shoreline is generally less than about 3 ft (1 m} in height but varies
between 80 ft (25 m) to more than 300 ft {100 m} in width. It has
experienced historic shoreline recession rates of 10 ft/yr to 24 ft/yr (3
m/yr to 7.3 m/yr). Airphotos from 1946, 1968 and 1987 show that the
mouth of the Brokenhead River had retreated inland in the order of
650 10 1000 ft (200 to 300 m) (see Figure 2.4). Triple Creek now flows
directly into Lake Winnipeg. Cofttages visible in the 1946 airphoto are
no longer present and their foundations are now under water.

East of Pruden Bay, the shoreline has undergone significant changes
due to long-term increases in the water level. Airphotos from 1929
show hay fields south of the barrier island. By 1946 the hay fields
appeared to be gone and by 1996 they had given way fo marsh and
open water.
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In the nearshore areq, lakeward of the water’s edge, wave action reaches down to the lakebed, breaks
apart the cohesive material and erodes the lakebed downward (see Figure 2.5). The very small particles
of silt and clay are set loose but are too small fo remain in the high energy breaking wave zone at the
shoreline and are washed into deeper water offshore where they seftle fo the bottom. It was noted in
Section 2.1.2, that along the west shore the clay and silt particles accounted for 80 to 85 percent of the
soil at the shoreline. In this manner, the downward erosion or downcutting of the cohesive shoreline is

irreversible; the silt and clay particles cannot be “stuck back together” — the shoreline cannot accrete {i.e.,
move lakeward). The remaining limited volume of sand material is moved along the shore by waves {see

Section 2.2.6).

The downcutting is greatest in the shallow water at the shoreline and diminishes as you go into deeper
water offshore. It is estimated that erosion of the nearshore profile in Lake Winnipeg's south basin
extends out to depths of about 8 ft to 12 f (2.4 m o 3.7 m) below the long-term mean water level.  As the
downcutting continues, the toe of the bluff at the shoreline is undercut. The bluff slope becomes over-
steepened and collapses resulting in recession of the crest. The slumped material is removed by wave
action.
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Lake Winnipeg Shoreline Management Handbook

Dynamic Beach Shorelines

Beach shorelines are simply extensive deposits of cohesionless materials, such as sand, gravel and
cobbles, that have been transported and deposited by waves, currents and wind. “Dynamic beach”
shorelines are those beach shorelines that have enough sand and gravel such that any underlying
substrates are not exposed to erosion. Much of the south shore and parts of the east shore consist of
dynamic beach shorelines (see Section 2.1.2).

a) Normal Conditions b) Initial Storm Erosion at Storm Lake Level
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Lake Winnipeg Shoreline Management Handbook

Natural seasonal changes follow an annual cycle with peaks in the late spring or early summer, due fo
spring runoff, and lows in the late fall or winter. In any given year, the difference between the highest
monthly mean and the lowest monthly mean for that year typically ranges between 1 ft to 2 ft but has
been higher than 4 fi {prior to regulation} and as low as 0.5 ft.

Due fo isostatic rebound over the last 7,700 years, the northern outlet of Lake Winnipeg is rising at a
quicker rate relative to the southern end. Isostatic rebound is the action of the earth surface springing
back up following the removal of the immense weight of the glacial ice sheet. With the upwards tilting of
the north end, the water level in the south end increases and the water body transgresses southward
over the land. Estimates based on radiocarbon dating of peat deposits and trees suggest the mean
water level in the south basin has been rising approximately 8 inches per century (20 cm/century) over
the last three hundred years.

Figure 2.7

Monthly Mean Water Levels on Lake Winnipeg
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Lake Winnipeg Shoreline Management Handbook

Wind setup values were estimated from recorded data for Gimli and Victoria Beach by subtracting
recorded hourly water levels from the daily wind-eliminated water levels for the period 199110 1999. The
estimated wind setup values (also known as storm surge) and return periods for Gimli and Victoria Beach
are presented in Figure 2.9. It can be seen from this figure, that the wind setup values at Gimli and
Victoria Beach are similar. The 10-year and 100-year return period wind setup values are about 3.5 ft (1.1
m) and 4.5 ft (1.4 m) respectively. There is a 93% risk that a 10-year return period event will be equaled or
exceeded at least once over a period of 25 years. A 100-year return period event has a risk of 22% of
being equaled or exceeded af least once over a period of 25 years.

At other locations around the south basin, the magnitude of the wind setup values relative to the values
for Gimli and Victoria Beach will vary due to local conditions. At sites on the western shore, north of Gimlj,

Figure 2.9 Wind Setup (Storm Surge) Return Periods at Gimli and Victoria Beach (1991 to 1999)
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Lake Winnipeg Shoreline Management Handbook

deep water just offshore of any given location or stretch of shoreline. Based on wind records from April
1978 to August 1999, a deepwater wave hindcast estimated that the maximum significant wave heights
around the south basin are approximately 6 to 7 ft. (1.8 m to 2.1 m) with peak periods of 5 to 6 seconds.

Nearshore Waves

For those contemplating shoreline protection, the wave conditions at the shoreline are of greater interest
than the deepwater waves. As the offshore waves move from the deepwater to the nearshore, the water
depth gets shallower and the waves will begin to be affected by the lake bottom. Thus, the nearshore
wave conditions will vary from the offshore waves due to the effects of shoaling, friction and refraction.

Generally, shoaling decreases the length and velocity of the wave but increases the wave height. In
shallow water, some of the increase may be offset as a result of energy losses caused by friction with the
lake bottom. Friction becomes more significant on gently sloping shorelines where the distance over
which the wave shodls 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. 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. The maximum significant wave heights in the nearshore are typically 3 to 4 ft
(1to 1.2 m).

A graphic description of the process of wave refraction, for explanatory purposes, is provided in Figure
2.11. Within this graphic, wave “rays”, or “orthogonals”, are shown as lines drawn perpendicular to the
wave crest at all points. In deep water the wave orthogonais are equally spaced and thus the wave
energy between the orthogonals is also equal. As waves approach the shoreline and the wave crests
bend to conform more closely to the underwater contours, the orthogonals are concentrated on
headland areas and spread out in the bays. Therefore it can be seen that wave energy, and hence wave
height, is greatest af the headlands and smallest in the bays.
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Lake Winnipeg Shoreline Management Handbook

Therefore, some waves will runup more than the significant wave runup. A reasonable approximation of
the limit of wave runup is about 1.4 times the significant wave runup value and may be marked by the
limit of wave debris (e.g., driffwood) and vegetation along the shoreline. Typical significant wave runup
values for various shore structures are shown in Figure 2.13.

A) Wave Runup B) Wave Overtopping
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Figure 2,12 - Wave runup and overfopping
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Figure 2.13 - Wave Runup on various structures
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Lake Winnipeg Shoreline Management Handbook

with a sufficient depth of sand and gravel cover (i.e., a “dynamic beach” shoreline; see Section 2.2.1}, the
movement of material is limited to the top layer of the sand and gravel. On a cohesive shoreline (see
Section 2.2.1}, erosion of the insitu soil material provides the sand and gravel. The type of soil eroded
determines the size and quantity of beach material generated.

The alongshore sediment transport at six sites on Lake Winnipeg was estimated using a computer
model. Table 2.2 presents the average annual transport to the south and to the north at each of the six
sites along with the net average annual fransport rate and direction. The net transport is the difference
between fransport in each alongshore direction. At two of the sites, two different shoreline orientations
were considered.

Alongshore transport at the west shore is limited because of the minimal amount of sand and gravel at
the shoreline. As pointed out in Section 2.1.2, the sand is normally only 6” deep 100 ft offshore. Although
the sand deposits are thicker along the south and east shorelines, the sand and gravel is also ,
concentrated near the shore.

Table 2.2 - Average Annual Alongshore Transport

Site Site Name Shore | Grain Size | Transport Transport | Net Transport | Net Transport
Azimuth [ Dso(mm) | North (m®yr)|  South (m*lyr) Direction
(myr)
1 |Traverse Bay 20 0.18 4,000 6,000 2,000 South
2  |Lester Beach 318 0.3 8,100 12,100 4,000 South
3 |Halcyon 260 0.2 2,600 16,000 13,400 South
4  [Matlock 71 0.17 300 3,300 3,500 South
53 0.17 500 3,600 3,100 South
5 [Spruce Sands 102 0.25 2,000 1,700 300 North
94 0.25 1,600 2,000 400 South
6 |Hnausa 120 0.5 1,400 900 500 North

* Azimuth is the angle measured
from north clockwise to a line
perpendicular to the shoreline
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Above left: Groundwater flowing out of
toe of bluff at Lester Beach, Above: Slope
instability, Traverse Bay Left: Slope failure
at Halcyon Cove
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Vegetation

Vegetation cover on a slope is the primary defence against soil erosion and is very important to long-
term erosion protfection (see Figure 2.15). Vegetation protects against surface erosion and shallow
translation slope slides by:

¢ holding, binding, or reinforcing the soil with a root system;
removing water from the soil by uptake and transpiration;
reducing runoff flow velocity;
reducing frost penetration; and/or

* the butiressing or reinforcing action of large tree roots.

By reducing surface erosion, the likelihood of shallow instability is also decreased. Vegetation also
improves the visual aesthefics of a shoreline slope and is a vital part of the ecosystem. Slope stability can
be decreased by the removal of stabilizing shore vegetation. This may be of particular importance where
tree roofts, especially the smaller and more numerous tree roots which provide a binding strength for any
sedimentary layers they enter, may have been removed. By the cutting of frees in these areas, the
naturally cohesive strength and anchoring force may be lost.

Shaliow roots provide  Figure 2.15 - The Role of Vegetation

a favourable habitat for  on the bluff slope
the establishment of

deeper rooted shrubs Vegetation removes water
and trees 7| from bluff areas through
- uptake and transpiration

runoff  Vegetation slows runoff and acts
as a filter to catch sediment
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e Work with the natural processes (groynes, artificial headlands, detached breakwaters)
*  Oppose the natural processes - armour the shoreline

> Heavy profection structures le.g., heavy stone revetments, concrete and steel sheet pile
seawalls)

> Light protection structures (e.g., light stone revetments, fimber cribs and bulkheads,
gabion walls). ,

The steps to selecting the most appropriate shoreline management approach are outlined in Figure 3.1
and further described in this section.
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3.2 General Considerations

Prior to determining which shoreline management approach is best suited for a given site, it is
appropriate to review some general considerations.

Consider the Long-Term Average Erosion Rate

Consider the total amount of shoreline erosion that is likely to occur over the next 20 to 50 years. The rate
of erosion may vary greatly from year to year. Do not consider short time periods of minimal or no
erosion as an indication of the real extent of the erosion risk. On the other hand, significant and alarming
erosion often occurs during storms at high water levels. Average annual recession rates are outlined in
Appendix ll.

Consider Prevention and Relocation

Where possible, the preferred shoreline management approach is prevention; namely, locating
development landward of the shoreline hazards. Structural protection is not necessary for development
that is located landward of the hazardous lands since the development will be reasonably safe from the
flooding, erosion and dynamic beach hazards. In areas of existing development, relocation should be
given serious consideration. The advantages of prevention and relocation over structural protection
works are:

. greatly reduced construction, maintenance and replacement costs;
. no negative impacts fo the environment or downdrift shorelines;
. natural aesthetics and amenities of the beach at the shoreline are preserved; and

. no need for approvals.

Consider the Effect of the Structure on the Beach

For many, the “beach” is a significant part of the aftraction of shorefront property. When the landward
movement of an eroding shoreline is arrested by a structure, the unprotected area in the front of the
structure continues to erode and to deepen. On an eroding shoreline, any beach in front of an armoured
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Consider Coordinated Efforts with Adjacent Properties

To be most effective, shoreline protection works must be coordinated with the adjacent properties (see
Figure 3.2). The lack of, or the level and type of protection at adjacent properties must be considered. It
is of little value fo provide wave runup 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. 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. Through coordinated
construction, overhead costs, material prices and the actual amounts of construction can be reduced.

Figure 3.2 Importance of a
Coordinated Approach
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In Section 2.2.2, it was noted that the mean level for Lake Winnipeg
Flooding Hazard Limit has exceeded 715.5 ft only twice since regulation and that wind setup
Flood Allowance greater than 3.5 ftis rare. Combining these values of mean lake level

- and wind setup results in an estimated flood level of 719 ft.
Fonded Level Due to - :
Wave Overtopping

In addition, for shorelines where flooding and/or wave action

overtops a natural bank or protection works, causing ponding

fandward of the flood level, the flood allowance for wave runup and

afeer EZS 127 1 other water related hazards must be determined (see Figure 3.4] by
means of an appropriate analysis.

Figure 3.4 - Flooding Hazard

3.3.2 Erosion Hazard Limit

Estimating the limit of the erosion hazard invoives the calculation of the sum of the allowance for a stable
slope plus an allowance for erosion based on the long-term average annual recession rate {see Figure
3.5

Stable slope was discussed in Section 2.2.8 and involves consideration of the soil material and layers in
the biuff, the bluff height, the presence of ground water and other factors. For preliminary purposes, d
slope of 1:3 (i.e., for every 1 ft you go vertical, you go 3 ft horizontal) could be considered as a safe
estimate of the stable slope. The actual stable slope at a site may be steeper or flatter but it will depend
on the site conditions and should be assessed by a geotechnical engineer.

The erosion allowance provides for the ongoing erosion of the shoreline over a given time period, say a
planning horizon of 100 years. The long-term average annual recession rate (see Section 2.2.5} is
determined based on calculations of the long-term shoreline erosion (without protection in place} for the
area in question, excluding the effects of shoreline protection, over a sufficient period of time to provide a
reasonably representative and reliable rate.
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3.3.3 Dynamic Beach Hazard Limit

The dynamic beach hazard is concerned with the natural response of the beach and dune system to
high water levels and storm waves as discussed in Section 2.2.1. The dynamic beach hazard is defined
as the landward limit of the flooding hazard {flood level plus a flood allowance for wave runup and other
water related hazards) plus a dynamic beach allowance that would generally extend to the landside
base of the first main foredune plus an erosion allowance (see Figure 3.6). The erosion allowance is
particularly important for transgressive shorelines (see Section 2.1.2).

The dynamic beach hazard is only applied where there is sufficient beach material for the shoreline to
respond as a dynamic beach. Ifitis not a dynamic beach, it should be treated as a cohesive shore. As a
guide, the dynamic beach hazard should not be considered in situations where: beach or dune deposits
do not exist landward of the water line (e.g., land/water interface); beach or dune deposits overlying
bedrock or cohesive material are less than 0.3 metres in thickness, 10 metres in width and 100 metres in
length along the shoreline; and where the maximum fetch distance measured over an arc extending 60
degrees on either side of a line perpendicular to the shoreline is less than 5 km and in other areas of
restricted wave action where wave related processes are too slight to alter the beach profile landward of
the waterline.

Dynamic Beach Hazard Limit .Y 100 yr Erosion

Allowance

¢ Dynamic Beach Allowarice,
- »

: Flooding {15 m)
Mo Y.
: Allowance”

(5 m)

~Flood Level :
-7 ‘\ . F e

719k “Base of first. .
IR main foredune for wave runup and other
e water related hazards

- 'Figure 3.6 Dynamic Beach Hazard Limit (atter OMNR 1996)
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Lake Winnipeg Shoreline Management Handbook

3.5 Existing Development -
Nonstructural Improvements

3.5.1 Bluff Slope Grading, Vegetation & Drainage Improvements

Grading the bluff slope, planting stabilizing vegetation on the bluff slope and/or controlling drainage of
surface runoff and groundwater flow are considered nonstructural shoreline management options. On
their own, these measures are insufficient to address an erosion hazard on a shoreline that is eroding
primarily due to wave action except possibly in very low wave energy environments.

In situations of bluff instability, a professional engineer qualified in geotechnical engineering should be
consulted. When applying bluff measures, 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 possibly septic systems.

A brief outline of some of the various bluff measures include:

Vegetation and bioengineering: 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. It can
improve the visual quality of a shoreline area and provide wildlife habitat. Bioengineering combines
structural measures (e.g., timber cribbing) with live plant materials in order fo stabilize the slope face.
Native plant species, which are compatible with the local flora, should be used.

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

Internal drainage improvements: Where internal drainage (groundwater) is causing bluff erosion and
instability, the drainage can be improved by interceptor drains, french drains or file drains.

Grading slope: Where the existing bluff is oversteep and unstable, the bluff can be graded to a flatter

slope. Grading is often accompanied by drainage improvements and revegetation.
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3.7 Existing Development -
Structural Protection Works

3.7.1 Overview

Where flooding or erosion seriously threatens valuabie buildings or land, and nonstructural shoreline
management alternatives are truly not feasible, it may be necessary to consider structural shoreline
protection works. Structural protection works involve the construction and/or placement of significant
additional structures and/or materials at the shoreline.

Where structural protection approaches are considered, assessments on a reach-by-reach basis li.e.,
areas of similar shoreline types) are more likely to lead to an overall protection strategy that is in keeping
with the shoreline processes. It should also be noted that shoreline processes do not recognize
individual property boundaries, and as such, protection works should be coordinated with the adjacent
properties.

At sites with low recession rates {say less than 1 ft/yr), addressing the hazard over the long-term may be
viable by implementing suitable structural protection works accompanied by a stable slope allowance
plus other setbacks, or hazard allowances that may be deemed to appropriate. Aftention should be
given to landside erosion considerations, as these may be a factor in the shoreline recession. The
protection works must be properly engineered taking into consideration all the appropriate design
factors.

In areas of moderate recession rates {say 1to 2 ft/yr), protection works become less viable both in terms
of functional performance and costs and benefits. Downcutting of the cohesive shore becomes an
increasingly important factor in the lifespan of the structure. Practical construction practices (e.g., depth
of water, slumping of excavated trench sides, access) limit the depth to which the toe of a structure can
be excavated to provide a sufficient base elevation for protection against downcutting.

Along cohesive shorelines with high (say 2 to 4 ft/yr] to severe (say greater than 4 ft/yr) average annual
recession rates, structural protection works that safely reduce the erosion hazard over the long-term will
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3.7.3 Beach Nourishment and Lakebed Armouring
(Replicate the Shoreline Processes)

Characteristics of Nourishment Region &
Sediment Loss Pathways

Losses From End
of Nourshed
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The best approach to arrest shoreline erosion is to replicate, or copy
the natural shoreline protection provided by beaches and cobble/
boulder lag deposits through beach nourishment and lakebed
armouring respectively. These two options require significant further
study to determine their viability as long-term, cost-effective
shoreline management options for shoreline property owners on
Lake Winnipeg. If feasible, they would typically be applied on a
much larger scale than one individual property owner and would
require specialized coastal engineering study and design.

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. The
grain size diameter of the imported beach sediment generally
should be the same or larger than the native material to reduce the
rate of erosion of the imported material after placement. The beach
material would typically 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 (Figure 3.7).
Without the retaining structures, maintaining the placed beach
material would be very difficult in areas of rapid erosion li.e., fine-
grained cohesive shores) or where no previous beach existed {i.e.,
bedrock shores).

Figure 3.7 Beach Nourishment
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Lake Winnipeg Shoreline Management Handbook

“aftract” beach material that does not exist. This can be a substantial concern in areas where increasing
shoreline protection further decreases an already limited sediment supply. Groynes, including prefilled
groynes, are easily emptied of the protective beach material at times of rising water levels when cross-
shore transport during storm events moves the material offshore beyond the end of the groyne. Material
moved offshore beyond the end of the groyne will be quickly carried away as alongshore transport. To
effectively protect the nearshore profile of the cohesive Lake Winnipeg shoreline from downcutting,
groynes would typically have to extend beyond a depth of about 8 to 12 ft {2.4 m to 3.7 m) below mean
lake level which is several hundred feet offshore. Groynes of such length are not likely; many of the
groynes on Lake Winnipeg are much less than 50 ft to 100 ft (15 to 30 m) long. Therefore it is expected
that groynes would generally not be considered as long-term solutions along the cohesive shores of Lake

Winnipeg.

As noted, groynes are intended to trap alongshore beach material, if it exists. Trapping results in less
beach sediments at the downdrift shorelines. The trapping will continue until the compartments of a
groyne field are filled. Once the structure is “full”, bypassing of sediments will occur. To mitigate the
downdrift effects, groynes should be pre-filled with imported beach material and then refilled with
additional imported material when they are “emptied” by storm acfivity.

Structures placed in the nearshore, such as groynes and artificial headlands and detached breakwaters,
may result in currents that deflect the
coarser fraction of the alongshore littoral
transport from near the shoreline to the
nearest nearshore bar in deeper water
{see Figure 3.10). In deeper water, it is
more difficult for the waves to move the
coarser materials back to the shoreline.
Thus the material is moved along the bar,
past the immediate downdrift property,
and is only slowly returned to the shoreline
further downdrift. The offshore diversion of
the littoral material results in a deficit of
material immediately downdrift. The
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Lake Winnipeg Shoreline Management Handbook

have also been referred fo as headland breakwaters, headland-bay breakwaters and pocket beach
breakwaters. As with beach nourishment and groynes, arfificial headlands and detached breakwaters
typically require a cooperative approach of many adjacent properties and an intensive design effort.

3.7.5 Armour the Shoreline (Oppose Natural Processes)

Structural options that armour the shoreline, such as revetments and
seawalls, form a physical barrier, or “last line of defence” between the
natural shoreline processes and the onshore property. These
structures directly oppose the natural processes.

Armour stone

Revetments are sloped shore parallel structures that are built to
prevent the direct aftack of waves at the toe of a bluff. The outer
protective layer typically consists
of large “armour” stones {see
Figure 3.13). Revetments rely on
R . the mass of the armour stones
« 10 withstand the forces of the
waves. As waves impact the
structure, energy is dissipated
as the water moves over the
rough, permeable sloped face
of the structure, and through
the voids between the armour
stones. The land behind the
structure is thus protected
from wave attack.

Armour Stone Revetment at
Spruce Sands
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structure, thereby putting the stability of the structure at risk. If downward erosion of the nearshore is
significant, the onshore structure will eventually be undermined (see Figure 3.15). This is of particular
concern along cohesive shorelines with moderate to
"Protected" shoreline severe recession rafes.

Backshore protection When the retreat of a cohesive shoreline bluff is
stopped for a period of time by the construction of a
protection structure, the downcutting of the nearshore
profile lakeward of the revetment/seawall continues
unabated. The lakeward profile continues to erode
and to deepen and any beach that was present will
gradually diminish in width and likely will disappear
altogether.

Figure 3.15 Undermining of Shore Protection

e

Shoreline protection and loss of beac
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3.8 Caution with Structures on a Dynamic
Beach

On dynamic beaches (see Section 2.2.1), wave action and other water related hazards such as wave
spray and ice action could impinge directly on buildings, roads, and other facilities, or indirectly affect
structures by removing beach material, which supporis foundations, footings and piles. The simplest,
most effective and most desirable approach to addressing the hazard is fo 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; see Section
3.3.3). 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 the natural dynamic beach profile adjustment,
they will be protected from wave-related hazards. At sites where there is a measurable recession rate or
evidence of long-term shoreline recession, an additional setback of 100 times the average annual
recession rate should be used [see Figure 3.6).

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 removal of 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.

The preferred order to addressing the hazard on dynamic beach shorelines is outlined in the following
paragraphs.

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 can not be relocated and are located near the
landward margin of the dynamic beach hazard limit and are subject to wave action only
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Lake Winnipeg Shoreline Management Handbook

4.1 Heavy Protection Structures

4.1.1 Armour Stone and Boulder Revetments - Preferred
Structural Alternative

Armour stone or boulder revetments have advantages over many other forms of shore protection,
because they can be designed to provide a high level of protection fo a bluff under most conditions
encountered on Lake Winnipeg. n most instances the use of larger armour stones or boulders (not fo be
taken from the lake bed) and a high crest elevation will provide a stable structure, which protects the
backshore from erosion and storm wave runup damage for a period of time. This type of structure can
also be designed to accommodate some of the ongoing downcutting of the lake bottom, thus providing
relatively long-term protection to the backshore. However, this will have a significant impact on the
capital construction cost, although annual maintenance cost will be reduced.

Advantages of Rock

Shoreline protection structures built of and/or armoured with rock have a number of advantages when
compared with other materials and forms of construction including:

*  durability - quality rock withstands wear and attrition well and is ideally suited to the coastal
environment;

*  ascoastal rock structures are porous and generally have shallow sloping faces, they readily absorb
wave energy and reduce adverse scour;

*  rockstructures are readily modified to take into account changing environmental conditions:

*  even with limited equipment, resources and professional skills, rock structures can be built that
function successfully;

*  rockstructures are flexible, and can adjust to settlements. If design conditions are exceeded,
damage is typically progressive;

*  repairs are relatively easy and generally do not require very specialized equipment. If properly
designed, damage may be small and repairs may only involve work to reset displaced stones;
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Lake Winnipeg Shoreline Management Handbook

filter layer and geotextile — fo prevent fine soil material in the embankment from being washed out
through the voids in the armour layer. This is done through the use of various layers of smaller rock
and a geotexdfile filter fabric. ,

The design and installation of protection works must allow for access to the protection works for
appropriate equipment and machinery for regular maintenance and/or repair purposes. Typically, the
width for access should be in the order of 5 m and should extend both along and to the shoreline.
Quality control must be exercised during construction; the designer should review construction. The
completed protection works should be monitored periodically to ensure that any problems are detected
in a timely manner, and corrective action is taken.

Revetment Design Life

The design life of revetment structures is typically governed by the stability of the toe of the structure li.e.,
downcutting and scour} and the durability of the armour stone or boulders. It has been assumed that if
the construction and materials are of good quality and the structure is properly maintained, the limiting
factor will be the downcutting of the lakebed in front of the revetment. It is estimated that a properly
designed, constructed and maintained armour stone revetment could have a design life in the order of
20 to 50 years. ,

Preliminary Design of Revetments

As noted earlier, a revetment structure can be designed to accommodate the effects of erosion of the
nearshore lake bottom. To illustrate the impact of this process on the magnitude and cost of revetment
structures, preliminary designs have been prepared with design lives of 15 to 20 years and 25 to 50
years for nearshore wave heights of approximately 5.0 ft and 5.5 ft respectively. Nearshore downcutting
was estimated assuming a typical nearshore profile and bluff recession rate of 3 ft/yr. Cross-sections for
the structures are shown in Figure 4.1.
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15 to 20 YEAR NEARSHORE EROSION MAINTAIN SAFE SETBACK

(for average annual bluff recession 3 ftiyr) CREST PROTECTION FOR <70 BUILDINGS =

NOTTOSCALE .l..l./
WAVE OVERTOPPING
Establish vegetation

2 LAYERS, 300 to 500 kg — to reduce surface erosion

ARMOUR STONE*
~——CONTROL

DESIGN WATER LEVEL . SURFACE

719.5' (includes wind setup) RUNOFF
—

COMPACTED FiLL
FROM TRENCH

1&" THICK FILTER LAYER of
&"to 10" RIP RAP

ALLOWANCE FOR MINIMUM NON-WOVEN

NEARSHORE EROSION GEOTEXTILE approx. $350

* Sourd, durable, dense, angular imestone. If grante boulders used, 2 layers 400 to 700 kg per foot

251050 YEAR NEARSHORE EROSION
(for average annual bluff recession 3 ft/yr) CREST PROTECTION FOR
NOTTOSCALE WAVE OVERTOPFING

2 LAYERS, 400 to-700 kg Establish vegetation
ARMOUR STONE* to reduce surface erosion

MAINTAIN SAFE SETBACK
& TO BUILDINGS =

© CONTROL
Umm,®z<<>._‘mmﬁm<mr . , “ mCWm>0m

719.5" (includes wind setup) ’ RUNOFF

. S ]
: N COMPACTED FILL
AVERAGE WATER LEVEL 713.5' SO FROM TRENCH

@jmﬂm EROSIO e - ] 8" THICK FILTER LAYER Of 8" to 10"

MINIMUM .
ALLOWANCE FOR NON-WOVEN

NEARSHORE EROSION GEOTEXTILE approx. $500

* Sound, durable, dense, angular limestone. If granite boulders used, 2 layers 500 to | 000 kg per foot

Figure 4.1 ~ Stone Revetment: Preliminary Designs
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very complicated fo build, requiring anchoring of the walls to prevent overturning and/or very deep
penetration depths for pile structures.

Based on the preceding discussion, in particular the possibility of increased nearshore erosion due to
wave reflections, it is recommended that revetments be constructed rather than seawalls. This
recommendation applies to both long-term erosion protection, as well as to storm wave runup protection
li.e., "light” protection).

4.2 Light Protection Structures

Light protection structures do not provide long-term shoreline protection. Light protection structures on
the beach are similar to the heavy structures described above but they have less resistance to severe
wave attack. They are slightly less costly but have a reduced design life and maintenance is required
more frequently. They may also take up most of the beach.

Light protection structures above the beach may be utilized for protection against storm wave runup as
long as they are located sufficiently landward of the water’s edge so they are not exposed to direct wave
attack. These structures have the advantages of being less costly, generally, than the other types of
structures and of leaving more of the beach for recreational purposes. However, their design life is
significantly less than heavy structures and they are much more susceptible to damage. Maintenance is
necessary more often and toe erosion in particular could be a significant problem.

4.2.1 Light Revetments

Stone Revetment: Stone revetments are sloped
structures built with layers of stone. They are the
preferred method when armouring the shoreline is
necessary as the last resort and when stone is
available in sufficient size and quantity. Stone
revetments are effective structures for absorbing
wave energy. Their naturally rough surface reduces




"2{DJBPOU BID SISO BIUDUBUIDUI PUD PajIW| SI 4oDaQ BY} JO SN "UolDIoUBIEP PUD Bulsn

04 123lgNs 810 SIPW UOIJOY |93} BIDQ O} PADZDY D BID SBIIM UBXO0I] JO SPUS ‘Alpuoiippy “pebiswagns
10 padD|dsip 81D SpEYSDA JI IINJIYIP 8G ADW 3IOM JIDday "UISdU0D JUDdIUBIS D S| 821 AQ 8BDWDP [DIIUSI0d
Juswaaow Jybiis Ag pebowbp jou pup a|qixayy 810 sy Aj9SO[D PaMO||o} 8Q PINOYS SUOHINIISUI
sJainpojnuowi ay| uoydejold Jo adAy y@sinoA-j1-op, poob b sb ayp1 Asyy os pup pauinbai i juswdinbs
UolINSU0 |pads ON "PauIn|qo 8q Jouund azis Jadoid sy} jo dpidu aseym ad0|d Jiey) Ul pasn aq

Aouws pup sadojs doidu sp sesodind aWDS By} 9AIBS SJUBUIBAI IDW UOIGDY) "SYI0. JaIBWDIP Ydul-8ulu

O}-INO} YHIM Pa||lj SIYSDQ SO .M 8|GDJIDAD A||DI2JBWILIOD 31D SIPW UoIqno TUSUIBASY JOVY UoIgoo

400y Jod 06§ 4502 apunxosddo Yooag aAoqy judwiaAdy doidiy :uoyd810id Jybi
€'t aInbly
(352)) IONYLSIA
0} 0Oc¢ Ol 0 Ol 0¢ oe oy

| | | | | | | | @o12

Ois
- A m
T i i =
e T | L T T e . . L w1 2) 0
AR AR : 5 —r - imf[ll . —-0cs =
............................................. K - punoJs [euibuo 9
473 ~. | . &

_\_O_Lm,q deadry Yoy &2 I :AEEOU
_ wzz2)
| we [ ws) lwe) ) _ —0es
GCYpUD YLy

suolpas Ul papiroid 8o 8zis doudl pup uoido 80} By} JO S|IDIBP JaYind "¢ 94nB14 Ul UMOYS S| jUBUIABI
doidu Jyb1 yonag-ayl-eAoqo Uy ANIDIS JO 8YDS By} 10} [DIIHSA BUO O} [DJUOZIIOY 931} UDY} Jodas)s

89 Jou pjnoys sedojs dpidiy "pepasuU 81D SYINJ} PUD B0UNIDJ D UDY) Jayio ‘Juswidinba jppads ou puo
PaJ02I[dWIOD JOU S| UOINISUOD “Jaj|l} PUD BZIS BUOJS ‘SUOISUBWIP dY} 91D SUOKDISPISUOD UBISap A9y ay).

"Yya08q ay} Jo 8sn sy} il Aow Asy] “pasinbai s) Juswidinbe AADaY @sND28Q 1PNIISUOD v

O} Jjno1Yip 840 ASY} pajiwl| S| SS920D dJaYM “palindau Ajippas Ajpnsn a1p Asy) ‘pabowiop §| ‘Way} usypam
J,uop sjuawiarow Jybis ‘a|qixs|} 810 Asy} asnpdeg "sabpjS Ul PajINSU0d aq U ASy) PuD dnuns SADM

SUBIseg AIeurwiradd — suI[eIoyg ays SUINOWIY — IJNOJ UO0I}088




Lake Winnipeg Shoreline Management Handbook

4.2.2 Bulkheads

A bulkhead differs from a seawall in that, while it also separates the land and water, it is not intended to
be subject to the full impact of the waves. Bulkheads tend fo be of lighter construction than seawalls and
are typically constructed from light steel sheet piles or timber. Bulkheads are mostly constructed with little
consideration of the wave forces and as such are generally not recommended for use along shorelines
exposed to direct wave aftack.

Timber Bulkhead
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Lake Winnipeg Shoreline Management Handbook

Gabion Bulkhead: A gabion bulkhead is constructed by stacking gabion baskets on top of one another,
wiring them together and filling them with stone. Gabions are commercially available wire mesh baskets
filled with four fo nine inch diameter rocks. Figure 4.5 illustrates a gabion bulkhead above the beach.
Gabion walls are advantageous where space limitafions do not permit sloped structures. They can be
constructed without special equipment, and are flexible. No special construction equipment is required
and so they rate as a good “do-it-yourself” type of protection. The manufacturer’s instructions should be
followed closely. They are flexible and not damaged by slight movement. Potential damage by ice is a
significanf concern. If a lower gabion basket is ruptured and loses its rock fill, overlying baskets may sag
or collapse, making any repairs difficult. Access fo and use of the beach is limited. The baskets are
subject to rusting. Maintenance costs are moderate.

Figure 4.5 - Light Protection:
Gabion Wall Above Beach
730 —| _ ©m | @m| (em) ©@m |
(222m)
= O:&Bm_ Ground - 36" Gabion 7235
w .l.l.l:“!-@: mww_o—\_ ..................................... -
Mu 700 — wl 719
O iom
g
&
o
710 -Lx _
@iem | _ | | | I | |
40 30 20 10 0 10 20 30
approximate cost: $50 per foot DISTANCE (feet)

Rock-filled Timber Cribs: As their name implies, rock-filled timber cribs are structures made by building
timber frameworks and filling them with rock. The intent is to build them back from the waterline against
the bluff. Figure 4.6 shows a rock-filled timber crib. Timber cribs are advantageous because they are
easily constructed of readily available material and are relatively inexpensive. They lend themselves to
staged construction and the protection of short reaches. Maintenance work is easily accomplished. If
the timber used in construction is unfreated it will eventually rot, limiting the structure life. The vertical

walls induce scour at the base making adequate toe protection crucial.
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Timber Wall Wave Screens: Timber wall wave screens are intended to be used in conjunction with

another structure. They provide a relatively inexpensive way fo
protection offered at the top of a structure. Figure 4.7 illustrates

increase the degree of wave overtopping
a 3 ft high timber wave screen.

Figure 4.7
Three Foot High Timber Wave Screen
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z 720 —=— s
O (@iom |
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710 _
@iem | _ f | | _ i |
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approximate cost: $40 per foot

{notincluding riprap revetment)

4.2.3 Selection of Light Protection Structure Option

Determining Lake Level and Land Elevations

In determining which type of structure is best suited for your ne

eds, the first step is to sketch a profile of

your property showing the biuff, the beach, the waterline and the underwater slope. To defermine the
elevation of the waterline, drive a stake into the ground at the water’s edge on the morning of a calm day
and request the lake level for that day for the gauge closest to your property from the Manitoba Water
Resources Branch in Winnipeg (Telephone 204-945-6398).
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Consider how the remaining structures will affect your property.  Will it take up foo much of the beach?
What will happen to the beach over time? Will you find it unsightly? How will the structure be
coordinated with the neighbours? Will the structure have any negative impacts? Will maintenance costs
be high? Is there adequate access to facilitate construction and future maintenace?

Professional Engineering Services

After weighing the pros and cons of each structure choose one that is best suited to your needs. Consult
a qualified engineer to prepare the final design. ,

Approvals and Licenses

Before constructing any structures along the shoreline, the ownership of the land on which the structure is
to be built should be determined. This can only be done by examining the Certificate of Title for a
property to determine the limits of the property and by establishing the limits of the property in the field.
In many cases it will be found that a strip of land generally 99 ft wide called a Crown Reservation or
Public Reserve exists between the waterside boundary of a cottage lot and the shoreline. The Reserve
may belong to the Province, a Rural Municipality, a Local Government District or Town, which may
establish bylaws governing the use of the Reserve. The significance of the matter is that the owner of the
property adjacent to the Reserve has no right to construct works on the Reserve or to do anything which
might interfere with the use of the Reserve by others unless such rights are granted by the authority
having jurisdiction over the Reserve. For this reason approval should be sought from the appropriate
authority before constructing any structures on land not owned by the builder.

The builder should check with the local government authority to determine whether a building permit is
required for the proposed construction.

Where the proposed structure extends into the water or where it may interfere with navigation the builder
should check with the Canadian Coast Guard to determine whether a permit or exemption is required
under the Navigable Waters Protection Act. Under the federal Fisheries Act, it is an offence fo cause a
harmful alteration, disruption or destruction of fish habitat. Additionally the builder should determine the
ownership of the underwater portion of the land required for the structure and obtain any necessary
easements.
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2. Adequate Height: It is important that a structure is built high enough so that wave overtopping is
reduced thereby reducing the risk of erosion behind the structure. To determine how high a structure
should be built, three factors are considered: the design lake level, the design wind setup, and the
design wave runup.

The design lake level is the maximum lake level the structure is designed fo tolerate. With regulation, the
mean levél of Lake Winnipeg is to be kept below 715 ft in so far as possible and has seldom exceeded a
level of 715.5 ft. The design wind setup is the maximum wind set-up a structure is built to tolerate.
Relatively few wind setup events exceeded 3 ft while a wind setup of 3.5 feet is seldom exceeded. Table
4.2 includes the design lake levels for various structures.

The maximum wave runup a structure is designed to tolerate is the design wave runup. Table 4.2 shows
the design wave runups for different structures. The top elevation of a structure is found by summing the

design mean lake level, the design wind setup, and the design wave runup. The top elevations of

different structures are shown in
Table 4.2.

TABLE 4.2
Preliminary Design Parameters for Light Protection Structures
Type of Light Structure
Protection on Beach Protection above Beach
Bottom Elevation 713.01t 718.0 ft The recommended elevations for the
(not including toe apron) top of shoreline protection given in
ommﬁ: _<_mm= Lake Level 715.0 ft 715.5 ft this fable are generally acceptable
Design Wind Set-up 3.0ft 351t .
Design Wave Height 4t 3t for the South Basin. However, for the
Design Wave Runup most southerly portions, where the
Vertical Walls . 6 ft effects of setups are most extreme,
3:1 Riprap Slopes 4 it 3t the addition of up fo one foot may be
Stepped Walls - 4.5t advisable.
Top Elevation
Vertical Walls - 725.0 ft
3:1 Riprap Slopes 722.0 1t 722.0 ft
Stepped Walls - 7235 ft
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4.2.5 Materials and Construction

Following is a brief discussion on material and construction specifications.

1. Riprap: The riprap should be dense, durable rock that is not subject to excessive weathering. Table 4.3
specifies riprap sizes for various structures.

TABLE4.3
RIPRAP SPECIFICATIONS
Type of Structure Riprap Size
D
UBmx Omo min

Light riprap slope on beach 26" 16" 8"

Riprap slope above beach 20" 12" 6"
Note:

1. Dyyis the diameter of rock such that 50% by weight of the rocks are larger and 50% by weight
are smaller. ,

2. Do is the maximum rock diameter and D,,, is the minimum diameter.
3. The thickness of the riprap layer is 2 times Dy, Care should be taken to insure that there are no
areas with a lesser thickness.

4. For field control purposes, 15% of the rock by count should be between D,,,, and Dy, and 85% of
the rock should be between D., and D,,,;,.

2. Gabions: Gabions are available commercially from several sources. To be effective gabions must be
assembled and attached to one another according to the manufacturer's recommendations. The rocks
used to fill gabions must be durable and not subject to excessive weathering. Gabions must be tightly
packed. The more angular the rock, the better it will pack. As has been noted, gabion baskets will
eventually rust because abrasion by sand and friction with the rock fill wears off galvanizing or other
protective coatings. Ice action can severely damage gabions so they should not be placed where ice is
likely to reach them.
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Lake Winnipeg Shoreline Management Handbook

Development practices should adapt to the shoreline processes and be setback from the shoreline
beyond the limit of flooding, erosion and dynamic beach hazards. Relocating an individual house or
cottage at risk should be considered as a viable alternative when feasible.

Structural protection works that attempt fo replicate the natural processes fi.e., beach nourishment and
lakebed armouring) and structural works that attempt to work with the natural processes (i.e., detached
breakwaters, artificial headlands and groynes) require detailed study and would typically be applied on a
much larger scale than one individual property owner. Many of the groynes constructed on Lake
Winnipeg are ineffective because they are too short to trap enough sand to protect the cohesive
nearshore profile and/or there is not enough beach material available in the littoral system. Along
shorelines with sufficient littoral fransport, groynes negatively impact downdrift areas by trapping
material and reducing the sediment supply and by deflecting littoral material into deeper offshore water.

A properly designed, constructed and maintained revetment structure can effectively stop erosion at the
water's edge for a period of time. Application of this approach requires careful consideration of the lake
bottom erosion. A revetment can also be used to protect shorelines from storm wave runup damage,
and can be designed to provide this protection even under extireme conditions. However, a revetment
will not provide any recreational benefit to the shoreline, and may in fact reduce access and result in a
reduction of existing beach deposits. Armouring the shoreline with a revetment or seawall will arrest the
bluff recession for a period of fime but it does not reduce the erosion of the nearshore profile. Eventually,
the structure will be undermined. The toe of a shoreline structure must be sufficiently embedded to allow
for nearshore downcutting.

On an eroding shoreline, the beach in front of an armoured shoreline will normally diminish in width over
time, as the nearshore profile erodes, and the beach will eventually disappear. Beach loss may be
accelerated by wave reflection from the structure. Sloping stone revetments result in less wave reflection
than smooth, impermeable, vertical seawalls. Protecting shorelines from erosion reduces the supply of
sediment that helps to form the beaches.
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Lake Winnipeg Shoreline Management Handbook

Backshore

The part of the shore or beach that is usually dry extending from the limit of wave uprush at the average
annual high water level o either: the place where there is marked change in material or physiographic
form; or the line of permanent vegetation (usually the effective limit of storm wavesl; or the high water

mark.

Bathymetry
The topography of the lake bottom.

Beach Nourishments:

The act of artificially supplying an eroding shoreline with new sediment, from inland sources or the
offshore, o replace, enhance or maintain a beach for recreational purposes and shoreline protection.

Bluff
A steep slope or bank in either glacial sediment or rock, usually facing the lake.

Breaking Point
The point at which a wave begins to break.

Bulkhead
A steep or vertical structure supporting a natural or artificial embankment.

Celerity
Velocity of a moving wave.

Cliff
Same as biuff.
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Lake Winnipeg Shoreline Management Handbook

Erosion Rate

The net loss of shorelands normally located above the lake surface elevation over a specific period of
time.

Fetch
The distance across the lake that a water wave has traveled from its initiation to the shoreline.

Fillet Beach

A sand or gravel deposit that accumulates along the shoreline against a coastal structure, such as a
groyne or a natural feature such as a headiand.

Filter

Alayer of well graded rock or a synthetic material between protection works and backfill soil to prevent
extrusion of the soil through the protection works.

Freeboard

The additional height of a structure above a design water level used as a safety factor to prevent
overflowing. ‘

G.S.C.
Geodetic Survey of Canada.

Groyne

A shore profection structure built out at an angle from a shore to trap sand and to protect the shore from

erosion by currents and waves by making a beach.

Groyne Field
A series of groynes acting together to protect a section of shore; {groyne system).
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Lake Winnipeg Shoreline Management Handbook ,

Littoral Barrier
An object, manmade or natural, that interrupts the natural longshore transport of littoral drift.

Littoral Cell
Areas under the continuous influence of specific longshore currents.

Littoral Drift

Sediment, ranging in particle size from fine sand to coarse gravel that is transported in the littoral zone
under the influence of wind generated waves and currents.

Littoral Sediment
Same as littoral drift.

Littoral Transport

The movement of littoral drift in the littoral zone by waves and currents including movement parallel o the
shore (longshore transport} and perpendicular to the shore (onshore-offshore transport).

Monthly Mean Level

The average water level occurring during a month computed from the hourly or daily readings in each
month.

Nearshore

An indefinite zone extending lakeward from the average annual water level to beyond the breaker zone
defining the area of nearshore currents formed primarily by wave action.

100 Year Erosion Limit

In bluff areas the 100 year erosion limit is taken as the average annual recession rate extended 100 years
from the eroding edge of the bluff plus an allowance to achieve a stable slope. In non-bluff areas the 100
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Lake Winnipeg Shoreline Management Handbook

‘Rough, irregular fragments of broken rock.

Riprap ,
A layer, facing, or protective mound of stones randomly placed to prevent erosion, scour or sloughing of
a structure or embankment; also the stone so used.

Rubble

Rubble-Mound

A mound of random-shaped and B:Qoa-n_onma stones protected with a cover layer of selected stone
or specially shaped concrete units.

Rocky Shore

The shoreline geology, including the cliffs and lake bed, is dominated by sedimentary (such as limestone)
or igneous rocks (such as granite).

Sand Spit
A narrow, sandy shoal or deposit that projects into a body of water from the general shore orientation.

mo;% Shore

The shoreline sediments consist primarily of sand-sized particles. The nearshore and beach can be
extremely dynamic zones.

Scour _
Removal of material by waves and currents, especially at the base or toe of a shore structu 2 or bluff.

Seepage | ,
Water escaping through or emerging along an extensive line or surface; the slow movement of water
through soil by gravity.
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Lake Winnipeg Shoreline Management Handbook

Surf Zone

The area between the outermost breaker or where wave characteristics significantly alter due to
decreased depth of water and the limit of wave uprush.

Snell’s Law

An analytical method to account for wave refraction assuming a straight shoreline and nearshore
contours.

Toe Erosion

The erosion which occurs at the toe of bluffs largely as a result of the continuous removal of earthen
material by waves and currents.

Transgression
An extension of the lake over the land because of a rise in lake level or subsidence of the land.

Undercut

Undermining, erosion of the lower part of a steep bank so as to reduce the stability of the upper part.

Updrift
The direction opposite that of the predominant movement of littoral materials.

Wave
Aridge, deformation, or undulation of the surface of water.

Wave Crest
The highest part of a wave.
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Lake Winnipeg Shoreline Management Handbook

i

Shoreline Classification

Penner and Swedlo' divided the south basin of Lake Winnipeg into three distinct shoreline groups:

e  lacustrine clays underlain by fill along the west shore;

¢ wind and water sorted granular deposits along the south shore and at @ number of locations on the
east shore; and ; )

e sandy boulder fills along most of the east shore.

These were subdivided into twelve shoreline types. The distribution of the different types is shown on the
map.

'Lake Winnipeg Shoreline Erosion, Sand Movement, and Ice Effects Study

Lake Winnipeg, Churchill and Nelson Rivers Study Board, 1974
F. Penner, P.Eng. and A. Swedlo, P.Eng.




138

¥

onlosay
 pesyusyasg

#
£

b
A ?."“

& »

5%
oaatut e

e

f

5
T2ty
2

Juo

: ;%m ugje)
u :
o SpUES BN
— _a () spues ;%
wy g 0 \ L \ s ..,.r
000005 g b oreuen
L L
o 6 \ ¢
oleog \ g _~¢
N L~ F
0
- 9 -~ esnelii

V

sasse|n) auljeIoys

YOOH Apues

SUOTYBOIJISSB[O SUl8d0ys — I XIANHIIVY




Lake Winnipeg Shoreline Management Handbook

LACUSTRINE CLAYS UNDERLAIN BY TILL ALONG THE WEST SHORE

Type 1

Sand 4 Gravel
Ridge

L et Oy

| CLASSIFICATION TVPE |

shore material is organic cover underlain by a lacustrine
clay

backshore is generally a marsh and lower than 718 ft with
ridge of sand and gravel deposited by wave action

beach slope is stripped of granular cover material

found in areas of high alongshore transport and no littoral
barriers

occurs in southwest and southeast portions of the lake

typical erosion rate 10 to 15 ft/yr

Type 2

Sand ¢ Grave!

Long term mean wi

Lacustrne Clay -

CLASSIFICATON TYPE 2

similar to Type 1

additionally has a cover of 1.5 ft of sand and gravel on the
beach slope

erosion rate 4 ft/yr

along with Types 3 and 4, constitutes most of the western
shore




2I0ys |sem ay| mCO_O SUOIIDD0| |DISASS |D SIND20 adAl SIYl

JA7)) € 01 | UOISOID

Jeole
s1 2dojs yo0aq ay} uo [pusjOW IDJNUDIG Jo Yidap WNWIXDUW

SI9P|N0Q PUD SB|QC02 UDY) [9ADIB PUD PUDS J0W

sJap|nog pup sa|qqo?
‘[9ARJB ‘puDS 40 SiSISUOD 3do|s Ya0aq UO [DUBIDUI IDNUDIG

Jaybiy 1o Iy 07/ uonbAsie Jo Ajjowiou yupg jo doy

(It AD|2 ASUOIS J9A0 AD|D BULISNID| S| |PLIBIDW BJ0YS

4 3dal NOWYHAISSYID

210Us |Sem ay) uo adA} sujpioys juouiwopaid ay} st ¢ odAL
A7l ¢ o) dn sajoJ yim JA/Y € 0} | St ajba uoisoss |od1dAL
14 '] Ajjpusiou [puBIpW JO|NUDIB JO SSOUNDIY}

J9P|NOQ [PUOISDIIO B PUD SB|T0I JO 3D} YIM
[2ADJB PUD PUDS JO BINIXIW D JO SISISUOD [DIBIOW YdDaG

(26pu [9ADIB pup punS D SDY
‘1amoj J1} 1aYyBiy 10 i 0Z/ UONDASID |0 AjjpUliou jupg jo doj

(11t ADJ2 ABUOJS JoAO AD|D BUIISNID] S| [DLIBJDU 310YS

€ 3dA} NOWLYIAISSYID

SUO11BOJISSBIO SUIBJIOUS — [ XIANHJLY




Lake Winnipeg Shoreline Management Handbook

Type 5.

Sand ¢ gravel

Cobbles 4

Lacustrne clay - bouiders

CLASSIFICATION TYPE 5

shore material is lacustrine clay over stoney clay till
top of bank higher than elevation 720 ft

beach material is sand, gravel, cobbles and boulders but
only small quantity of sand and gravel

generally beach slope is paved with cobbles and boulders
with a small wedge of sand and gravel af the bank face

erosion is O to 3 ft/yr

occurs atf several locations on the west shore

Type 6

CLASSIFICATION TYPE &

shore material is lacustrine clay over stoney clay fill
top of bank generally higher than elevation 720 ft

beach consists of sand and gravel in sufficient quantity to
prevent erosion

depth of granular is 10 ft

occurs in areas of accretion and is found only at Gimli and
Winnipeg Beach
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Type 9

Hand bar

Sand + grawel

Luctatne clay

CLASSIFICATION TYPE 9

viii

water deposited sand from lake processes (sand spits and
sand bars)

these features are very dynamic

found south of Willow Island on the west shore and south of
Grand Marais and between Elk Island and Victoria Beach
on the east shore

the beach material is sand with a depth of approximately
15 ft
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|

Type 12

Silty sand
with boulders

Cabbles #

CLASSIFICATION TYPE 12

shoreline material consists of sandy silt with boulders

top of bank is typically higher than elevation
720 f

beach material is composed of cobbles and boulders to the
extent that the erosion is virtually stopped

found at several headlands along the east shore

Types 10, 11 and 12 constitute most of the east shore
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