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Figure 1.01.  Fishing at the Cottage
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 My childhood was spent on the shores of Lake of the 
Woods.  Our cottage in Clearwater Bay, Lake of the Woods, only two 
hours away from Winnipeg, was my home for the summer and many 
weekends throughout the year.  Sitting within a rugged landscape, 
different from the city yards I was accustomed to, spending my youth at 
the lake gave me the opportunity to learn about the wild through playing 
in it. I watched the lake change day by day, and through the seasons.  
My brother, sister, and I, spent hours on the dock; fishing, snorkeling, and 
swimming, experiencing the shoreline of land, water, and air.  With such 
an emotional investment in this place, my practicum focus became a 
study of the lake as a system; how it preforms, learning the ecology, 
and how I can design a better dock structure that will protect this place 
into the future.  This is my favorite place in the world.



 A dock is a structure that is built on the shore 
of a body of water, to provide access onto the lake.  
Traditionally built using timber, dock structures use a 
number of materials to minimize costs and maximize 
usable space alongshore for mooring boats, swimming, 
sun bathing and fishing.  Constructed in three distinct 
types on Lake of the Woods, crib docks, pile docks, 
and floating docks currently function as a hindrance to 
ecological function on the lake shore.
 The Lake of the Woods watershed region is a 
boreal water body straddling three distinct landscape 
characters; aspen parkland, industrial agriculture, and 
the Canadian Shield.  Lake of the Woods traverses 
three political borders in an intricate system of islands, 
bays, and straights, as water flows into the lake body 
from the south.  Meandering North, and ultimately exiting 
into Hudson’s bay, fresh water in this lake supplies 
drinking water to 3 major cities and towns; Fort Francis, 
Kenora, and the City of Winnipeg.  There is a significant 
human impact into this sensitive environment and it is an 
ongoing task to maintain a healthy economic ecological 
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balance.  Water level manipulation, pulp and paper 
manufacturing, hydroelectric potential, and recreation all 
hold controlling stakes in the performance of intricate 
lake system, while the value of drinking water quality is 
one that is often taken for granted.  To ensure a drinking 
water source into the future, it is important to actively 
manage the human impact on the Lake of the Woods 
watershed system.  
 Development on shore lands adjacent to the 
water of Lake of the Woods region is considered a 
luxury, and many property owners consider water 
access by constructing a dock to be a paramount 
requirement for enjoyment of the lake.   The study of 
this freshwater lake ecosystem in this project provides 
evidence to support a more intensive consideration 
for the health of the shallow water zone.   This project 
intends to create a new dock prototype to minimize and 
reverse ecological destruction on the shoreline of Lake 
of the Woods.  
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Figure 1.02.  Exploring a broken dock in the spring



 Spending time at our cottage on Lake of the 
Woods filled my mind with the fascination of the wild.  
Our cottage sits on the Northern shore of Clearwater 
Bay, in a small cove that frames the field of view 
outwards onto the lake.  Surrounding the cottage, two 
granite cliffs extend east and west along the shoreline.  
Our neighbors to the East are over a kilometer away, 
and our neighbors to the west are also around the bend.  
With no one nearby, in the middle of cottage country, 
we are alone with the lake.  Facing south, the point at 
the edge of the bay shelters our dock  from direct 
waves caused by the prevailing winds, and provides a 
little wall for a more intimate feeling.  The bay became 
an extension of our cottage property.  It was always 
accessible.  We could go for a swim while mom made 
lunch on the deck, or row the little aluminum boat to 
the western shore to catch a few fish after dinner.  This 
type of property isn’t common in Clearwater Bay.  With 
cottage development increasing density along the 
shoreline, there is a special nature to our cottage that has 
created a bond with the place.
 Growing up at the lake,  I was always concerned 
with the wellbeing of the lake.  I was never the one 
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wanting to keep the fish for dinner, preferring to slip the 
catch back into the lake quickly and quietly before the 
others could notice.   My experiences fishing at Lake 
of the Woods has shown active enforcement  against 
overfishing by the Ontario Ministry of Natural Resources, 
protecting the recreational fishing industry as a driver 
in the economic well-being of cottage country. Fueld 
by tourist spending and an ever increasing number 
of tourists and out of town, out of province, and out of 
country license plates around the lake throughout the 
year, preservation of this tourist-based industry assures 
returning visitors will have fish to catch year after year.  
As for construction of more permanent structures on 
Lake of the Woods, the same care for the lake is not 
present.  My concern rests with the trend of increasing 
development, and the strain this development may have 
on the lake systems and its function.  Not only is this 
place the host of many favorite memories, it is also the 
supply of our drinking water in the city of Winnipeg.  It 
would be a devastating blow to the City of Winnipeg, 
surrounding communities, and to dependent species of 
ecological lake functions if the lake itself reaches a point 
of degradation from over development at the shoreline.
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Figure 1.03.  Skinny-dipping off the floating swim dock



Figure 1.04.  Looking out onto Clearwater Bay
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1.  Lake of the Woods



 Lake of the Woods is a glacial-scar body of 
water that rests on the borders between Manitoba, 
Ontario, and Minnesota.  The lake settles within the 
rocky Canadian Shield landscape among thousands 
of smaller adjacent bodies of water, and collectively 
exists as one of the largest freshwater lakes in North 
America.  The lake receives an inflow of water from 
the Midwestern United States through the Rainy River 
watershed basin, where it spills around the innumerable 
sliver-like islands and touches “an estimated 100,000km 
of shoreline”, casually wandering north toward the city of 
Kenora, Ontario, and discharging into the Winnipeg River 
System.1

1.1  A Glacial Scar  The lake is a popular cottage country 
destination for the neighboring city center of Winnipeg, 
and home to the residents of the Town of Kenora.  Water 
is drawn from the lake body in two locations to provide 
drinking water for both Kenora and Winnipeg.  Drinking 
water for the City of Winnipeg is drawn from a remote 
bay in the North-Western corner of the intricate lake 
body named Shoal Lake.  Flowing naturally downhill 
through a gravity fed concrete aqueduct to the eastern-
most edge of the city, the water is treated and distributed 
to the population of almost 900,000, only 200km to the 
West.
 Unlike a man-made reservoir, this large natural 
lake performs systematically like other boreal water 
bodies.  The lake experiences significant seasonal 
changes in wind patterns, fluctuating water levels 

1. Yang Zhirong, and James T. Teller. “Modeling the History of Lake of the Woods since 11,000 cal yr B.P. Using GIS.” Journal of Paleolimnology 33, 
no. 4 (2005): 485.



3

from seasonal inundation and precipitation, runoff, 
and changes in water chemistry and ecology.  More 
specifically, unlike a reservoir, this natural boreal lake 
body showcases the intricacy of glacial scarring and a 
changing water line at the interface where water meets 
the land.  Excess runoff can introduce phosphorus, 
nitrogen, and dissolved organic carbon, which can all 
change the physical and chemical make-up of lake 
water, which greatly affects its potential as a natural 
resource.  This ecological infrastructure provides the 
most precious resource to more than one million people 
successfully at present, but with increased use and 
development, a decline in water quality is a concern for 
the future.
 Historically, human interaction on and within 
the lake has been simple.  Boats, docks, and bodies are 

used to interact with the fluid that sustains us and the life 
around.  Increasing pollution from large scale agriculture 
and small scale development has been changing the 
availability of fresh, clean water on a daily basis.  With no 
notable changes in the anthropocentric view of the lake, 
lake shore development is reaching a pace of harm to 
the system.  In focus, cottage development in Lake of 
the Woods is controlled by guidelines from the Ontario 
Ministry of Natural Resources, however the guidelines 
and enforcement often fall short from protecting the 
natural systems within which they sit.  Dock infrastructure 
has an increasingly intricate relationship within the water 
system of Lake of the Woods, and as the connection 
between land and water, a dock can function as more 
than a platform to stand upon.

Figure 1.05, 1.06.  Shoreline views from the boat



Figure 1.07  Lake of the Woods in context 
between Manitoba, Ontario, and Minnesota

 The border between Canada and the United 
States runs directly through the middle of Rainy River, 
which is the main source of water inflow into Lake of the 
Woods.  Yang and Teller discuss that, as water enters 
the main lake body, it slowly flows north, passing more 
than 14,000 islands and enough shoreline to circle the 
globe.2  “Irregular in shape, (Lake of the Woods) is 110 km 

long and up to 95km wide, with an area of 4472km2, of 
which 1663km2 are in the US.”3

 The geographic environment surrounding the 
water body influences the biology and chemistry of the 
water itself through processes of erosion; from runoff, 
spring where melt, and high water events caused by 
wind or seasonal variation.  This material enters the water 
body over time and remains suspended in the water 
column, or settles to the lake bed. 
 Satellite imagery captures the 
geomorphological transition between the great plain 

1.2  Geographical Environment

2..  Yang, Zhirong, and James T. Teller. “Modeling the History of Lake of the Woods since 11,000 cal yr B.P. Using GIS.” Journal of Paleolimnology 
33, no. 4 (2005): 485.
3.  Ibid, 485
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4.  G. J. Brunskill and D. W. Schindler, “Geography and Bathymetry of Selected Lake Basins, Experimental Lakes Area, Northwestern Ontario.” 
Journal of the Fisheries Research Board of Canada 28, (1971): 139.
5.  Ibid, 139
6.  Ibid, 139
7.  Ibid, 139
8.  Ibid, 142

landscape of the west and the band of Canadian Shield 
to the east.  From above, the vegetation differences 
can be attributed to soil geography.  The Journal of 
the Fisheries Research Board of Canada states that, 
geography of the watershed is typical Canadian Boreal.4  

Brunisols, which is a sandy, moderate to high acidity 
soil type is a product of the parent material from the 
surrounding environment (deceased foliage and waste) 
and rock makeup (granite).5  Brunisols are found in 
areas with low (<700mm) precipitation and a low mean 
temperature (0.5 and +2 degrees Celsius).6  These two 

specific instances create a limit of biological processes 
that inhibits the formation of podzolic soil.7  This soil type 
is observed to be quite porous, retaining very little water 
in the soil itself.  Glacial scarring has caused drastic 
topographical variations that over time, retain and harbor 
detritus material.  In the land mass surrounding the lake, 
“Hilltops and hill slopes usually have little or no soil, 
but lower lying areas often have burnooses”, …which 
contain a mixture of partially decomposed plant remains 
covering bedrock.8  “In areas underlain by sand and 
boulder till, greater thicknesses of orthic brunisoils were 

Figure 1.08  Lake bodies of the Canadian Shield 
beside the prairie landscape



Figure 1.09.  Shoreline - wave interaction on 
Lake of the Woods
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observed.  The surface mor was composed of detritus 
from coniferous and deciduous trees, tree roots, partially 
decomposed organic materials, and fungal hyphae.”9  
 Historically, Lake of the Woods is “a large 
remnant of Lake Agassiz”.10  Evidence of the relation 
to Lake Agassiz is found at the bottom of Lake of the 
Woods, where sediment within the deep water zones of 
Lake of the Woods of more than 10m, can be expected 
to contain lake agassiz clays and glacial till.11   At that 
depth and below there are very little outside influences 
on the composition and stratification of the lake bed 
material.  Studies on vegetation throughout the historical 
life cycle of lake of the woods can be seen in the 
stratification of pollen deposits, sediment layers, and algal 
chemistry in lake bed materials.  On shore, the current 
ecological state of Lake of the Woods watershed 
region has not reached its climax form to date.  “In their 
reconstruction of climate…Lewis et al 2001 concluded 
that the grassland boundary had at one time expanded 
east to the western edge of Lake of the Woods, 100-
200km farther east than it’s present location; they also 
concluded the mid-holocene parkland-boreal forest 
boundary was at that time located 100km to the east.”12  

9..  Brunskill and Schindler, Geography and Bathymetry of Selected Lake Basins, 142.
10.  Zhirong and Teller, Modeling the History of Lake of the Woods, 484.
11.   Brunskill and Schindler, Geography and Bathymetry of Selected Lake Basins, 142.



After the retreat of the Laurentide Ice sheet, which 
covered the Lake of the Woods watershed region, 
the newly uncovered ground began the process of 
natural succession.  “Tree species (in the Lake of the 
Woods-Rainy River watershed region) are typical sub 
climax forests (Rowe 1959) with jack pine, black spruce, 
trembling aspen, and white birch being dominant.  
Certain areas with warmer climates have stands of bur 
and red oak, red and Manitoba maple, basswood, and 
red and white pine.”13  The vegetation above ground is 
in direct correlation to the soil below, but in this case 
has been observed to be disconnected, where “similar 
soils were found underneath both coniferous and broad 
leaved tree stands.”14  Numerous ice sheet advances 
and retreats shaved and deposited soils throughout the 
area, gouging the landscape to create the environment 
we know today as a boreal forest. 

PRESENT
AGRIC

ULT
URE

ASPEN PA
RKLAND

AFTER GLACIAL RETREAT GRASSLAND

GRASSLAND

12.  Yang and Teller, Modeling the History of Lake of the Woods, 495.
13.  Brunskill and Schindler, Geography and Bathymetry of Selected Lake Basins, 144.
14.  Ibid, 142
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Figure 1.10.  The forest of the Canadian shield 
region separated from the aspen parkland 

and agricultural landscape around the City of 
Winnipeg
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1.3 Winnipeg’s Drinking Water

 The water body does not exist in solidarity 
and is dependent on external sources for water inflow 
to become a vital source of drinking water for many 
communities15.   With inflow primarily from the south, 
lake water sources can be traced all the way to Lake 
Superior, and followed from the outflow points in Kenora 
to Hudson Bay, through the Winnipeg River system.  The 
City of Baudette, MN, the City of Fort Francis, the City 
of Kenora, and the City of Winnipeg all draw water from 

this watershed, with both the City of Kenora and the City 
of Winnipeg drawing water directly from the main lake 
body itself.  The City of Winnipeg receives water from 
Shoal Lake through a concrete aqueduct stretched over 
200km.  The aqueduct inlet sits at the Western-most 
end of Indian Bay within Shoal Lake.  The aqueduct inlet 
is heavily monitored, and federally protected.  It cannot 
be accessed easily, and Shoal Lake, as a tributary bay 
outside of the main flow route in Lake of Woods, remains 

15.  Bev J Clark, and Todd J. Sellers, Rainy-Lake of the Woods State of the Basin Report (Lake of the Woods Water Sustainability Foundation, 
2014), 17
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an uncharted body of water, in an effort to protect the 
quality of water.  The aqueduct is similarly monitored, 
and passes under rivers and the Trans-Canada highway 
on its way to Winnipeg.  It runs parallel with the Greater 
Winnipeg Water District Railway (GWWDR), which 
was used to transport materials during construction 
of the aqueduct itself.  Along this path, the agricultural 
landscape of the prairies meets the boreal forest at a 
seam of trembling aspen parkland; as a harsh tree-lined 
edge winds north and south.  Driving east, automotive 
travellers moving along the Trans-Canada highway 
pierce the tree-fence and  enter a notably changed 

Figure 1.11.  Elevation drawing of the Winnipeg 
water aqueduct from Lake of the Woods to 

Winnipeg, illustrating the natural topographical 
change and the location of the tree line. In 

section, top, water flow quantities are illustrated 
inside the aqueduct shape
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LAKE OF THE WOODS

geography.  With only 200km separating the City of 
Winnipeg and the town of Kenora, near the middle, the 
GWWDR passes over top, and aqueduct dips below the 
highway surface.



Figure 1.12.  Shoreline views from the boat
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1.4  Lake of the Woods 
Watershed Region

 Lake of the Woods can be described as a lake 
with a river running through the centre.16   Flow rates 
vary greatly depending on the time of year, with median 
low flow rates of approximately 155m3/s in August, 
to upwards of 717m3/s in June.  Daily rates have been 
recorded to be higher than 3,320 m3/s.17  For reference, 
the City of Winnipeg states that the floodway, during its 
recent expansion in 2014, has been increased to hold a 
maximum of 4000m3/s during peak flood periods.18  The 
main hydrological flow in Lake of the Woods is a south 
to north inflow to outflow gradient.  However, because of 
the labyrinth of islands, variable shoreline, and a plethora 
of sub basins, the direction and rate of exchange 
between basins within the lake body is heavily influenced 
by wind action, lake morphometry, and transient 
circulation patterns.19  During the spring, between May 
and early July, the inflow and outflow rates appear to be 
higher due to increased runoff from ice and snow melt, 
along with characteristically high spring precipitation.  
Water exits the lake body at two main outlets in Kenora, 
at Norman Dam and the Kenora Powerhouse Dam, 
which are separated by a parcel of land that is known 
as Tunnel Island.  The average discharge from each 
outlet is close to 460m3/s, but during peak flow periods, 
higher values of up to 1600m3/s are observed.20  The 
deviation between inflow and outflow during peak flow 
equates to a significant increase in lake water levels 
across the water body when inflow levels are highest.  
As the lake fills, the existing shoreline condition is 
stretched vertically into high water areas.  Alongshore, 
this increase begins to interact with an environment not 

16.  Bev J. Clark and Todd J. Sellers, Rainy-Lake of the Woods State of the Basin Report, 25
17. Ibid, 25
18.  Red River Floodway Expansion Project, Canada, accessed Mar 3, 2017, http://www.water-technology.net/projects/red-river-floodway-expan-
sion-project/
19.  Bev J Clark and Todd J. Sellers, Rainy-Lake of the Woods State of the Basin Report, 25
20.  Ibid, 25
21.   Ibid, 26
22.   Ibid, 26

accustomed to complete inundation, increasing erosion 
and introducing foreign material into the water body.  The 
lake level increase occurs over a prolonged amount of 
time.  This time frame can extend over two weeks, which 
often times results in a lower inflow level and higher 
outflow, before the lake can balance itself.  Changes and 
variations in flow rates can affect flow patterns within 
the lake body as well.  While the average flow is South 
to North, tributary bays, for example, can be observed 
to receive water during increased inflow levels, noted 
by current patterns on the surface of the water at 
bottlenecks.  However, during increased outflow levels, 
the opposite can occur, where entrance bottlenecks 
of tributary bays show signs of outflow current as 
water flows backwards into the main lake body.  This 
process is similar to tidal action, although the time scale 
for these shifts in flow direction of lake of the woods is 
much higher, dependant on changing water levels over 
numbers of days.
 As water levels change consistently throughout 
the year, there are two organizations that control the 
water level on Lake of the Woods.  As a standard control 
board, the Canadian LoW Control Board (LWCB) was 
created under Canadian and Ontario legislation in 1919.21  
The mandate of the LWCB is to control and monitor 
lake levels at the outflow under normal lake conditions.  
In 1925, a treaty “prescribed the regulation and control 
of the outflow of Lake of the Woods to the Canadian 
LWCB and also initiated the International LoW Control 
Board (ILWCB), whose mandate is to approve the rate of 
discharge from the lake when the water levels rise above 
323.47m above sea level, or fall below 321.87m above 
sea level.”22

Figure 1.13.  USGS map of the Rainy River inflow 
into Lake of the Woods at Big Traverse Bay
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1.5  Watershed Flow Patterns

Figure 1.14.  Water flow diagram illustrating 
water sources, flow rates, lake level 

measurements, and drainage areas for each 
watershed related to the Lake of the Woods 

watershed region
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CLEARWATER BAY

KENORA

TRANS CANADA HIGHWAY

Figure 1.15.  Watercourse data throughout the 
lake body.  Normal South-North flow direction is 

altered by many interferences
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CLEARWATER BAY

KENORA

TRANS CANADA HIGHWAY

Figure 1.16.  Wetland data in Lake of the Woods 
visualizes the shoreline conditions that are 

susceptible to changes in water level



Figure 1.17.  An accumulation of boulders at the shoreline 
indicates heavy pressure during spring thaw.  Boulders have 

been jostled and tumbled to a smooth, rounded finish

1.6  Shoreline Conditions

 Human moderation, seasonal influx, and 
environmental conditions all produce a significant 
fluctuation in water level.  Increased inflow from the 
watershed naturally raises the water level, and is usually 
seasonally linked to the spring melt or seasonally high 
precipitation.  Secondary, more temporary water level 
changes can be attributed to prolonged wind events, 
causing windward shores to experience observed 
water level fluctuations of six inches or more.  It is during 
water level changes that the shoreline of Lake of the 
Woods exhibits a chameleon-like ability to expand its 
borders and edges.
 During final stages of the ice cover in the 
spring, after the lake has been locked in place under a 
three-foot frozen crust, the melting snow flows onto the 
ice from the land mass surrounding the lake.  Primarily 
sourced from southern facing slopes and sun exposed 
dark granite faces, spring runoff begins to collect on 
top of the ice surface, adding weight to  the sheet in 
the center of the lake.  Meanwhile, the landmass warms, 
melting the ice-land-water connection at the shoreline.  

At this time, water on the ice surface filters into the 
lake through cracks and fissures, pushing the buoyant 
sheet of ice upwards. This vertical movement begins to 
degrade ice integrity, and as the shoreline ribbon melts 
further, the unified sheet covering the water body begins 
to slowly migrate with the wind.  At this point, the ice is 
the most “dangerous” for the geographic structure of 
the lake.  With breaking ice sheets and strong winds, ice 
flows are driven into the shoreline, gouging marshland 
and shoring boulders, creating what is referred to as a 
“rock shoulder” along the water line.  Characterized by 
rounded boulders, this rock shoulder is usually found 
within this region, along west and south facing shorelines.  
With constant warming and movement on the water 
surface, the ice sheet saturates with water and begins 
to sink and melt, opening the water column from the 
surface to the lake bed.
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 The early summer water level stabilizes as the 
surrounding land mass dehydrates to a seasonal normal, 
due to well-drained sandy soils and light, decomposing 
detritus.  Excess precipitation quickly filters through the 
soil-covered bedrock and migrates into the water body. 
Due to the topography surrounding the lake, heavy rain 
events discharge high volumes of debris into the water 
from the landmass.
 Variable inflow and surface dynamic changes 
from the wind lead to a variation of water level ecology.  
Low water can lead to the encroachment of grasses 
and sedges into the lake body along sediment-laden 

shorelines, and exceedingly high water can create 
greater interspersion of vegetation because of the 
larger open water body.  Prolonged high water could 
kill off edge grasses and vegetation, while prolonged 
low water may encourage edge vegetation migration 
laterally into the water body.  Changes in water level not 
only influence vegetation populations, but other macro-
organisms as well.  Loon nesting sites are located within 
centimeters of the waters’ surface for ease of entry and 
exit.  Drastic water level fluctuations present potential 
drowning hazards for nests resulting in loss of clutch 
during high water events. 

Figure 1.18.  Spring water levels on site, June, 2014.  
Debris accumulates around the dock as surface 

flow is obstructed by stationary dock skirting

1.6  Shoreline Conditions
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Figure 1.19.  Photographic collage of 
perspectives from the seat of a kayak, travelling 

along the North shore of Clearwater Bay



Figure 1.20.  Photograph taken from the ice 
while walking alongshore.  Rising above the 

water line, cliffs showcase the history of water 
level changes with stained rock faces
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Figure 1.21.  Photograph of a stretch of Norther 
shoreline in Clearwater Bay.  The shoreline exhibits 
drastic variation along the edge of the water body.  
Below the surface of the water, shallow ledges are 

created as rocks fall from above
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Figure 1.22.  Shoreline panoramic image viewing 
West, from North (left) to South (right)
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Figure 1.23.  Shoreline data illustrating 
calculations for the increase in lake volume.  
An increases in lake volume claims new parts 
of the shoreline for aquatic colonization, if 
only temporary, and introduces new organic 
material into the watershed ecological system
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1.7  Lake Level Values

23.  Johan S. Svensson and John K. Jeglum, “Primary succession and Dynamics of Norway Spruce Coastal Forests on Land-Uplift Ground 
Moraine,” Studia Forestalia Suecica 209, (2000): 15.
24.  Before you Build - Docks, Boathouses, Cottages, Lake of the Woods Control Board, accessed Mar 3, 2017, http://lwcb.ca/beforeyoubuild/
index.html
25.  Ibid
26.  ibid

 Increasing water levels regularly occur in the 
spring, with average annual variation reaching +/- one 
meter before stability returns during the early summer.  
Along the shoreline, this increase represents a significant 
volume of water.  With an area of 4472 square kilometers 
and with over 100,000 km of shoreline experiences an 
increase of over 94,072,000 cubic meters to the water 
volume during spring high water.  Stains from centuries 
of variation are seen across the faces of granite 
alongshore, and in the line of maturing vegetation above 
the historical high water mark.  The ecology within the 
shoreline area in the lake body showcases an ability to 
adapt to changing water levels, where an increase in lake 
volume changes the identity of the shallow water zone.  
Fish, crayfish, and other organisms colonize the newly 
claimed shore edge, where biofilm covers the surfaces 

of new material underwater.  Biofilm is a community of 
microorganisms that bind together within a slime-like 
material on surfaces underwater.
On land, “changing water levels are of importance, 
because of the associative erosive effects that create 
new, bare ground available for establishment at low 
water levels.”23 After the retreat of seasonal high water, 
land based vegetation incapable of surviving inundation 
dies off, leaving virgin land for colonization, and creating 
the distinct line of a high water mark.  The Lake of the 
Woods control board indicates a set of elevation levels 
(above sea level) to establish water level gradients 
throughout the ice free season.  The highest recorded 
lake level is set at a historic level from flood year 1950, 
at 324.32m above sea level.24  While normal spring 
water levels rise significantly, the most recent account 
of a significant inundation was set in 2014, with a level 
of 323.79m.25  Normal water levels fluctuate between 
322.4m and 323.5m.26



1.8  The Seasonal Dynamics of  
the Lake

 The number of islands and the coarse texture 
of the shoreline affects the flow rate of the lake, as does 
the depth of the lake body.  Water depths around Lake 
of the Woods can exceed 54 meters, where similar, 
drastic landscape features can be found mirrored 
into the bathymetry below the surface.  Lake bottom 
textures within the lake body show a mixture of sand, 
silt, gravel, and bedrock escarpments interchangeably.  
The greatest variation of bottom texture seems to exist 
along the shoreline conditions in the shallow water zone, 
extending from zero to 10 m below the surface. This 
territory is known as the epilimnion (fig 1.26), which is the 
section of water nearest to the surface in a lake that is 
stratified in temperature and density.  The thermocline 
acts as horizontal barrier of water that is more dense, and 
separates the epilimnion from the hypolimnion, which 
rests on the bottom of the lake body.  The hypolimnion 
is the section of water covering the lake bed below 
the thermocline, and remains a consistent temperature 
throughout the year, due to warming properties of 
the earth.  The thermocline layer limits the transfer of 
sediment, nutrients, and material from the shallow water 
epilimnion to deep water hypolimnion.  The external 
temperature does influence the lake body, however, 
through interaction at the surface.  
 Environmental conditions congruent with 
Mid-continent Canadian shield exist in this location.  
“Mean annual temperatures in the vicinity of the ELA 
are between 0.5 and 2.2 degrees Celsius, with annual 
precipitation between 500 and 750mm.”27  In late fall, air 
temperature can drop below 0 degrees Celsius, freezing 
the ground and the surface of the lake.  Below the sheet 
of ice forming on the lake, water temperature remains 
at a constant three or four degrees Celsius.  Freshwater 
freezes at zero degrees, and there is a saying that for 
every day below minus 20 degrees Celsius, the layer of 
ice grows by one inch.  Ice thickness has been observed 
to almost measure one meter on occasion near the end 

of February, and is commonly used for transportation 
when the ice is thick enough to drive a car upon.
 As the air temperature rises in the spring, the 
ice sheet slowly disappears from the shoreline initially, 
because of the highly thermodynamic properties of 
land.  Once thawed, surface water begins to warm from 
sunlight and air-water interaction during wind.   “Solar 
radiation accounts for only ten percent of change in 
water temperature, while the other 90 percent transfers 
from the air during wind stress.”28   The warm water is 
pressed downward into the water column and mixes 
with cold water.  This dynamic circulation process is 
known as the spring turn-over, where the temperature of 
the water is fairly uniform throughout the column.  With 
a windy spring thaw, the thermocline tends to set at a 
deeper level and rise with warming water temperature 
because there is a greater amount of mixing potential.  In 
a calm spring, the thermocline sets higher due to minimal 
mixing, and is pushed deeper through the season with 
wind and surficial wave action over time.
 After the thermocline is set in the summer, it 
slowly sinks further into the basin with general water 
temperature warming.  At its maximum depth on Lake 
of the Woods, the thermocline usually sets below 10 
meters from the surface, where there is a palpable 
difference in temperature above that line and below.  
This thin layer during the hot summer months is often 
discussed in fishing circles as a prime location to find 
fish of all species, especially where the thermocline layer 
intersects with habitat and structure.  Predatory fish are 
found where bait fish are feeding, and bait fish are often 
drawn to concentrations of food. The thermocline rests 
as a layer between the epilimnion and the hypolimnion, 
and as such, acts as a ledge, holding a concentration of 
algae and nutrients.  As bait fish collect to feed on this 
collection of food, predators focus on finding structure 
that extends through the thermocline layer that can afford 
areas of protection and ambush during feeding.  The 
hypolimnion is also targeted by anglers for predatory fish, 
as cooler temperatures are welcomed during non-peak 

27.  Brunskill and Schindler, Geography and Bathymetry of Selected Lake Basins, 139.
28.  W. K. Melville, “The Role of Surface-Wave Breaking in Air-Sea Interaction.” Annual Review of Fluid Mechanics 28, no. 1 1 (1996): 280

Figure 1.24.  Photographic up-close analysis of  the 
shoreline condition on the North shore of Clearwater Bay
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feeding times when the summer water temperature 
climbs into late August.
 Fall water temperatures drop with shorter days, 
as cooler ambient temperature translates into a net 
loss in water temperature.  Opposite the spring, the fall 
turnover occurs when the thermocline erodes, and the 
epilimnion blends with the hypolimnion.  This process 
can happen over a short amount of time, especially with 
a high wind event.29  “Laboratory and field measurements 
have shown that deep-water wave breaking generates 
near-surface turbulence and significantly enhances 
vertical mixing.”30  In the fall, with surface turbulence, 
water body temperature unifies and then drops toward 
zero at the surface, where it solidifies into a sheet of ice.  
Once the ice forms, the lake remains in a unified state 

until the thaw and warming processes begin again.
 Surface waves, generated by wind, introduce 
energy from wind forces into the water body, and have a 
two-fold effect on the temperature structure of the lake.  
Waves mix heated water from the surface with cooler 
water below, while also forming a pressure wave, or sub 
surface seiche wave inside the water column.  Seiche 
waves occur when surface waves encounter a physical 
barrier, such as a shoreline, and the water direction shifts 
both horizontally and vertically.  With this interference 
in flow direction, a downward pressure is introduced 
into the water column.  “Wind-generated surface waves 
generate turbulence by breaking, which enhances the 
vertical transport of heat, mass, and momentum in near-
surface waters (Melville 1996)”31.  The warm water from 

29.  Loewen, Mark R, Josef Daniel Ackerman, and Paul F Hamblin. “Environmental Implications of Stratification and Turbulent Mixing in a Shallow 
Lake Basin.” Canadian Journal of Fisheries and Aquatic Sciences 64, no. 1 (2007): 44
30.  W. K. Melville, The Role of Surface-Wave Breaking, 280
31.  Mark R. Loewen, Josef Daniel Ackerman, and Paul F Hamblin. Environmental Implications of Stratification, 44

Figure 1.25.  Photograph of the shoreline 
receiving wave energy during a storm.  

Waves wash debris and organic material near 
the waterline into the water
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the surface, instead of mixing with the cooler deep water, 
pushes the thermocline deeper at the windward shore, 
resulting in a rising thermocline on the adjacent leeward 
shore.  In a simplified lake basin, the thermocline reacts 
to a seiche wave much like a seesaw.  The thermocline 
level rises and falls, shifting back and forth until wind 
pressure dissipates.  This is why prolonged wind events 
on Lake of the Woods can increase lake levels at the 
windward ends of the lake.  
 The dynamic nature of the lake also influences 
ecological function and chemistry within the water 
column.  “In sheltered locations, … there is less 
influence of wave-wash and ice-drift.  This allows for 
the accumulation of finer deposits of silt and clay, also 
of organic deposits originating from the aquatic and 

submerged vegetation”.32  Deep water sediment is rarely 
composed of large-format solids, but rather fine silt, 
clay, and detritus from algae and other organisms from 
above in the water column.  The physical boundary that 
is the thermocline layer and the heavier water below it, 
act as a barrier to sediment and water mixing, preventing 
erosion-produced material from settling within the 
hypolimnion.  Most of the land-based surficial detritus 
material is particularly susceptible to erosion into the 
water body, and most commonly inhabits the shoreline or 
the water directly alongshore, where wave action against 
the shoreline often draws material into the water body, 
especially during high water events.   Vegetation directly 
adjacent to normal water levels must be ready to accept 
frequent saturation, and even occasional inundation 
during extreme wind events during a storm. 

Epilimnion

Hypolimnion

Thermocline Figure 1.26.  Shoreline profile drawn in section 
illustrating the typical relationship between the 

surface, the shoreline, and lake layers

32.  Johan S. Svensson and John K. Jeglum, Primary succession and Dynamics of Norway Spruce, 15.
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Figure 1.27.  Wind and surface interactions 
don’t end at the top of the water.  The wind, 

although directly connected to the top meter 
of the water column, indirectly affects the 

temperature structure throughout the water.  
Winter temperatures below freezing harden the 
surface of the lake, and the first few feet of the 
water column hover around 0 degrees Celsius.  

Below the ice layer, the water retains its heat 
from the earth at a standard 4 degrees Celsius 

into any depth
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Figure 1.28.  Spring and Fall subsurface water 
temperature is consistent throughout the lake 

body.  Water surface wind friction creates a 
large-scale mixing pattern that extends from 

the surface into the depths.  At these times, the 
lake isn’t stratified
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Figure 1.29.  With warming surface 
temperatures, the lake body begins to stratify.  

There are two scenarios of set-up for the 
thermocline.  During calm conditions, the 

water warms at the surface, and without the 
wind mixing effect, the thermocline sets at a 

shallow depth and then sinks as warmer water 
pushes it into the deeper zones.  With a windy 

environment, warmer water is mixed at the 
surface with colder water, and the constant 
mixing creates a larger section of warmer 

water, causing the thermocline to set at a deep 
depth and then rise until equilibrium
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Figure 1.30.  Photograph of water level staining 
on granite rock faces on the shoreline.  Winter 
water levels are traditionally low, highlighting the 
history of water levels from the past



Figure 1.31.  Photograph of a large floating island edge, just outside Clearwater Bay
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 As the snow melts, the ice retreats and water 
begins to warm in the spring.  Mosses, juvenile bog 
grasses, small shrubs and wild rice extend their roots 
into the soft lake bottom and begin the lateral growth 
in the new season.  Lacustrine wetlands are located 
around the lake shore and are minerotrophic, dependent 
on dissolved nutrients from within the water supply.33  
These wetlands are characterized by typical species 
such as sphagnum (moss), zizania aquatic (wild rice), 
and cyperaceae (sedge).  Smaller vegetation inhabit 
interstitial spaces between larger species of shrubs and 
trees such as pinus strobus (pine), alnus spp. (alder), and 
betula spp. (birch).  By weaving root structures together, 
the community of vegetation forms a natural woven 

mat.  Over time this mat retains detritus material and, 
as water level increases, the enmeshed plant matter is 
buoyant enough with air entrained within the root mass 
and detritus layers to rise with increasing water levels, 
separating the root structures from the lake bed.  Once 
the water level rises enough to dismember, the structure, 
the island is off, browsing the water body on the breath 
of the wind.  Prevailing winds notably from the west/
south-west in the summer contrast stormy weather with 
powerful winds from the east and proceed to bounce 
this new island like a pinball along shore.  The island is 
not at rest for long, until the water level drops enough for 
the lowest roots to settle into the lake bed again.  Usually, 
this occurs during the drier months of late-summer or 
in the fall when water levels are managed mechanically 
by controlling the outlets in Kenora.  If the island is in 
a position where root structure can embed into a soft 
bottom, the island may remain in that location until 
another extreme high-water event, or longer.

1.9  Lacustrine Wetlands and 
Rising Water

33.  D. J. Gilvear and R. J. McInnes, “Wetland Hydrological Vulnerability and the use of Classification Procedures: A Scottish Case Study”, Journal 
of Environmental Management 42, (1994): 407
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Figure 1.32.  Hand drawn analysis of a naturally 
occurring floating island. The drawing is used 

to understand the physical properties of the  
wetland structure above, on and below the 

water surface



Figure 1.33.  Photograph of a large floating 
island edge in the wind, as its being pushed by 
the wind into a tributary bay, outside Clearwater 
Bay
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34.  W. K. Melville, The Role of Surface-Wave Breaking, 279
35.  Qingfang Jiang. “A Linear Theory of Three-dimensional Land-sea Breezes.(Author Abstract)(Report).” Journal of the Atmospheric Sciences 
69, no. 6 (2012): 1890

 Surficial waves may break as a result of 
constructive interference, wave-wave, wave-current, 
and perhaps wind-wave interactions.34  As waves break 
at the surface, air becomes entrained into the water, 
where the force of the wave transfers into the water.  
This energy transfer equates to mixing within the water 
column.  This energy transfer is usually identified by 
whitecaps, which become visible on the surface of the 
water when air bubbles create a white wash as the wave 
breaks on itself.  
 On Lake of the Woods, the lack of current 
allows the most prevalent form of surface energy 
transfer to be from wind-wave interaction.  The prevailing 
wind direction shifts directions twice a year in the Lake 
of the Woods region.  During the spring, summer, and 
early fall, the wind predominantly blows from the south/
southwest.  Wind speeds vary, but mostly are moderate 
in pressure.  During storm events, wind often shifts to 
blow from the East, providing a natural storm warning 
of bad weather to come.  In both settings, the Northern 
shore receives the full force of the wind when the lake is 
in its fluid state.
 Thermal dynamic properties of the land and 
water also affect wind and air flows during the summer 
months.  The land - sea breeze (LSB) is driven by cross-
shore pressure gradients associated with differential 
surface heating of the land and water.35   During the 
day, the land warms faster than the water from the 
heat of the sun.  While the suns energy is only able to 
penetrate a few inches into the ground, the land warms 
quickly, reflecting the rest of the energy back into the 
atmosphere.  In contrast, energy from the sun is slowly 

1.10  Surface Dynamics
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absorbed by the water, acting as a heat sink.  During 
the day, as the land warms the air at the earth’s surface, 
warm air rises, creating a low-pressure area.    At the 
surface of the water, air is cooler due to proximity, and 
air higher in the atmosphere away from the water is 
warmer by comparison.  This dichotomy in pressure at 
the water surface and on land creates a high-pressure 
area near the surface of the water, and the resulting 
pressure differential causes a land breeze to blow 
onto land.  Once the sun disappears, the air near the 
surface of the land cools quickly, while water as a heat 
sink retains more heat.  The warmer water (relative, 
at night) heats the air, causing it to rise and creating a 
low pressure zone at the water surface.  The land, at a 
higher pressure, creates the reverse pressure gradient 
and causes the wind to blow offshore, known as a sea 
breeze.

Figure 1.34.  Sequence photographs of a wave 
breaking on the surface of the water.  The white 

colour shows air bubbles forming after the 
wave breaks, transferring energy from the air 

into the water column
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1.11  Sub-Surface Dynamics

Figure 1.35.  Sub-surface seiche waves are 
created when wind forces acting on the surface 
of the water come in contact with the shoreline.  

As wind pressed on the surface of the lake, 
energy is transferred into the deep water areas.  

The thermocline level is pushed downward on 
the windward shore, while the thermocline level 
on the leeward shore responds by rising in the 

water column.  This see saw effect continues in 
a low frequency until the energy dissipates
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Figure 1.36.  Photograph of wave action on 
Clearwater Bay.  Waves are travelling east to 

west



Figure 1.37.  Photograph of gentle surface wave 
action on Clearwater Bay.  Wave direction is 

scattered
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2.0  Site Introduction

 Our cottage site is located on the Northern 
shore of Clearwater Bay in Lake of the Woods.  Sitting 
on the windward shore and receiving the full strength 
of the sun path, the North shore illustrates a challenging 
environment to build a structure on the water.  The site 
exhibits natural features that offer protection for a dock 
structure from the prevailing winds in the summer and 
ice damage during the spring thaw.  With a greater 
understanding of the ecological systems and the 
functions of those systems within the context of Lake 
of the Woods, there is a need to re imagine a dock 
structure that does not inhibit lake systems within the 
shallow water zone.  It is the intention of the project to 
apply collected data from the site into a proposal for a 
new, floating dock prototype.

Figure 1.38.  Photograph from shore looking into 
the bay in our family cottage site.  The existing 
structure sits on the shoreline between rocky 

ledges to the right, and a stoney, natural beach 
in the foreground
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2.0  Site Introduction
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Figure 1.39.  Areal photograph of our cottage 
site in context.  Our current dock structure 

is  nestled in the northwest corner of the bay 
behind the shelter of the lookout point



2.1  Present Conditions

 Docks are constructed on or near the shore 
of the lake to provide access onto and into the water.  
Constructed out of wood, metal, and sometimes 
concrete, the structures rest on the lake-bed, or 
extend below into the bedrock surface.  As a stationary 
structure, the dock is required to oppose the forces 
of nature on the site, such as prevailing winds, storm 
winds, ice pressure, erosion and sedimentation.  Using 
UAV photography and the physical geology of the site, a 
map (fig 1.40) was created to compile information that is 
relevant to dock construction on this site in Clearwater 
Bay, Lake of the Woods.
 Notable features such as lake bottom material, 
current, wind direction, and bathymetry inform the 
technology employed to build a dock on this site.  
Combining this information in a spatial organization, 
there are patterns of preferred dock locations using the 
existing technologies mentioned previously.
 Our current dock structure is a pile dock 
extending from the shoreline, constructed over and 
within both crib dock and pipe dock preferential 
zones.  The dock is close to 65 feet long, and is 45 
feet wide at the deepest end.  To provide storage for 
boats throughout the year, we constructed a timber 
frame canopy that provides protection from the sun 
and precipitation, while also supporting a pair of chain-
driven boat lifts, that raise the boat out of the water and 
suspend them in the air.  The dock is clad in timber 

Figure 1.40.  Site mapping using aerial imagery 
and data collected from the site

decking on the surface.  Below, the structure is currently 
failing, partially from poor installation techniques, and 
partially from a rejection of the piles that had been driven 
into the lake bed.  With yearly freeze-thaw cycles that 
affect the top layer of the lake bed, the silty material that 
currently hosts the majority of the metal piles expands 
and contracts, pulling the piles up and out of the ground.  
Our dock structure now sits out of level, and is showing 
signs of instability at the shoreline.
 The Ontairo Ministry of Natural Resources, 
alond with the Department of Fisheries and Oceans 
manage and maintain shoreline development on Lake 
of the Woods.  Each project requires a work permit, 
and approval from both agencies in Clearwater Bay.  
Dock construction should be planned to be as minimally 
invasive as possible, with a common limit of up to 25% 
of shoreline frontage available to be developed.  While 
some project vary in scope, it can be assumed that for 
every 100 feet of shoreline frontage, 25 feet will be used 
for a dock.  While not observed to be detrimental to 
lake ecology in theory, increasing cottage development 
equates to increasing shoreline development, which 
affects lake function in the sensitive shallow water zone.
 With this experiential knowledge, and using this 
map, locations are identified for opportunities to explore 
new materials and structures that could work with the 
efficiencies of the site; ecology and human interaction.
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Water Surface showing swell direction

Water Level Change Zone.  High water marks directly relate 
to abruptness of the shoreline topography

Crib Dock Preferential zone.  Water depth, ground texture 
allows for lake bed surface installation

Pile Dock Preferential zone.  Lake bed material and depth 
allows for pipe installation without frost jacking due to ice 
formation.
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Figure 1.41.  Photograph of neighboring crib 
dock on Clearwater Bay
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 Crib docks are one of the oldest forms of dock 
construction, as they use readily-available materials from 
the Lake of the Woods region.  Cribs are categorized 
as a wooden container, and are constructed using 
timbers fastened in an overlapping box pattern, creating 
an outside frame.  Once framed, the cribs are filled 
with rocks and boulders to sink the wooden crib to 
the bottom of the lake.  Calculations for the end height 
of the dock is needed to certify the dock will have 
stability once installed and if the water is deep, the crib 
requires a constructed width of 1.5 times the height 
of the dock.  For example, a dock extending into the 
water that is 3 meters deep, the crib will need to be 4.5 
meters wide at the base.  At this measurement, more 

2.2  Crib Docks

than one ton of rocks and boulders would be needed to 
fill the structure adequately.  For this reason, crib docks 
must be specifically located to maximize the efficiency 
of materials, while still being mindful of wind and wave 
patterns, ice conditions, and site obstructions.  Because 
they use natural materials naturally occurring from 
around the site, crib docks, while extremely obstructive 
at the time of construction, are quickly colonized and 
absorbed into the ecosystem of the site.  Construction 
limitations such as water depth and wind/wave pressure 
are often driving factors for cottage owners to employ 
other construction methods to achieve access to the 
water.



 Pile docks are structures which are supported 
by piles or pipes that have been driven into the ground 
by force or placed into an existing, pre drilled hole.  
More structurally sound than crib docks, pipe docks 
are minimally invasive at the shoreline, and support a 
large square footage on small stiletto-esque points at 
the lake bed.  While this may seem ecologically efficient, 
pipe docks require heavy machinery for installation, 
and because they are constructed into the lake bed, 
cottage owners exploit the shoreline by maximizing the 
surface area of the structure itself with little increase 
in cost of material.  The danger from this form of 
construction comes from the increase of cost in pile 
dock construction at water depths below 7.5m.  At this 

2.3  Pile Docks

depth, the pile members are extending into the lake 
bed, and must stand freely above any lateral support 
before they can be braced above the water level.  
There is a possibility for lateral reinforcement, but that 
would require underwater welding professionals and 
material to withstand lateral forces.  This drives the cost 
of construction significantly higher, and is something 
that most property owners are not willing to pursue.  
Instead, docks are contained on and near the shoreline 
to minimize costs and maximize square footage.  By 
obstructing the shoreline and shallow underwater areas 
from sun, wind, and wave action, docks constructed in 
this way often are more harmful to lake ecology over a 
long time period.
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Figure 1.42.  Photograph of permanent pile dock 
on Clearwater Bay
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 Floating docks are dock platforms that float 
on the surface of the water.  Constructed with timber 
and/or a metal frame, they are supported by a number 
of floats.  The floats are composed of either foam or 
plastic, and hold air for buoyancy.  The general rule 
is for every pound of weight on the dock, the floats 
must provide 1.5 pounds of buoyant force.  Because 
the floating dock is resting on the surface of the lake, 
anchors are used to attach the dock to the lake bed, 
to add stability and to secure the dock from moving 
laterally across the surface.  The benefit of a floating 
dock is that it can fluctuate with rising and falling water 
levels.  The hindrance to floating docks is that they must 
be fastened to a permanent structure, either on shore 
or in the water.  This means that most floating docks are 
used in conjunction with either crib docks or permanent 
pile docks.  Again, this style of dock requires points of 
contact on the shore lands and to the lake bed, and most 
often is constructed directly on top of or near shallow 
water areas.  This dependency on a static structure 
illustrates the same issues with the other dock types 
previously mentioned.

2.4  Floating Docks

Figure 1.43.  Photograph from underneath a 
floating dock



 Under the surface of the lake, following the 
bathymetry, the area between the surface of the water 
and 10 meters below showcases the most variation in 
bottom materials.  Mud transitions to silt, with underwater 
vegetation, and patches of gravel, boulders, and sharp 
slabs of granite can be encountered within a short 
distance.  Larger boulders are found throughout the lake 
bed, with a higher frequency of large boulders being 
observed on windward North shores.  Any changes in 
bottom material are colonized quickly by fish species, for 
protective cover, nesting, or feeding.  Many fish species, 

2.5  Lake Bottom Textures
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Figure 1.44.  Photograph collection of bottom 
material from the site.  Depths ranging from 1m 
below the surface to 12m below the surface



at a range of depths and locations, can be targeted for 
fishing based on bottom materials and the relationship 
of that bottom type to others surrounding it.  Large 
patches of silt and muddy bottom areas around seven 
meters are usually void of life, aside from small patches 
of gravel, sand, or stones.  Walleye inhabit these small 
patches in groups, during feeding.  During these times, 
these schools can be fished quite easily and successfully 
using a simple bathymetric map and a sonar or flasher to 
distinguish changes in bottom types.
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Figure 1.45.  Photograph collection of bottom 
material from the site  



Figure 1.46.  Photograph of sharp granite pieces 
on the leeward shoreline of the site
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Figure 1.47.  Photograph of organic lake bed 
material .  A fallen tree covered in biofilm, and 

inhabited by minnows, crayfish, and larger 
predatory fish



3.0  Experimentation

 Testing the lake functions with physical model 
structures is a way to understand the forces that 
are interacting with a structure on the surface of the 
water and below.  Because the lake functions from the 
lake bed, to the surface of the water, and then above, 
experiencing the lake in all three segments allows for a 
visualization of site specific data.
 Diving in Lake of the Woods requires 
knowledge of the lake body, a boat to access 
certain locations, and a really warm wet suit.  Water 
temperatures even in the summer remain at only 4 
degrees Celsius below the thermocline, and below this 
level, the hypolimnion can feel very cold after only a 
couple minutes.  Inhabiting the lake below the surface, 
however, reveals a number of subtle nuances that 
cannot be seen above the waves.
 Viewing the lake from above, it is easy to spot 
patterns and large-scale geomorphological characters 
on the Canadian shield terrain.  Rather than flying over 
the site in an airplane, unmanned aerial vehicles, or UAV’s 
offer ease of use and the manoeuvrability to view the 
site from directly above, capturing both photographs 
and video footage.  Using this technology, the site is 

seen in a complete frame from above, where textures on 
the ground, vegetation changes and large scale patterns 
are noticed from a view with the birds.
 By spending time on the lake, either in the boat 
or sitting on the dock, the surface of the water becomes 
the face of that which is below.  Wind blowing causes 
undulations that are seemingly unstoppable, relentlessly 
crashing against the shoreline, and moving things around 
in the process.  On a boat in the waves, the only recluse 
from the power of the water is the land, and being closer 
in proximity to the shoreline exponentially increases 
the force of the surface waves with reflection from the 
shoreline.
 Using these special methods of analyzing 
the lake and the site, new conditions are explored and 
are used to inform experimental modeling and the 
exploration of prototyping form for dock structures on 
Lake of the Woods.

Figure 1.48.  Photograph of materials used for 
site modeling in experiment 1
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expected to react more drastically to 
surface waves, having less surface 
area contacting the water surface, 

 After spending my 
childhood within the site, and 
consistently interacting with the 
lake, experimentation was needed 
to confirm predisposed hypothesis 
about the surface behavior of the 
water in Lake of the Woods. To test 
the effects of the forces of the lake 
surface, an experimental structure 
was installed in the fall of 2015, aimed 
at testing theories of wind and water 
interaction, deep water anchoring 
potential for a floating structure, 
and to provide a focused node for 
analysis of seasonal changes in 
weather patterns on the site.  Natural 
wood from tree cultivation was 
an ideal material for testing, with a 
realistic buoyancy inherent in the 
material, and also a malleability that 
would allow for testing form.  A log, 
originally destined for the firewood 
pile was trimmed, squared off, and 
milled into two blocks, roughly nine 
inches by nine inches in width, at 
sixteen inches long.  To secure the 
anchor, a one inch hole was drilled 
through each block.  Each block 

3.1  Experiment 1

was intended to test the buoyancy 
potential in both horizontal and 
vertical positions  The anchor hole 
was drilled in the bottom quarter 
of the vertical block, model 1A, 
to offset the buoyancy with the 
anchor weight.  Model 1A was 

Figure 1.49, 1.50.  Photographs of experiment 
model 1B and 1A installed on site      
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minimizing stability.  Images of 
childhood fishing with bobbers, 
floats, and worms bouncing over 
the smallest ripples were expected 
to magnify with the mass of the 
block reaching almost 15 pounds.  
Model 1B needed an anchor hole 

Figure 1.51.  Photograph of experiment model 
1B from below 

drilled through the center, creating 
a central connection point to allow 
for a netrually-bouyant resting 
stance.  Model 1B was expected to 
experience less vertical movement, 
but a rotation with normal pitch and 
roll like a log that was un-tethered. 

A lightweight polypropylene rope 
was tied to a clip on either side of 
the anchor hole, allowing the block 



to freely spin, wiggle, and roll.  At the end of each 
rope, resting on the lake bed, sat an anchor that was 
intended to hold the blocks in place on the surface.  
Water depth under each block was approximately 4.5 
meters at the time of installation, and the total rope 
length was approximately 7 meters measured from the 
block connection to the anchor on the lake bed.  After 
the deployment in early October, and the blocks were 
studied in-situ until ice up in late December.  After the 
spring melt, only model 1B remained in place.  Model 
1A had washed onto shore in the bay, and was retrieved 
in late April.  The blocks were installed in a location 
selected to assess the available protection from the 
western flag pole point.  In the experiment time line, ice 
pressure did not seem to be a factor during ice-out and 
spring thaw, leaving the horizontal block in place.  Diving 
to the anchor in the summer, 2016, there was noticeable 
biofilm development on the rope fibers, the underside of 
the wooden block, and on the anchor.  The anchor also 
seemed to be embedded deeply into the sediment at 
the bottom. This could have been caused by increased 
wind action on the surface, prolonged exposure to 
prevailing winds over the fluid water seasons, ice 
pressure from wind friction during the spring melt, or a 
combination of the above.

Figure 1.52, 1.53.  UAV photograph of model 1B 
in context on the site
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Figure 1.54.  UAV photograph of model 1B in 
context 



Figure 1.55.  Underwater photograph 
of experiment model 2 highlighting sun 
penetration between surface elements
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 Surface waves on the 
water entering the site have been 
observed to reach up to one meter in 
height during summer storm events.  
Using the first experiment to test 
the effects of surface waves on a 
floating structure and analyzing wave-
mitigating tendencies of a natural 
floating island, a second experiment 
was conceptualized to address 
issues of stability and the vertical 
interaction of energy at  the surface 
into the water column.  A cellular 
styled structure would be able to 
flex and float with the undulating 
surface of the lake.  Connections 
between the cells would need to 
maintain a structural integrity, while 
allowing vertical and horizontal 
movements incurred by the waters 
movement.  Sunlight penetration into 
the water column was being studied 
from an underwater perspective, 
and the model structure, if spaced 
thoughtfully could add drastic lines 
of shadow and light into the depths.  
Wood, again, was chosen as a simple 
material for the surface structure.  
Hexagonal shapes were cut in 
varying thicknesses, from 1/2” to 3/4”, 
and were bound to each adjacent 
cell around the perimeter.  Binding 
was accomplished by drilling holes 
and wrapping fishing line between 

3.2  Experiment 2

Figure 1.56, 1.57.  Photographs of experiment 
model 2 at the surface
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each cellular item.  
 Using underwater photographs, sunlight 
penetration was explored with existing structures and 
at model scale to visualize the light/shadow relationship 
from below a structure sitting on the surface.  In 
experiment 2, under the surface layer of the dock, a 
sheet of porous fabric screening was bound to the 
structure and contained a small rock ballast.  The ballast 
was used to test the volume needed to offset the 
buoyant properties of the cells and to unify the body of 
the model.  The model preformed fluidly with the waves 
at the surface, as expected, and illustrated the energetic 
action at the surface of the lake.  Each cell wiggled and 
rocked independently, but seemed to also experience 
lateral forces from the neighboring cells as they moved.  
The unified ballast seemed to hold each cell in place in 
relation to the others, but the magnitude of movement at 
the surface disrupted the ballast rocks, which eventually 
dislodged from the netting and fell out.  This experiment 
illustrated how the dock must be composed in pieces in 
order to allow for sun penetration and to maintain proper 
surface movement.

Figure 1.58.  Photograph taken from under the 
existing floating dock on site.  Sun penetration is 
minimal below current dock structures, and lines 
of light can be seen through the decking boards, 
in contrast to the stark line at the dock edge



Figure 1.59.  Photographs of smallmouth bass 
cruising along the bottom covered in large 
granite stones



79



Figure 1.60.  Underwater photograph of sun 
penetration, minnows, an algae

3.3  Sun Penetration
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Figure 1.61.  Photograph of model testing sun 
penetration through laser cut wood screening



 The major contributing factor in the 
maintenance of high-water quality is the ability of the 
system to adapt and react to changing external stimuli.  
With increasing development in the watershed region, 
specifically alongshore, there are a number of factors 
contributing to the beginning of an irreversible decline in 
water quality.  Population shifts, road and infrastructure 
development, wetland loss, water regulation, and 
flooding problems all work against the efficiency of 
the natural system to produces clean water36.  While 
some issues area related to governance and policy, 
the issue of water quality resides on and in the water 
body with lake front development.  At present, dock 
architecture is non-existent, as dock are constructed 
for strictly humanistic purposes. The Ontario Ministry of 
Natural Resources acts as a moderator for development 
to ensure that all development conforms to defined 
governmental standards, but Lake of the Woods is an 
intricate lake body with unique features and tendencies 
that are undefinable by current government standards.  
Using the unique nature of the site, the interface 
between land, sky, and water became the focus of study 
and the home for a new dock prototype.   The dock in 
the instance isn’t only constructed for human need, but 
rather sits within a unique ecological setting, addressing 
human values as smaller pieces of the whole.  Boat 
mooring, swimming, fishing, sun bathing, jumping, diving, 
can all exist as periphery services. Two main hypothesis 

4.0  Design Development

are used as a framework for design development and to 
leverage ecological processes with design decisions.
 The health of the shallow water zone within 
Lake of the Woods dictates the health of this boreal 
lake by introducing energy from the sun into the aquatic 
food web.  The shallow water zone will be defined 
as the bathymetric area below 30’ depths, where the 
thermocline forms in early July and remains until the end 
of September.  The shallow water zone also exhibits 
significant sun penetration down to its lowest boundary, 
which causes lake water to warm in the spring and is 
used in photosynthetic processes by microscopic and 
macroscopic plant species.  Certain biofilms contain 
large populations of phytoplankton, which require 
sunlight to preform photosynthesis and are a significant 
source of food at the lowest trophic levels of the food 
chain.  Dock construction along the shoreline of Lake of 
the Woods is designed to resist movement.  Crib docks, 
pipe docks, and floating dock lengths are all stationary 
after construction and, because they are built at the edge 
of the lake body and extend offshore, create a distinct 
canopy at the water surface, limiting the suns penetration 
to the lake water and lake bed below.  This canopy 
not only limits sun penetration, but disrupts the natural 
geometry of the shoreline, affecting wind and wave 
action effects as well.
 “Wind-generated surface waves, surface 
gravitational seiches, wind-driven horizontal circulation, 

36.  C. L. Hax and S. W. Golladay, "Macro invertebrate Colonization and Biofilm Development on Leaves and Wood in a Boreal River." Freshwater 
Biology, no. 1 (1993): 79
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convective mixing, and hydraulic flow are all potential 
sources of turbulent kinetic energy in a shallow lake 
basin”.37  This transfer of energy introduces oxygen to 
the water, and mixes it within the vertical water column.  
Once the waves interact with the shoreline, more mixing 
occurs between the lake bed, water, and air, causing 
turbulence under the lake surface that redistributes 
energy and nutrients.  Human influenced shoreline 

development is designed to provide access onto the 
water, but through common construction practices 
and technology, lake shore development interrupts 
the transfer of energy at the shoreline and commonly 
interrupts normal surface flow.

Figure 1.62.  Hand sketched dock structure of a form 
extending from the surface into the water column

37.  Mark R. Loewen, Josef Daniel Ackerman, and Paul F Hamblin. “Environmental Implications of Stratification and Turbulent Mixing in a Shallow 
Lake Basin.” Canadian Journal of Fisheries and Aquatic Sciences 64, no. 1 (2007): 44



 Analyzing the site at a microscopic level, 
microbial processes are viewed to greatly affect water 
quality on a larger scale.  Rocks on shore or a fallen tree, 
and every other material surface underwater within a 
boreal lake will be covered with biofilm.  “Invertebrate 
densities on wood and leaves can exceed 5000 per m2 
(e.g., Petr, 1970; Nilsen and Larimore, 1973; Dudley and 
Anderson, 1982; Thorp, et. al, 1985), sometimes greater 
than is found on mineral substrata.”38  Natural materials 
introduced into the water ecosystem become both 
a surface structure to dwell upon and food within the 
system.  “Organic substrata provide not only space 
but food also.  Whereas inorganic substrata may 
provide a surface accumulation of food for grazers and 
collectors, leaves and leaf fragments can be directly 
ingested by shredders and collectors (Cummins and 
Klug, 1979; Bird and Kaushik, 1981).”39  Organic material 
enters the water from the land, most efficiently through 
either wind erosion or water erosion, which again 

places pressure on the shoreline condition to perform 
as efficiently as possible.  Through dock prototyping, 
design development should maintain the natural interface 
between air, water, and land.
The dock prototype employs a frame-and-support 
network that will interact with more than just the surface 
of the water body, providing shelter for organisms to 
dwell upon, around, and within.  Stratifying the dock 
structure prototype into three or more layers, the dock 
may retain a flexibility that mirrors the texture of the 
surface of the water.  The surface of the dock is to be 
defined by human needs while below the surface, the 
flotation, structural elements, and anchor system should 
intertwine with the ecology of the site.  Materiality of the 
support and flotation structures will indicate what type of 
biofilm will colonize the surface, increasing the ecological 
efficiency on a microscopic scale, extending upwards 
through trophic levels.

4.1  Microbial Processes

38.  C. L. Hax and S. W. Golladay, “Macro invertebrate Colonization and Biofilm Development on Leaves and Wood in a Boreal River.” Freshwater 
Biology, no. 1 (1993): 79
39.  Ibid, 79.
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Figure 1.63.  Photograph of underwater debris.  
A fallen tree covered in biofilm
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 Floating islands wander with the wind as a large 
mass of vegetation that is wound, woven, and bound 
together on a microscopic scale.  The root structures of 
the plants create a mesh that sits just below the surface, 
and holds detritus material, algae, and floating debris.  
The organic nature of this material zone is excellent 
habitat for biofilm growth and small organisms.  In this 
instance, microorganisms can use the root structure and 
dead material as both a host structure and for nutrient 
uptake.  
 The flexibility of the island is a product of the 
composition of the island.  Many small fibers, loosely 
bound together, allow for the structure to move with the 
water surface.  The island feels like a mat, or a carpet on 
the surface.  Every little ripple is transferred through the 
mass of roots and fibers.
 Using these observations, a dock structure that 
is cohesive with the ecology on the site should also have 
the ability to move with the surface of the water.  This 
will allow for translation of the waves through the docks 

4.2  Floating Islands and 
Protoyping Form

Figure 1.64.  Photograph of a floating island  
edge 

structure, and allowing the process of wave action to 
influence the shoreline.  To make the dock flexible, 
it needs to connect multiple pieces, and to maintain 
stability, the dock shouldn’t solely balance on the surface 
of the water, but needs to extend into the water column, 
mimicking the keel of a sailboat.
 



Figure 1.65.  Hand drawn sketch of dock design 
processes.  Building the structure in layers
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Figure 1.66.  Hand drawn sketch working 
through buoyancy, weight and material selection
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 Within lake ecosystems, the building blocks 
of this complex system begins at a cellular level.  
“Heterotrophic biofilms…represent a major pathway for 
the incorporation of energy into aquatic food webs”40  
Biofilm is composed of a cellular organisms within a 
cellular structure that acts as the housing agent for the 
biofilm communitiy.  “Light availability and sediment type 
affect the content and composition of EPS (Extracellular 
Polymeric Substance) in complex ways... EPS has been 
shown to stabilize sediments and soils, modify nutrient 
exchanges at the sediment-water interface, affect 
the break-down of organic matter, provide nutrient 

40.  Ryan M. Burrows., Erin R. Hotchkiss, Micael Jonsson, Hjalmar Laudon, Brendan G. Mckie, and Ryan A. Sponseller. "Nitrogen Limitation of Het-
erotrophic Biofilms in Boreal Streams." 60, no. 7 (2015): 1237
41.  Hlne Cyr and Kathryn E Morton. “Distribution of Biofilm Exopolymeric Substances in Littoral Sediments of Canadian Shield Lakes: The Effects 
of Light and Substrate.” Canadian Journal of Fisheries and Aquatic Sciences 63, no. 8 (2006): 1763
42. C. L. Hax and S. W. Golladay, Macroinvertebrate Colonization, 79-80

4.3  Biofilm

Figure 1.67.  Photograph of crayfish on the lake 
bed; feeding on biofilm EPS, small organisms, 

and decaying matter

sources of food for invertebrates, and enhance the 
transfer of contaminants through food webs.”41  Larger, 
multi-cellular organisms, such as crayfish, snails, and 
fry(fish) often feed on biofilm, transferring nutrients from 
the lake into the food web.  “Biofilms are composed 
of micro organisms (bacteria, algae, fungi, protozoa, 
and micrometazoa), exoenzimes, and detritus particles 
enmeshed in a gelatinous polysaccharide matrix (EPS) 
(Geesey., 1978; Lock et al., 1984).”42



Figure 1.68.  Photograph of a typical day on our 
existing dock

5.0  Design Actions

 Following the experimental efforts to 
understand both the surface forces on the lake, and 
the effects of structures in the water on the diffusion of 
sunlight, the design prototype was formed to fulfill the 
maximum potential of two main assumptions; sunlight 
penetration is required for aquatic ecosystem health, 
and surface/sub-surface flow is a necessary lake 
function.
 The dock prototype is designed to fulfill the 
requirements defined with these underlying assumptions 
for Lake of the Woods on a site-specific installation, 
through a number of solutions at this scale.
 Separating the dock structure on the surface 
of the water, sunlight is allowed to permeate the water 
column, while also producing a greater range of shadow 
lines below the surface.  Incorporating a natural variation 
in material types at the surface, biofilm is encouraged 
to colonize each surface in a distinct community, 
which varies the microbiology on the site, enhancing 
biodiversity which stimulates complex interactions in 
community ecology.

 The dock prototype is sized to match the size 
of the current dock structure, to provide a continuity of 
potential uses on the dock surface.  By moving the dock 
structure from a traditional location at the shoreline into 
the deep water location of the bay, the prototype sits 
anchored into the lake bed, below the thermocline at 10 
meters.  The anchors, both grounded and suspended, 
act as stabilizing agents for the dock rippling on the 
surface above, and as hosts for new forms of aquatic 
life.  Natural and artificial material selection below the 
surface will dictate possible colonizations of biofilm at 
the lake bed and suspended in the water column, as 
sunlight filters through the layers of water above.  
 Stratified in the lake body from the surface 
into the deep water zone below 10 meters, the dock 
prototype is efficiently designed to key into the existing 
ecosystems within the lake, while still maintaining the 
maximum level of human use on the surface of the lake.
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Figure 1.69.  Digital plan drawing of surface 
wave patterns and the interaction with the dock 

prototype.  Scale: 1:200

Boreal Forest

5.1  On Site

 The dock prototype is nestled into the 
protection of the bay, away from the majority of the 
forces from the swells and prevailing winds during the 
spring and summer.  The structure is shaped like a 
wedge, with the anchored point of the dock acting as 
a pivot, allowing the dock to rotate with the direction of 
the waves and wind.  Pushed away from the shoreline, 
the dock is accessed by a slim pier, installed on piles, 
and raised above the surface of the water to allow for 
both sun penetration and surface water flow within 
the bay.  Mapping swell directions on the site, the bay 
acts as a catchment for sediment and debris.  Waves 
enter the bay from the Southwest, and flow into the 
shoreline.  The shoreline obstructs the flow pattern, and 
funnels the waves deeper into the bay, following the 
shoreline, and creating a counter clockwise surface flow 
rotation.  Once the flow force dissipates, sediment is 
gently deposited onto the shoreline and left to settle to 
the lake bed.   Contrasting this normal flow pattern, the 
direction of storm winds blows from the East.  The dock 
rotates to face the waves point-first, and the waves are 
encouraged to slip around the structure and begin to 
displace the sediment accumulated over time.
 The dock prototype eliminates the shallow 
water dead zone that is typical with a stationary crib 
or pipe dock.  Mapping the natural sedimentation zone 
with the new dock prototype on site illustrates how the 
new structure will enhance the mobility of sediment 
alongshore on site.
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Figure 1.70.  Digital elevation drawing of the dock 
prototype at the surface.  Human interaction 

occurs with the dock and the surface of the lake

 As the water ripples, jumps, folds, and flexes, 
it is shadowed by the dock surface.  Each dock cell 
is connected to its neighboring cells  by a single joint.  
Located on each of the four sides, this joint holds each 
dock cell in tension with a connective member that fits 
within the ball-styled compression pad.  By attaching 
with this fastener, the dock is able to flex and rotate 
simultaneously, allowing for a near-accurtate translation 
of the surface texture of the water into the dock 
structure.  This allows for natural wave action to pass 
through the structure with minimal disturbance, while 
also protecting boats moored to the surface while they 
also move with the waves.   Mounted above the frame 

of each cell are two styles of surface material.  One is 
a traditionally styled timber decking.  While common 
practice dictates timber decking to be installed with 
minimal spacing between boards, this decking is 
actually stretched to a spacing of 0.5” between each 
member.  The spacing most importantly encourages 
beams of light to filter through the cell structure and 
interact with the shadow lines of the dock as a whole.  

5.2  At the Surface

       20     40              80cm
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Underwater, this light and shadows flicker playfully into 
the water column, attracting algal growth and biofilm 
colonization.  With maximized sun penetration, the dock 
cells encourage early thawing during the late winter, 
which allows for water within close proximity to warm 
earlier.  Alternating from the wooden decking surface, 
an ecological sandwich of marsh grasses, roots, 
and decaying material rest within a growing mat that 

Figure 1.71.  Digital plan drawing of the dock 
prototype highlighting the surface treatment 
options of the dock cells; timber decking or 

manufactured wetland

N
        100     200                400cm

loosely moves with the waters surface.  Suspended 
above the wetland body, an aluminum mesh spans the 
space created by the structural subframe. The mesh 
employs calculated perforations to allow for sunlight and 
precipitation to pass through into the water below, while 
grasses can grow upwards and through. 
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Figure 1.72.  Digital design plan drawing of the 
dock prototype within the site.  Scale: 1:100
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 The dock structure, or structural elements 
that inhabit the water column also encourage the 
development of biofilm.  The structural fins projecting 
from the surface into the water depths are perforated.  
These openings allow for subtle water flow through the 
structure, eliminating the dead zone, or slack water, that 
usually occurs on the leeward side of structures within 
moving water.  The perforations are also designed to 
limit the mass of the structure near the surface.  The 
fins, constructed in thin metal, are joined toward the 
center with spacer bars and through-bolts, and act as a 
collecting member for the ballast cables.  By perforating 
the fin material, there is an exponential increase in 
surface area of the underwater structure, providing 
innumerable opportunities for biofilm development.  
“Macrophyte-based water treatment technology involves 
horizontal surface and subsurface flow, vertical flow and 
floating bed systems.”43  By constructing the surface and 

subsurface segments of each dock cell with a number 
of different materials, biofilm community variations 
can develop on each surface distinctly, changing 
arrangements with light penetration, water movement, 
and even depth.  Below the fins, the confluence of each 
member acts as a collecting agent for the ballast cables.  
The collar is designed to sit directly below the buoyancy 
unit, creating perfectly linear opposing forces, aiding in 
the stability of each dock cell.

5.3  Below the Surface

Figure 1.73.  Digital detail drawing of a singular 
dock cell.  Below the surface structure, the 

buoyancy unit and the structural fins extend 
below the surface into the lake body.  Scale 1:10

43.  Li, Xian-Ning, Song, Hai-Liang, Li, Wei, Lu, Xi-Wu, and Nishimura, Osamu. “An Integrated Ecological Floating-bed Employing Plant, Freshwater 
Clam and Biofilm Carrier for Purification of Eutrophic Water.” Ecological Engineering 36, no. 4 (2010): 382
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Figure 1.74.  Digital elevation drawing showing 
the dock prototype within the site.  The surface 

structure sits fluidly on the surface of the lake 
like a carpet; gently rolling and twitching with the 

movements of the lake.  Below the surface, the 
ballast hangs deeply in the lake.  From below, 

the cables form columns, arching at the surface, 
and creating a cathedral-like form for the fish 

below. The title of this practicum is perhaps best 
illustrated with this image.  Scale: 1:40

        40     80               160cm



 As the dock cell body extends into the water 
column, the confluence of ballast cables extends through 
a metal collar in the lowest portion of the dock structure.  
The collar is employed to corral all ballast cables directly 
below the buoyancy unit.  With a weighted force directly 
opposing the buoyant force, the dock cell will gain 
stability during extreme wind events, boat waves, or 
heavy human interaction at the surface level.  The ballast 
cables are varied in length, 5/8” steel cables clamped 
to the interior of the structural framework at the surface.  
At the lowest points of the ballast cables, a collection 
of granite pucks, approximately 9”x9”x3”, roughly cut 
and finished hang freely.  As a natural surface, biofilm 
colonization will mimic that at the shoreline, where the 
community of microorganisms will arrange to pull 
nutrients from the surrounding water, but also from the 

ballast weights themselves.  Mapping the bathymetry of 
the lake bed on the site, each cable was given a length 
that mirrors the undulations of the lake bed.  While freely 
suspended in the water column, the ballast units are used 
as an emergency limit when the dock is manipulated with 
southerly or south-easterly storm winds.  In this case, the 
shoreward ballast units are dragged onto the lake bed as 
the dock rotates to face the direction of the wind.  The 
added weight anchoring the dock in place prevents the 
dock from moving beyond its allowable limit.  At depth, 
the ballast units hover in tension, swaying slightly as the 
waves jostle the dock overhead.  By extending deeply 
into the water column in the middle of the bay, the dock 
now acts as an underwater structure and fish habitat 
hovering off the bottom of the lake bed.  Fish are often 
drawn to subtle horizontal structure, changes in bottom 
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texture, and vertical structure for shelter and feeding, 
as most predatory fish hunt aggressively from below.  
Using the light backdrop of the sky, predators rely of the 
structure to camouflage the outline of their body from 
above.  The concept is designed to provide structure for 
both predators and prey, while also providing a vertical 
corridor of shelter from the surface of the water to the 
thermocline.  As the dock rests in the middle of the bay, 
the unified structure alters the underwater landscape 
of the bay, acting as an island of refuge over the once 
sparse deep water zone.

Figure 1.75.  Digital elevation drawing of the 
ballast cables extending deep into the deep 

water zone of the site.  Scale 1:40

        40                 80                                       160cm
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Figure 1.76.  Digital detail drawing highlighting the 
dock cell prototype and the relation between 

the dock cells and the aquatic food web.  Biofilm 
development is located on all surfaces below 
the water.  Material selection is based on the 
tendencies of biofilm colonization to vary on 

different surface materials.  Scale: 1:20

20     40              80cm



 The dock is designed to flex and undulate with 
the energy on the surface of the lake.  Waves on lake 
of the woods have been observed to reach heights of 
over 24” during extreme wind storm events.  With a 
singular anchor location, the dock is able to rotate and 
settle “bow into the wind”.  The superficial shape of the 
dock is hydro-dynamically shaped to efficiently split 
these swells and encourage water surface movement 
around the structure.  In this site, the normal flow would 
be directly into the western shoreline, characterized by 
a long rock shoulder from years of ice activity.  Waves 
hitting the shore deflect their energy towards the interior 
of the bay, where a micro-current follows the shoreline in 
a counterclockwise pattern.  The dock is to stand within 
the wave action, splitting the energy around its perimeter, 
and translating the energy of the waves throughout its 
structure.  The ballast weights held in tension slowly 
sway at depth, like a pendulum.  The dock, as a kinetic 
structure, interprets the energy on the surface and 
translates it into the water column below.  Normal lake 
mixing and temperature stratification occurs through 
surface and interior waves.  The dock, through interaction 
with surface waves, transfers the energy from the wind 
to varying depths of the lake body, increasing the mixing 
potential on the site.

5.4  Wind Effects on a 
Dynamic Structure
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Figure 1.77.  Digital plan drawing of surface 
waves and land breezes affecting the dock 
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Figure 1.78.  Digital elevation  drawing of the 
dock prototype interacting with surface wave 
forces, and translating that force into the water 
column.  Scale: 1:20

20    40             80cm



 As the dock rests on the surface of the water 
and hosts a new hybrid ecology within its structure, 
human interaction with the lake exists on, in, and below 
the surface.  Walking outwards from shore onto the 
pier, the bottom texture of the lake bed is noticeably 
different from before.  Waves are curling around the 
boulders protruding from the bottom, and the pollen on 
the surface of the lake seems to be flowing alongshore, 
rather than being pushed onto the beach.  As minnow’s 
dark around the plants below the surface, the pier steps 
down to reach the floating dock.  Stepping onto the first 
timber clad decking cell, the structure flexes slightly 
underfoot, releasing a few bubbles to the surface.  
Interspersed between the decking, pockets of wetland 
grasses sway in the breeze, and a pair of Canadian 
warblers take off from the small bog birch foliage.  The 
dock is undulating gently, and looks to be breathing with 
the surface of the water.  The sun is already hot, and 
the timber underfoot is warm to the touch.  Walking to 
the edge of the decking, the boat is loosely moored, 

5.5  Human Interaction

mirroring the movements of the dock surface.  Between 
the boat and the dock, a small school of rock bass 
and black crappie wait behind the veil-like shadow line 
for schools of minnows to pass through the flickering 
beams of light, following the gentle flow of algae below 
the surface.  The southern edge of the dock is moving 
more distinctly with the waves as a boat wake reaches 
its edge.  A momentary increase of ambient noise erupts 
underfoot as the waves break around the structural fins 
below the deck.  A chair is set near the edge, and a 
worm is threaded onto a pink jig head, dropped at the 
edge of the deck and left to settle on the bottom, 10 
meters below.  Even before the bail on the real is flipped, 
the line begins to peel off, and a quick pull on the rod 
engages a walleye in a battle to the surface.  What’s next 
for the warm July day?  Perhaps a swim, or a slow cruise 
alongshore in the canoe.

Figure 1.79.  Digital elevation drawing of human 
interaction with the dock prototype and the 

surface of the lake
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 The dock, resting in the bay as a floating carpet 
over deep water, is a combination of structure, design, 
and technology.  The purpose of this practicum was not 
to produce a final design solution, but form a direction 
of thinking about ecological infrastructure, lake water, 
and development alongshore.  A cohesive prototype 
model emerged through drawing, and as the product of 
evaluating models and natural structures like the floating 
islands that release from the shoreline during high water.  
By working through drawing, there are a number of 
future possible applications of the theories entwined in 
this structure as it exists at this stage.
 By working through drawing with a distinct 
knowledge and care for the site and the context of this 
project, I don’t see the end of this document as the end 
of the project.  During this coming summer of 2017, once 
the ice melts, the water rises, and things settle back into 
place for the season at Lake of the Woods, I am planning 
to begin construction of one or two dock cells.  Using 
the rendered drawings produced in Autocad, the dock 
cells are articulated well enough to produce a full size 
model.  This will address a number of questions which 
emerged at the final stages of drawing and writing: the 
scale of the structure, and underwater performance of 
the suspended ballasts.
 One of the main questions about the dock 
emerged as a question of the scale.  The dock, in plan, 
seems to engulf the bay, claiming a large surface of the 
water body on the site.  Originally, the dock structure 

5.6  Outcome and Review

was drawn to mimic the scale of the existing dock 
structure that currently inhabits the site.  There are 
certain physical and economic restrictions that informed 
the size of the existing structure, that would not apply 
to the new dock prototype.  Water depth, for example, 
was one of the main driving factors in the construction 
of the current structure.  By building the dock in the 
current location, it was required to extend over sixty 
five feet from the shoreline in order to access water at a 
depth that could allow for a motor boat to park alongside 
without concern for the motor striking rocks of sediment 
on the bottom.  By pushing the prototype anchor points 
into deep water, the dock no longer exhibits a restriction 
of boat docking.  In this instance, building a model at a 
full one to one scale will allow for a more invasive test 
of scale, and can allow for adjustments for layout, or 
orientation of the structure as a whole within the site.
 By constructing the model at this scale, and 
installing the prototype structure on site, I will also be 
able to inhabit the spaces below the surface, as well as 
the surface itself.
 It will be very interesting to experience the 
prototype in full scale on site as it interacts with the 
forces of nature on the surface of the water.  Waves, 
wind gusts, boat mooring, fishing, and diving around the 
structure will illustrate many of the points discussed 
within this document, and will provide a full test to the 
short-term potential of this prototype.

Figure 1.80.  Digital detail drawing of each style 
of dock cell surface material.  The dock has 
a modularity that allows for a full scale model 
of two cells to be built, installed, and studied 
without the need for constructing the entire 
structure



Figure 1.81.  Digital Elevation Detail of the dock 
interacting with the surface of the water during 
heavy wave action.  At the lake as a kid, those 
days were the best for jumping off the dock as it 
pitched up and down
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Figure 1.82.  Digital Elevation of the dock 
prototype 



 With increasing developmental pressure on 
the shoreline region of Lake of the Woods, there is an 
urgent need to re imagine the template of traditional 
dock construction.  I feel we need to move away from 
building simple structures easily alongshore, in the 
shallow water zone of the lake, while disturbing normal 
lake flow and inhibiting sunlight penetration into the 
water body.  Using the information reviewed for this 
project and experiences from growing up at the lake, the 
dock prototype is an attempt to contradict the negative 
effects of the current dock structure on the function of 
the lake, and redefine the interaction between humans, 
docks, and Lake of the Woods.
 What started as a fascination with the lake as 
a young boy, has now shifted to view the lake as also a 
scientist and designer, looking at the lake with a different, 
more critical eye.  I am continuously trying to understand 
the subtleties of the lake as a system, and now will 
continue to view the lake and the experiences I have 
on, in, and around it with an increasing respect for this 
adaptive ecological environment.
 The new dock prototype, defined in this 
project, is the preliminary stage of developing solutions 
for creating a multi-faceted, site specific structure, in 
a larger lake system that can function with a high level 
of efficiency with or without human intervention.  The 
bonus within this project exists as we inhabit the dock 
prototype.  By encouraging ecological colonization, this 
dock can become an oasis for aquatic life within the lake 
body, serving the human function of a dock on the side 
of all other functions.

6.0  Conclusion

Figure 1.83.  Photograph of deep water views 
from below Experiment 2
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Figure 1.84.  Photograph 
of the soft shoreline of an 
undeveloped bay
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