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FOREWORD 
It is a pleasure for me to introduce the 

Canada Water Book on Flooding as a 
contribution by Canada to the United 
Nations International Decade for Natural 
Disaster Reduction (IDNDR). The purpose 
of the Decade (the 1990s) is to reduce human 
and economic losses from natural disasters 
in all countries through disaster pre-
paredness and prevention. 

Over the past century, natural disasters 
have taken millions of lives and caused 
billions Of dollars in damage. Flooding ranks 
as on è of the most damaging forms of 
natural disaster in the world, together with 
droughts, earthquakes, and cyclones. Coastal 
storms, ice jams, snowmelt runoff, 
rainstorms and tsunamis are all causes of 
floods that Canada has in common with 
other countries. It is hoped that the Canadian 
experience chronicled here and our approach 
to flood darnage reduction will be beneficial 
to others, both at home and abroad. 

Together we face the paradox of 
flooding: that flooding is at the same time 
essential to a healthy environment and a 
hazard to developed areas and to human 
activities in the floodplain. To achieve 
sustainable development in Canada, our 
solution has been to discourage flood-
vulnerable development on the floodplain. 
This has been the guiding principle of the 
national Flood Damage Reduction Program, 
which was initiatèd in 1975 and has 
involved a major effort by all levels of 
government. Flood risk mapping has been a 
cornerstone of the Program. As the Program 
reaches completion, over 188 000 hectares of 
floodplain areas in more than 600 
communities across Canada will have been 
mapped. Moreover, information on floods 
and flood risk areas has been made 
available to thousands of Canadians — to  

governments, financial institutions, local 
authorities, and the general public — so that 
they can understand flood risk and make 
appropriate decisions with respect to human 
settlements and flood preparation. 

Looking back over the years, it is clear 
that Canadians have made great progress in 
preparedness and prevention. This book 
describes how we have prepared for floods 
through the establishment of provincial 
forecasting centres, the founding of 
emergency training schools for municipal 
officials, the creation of Conservation 
Authorities, and floodplain management. 
Eyewitness accounts by private citizens who 
survived major flood events, such as 
Hurricane Hazel in 1954, add a dramatic 
dimension to the book. I would like to 
express my appreciation to the individuals 
and organizations who contributed their 
eyewitness accounts, knowledge and 
expertise to make this publication possible. 

In 1992, the Earth Summit in Rio de 
Janeiro put before the international 
community the challenge of sustainable 
development. Countries participating in the 
International Decade for Natural Disaster 
Reduction have taken up this challenge 
through their commitment to disaster 
preparedness and prevention. This book is 
being issued as preparations are under way 
for the World Conference on Natural 
Disaster Reduction to be held in Yokohama, 
Japan in May 1994, as part of the United 
Nations' mid-term review of Decade 
activities. We are providing this information 
to all countries as well as to Canadians to 
assist them in building into their plans for 
sustainable development, the prevention 
and preparatory measures needed to reduce 
the human and economic losses from 
flooding. 

>
dAl. 

Pierre H. Vincent 
Minister of the Environment 
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PREFACE 

Canadians are concerned about 
flooding. They want to know how they can 
prepare for floods and what they can do to 
prevent flood damage. In monetary terms, 
the costs of flood damage are high — 
flooding is the number one natural disaster 
in terms of property damage in the country. 
To the individual, the costs are immeasur-
able. Countless citizens have experienced 
the impact of flooding, whether it be 
cleaning up their basements or surviving a 
major disaster such as Hurricane Hazel. 
Those living along the Saint John River in 
New Brunswick, by the St. Lawrence or on 
the shores of the Mackenzie in the North 
know the hazards of ice jam flooding. Many 
with homes and cottages along the shores 
of major lakes, such as the Great Lakes, or 
along Canada's coasts can tell stories of 
flooding, property damage and death. 
During springmelt, heavy runoff called 
freshet floods many areas. And anywhere, 
anytime, a sudden intense rainfall can 
cause a flash flood. 

The seventh in the Canada Water Book 
series is devoted to informing and educating 
the reader about flooding. Undoubtedly-, by 
understanding the role of flooding in our 
ecosystem we can appreciate that it is a 
natural and necessary phenomenon. The 
question to be answered is how do we 
adapt? The answer is simple. Don't build 
inappropriate development on the 
floodplain. This philosophy has been the 
basis of the national Flood Damage 
Reduction Program, which was initiated by 
the federal government in 1975 to reduce the 
amount of property 'damage and suffering 
caused annually by floods. The Program is a 
cooperative effort by the federal, provincial, 
and territorial governments that aims to 
reduce the potential for flood damage by 
identifying flood risk areas and by 
discouraging flood-vulnerable development. 

Although the floodplain may be completely 
unsuitable for homes or businesses, 
alternative, more sustainable land uses are 
encouraged, making the Program a fine 
example of sustainable development. 

The book sets forth for the first time a 
comprehensive portrayal of how Canadians 
have responded to flooding: the recognition 
of the need to inform and educate municipal 
officials, planners, realtors, and the general 
public about damage prevention and 
preparedness; the evolution of legislation 
and policy at all levels of government; the 
creation of Conservation Authorities; the 
establishment of forecasting centres 
integrated with emergency measures 
organizations across the country; the 
dedication of the members of policing and 
firefighting organizations and relief agencies; 
and the bravery of private citizens, some of 
whom lost their lives while rescuing others. 

Chapter 1 describes the causes of floods 
and the vital role of flooding in our 
ecosystem. Near the end of the chapter, the 
story of Hurricane Hazel is told, a storm 
which struck Toronto, Ontario, in 1954. 
Chapter 2 chronicles how flooding has 
affected Canadians in the provinces and 
territories, documenting a selection of major 
events within the past 200 years. Highlighted 
is an eyewitness account of the 1975 spring 
flood in Waterton Lakes National Park in 
Alberta. A feature on ice jam flooding 
concludes the chapter. Chapter 3 traces the 
evolution of the roles of various levels of 
government in flood control, leading up to 
the national Flood Damage Reduction 
Program. At the end of the chapter, the 
feature entitled "Immeasurable Loss" 
describes the lives of the victims in the 
aftermath of the flooding at Perth-Andover, 
New Brunswick, in 1987. Chapter 4 discusses 
two approaches to flood management — 
structural and non-structural — with emphasis 
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on the non-structural approach of the Flood 
Damage Reduction Program. This chapter 
contains three features. The first is "Night of 
Terror," an account of the 1972 flash flood in 
Rapid City, South Dakota, U.S.A. which 
presents lessons learned from inappropriate 
floodplain development. The concluding 
features are entitled "Forecasting Centres 
across Canada" and "Stormwater 

Management." Chapter 5 briefly outlines an 
ecological perspective to floodplain 
protection and management. 

In recent years, the efforts of all levels 
of government have helped to reduce the 
social and economic costs of flooding. To 
this end, the book lays the groundwork for 
informed decision-making about living on a 
floodplain and being prepared for floods. 
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CHAPTER ONE 

As OLD AS TIME 

The flood was forty days upon the earth; 
and the waters increased, and bore up the 
ark, and it rose high above the earth . . . . 
The waters prevailed exceedingly upon the 
earth; and the high hills that were under the 
whole heaven were covered. 

— Genesis, 7 

T he Old Testament story of Noah and 
his ark is merely one of many told 
down through the ages. In both 

Western and Eastern civilizations, people 
have recounted legends of floods engulfing 
the entire earth. Only in Africa is the flood 
story rarely told. Scholars have argued for 
centuries about the origins of these stories, 
their commonality, and whether such cata-
clysms ever occurred. Nonetheless, although 
the extent of these floods is uncertain, their 
violent nature is vividly portrayed. The sto-
ries, of course, are told in terms of how 
floods affect people's lives. They reflect pub-
lic perception which sees widespread human 
and material losses in the flood's wake. 

Viewed in terms of the global ecosys-
tem, however, flooding is part of the hydro-
logic cycle in which water is forever recy-
cled between the earth and the atmosphere. 
Spilling over the floodplain, water nourishes 
the wetlands of Canada's major deltas. For 
instance, the recurrent inundation of the 
Peace-Athabasca Delta in northern Alberta 
has fostered an environment in which plant 
and animal life has achieved a balance de-
pendent on flooding. 

Flooding is a common phenomenon in 
Canada, resulting from an increase in 
streamflow beyond the point where the nor-
mal stream channel can contain the water. 
When water overspills riverbanks, it spreads 
out along the adjoining floodplain. Flood-
waters inay occupy the floodplain for a mat-
ter of hours, as in the case of flash floods, or  

for up to two months, as sometimes occurs 
during the spring snowmelt runoff period. 

The floodplain, a level expanse carved 
out by the river, is a natural extension of the 
river channel. In spite of potential peril, 
people are drawn to the area because of the 
many benefits the floodplain provides. Un-
fortunately, this use of the floodplain gener-
ally does not make accommodation for the 
river's eventual return. As the development 
of floodplains continues, conflicts with many 
ecological processes increase. The marshes 
and swamps of the floodplains provide re-
quired habitat for nuMerous species of fish 
and wildlife. As well, these areas act as filters 
for the river system and allow the recharging 
of groundwater supplies. When floodplains 
are developed, marshes and swamps are 
drained and low-lying areas filled in. 

Since earliest time people have lived 
along the edge of rivers and lakes. Apart 
from the obvious source of drinking water, 
the river supported a food source, provided 
a means of transportation, and eventually 
supplied power to mills. People have contin-
ued to occupy the floodplain but for differ-
ent reàsons. The floodplain and riverbank 
provide aesthetically pleasing sites for hous-
ing, the level land is cheaper to build on, and 
services are easier to install. 

As the development of the floodplains 
increased, concurrently the damage caused 
by flooding also increased. Therefore protec-
tive measures such as dykes, dams and diver-
sions have been widely employed. 

Although structures may successfully 
protect areas, they also can engender a false 
sense of security. Often development contin-
ues in the floodplain after the structural 
approach has apparently solved the flood 
problem. However, structures are not infalli-
ble. They require maintenance, particularly 
dykes, which can be eroded over time or 
become saturated and fail during extended 

1 
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As OLD As TIME 

periods of high flow. No matter to what level 
of flooding structures are designed, there 
may come a time when the flood levels will 
exceed the design flood. Whatever the reason, 
once the structural system fails, the damage 
from the flooding will be greater than if the 
structures had never been put in place. 

Canada has been facing rising compen-
sation payments and the inability of struc-
tures to alleviate the problem of flooding. 
In an effort to provide a coordinated, cost-
effective approach to the problem, the federal 
government, in cooperation with the prov-
inces, in 1975 announced the Flood Damage 

DESIGN FLOOD 
A design flood is the extreme flood event selected and used for the design of structural 

measures such as dykes, spillways, and floodways. It is also used in the delineation on topo-
graphic maps of flood hazard areas adjacent to rivers, lakes, and the sea. Sometimes, a major 
historic event is used as the design flood. For example, in southwestern  and central Ontario, 
Hurricane Hazel is used as the design flood for delineating flood risk areas on maps. Most 
often, however, the extreme flood event selected is determined statistically from hydrometric 
and hydrological records collected in the vicinity of the site under consideration. The selection 
of the extreme event is based upon the perceived risk to life and property. Flooding events with 
higher recurrence intervals have higher volumes of water. For example, a 1 in 100-year (1 in 100) 
flood, generally used for flood hazard mapping, would have a smaller volume than a 1 in 
500-year flood used in the design of a spillway. A 1 in 100-year flood means the flood that has 
one chance in one hundred of being equalled or exceeded in any given year. 

Bridge at Bonshaw, Prince Edward Island, April 1962. (Courtesy of Prince Edward Island 
Public Archives and Records Office; photo No. 33611210 349 A2) 
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Reduction Program. To ensure sustainable 
development, the Program combines the fol-
lowing activities: 

• mapping of flood-prone areas 
• restricting land use activities in the 

flood zone 
• educating the public 
• studying flood-prone areas to suggest 

mitigation, including structures where 
warranted 

• assisting in the implementation of flood 
forecasting. 

The regulation of land use in the flood zone 
reduces the need for costly structures and the 
level of eventual compensation payments. 

Flooding in Canada is traced from early set-
tlement to the present in this book. The causes of 
flooding are explained below, followed by a de-
scription of regional flooding characteristics in 
Chapter 2. For comparison purposes, flood dam-
age figures have been converted to 1991 dollars 
using the industrial product price index com-
piled by Statistics Canada. Chapter 3 gives an ac-
count of the evolution of the role in flood control 
played by federal/provincial/territorial govern-
ments, and Chapter 4 describes measures em-
ployed to reduce flood damages. In condusion, 
Chapter 5 examines a significant future direction 
in floodplain management, one that balances 
conservation with the wise use of floodplain re-
sources. Self-contained feature stories on major 
flood events have been incorporated in Chapters 
1 to 4, and to round out the book, eyewitness ac-
counts by individual Canadians are related. 

The Flood Regime 
Given the proper conditions, every river 

has reaches that have the potential to flood. 
Across Canada, flooding is a common event 
because these conditions are met regularly. 
Although flooding is generally perceived 
to be associated with the spring runoff, 
floods have been known to occur at any time 
of the year. Other causes of flooding include 
storms and ice jams. While many floods are 
due to one cause, the most severe floods tend 
to result from the compounding influences of  

two or more causes, such as a heavy rainfall 
together with the spring snowmelt runoff. 

Although people generally think of 
floods in terms of damage to property and 
loss of life, floods can benefit the natural en-
vironment and sustain many ecosystems. 

Causes of Flooding 
Most flooding occurs when the volume 

of water in a river or stream exceeds the 
capacity of the channel. Flooding also takes 
place along lake and coastal shorelines, 
when higher than normal water levels inun-
date low-lying areas. 

The many causes of flooding in Canada 
include those below alone, or in combination: 

• snowmelt 
• rain 
• ice jams and other obstructions 
• jiikulhlaups, or glacier-outburst floods 

URBAN STORMWATER RUNOFF 
Urban stormwater runoff can cause the flooding of local 

rivers as well as of the urban area itself. Urbanization drastically 
alters the drainage characteristics of natural catchrnents, or 
drainage areas, by increasing the volume and rate of surface 
runoff. While the impact on major river systems may be mini-
mal, the carrying capacity of small streams may be quickly ex-
ceeded, causing flooding and elusion problems. Often, the runoff 
from intense rainfall exceeds the carrying capacity of the sewer 
system, creating a badcup in the system and hence the flooding 
of basements and of roads. The feature article on "Stormwater 
Management" at the end of Chapter 4 examines this problem. 

Gatineau, Quebec, May 1974. (Courtesy of G. Larose) 

3 



As OLD As TIME 

• coastal storms (tsunamis, cyclones, 
hurricanes) 

• changes in drainage patterns related to 
urbanization. 

Factors Influencing Streamflow Flooding 
Numerous factors affect streamflow, 

and therefore the potential for flooding. 
Most important are the amount and type of 
precipitation, the nature and condition of the 
drainage basin, and climate. 

All rivers are subject to fluctuations in 
flow. During a rainstorm, the amount, inten-
sity, duration, area of storm, and path of the 
storm, all influence the runoff reaching the 
stream. The amount, intensity, and duration 
of storms affect the ability of the land to ab-
sorb the precipitation and therefore affect the 
rate of runoff. The area and path of the storm 
relate to the area of the basin receiving rain-
fall, which in turn, represents the area con-
tributing runoff. The area and the runoff rate 
determine the volume of water that will pass 
a given point downstream. 

FRESHET 
As snow and ice melt in the spring, or in the early 

summer in mountainous regions, large quantities of water 
are released, causing rivers and streams to attain their an-
nual peak flow. These peak flows, which often result in 
flooding, are called freshet. 

Freshet flood at Mayo, Yukon, June 1936. (Courtesy of Yukon 
Archives, William S. Hare Collection, photo No. 6872) 

The shape, size, soil type, and topogra-
phy of the drainage basin are other factors 
affecting the quantity of water reaching the 
stream. These factors are usually constant. 
However, the absorptive or shedding prop-
erties of the soil vary with vegetation cover, 
season, and previous rainfall. 

In the case of reforestation and revegeta-
tion, the rate at which surface water flows to 
the main channel may be slowed, and hence 
the runoff is spread over a longer period. In 
addition, the passage of water tends to be 
retarded in basins with many natural stor-
age areas, such as lakes and wetlands, and 
even those with artificially created storage. 
Consequently, smaller peak flows are pro-
duced than in basins without these modify-
ing influences. The best North American ex-
ample of a basin with large natural storage is 
that of the St. Lawrence River, which has the 
Great Lakes in its headwaters. 

Climate has an important influence on 
the relationship between precipitation and 
runoff. Frost makes most soil impenetrable if 
the soil contains moisture. In northern  lati-
tudes, the winter season, during which a 
large part of the year's precipitation is stored 
in the form of snow, is often followed by 
sudden melting, with much of the runoff 
flowing quickly over frozen ground to reach 
streams. Also, the heavy ice formation on 
rivers influences flooding, particularly on 
the northward flowing rivers. Climate con-
trols the strength of an ice cover in winter, 
and its manner of breakup, which governs 
the severity of ice jamming. 

Snowmelt Runoff 
During the Canadian winter, most of the 

precipitation is simply stored as snow or ice 
on the ground. During the springmelt, huge 
quantities of water are released, which ex-
plains our heavy spring runoff and flooding. 
This is called freshet. 

Snowmelt runoff floods are the most 
common type of flooding in Canada. These 
floods generally occur in the spring but will 
also occur during sudden winter thaws. 
Heavy runoff results from the rapid melting 
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Awaiting rescue in Brackendale, British Columbia, December 27, 1980. A combination of heavy 
rains and melting snow caused nearby rivers to overflow. (Canapress Photo Service/ 
Rick Loughram) 

5 



I 	PT 
LEGEND 

World Extremes • 
Prairie Extremes X 

1 	I 	111 	I 	1 	1 	1 	1 11 1111 1 	11111 	I  

Funkiko (Taiwan.) 

China. 	•  Baguio (Philippines) 

1778 

1524 

Baguio (Philippines) 

• Thrall (Texas) 

Smethport (Pa.) 

• E 
Smethport (Pa.) 

D'hanis (Texas) • • 

Harrow (Ont.) 
* Rockport (W.Va. 

x  S-pringbrook (Mont.) 
Springbrook (Mont) 

1270 

1016 

762 

M
ill

im
et

re
s  

•■■••1 

508 

254 

o 

As OLD As TIME 

of the snow under the combined effect of sun-
light, winds, and warmer temperatures. When 
the ground is frozen, the water produced by 
the melting snow is unable to penetrate and 
runs off over the ground surface into streams 
and lakes. The amount of surface runoff is 
usually within the capacity of the channel to 
drain off without flooding. However, if there 
is an above-average snow depth, a sudden 
thaw, or both, then the potential for high vol-
umes of runoff and subsequent flooding in-
creases. The situation can become of even 
greater concern if the rising snowmelt rtmoff 
is compounded by runoff from heavy rainfall. 
The later the thaw, the more likely this situa-
tion will prevail. Since the climatic factors in-
fluencing the rate of snowmelt are often 

widespread, snowmelt runoff flooding condi-
tions can exist over vast areas. 

Storm-itainfall Floods 
Flash floods can be extremely danger-

ous. Unanticipated, they usually happen on 
small watersheds as a result of a torrential 
downpour, often caused by heavy thunder-
storm activity. 

A flash flood is characterized by the oc-
currence of the peak of the flood within six 
hours of the onset of rainfall. The flood con-
ditions develop rapidly because the rainfall 
is so heavy the ground is incapable of ab-
sorbing the water quickly enough, resulting 
in a very high runoff rate. The events are 
generally locally intense and damage is usu- 
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ally restricted to a limited area. Large rivers 
remain unaffected, while smaller streams can 
overtop their banks, even in a drought year. 

Several notable flash flood events have 
occurred in Canada. During a storm at Harrow, 
Ontario, in July of 1989, over 400 millimetres of 
rain fell in 30 hours. The Harrow storm is 
described in Chapter 2. In Quebec, a spectacu-
lar flash flood struck Montreal on July 14, 1987. 
The most intensive rainfall in Canadian history 
happened on May 30, 1961, at Buffalo Gap, 
Saskatchewan. More recently, severe prairie 
convective thunderstorms have produced 
some of the highest rainfall rates and largest 
local floods in Canada (e.g., in Calgaiy, 
Edmonton and Lethbridge, Alberta). 

Rainstorm at Buffalo Gap 

On May 30, 1961, a severe rainstorm 
dropped up to 10 inches (254 mm) of precipi-
tation in less than one hour over a small area 
near Buffalo Gap, Saskatchewan. In terms of 
high-intensity short-duration rainfall, it is the 
greatest flash flood on record in Canadian 
history. 

Hopscotching across the south for the sec-
ond successive night, a series of violent 
thunder storms Tuesday...washed away 
rail and highway grades...flooding hun-
dreds of acres of farmlands. 

— The Leader-Post, May 31, 1961 

Several residents described unusual 
colours associated with the black storm  

cloud as "greenish," "pinkish" and "brown-
ish." There was a huge dust cloud ahead of 
the main storm cloud, and in almost every 
case this was described as appearing south 
of the observer, no matter where the point of 
observation was located in relation to the ap-
proaching storm. In some parts of the storm 
area, heavy hail occurred which remained in 
drifts several days later. The detailed ac-
count of the storm below was filed by an 
agent for the Saskatchewan Wheat Pool. 

WIND, HAIL AND RAINSTORM 
Wind, hail and rainstorm struck the 

Hamlet of Buffalo Gap and surrounding 
district. The time 4:15 p.m. M.S.T. May 30, 
1961. The wind was so strong it moved an 
empty boxcar upgrade for 500 yards and 
sent it 30 feet over the derailer. The front 
part of the car is axle deep in the mud. 
This report is 24 hours a fter the storm and 
the hail is still piled up 3 to 4 feet deep. I 
can look out of my elevator office and see 
the hail at the elevator corner. It looks like 
after a winter's snowstorm. Miles of snow 
fences and railway fences have disap-
peared. The town looks like a hundred old 
rotten straw piles were scattered. I got 
a phone call in the middle of the storm 
to help receive two families. One lady, 
87 years old. Both homes were surrounded 
by 21/2 to 31/2 feet of water and ice. Floor 
coverings and furniture were floating 
around the two homes. 

One Fargo 3/4 ton truck got in the ditch 100 yards to 
the west of the post office. At 7 p.m. all you could see of 
the truck was 3 inches, the rest was all under water. 
Pigpens, full and empty, gas barrels, toilets, timbers, C.P.R. 
ties and telegraph poles went through the town like sail 
boats. From 3/4 to 1 mile of railway was swept out like so 
many match sticks. When I saw that the storm was going 
to strike us, I started to close my elevator doors and win-
dows. When that was done I cut the power switch on ac-
count of lightning and then made my way to the cottage. I 
was knee deep in hall and water. From my hips to where 
my shoes started, I have more than 50 black and blue 
marks made by hail stones, some the size of golf balls. 

— Agent, Saskatchewan Wheat Pool 

7 



As OLD As TIME 

HAVOC IN MONTREAL 
A fierce flash flood struck Montreal 

on July 14, 1987. As severe thunder-
storms and intense rainfall deluged the 
city, drainage systems were unable to 
accommodate the massive runoff. Major 
expressways were flooded with over 
3 metres of water, requiring that people 
be rescued from their cars. The public 
transportation system was in chaos. 
Backed up sewers flooded houses and 
businesses, and thousands were with-
out electricity. 

Montreal had been experiencing a 
heat wave when on July 14, thunder-
storms dumped in excess of 100 millime-
tres (mm) of rain. A recording station at 
McGill University measured 86 mm of rain 
in a one-hour period. Rainfalls measuring 100 mm at Parc 
Lafontaine, 92 mm at the Botanical Gardens, and 99 mm at 
Dorval Airport were also recorded. Accompanying the thun-
derstorms were temendous winds that uprooted large trees 
and toppled hydro lines. 

Flooding was caused by excess water flowing from 
the streets into buildings and basements, or by water back-
ing up in a congested sewer system unable to handle the 
flow. The pressure in the sewer system was so great that 
manhole covers were thrust up onto the streets, aggravat-
ing the traffic problems. 

The Metro subway lines were closed by the afternoon 
as the tracks became completely flooded. Buses to replace 
the paralyzed subway system faced massive traffic jams 
when valleys and tunnels flooded. In a 30-minute period, 
the subterranean Decarie Expressway was transformed into 
a canal as the water rose 3.6 metres. About 300 people were 
forced to abandon their cars; police and volunteers drove 
them home. Several hours elapsed before the levels on the 
expressway subsided enough to permit the removal of cars. 
North of the Lafontaine Tunnel, workers had to wait up to  

nine hours to retrieve vehicles. Eventually, over 400 aban-
doned cars were towed off the expressways. The damage to 
vehicles was extensive. 

The basement of the St. Henri senior citizens hospital 
flooded, leaving 240 patients without electricity, kitchen fa-
cilities, and some medical services. The backed up sewers 
destroyed much of the chronic care facility as well as sever-
al offices and records rooms. 

Throughout the city, some 350 000 houses were with-
out electricity, and at least 40 000 homes were flooded. 
Many of the flood victims could not pump out their base-
ments because the sewers could not handle the stormwater. 
Theatres, restaurants and shopping malls had to close as 
floodwaters damaged buildings, spoiled food, and ruined 
merchandise. 

Two people lost their lives. An eighty-year-old man 
died when his car became submerged; another man was 
electrocuted. Flood damage was estimated at $40 million 
($42.4 million in 1991 dollars). At the time of the flood, the 
estimated total audited amount of payments made to vic-
tims was $13.3 million ($14.2 million in 1991 dollars). 

1111•11 
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Firemen rescue motorists with ladders on the Decarie Expressway in Montreal after heavy rai caused flash flooding, 
July 14,1987. (Canapress Photo Service/Ryan Remiorz) 
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Ice Jams 

Spring breakup in Fort McMurray, Alberta, 
draws crowds each year, but the possibility 
of flooding caused by ice jams is an annual 
worry. 

— Insight, Alberta Public Safety Services 

Ice jams are a major cause of flooding in 
Canada. In fact, for most Canadian rivers, 
the annual peak water levels are due to ice 
jams. These jams result from the accumula-
tion of ice fragments that build up to restrict 
the flow of water and then act as a tempo-
rary obstruction. Jams form during both the 
freeze-up and breakup periods, but it is usu-
ally the breakup jams that have the greater 
flooding potential. While national figures are 
not available, on a provincial scale, data for 
the Saint John River basin in Atlantic Canada 
indicate that over two thirds of total provin-
cial flood damage costs are due to ice-related 
events. A description of ice jam flooding of 
the Saint John and other major rivers in 

Canada is given in the feature article at the 
end of Chapter 2. 

During the freeze-up period ice forms 
on the river surface and ice crystals develop 
within the river as frazil ice. Frazil forms 
in open turbulent water under supercooled 
conditions, that is, the temperature of the 
water is slightly below 0 ° C. It is very com-
mon in rapids. The ice crystals tend to coa-
lesce and accumulate, and may become at-
tached to the underside of the ice cover or to 
the river bed as anchor ice. 

The coalescing frazil can also form flocs, 
which float to the surface when stream turbu-
lence is reduced or when the buoyancy of a 
growing mass exceeds downward turbulence. 
The flocs continue to agglomerate and pro-
duce pans, which, in turn, may freeze togeth-
er creating ice floes. Frazil pans and flocs are 
major components in the formation of a river's 
initial ice cover. In tranquil reaches, this cover 
is a mere surface layer of ice floes and pans, 
but elsewhere it can be several layers thick. 

Ice jams usually form where floating ice 
slush or blocks encounter a stable ice cover. 

Beaver watches blasting operations on the Jock River, March 1977. (Courtesy of The Ottawa CitizenlLynn Bali) 
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The beginning of the ice jam is referred to as 
the toe and the upstream end as the head. 
The stable ice is frozen to the banks or is re-
stricted from moving by the channel config-
uration. Generally, incoming ice fragments 
either submerge and deposit under the sta-
ble ice cover or pile up behind it, or both. 
Thus, ice jams can form practically any-
where in any given reach. There are, howev-
er, certain features that, in conjunction with 
ice cover, or on infrequent occasions, alone, 
enhance the probability of ice jam formation: 
bridge piers, islands, bends, shallows, slope 
reductions, and constrictions. 

During breakup in the spring, or during 
winter thaws, an ice jam results from the ac-
cumulation of ice from the breakup of the 
upstream ice cover. A rise in water levels may 
result from the spring snowmelt, or common 
to the southern  and Atlantic parts of Canada, 
a sudden midwinter thaw. Midwinter thaws 
are often accompanied by substantial rainfall, 
resulting in a rapid increase in water levels 
and severe ice jams. 

The ice cover may be broken in a major 
fashion due to uplift pressures exerted by 
rapidly rising water levels. This causes 
"hinge cracks," or longitudinal fracture lines 
parallel to the shores. The cover breaks down 
into smaller pieces after being set in motion 
by the flow and impacting with channel 
boundaries or other sections of ice cover. 

Ice jams cause flooding because of two 
main features. First, ice jam thickness can be 
considerable, amounting to several metres. 
Secondly, the underside of the ice cover is 
usually very rough. Under open water condi-
tions, the only frictional resistance retarding 
the flow of the water is the streambed. The 
rougher the streambed, the greater the depth 
required to pass a given discharge. With an 
ice jam in place, the additional ice and very 
rough lower surface retard flow. Therefore, 
the flow depth has to be much greater than 
for open water. 

If the depth of water necessary to float 
the jam is added to the depth required to 
maintain the discharge, it can be seen that 
extremely high water levels can occur, even 
at relatively small discharges. 

Bedford fireman keeps an eye on ice jam on Sackville River 
in Nova Scotia, January 1978. (Courtesy of T. Peters) 

Another potentially damaging condi-
tion closely related to ice jam flooding is the 
surging flow prodixed by the sudden release 
of a major ice jam. Flow surges can move as 
fast as 10 metres per second, or 36 kilometres 
per hour, which implies that the water level 
could rise rapidly, allowing little time for 
emergency measures. Moreover, the velocity 
of water and floating ice can also be very 
high, more than 5 metres per second, or 
18 ldlometres per hour, with the potential for 
serious erosion or ice impact damages. 

As a child growing up on a farm beside the 
Becaguimec River in New Brunswick, I 
remember my father in the spring getting 
the tractor and hauling the outhouse and 
pigpen away from the river. Over the 
years we lost a good many outhouses. 

During the breakup, we would hear a 
rumbling noise that sounded like thunder. 
The ice practically grazed the side of our 
house. Some of the chunks were the size of 
the house. One year, my dog got stranded 
on the ice and my mother rescued him. 
Daily, my brother and I would watch for 
"strange" stuff. We would see pots and 
pans, balls and bats, inner tubes, uprooted 
trees go by....Living in the country, spring 
breakup is a highlight of the year. 

— Betty Brown, Vars, Ontario 
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Stills from video taken by Ontario Ministry of Natural 
Resources official at 9:30 a.m. the day after the Winisk 
flood. Approximately 140 people were evacuated from the 
village area (population about 170). (Courtesy of Ontario 
Ministry of Natural Resources) 

As OLD As TIME 

THE WINISK FLOOD 

On May 16, 1986, the Village of Winisk was swept 
from the northern landscape by massive chunks of ice car-
ried by the floodwaters of the Winisk River. In just one day 
the village was levelled but for two buildings. Many homes 
were floated off their sites, some up to a kilometre down 
the coast and five or six kilometres inland. 

An emergency team from Indian and Northern 
Affairs Canada and the Ontario Ministry of Natural 
Resources coordinated official relief efforts at the Winisk 
Airport, which was not flooded. Helicopters transported 
stranded people from canoes and the village to the airport. 
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Once the first 206 helicopter landed at Winisk 
Airport, I got in...and we headed out to pick 
up the people on the ridge. (We estimated fifty 
people were on the ridge from the beginning.) 
Since the fog had settled in over the entire area 
I had to go by memory finding the ridge again, 
as we had about 100-200 yards forward visibil-
ity and 50 foot ceiling. We found the ridge and 
began the airlift of people, commencing with 
kids and one or two mothers. In all, I made 
eight trips back and forth....The pick-ups in the 
village were tricky. I assisted people, one by 
one, once they had climbed over jumbled ice 
chunks and crushed ice and fast-flowing 
water, until they were within arm's reach of 
the helicopter skid.... 

— Pilot 

A man and a woman died during the flood. One 
drowned by being carried away by ice and water. The other 
was crushed by the flow of ice. 

The entire community was destroyed and had to be 
re-established 30 kilometres south of its original location. 

Coroner's Inquest I(ecommeniations 
Knowing that all of the coastal communities of the 

James and Hudson Bay area are located in a recognized 
flood zone; and in view of the distances, costs, and time in-
volved, we, the jury, make the following reconunendations 
as preventative measures: 

(1) That a James and Hudson Bay Disaster Planning 
Committee be established and composed of represen- 

tatives of each corrununity and both federal and 
provincial goverrunents to be the planning body for 
all possible disasters. 

(2) That each have a Disaster Planning Committee, and 
that its chairperson or alternate be the liaison person 
to the James and Hudson Bay Disaster Planning 
Committee. 

(3) That each corrununity be provided with a portable 
radio system. 

(4) That the James and Hudson Bay Disaster Planning 
Committee hold annual reviews of the disaster plans 
and update data as required. 

(5) That each community construct a helipad large 
enough to service their population size and elevated 
at least a minimum of eight feet above ground level 
with an independent lighting system. 

(6) That each community organize an 
alternate escape route for other 
possible disasters with a connec-
tion from the community to the 
selected site. 

(7) That helicopters be utilized for 
aerial surveillance instead of fixed 
wing aircraft to monitor river ice 
and snow conditions before and 
during breakup. 

(8) That a warning system be set up 
in each corrununity as part of the 
emergency evacuation plans. 

(9) That the federal/provincial Flood 
Damage Reduction Program be 
the major funding source in order 
to implement all reconunendations. 

(10) That the proposed District Disaster Planning Com-
mittee make a request to Ontario Hydro that all 
power lines crossing river systems be elevated higher 
than the present height of the existing power lines. 

(11) That all of the above recommendations be actively 
and immediately put in place. 
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CATASTROPHIC OUTBURST FLOODS 

Outburst floods are common in western Canada. 
Lakes dammed by glaciers or moraines suddenly drain and 
tonnes of water, mud and debris are released. 

Outbursts from glacier-dammed lakes are known as 
"jeikulhlaups," an Icelandic term. Fikulhlaups occur when 
the pressure exerted by the lake waters exceeds the strength 
of the ice dam. Release in the form of an outburst flood 
occurs when the water level becomes high enOugh to 
actually float the ice or when a small channel forms under 
the ice and causes rapid melting, thus expanding the 
channel. Another common mechanism is overtopping of 
the ice dam and the rapid thermal and mechanical erosion 
of a channel, leading to catastrophic drainage. In all cases, 
the new channel increases rapidly in size and releases the 
lake water quickly. The release of water is often sudden and 
catastrophic. Many glacier-dammed lakes have been known 
to empty and refill a number of times. 

Outbursts from moraine-dammed lakes are less 
common but can be just as destructive. In the case of these 
lakes, water overtops and cuts through the moraines. There 
is also the possibility, with recent lakes, of failure of the 
dam caused by seepage through the moraine once the 
internal ice core has melted away. 

Floodwaters from glacier- and moraine-dammed lakes 
can pick up large quantities of sediments and transform into 
destructive debris flows. This water-saturated, bouldery 
debris rushes down valley, ripping sediments and trees 
from the valley floor. At Kicking Horse Pass, two major 
transportation routes have been damaged by debris flows. 
In 1978, debris flows triggered by a jiikulhlaup from 
Cathedral Glacier destroyed three levels of Canadian Pacific 
railway track, derailing a freight train. Sections of the Trans-
Canada Highway were also buried. Debris flows at the same 
site in previous years have also been linked to jeikulhlaups. 
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Breached end moraine at the head of Nostetuko Valley, British Columbia. The moraine was incised when Nostetuko Lake 
drained suddenly in July 1983. Note the huge bouldery debris fan below the moraine. (Courtesy of I.I. Clague) 
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Coastal Storms 

Many Canadians living along the shores 
of major lakes, such as the Great Lakes, or 
along Canada's coasts have experienced 
flooding and property damage as a result of 
high wind and wave action, or the interac-
tion between high estuarine flows and tides. 
Shoreline flooding may be caused by storm 
surge or seiches, often occurring simultane-
ously with high waves. 

Any body of water has a set of natural 
periods of oscillation at which it is easy to 
set up motions, which are called seiches. The 
periods of these seiches, which are depen-
dent on the water depth and the horizontal 
dimensions of the body of water, can range 
from several minutes to several hours. They 
occur commonly in endosed or partially en-
closed basins and are usually the result of a 
sudden change, or a series of intermittent-
periodic changes, in atmospheric pressure or 
wind velocity. The period of oscillation of a 
seiche depends on the causative force which 
sets the water basin in motion and the natu-
ral or free oscillating period of the basin. For 
example, when the wind ceases, the effort of 
the water to return to equilibrium may cre-
ate an oscillation at a period unique to the 
region of occurrence. 

The appearance of these seiches can be 
simulated by tilting a basin partially filled with 
water and then setting it down on a level sur-
face. The water will slosh back and forth at a 
period determined by the size and shape of the 
basin. The maximum amplitude of a seiche in 
a closed basin occurs at the ends; the point of 
no vertical change occurs at the middle. 

Surges are caused by sudden changes in 
atmospheric pressure and by the wind stress 
accompanying moving storm systems. Storm 
systems are significant because of their fre-
quency and potential for causing abnormal 
water levels at coastlines. In many coastal re-
gions, maximum storm surges are produced 
by severe tropical hurricanes. Determination 
of water elevations during storms is a com-
plex problem involving interaction between 
wind and water, and differences in atmo-
spheric pressure. Winds are responsible for  

the largest changes in water level due to 
surge. A wind blowing over a body of water 
exerts a horizontal force on the water surface 
and induces a surface current in the general 
direction of the wind. These currents are im-
peded in shallow water areas, causing the 
water level to rise downwind while at the 
windward side of the basin the water level 
falls. The term "storm surge" is used to indi-
cate departure from normal water level due 
to the action of storms. The term "wind set-
up" is often used to indicate rises in lakes, 
reservoirs, and smaller bodies of water. A 
fall of water below the normal level at the 
upwind side of a basin is called setdown. 

Along the coasts of Canada, severe 
storms can produce surges of up to 2 metres, 
but in some areas of the world, notably 
Bangladesh, severe storms can produce 
surges in excess of 8 metres. Generally, set-
ups in lakes and reservoirs are less. Among 
the most extreme lake set-ups observed 
in the world are -those on Lake Erie, amount-
ing to 2.5 metres at the eastern end of the 
lake. These rises in water levels can also pro-
vide a base on which high waves can attack 
the upper part of a beach and penetrate far-
ther inland. Wind-induced surge, accompa-
nied by wave action, accounts for most of the 
damage to coastal structures and beach areas. 

Tsunami 

The most spectacular coastal flooding 
event is the tsunami, also known as a tidal 
wave. The term "tidal wave" is actually incor- 

TUKTOYAKTUK FLOODING 
In the Northwest Territories, Tuktoyaktuk on the arc-

tic coast experiences flooding when major Beaufort Sea 
storm surges occur during the late summer and fall. The 
timing of surges and the strength of winds are critical, as it 
is only in the late summer when the fetch of open water 
from shore to the edge of offshore ice pack is great enough 
for major storm surges and waves to be produced. Climate 
warming, sinking of land in the area, and local coastal ero-
sion may intensify the flood hazard in the area over the 
next century. 
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rect, as tidal activity is not a component of 
the event. 

The Japanese word tsunami means 
"harbour wave." 

A tsunami is a wave set in motion by an 
undersea movement such as an earthquake 
or a landslide where the disturbance gives a 
vertical motion to the • water column. An 
earthquake of 7.0 on the Richter scale is suffi-
cient to generate a series of waves. The re-
sulting set of waves have been known, in the 
Pacific Basin, to travel at up to 960 kilometres 
per hour over long distances with little loss 
of energy. Crests can be several hundred kilo-
metres apart and hardly noticeable on the 
open sea. As a wave approaches the coast it 
grows as it slows down and builds up on top 
of itself in the shallower water. The mass of 
water that hits the shore still has tremendous 
velocity as well as force behind it. 

The wave that hits the coast is rarely the 
breaking wave that is commonly perceived, 
but appears as a rapid rise in the water level. 
The first wave is often preceded by a lower-
ing of the water level and the draining of 
harbours, bays, inlets, etc. 

• Tsunamis are unique with respect to lo-
cation, amplitude of waves, and time be-
tween troughs. They behave like shallow 
water waves, as their direction is affected by 
the bottom topography.  Topographic infor-
mation is one of the parameters used in mod-
elling scenarios, but the modelling is crude 
because the source of the wave is unknown. 

Tsunami Strikes East Coast 

Tsunamis are such uncommon events 
on the East Coast that the term itself is rarely 
used. Yet on November 18, 1929, the un-
thinkable occurred. A large-scale earthquake 
rocked the eastern coast of North America at 
5:00 p.m. In St. John's, Newfoundland, al-
though no serious damage was sustained, 
the quake shook buildings, broke dishes, 
and upset furniture. Most people were unac-
quainted with earthquakes and thought it 
was an explosion of some sort. 

There ensued a debate as to the location 
of the epicentre of the quake. Numerous bro-
ken underwater cables eventually led re-
searchers to believe the epicentre was locat-
ed 560 kilometres south of St. John's, in the 
Atlantic Ocean. 

At this time, the communication net-
work in Newfoundland was sparse. Radio 
was in its infancy, there were few telephones, 
and because of the earthquake, many of the 
telegraph cables were down. Therefore, while 
the rest of the East Coast residents had set-
tled back into their daily routines, they were 
unaware of the tragedy that had struck 
Newfoundland's Burin Peninsula. 

The fact that a tsunami had struck the 
area was not known by the outside world 
until three days after the quake when the 
steamship Portia arrived in Burin on a reg-
ularly scheduled call. A radio message 
from the ship alerted the world to what 
had happened. 

The story emerged that the Peninsula 
had been struck by an enormous wave hours 
after the earthquake. The wave had drowned 
27 people. Scores of homes, businesses, 
wharves, and fishing boats were smashed or 
swept away, along with the fish harvest, 
food, and fuel oil supplies. 

As elsewhere along the coast, the earth-
quake was felt at 5:00 p.m. and damage was 
minimal. With nothing unusual occurring fol-
lowing the quake most residents returned to 
their activities. 

Sometime after the quake, many people 
noticed the water draining out of the coves 
and harbours. In St. Lawrence, the harbour 
bottom, which on average is 10 metres deep, 
was visible in places. Not understanding 
what was happening, many residents moved 
to higher ground, probably saving many lives. 

Two and one-half hours after the earth- 
quake, the wave arrived. It was unclear from 
witnesses whether there were two or three 
waves involved, but all agreed that the first 
wave was the most destructive. The wave 
height was reported to have been between 15 
and 30 metres. The shape and width of the 
wave depended on the configuration of the 
coastline and the sea floor. The greatest impact 
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A man, swept 
another floati 

find it w 

of the wave was felt where the water was 
forced into a confined area, such as the coves 
and harbours. 

The herculean wave either carried 
buildings inland and deposited them, or 
swept them into the harbours or out to sea 
when it receded. In St. Lawrence, 31 build-
ings were carried away. The wave entered 
and circled around the harbour, carrying 
buildings from one side to the other. Burin, a 
collection of a dozen or so communities, was 
also seriously affected, with many lives lost. 

Several stories emerged about that night. 
Many people thought the towns were sinking 
as the water levels quickly rose. 

While the wave smashed and destroyed 
many buildings, it simply lifted others off 
their foundations and floated them away. 
One store, 9 X 17 metres, was moved 60 me-
tres inland and deposited in a meadow, with 
all its stock left intact. 

People took to the remaining boats in 
search of people hanging to debris or trapped 
in floating homes. A kerosene lamp burning 
in the second floor window 
of one floating house led 
rescuers to a sleeping baby, 
whose family had been 
drowned on the first floor. 
A man, swept to sea, swam 
to another floating house 
only to find it was his own. The house was 
later towed back to shore and replaced on 
its foundation. 

During the night a gale 
blew up, dropping tempera-
tures and adding sleet and 
snow to the survivors' misery. 

The ferocity of the wave 
was not restricted to the land; 
it also tore up the seabed. This 
destruction of the seabed was 
believed by many to be the 
dominant factor in poor fish 
catches during much of the 
Great Depression. 

Most of the energy of 
the wave was spent on the 
southern coast of the Burin 
Peninsula. The nearby com-

munities of Fortune and Grand Bank, in the 
shelter of Fortune Bay, only experienced 
minor disruption. In Nova Scotia, the wave 
also struck Cape Breton, where one person 
was reported to have drowned. 

Tsunami Strikes West Coast 

On the opposite coast, on March 27, 
1964, North America suffered its strongest 
earthquake this century. The epicentre of the 
quake was located 1300 kilometres north of 
Prince Rupert, British Columbia, off the coast 
of Anchorage, Alaska. The quake, which reg-
istered 8.5 on the Richter scale, heaved up a 
section of the ocean floor 15 metres. The en-
ergy released by the earthquake was estimat-
ed to be equivalent to the explosion of 32 mil-
lion tonnes of TNT. 

The resulting wave generated by the 
earthquake travelled across the Gulf of 
Alaska at speeds of up to 720 kilometres per 
hour. The tsunami struck the Canadian 
West Coast near the time of high tide. The 
nn MMIIMIMIMMI 

 highest wave was at 
Shields Bay on the 
west coast of Graham 
Island where the crest 
was reported to be 
more than 5 metres 
above the highest nor-

mal tide. Although damage along the coast 
was widespread, most of it occurred at 
Port Alberni. 

IM 

to sea, swam to 
ng house only to 
as his own. 
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To reach Port Alberni, the tsunami had to 
travel 40 kilometres up Alberni Inlet. The inlet 
served to concentrate the 
energy of the wave. The 
first wave arrived approxi-
mately 4.5 hours after the 
earthquake. The wave rose 
2.1 metres above the nor-
mal tide level, causing 
some flooding. While the wave receded the 
water from the harbour also drained, leaving 
fishing boats on the bottom. Two hours later, 
the second wave arrived, raising water levels 
4 metres above the normal tide level. It was 
this second wave that caused the damage. 

BRITISH 

COLUMBIA 

Hol Springs Covet Srtrit,r, 	 rtt 	 • 

Alberni freer `8 2,,, he ld 
Port Alberni ir s' 

As the waters rose, boats were torn  from 
their moorings and piled logs were picked up 

and added to the destruc-
tive force of the gigantic 
wave. Telephone poles 
were snapped and homes 
floated 1 kilometre up the 
Somass River. People re-
ported simply opening 

the doors and letting the water wash through 
their homes. Silt was deposited in many of 
the flooded homes. Cars and boats were 
strewn about and 69 homes were damaged. 
Approximately $2.5 to $3 million ($10.3 to 
$12.3 million in 1991 dollars) in damages 

were inflicted on homes, busi-
nesses, and industries. 

In Hot Springs Cove near 
Pacific Rim National Park, 18 of 
20 homes were knoc_ked off their 
foundations. In Bamfield, on 
Barkley Sound, basements were 
flooded. 

No one in Canada was 
killed. However, 11 people in 
Crescent City, California, were 
drowned when they went down 
to the beaches to watch the 
waves come ashore. 

People reported simply opening- 
the doors and letting the water 

wash through their homes. 
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CYCLONES 
The dominant type of storm in Canada is the mid-

latitude or extratropical cyclone. These are low pressure sys-
tems that move from west to east across the country and 
are typified by the counterclockwise rotation of the associ-
ated warm and cold fronts. 

Most large-scale flooding associated with extratropi-
cal cyclones is the result of precipitation adding to the 
spring snowmelt runoff or acting in combination with 
some other factor. Extratropical storms often travel in series 
and may result in considerable accumulation of precipita-
tion over a long period, resulting in saturated soils becom-
ing a contributing factor to flood conditions. 

Tropical cyclones develop over warm tropical or sub-
tropical water and are infrequent compared with extra- 

tropical storms. The tropical cyclone differs from the extra-
tropical cyclone because it focuses energy in a small area. 
Only a few hundred kilometres away the weather can be 
calm. With the approach of a tropical cyclone the weather 
suddenly deteriorates into a violent maelstrom. The fury of 
such a cyclone is never forgotten by those who have experi-
enced it. One such storm is Hurricane Hazel, which struck 
Toronto in 1954. 

A tropical cyclone with winds of 64 knots or 
greater is called a hurricane. A mature hurri-
cane ranges from several hundred to a thou-
sand kilometres across. 

4C1112 27/Se/85 1927z Gloria Hurricane AES 

Tropical Storm Gloria passing  over  New England, September 27, 1985, showing Great Laices (centre). (Courtesy of 
Atmospheric Environment Service) 
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Average North Atlantic storm tracks in October. (Adapted from American Practical Navigator. 
An Epitome of Navigation, N. Bowditch) 

Tropical cyclones affecting eastern Canada develop 
over the tropical or subtropical North Atlantic Ocean, 
Caribbean Sea or Gulf of Mexico. As the stonn moves north 
over land or cooler water it begins to dissipate. 

Tropical cyclones tend to follow seasonal tracks. The 
early season storms of June and July originate in the Gulf of 
Mexico and the western Caribbean Sea. These storms rarely 
affect eastern  Canada. Those most likely to affect the 
Atlantic provinces originate in a broad band from Florida 
southeast to the Cape Verde Islands during August, 
September and October. 

On average, three tropical cyclones per year affect or 
threaten to affect Atlantic Canada. However, this number 
can be considerably higher. In 1969, eight tropical cyclones 
affected the Atlantic provinces. 

Tropical cyclones can retain their force as far inland 
as Ontario. In a Transport Canada study of tropical storms 
that affected Ontario over the period 1900 to 1949, it was 
found that 25 tropical hurricanes had passed over or close 
to Ontario. Eight of these had produced weather character-
ized by extremely high winds and excessive precipitation. 

When Hurricanes Travel Inland 

• Hurricanes moving inland into a region of uniform tem-
perature, i.e., into a homogeneous tropical air mass, do 
not reach far inland. 

• Hurricanes moving inland into a region with a substan-
tial temperature gradient retain enough energy to move 
inland for a considerable distance. 

• Most dangerous to inland areas is the hurricane which 
arrives at the coast following a path almost parallel to a 
strong cold front which arrives slinultaneously. In 1954 
Hurricane Hazel met this condition. 

• A hurricane reaching the coast followùtg a path which is 
nearly perpendicular to a front usually forms a frontal 
low which occludes rapidly. Heavy rainfall is not likely 
to spread far inland. 

List adapted from The October 15-16, 
1954 Storm "Hurricane Hazel" in Ontario; 

Mason, Thomas and Boyd 
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As OLD As TIME 

THE STORY OF HURRICANE HAZEL 

Lawrence Avenue Bridge over the Humber River on Saturday 
provided by W.F. Rombough; source unknown) 

morning, Toronto, Ontario, October 16, 1954. (Photograph 

From 7:00 a.m. Thursday, October 14, to 
midnight on Friday, October 15, 1954, an es- 
timated 210 millimetres of rai fell on the 
watersheds of the Don and Humber rivers 
and the Etobicoke and Mimico creeks. In its 
wake, Hurricane Hazel left the Toronto area 
devastated. Not only did the intensity of the 
storm catch people by surprise but the fact 
that the storm arrived at all was astonishing. 

As it approached Ontario from the 
Caribbean, the storm showed signs of weak- 
ening. Since the extreme tropical low had 
moved inland, it still had to cross the Allegheny 

Mountains, and its wind velocity was falling 
off. However, when the warm moisture-
laden air came in contact with the cold front, 
record levels of rainfall were deposited. 
The heaviest hit region was the Brampton 
area northwest of Toronto. By midnight of 
October 15, most of the rai had fallen. How-
ever, the heavy rai was followed shortly by 
severe flooding. 

Streams in the Toronto area are charac-
terized by steep slopes and little or no natu-
ral storage capacity. This leads to frequent 
inundation of the floodplains during intense 
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Rampaging Humber Claims Entire Bloch 

MY PARTICULAR liECOLLECTION OF HURRICANE HAZEL 
My particular recollection of Hurricane Hazel was on Friday, October 15, 1954, when I was 

delivering furniture for a large department store (Eaton's) in the west end of Toronto. 
I knew there were reports of a hurricane because at each home where I delivered furniture 

the residents were alarmed that deliveries were being made and told me so! My delivery route 
took me back and forth on Bloor and Dundas Streets over such rivers and creeks as the Humber, 
Mimic° and Etobicoke. At one particular home I carried a large mattress to be delivered and 
thought I would be lifted off the ground by the terrific force of the now mounting wind. The next 
home — it was in the Kingsway area of Toronto — the delivery could not be made because the 
driveway of this home at the sidewalk was completely washed away. It left the residenes car on 
the remaining ten-foot portion of the driveway in front of his garage. This was somewhat farther 
south of Raymore Drive. 

It was now becoming clear that I would be stranded on the west side of not only the Mimic° 
Creek but the Humber River as well. At the old town of Islington I decided to telephone home to 
say I would be late. As I made the call I saw the creek at Islington Avenue and Dundas Street over-
flow into a used car lot and lift the automobiles like little blocks of wood and send them crashing 
into each other. The bridge there was about to be closed by the police. Eventually, I crossed the old 
Humber Bridge by the famous Old Mill Restaurant, and the police were there ready to close this 
bridge also for fear that the entrances would soon be washed out. I was to learn later that a fire 
truck and its crew near this point were completely washed away. The debris piling up at all of 
these bridges was tremendous. It included furniture, wooden boxes and even garages, and all 
manner of flotsam or driftwood. At the rear of Baby Point Road near Humbercrest Boulevard, 
dead cows and even refrigerators (ice boxes) were reportedly caught up in the trees in the lower 
area of the Humber River. It wasn't till later that day when I realized the seriousness of this storm 
and the danger involved. There was loss of life during this storm and I thank God many others 
were spared. 

My younger brother, Glen, just in his teens, was called by his high school cadet group the 
following Sunday to assist in searching for bodies carried down through the Humber Valley. The 
search was conducted mainly at the golf course at Scarlett Road above Dundas Street. The 
Humber River ran through the centre of this golf course. Glen could not continue in his work that 
Sunday because he was so overcome with grief at the sight of loss of life. Nature is truly "red in 
tooth and claw." 

— Kenneth G. Gibbs, L.Th. 
Director, Anglican Social  Services/Centre 454 

Diocese of Ottawa 

23 



As OLD As TIME 

storms and the spring snow-- 
melt runoff. Even under the best 
of conditions the intense rainfall 
from Hurricane Hazel would 
have caused flooding. In this 
case, the situation was aggravat-
ed by already soaked soils. The 
autumn rainfall had been un-
usually heavy and had saturated 
the soils, thus preventing the ab-
sorption of any significant por-
tion of Hurricane Hazel's down-
pour. It was estimated that 90% 
of the rainfall on the Humber 
River basin left as runoff. In fact, the area of 
highest rainfall was drained by the Humber 
River. On October 16, the flow of the river 
was four times greater than previously 
recorded. 

Hurricane Hazel induced the most se-
vere flooding in Toronto in over 200 years. 
As much of the floodplain had been devel-
oped, the flood damage was high, being esti-
mated at $25 million ($133.3 million in 1991 
dollars). Over 20 bridges were destroyed or 
damaged beyond repair, 81 lives lost, and 
1868 families left homeless. 

The bridges at Bloor Street, Dundas Street, 
Old Mill, and Albion Road on the Humber 
River were badly damaged, while the bridge at 
Lawrence Avenue in Weston was washed out. 
All the flats were inundated, and roads and 
buildings were damaged. In Weston, the 
Humber River rose 6 metres, sweeping away a 
fa block of homes on Raymore Drive, and 
killing 32 residents in a period of one hour. 

Twelve cottages were destroyed at a re-
sort in Humber Summit, and cottages on 
Black Creek at Mount Dennis were flooded. 
Flooding destroyed a trailer camp in 

Humber River, looking south to Pine Street over trailer camp at  Wood bridge.  (Courtesy of Archives of Ontario, RG1, 
Ministry of Natural Resources, Series K-2, Conservation, photo of Hurricane Hazel) 
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Woodbridge and left 20 dead. The village it-
self was severely flooded, with heavy dam-
age to roads and houses. 

At the mouth of the Etobicoke Creek at 
Long Branch, a cottage settlement was swept 
away, as was the Pleasant Valley trailer camp. 
At least 7 people were killed and 365 fami-
lies left homeless. 

To the north of Toronto, over 3000 peo-
ple abandoned their homes in the Holland 
Marsh area as the floodwaters engulfed the 
farmland. The floodwaters rose so rapidly 
that sandbagging efforts failed, dykes were 
overtopped, and residents were told to go to 
higher ground. 

People can dearly recall, as if it were yester-
day, their personal experiences of Hurricane 
Hazel. On October 3, 1979, The Metropolitan 
Toronto and Region Conservation Authority 
held a 25th Anniversary Seminar commemorat-
ing Hurricane Hazel. Over 200 people attended. 

Since 1957, the Conservation Authority 
has undertaken a comprehensive program of 
resource management on the watersheds 
under its jurisdiction, including flood con-
trol. It has acquired floodplain property, 
which has been cleared of residences and 
converted to parkland. In addition, the use 
of floodplain regulations enables the Conser-
vation Authority to control activities in areas 
susceptible to flooding. 

In a News Release re-issued by the Con-
servation Authority on October 4, 1984, res-
cue attempts of October 14 and 15, 30 years 
earlier, are recollected: 

Police, firemen, soldiers, sailors, and ordi-
nary citizens battled through the night sav-
ing those who had been trapped on river 
flats by the rampaging waters. Sometimes 
their rescue attempts were successful, but 
sometimes on the very brink of saving a 
life the rescuers were battered by a sudden 
surge of water and the ones they sought to 
save were swept away. Among the hurri-
cane's victims were brave would-be rescuers 
who, like five volunteer fire-fighters from 
Etobicoke, were swept to their deaths in ill-
fated efforts to reach marooned and en-
dangered citizens. The five firemen lost 
their lives when the aerial ladder truck 
they had driven to the bank of the Humber 
River, to try to reach a trio of youths 
trapped atop a car, was toppled into the 
frenzied waters. 

The de Peuter family's harrowing expe-
rience in the Holland Marsh area has been 
described by Betty Kennedy in Hurricane 
Hazel and is reprinted below. The recollec-
tions of Wallace Rombough, a retired police-
man, follow Mrs. Kennedy's account. 

The Holland Marsh 
Early in the evening of Hurricane Hazel 

the farm's foreman dropped in to warn them 
that the Marsh might flood, but that if so, 
they would be looked after. Like the rest of 
the family, 15-year-old Harry [de Peuter] 
was not overly worried. "After all, we were 
1,500 miles away from the ocean, and the 
ocean was where the floods came from." 

Close to 9 o'clock, however, Harry, his 
elder brother, and a visiting friend were sent 
off to the local store to get candles in case the 
storm caused a power failure. When they 
reached the store they were astonished to find 
the doors wide open, and everyone gone. 

They helped themselves to candles (planning 
to pay later) and set out back home. 

At this point things became serious. The 
water was now running over the road, and 
the wind was so strong that the boys had to 
hold hands as they walked. They noticed 
that the only lights around came from their 
house, and realized that everyone else had 
cleared out. 

Back in the house they held a family 
conference and decided that with only five 
adults and twelve children they were not in a 
position to make a break for higher ground. 
Now the water was flowing into the house, 
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and floating onion crates began to bang into 
the back door, forcing it open. Harry's father 
finally decided to nail the 
door shut with a board, 
which was "our first big 
mistake, since it meant 
that the water level rose 
higher outside the house 
than inside." 

There was two feet of water in the house 
and the furniture had been stacked on 
tables when from upstairs the family saw 
a neighbouring house start to move. Then 
as they felt "a terrific 
jolt" they realized that 
they were moving, float-
ing off the pilings that 
formed the house's base. 
"The amazing part was," 
Harry recalls, "all the 
lights in the house stayed 
on, because we were moving towards the 
hydro lines, and they were slackening." 

Then the house hit the road and a hydro 
pole, shearing it right off and dropping the 
wires on to the roof, where they lay shooting 
sparks all over the place. For a while it seemed 
that the weight of the wires over one corner  

might tip the house over, but then, with an-
other jolt, the house was free. 

"The house just took 
off like a boat, a real 

took off like a 	Noah's Ark. From 11:30 
Noah 's  Ark. 	till 6:30 we floated aim- 

lessly through the Marsh, 
bumping into houses, 

greenhouses, barns, hydro poles, everything. 
The area over by the Holland River had a 
faster current and somehow our house got 
caught in that current and started spinning 
like a top, faster and faster, and rocking to and 

fro. We all ... would run 
from one side of the 
house to the other when 
it tilted, trying to balance 
it out. One of my younger 
brothers, Bastian, actually 
got violently sea-sick. 

"Until then we had 
been too busy to really worry and then one 
of the younger ones asked if we were all 
going to die. My mother said that only one 
person knew that, the Lord, and we all knelt 
down and prayed, the Lord's Prayer. And 
we did get out of the current and finally 
came to rest against a service road near the 

The house just 
boat, a real 

...our house got caught in that 
current and started spinning 
like a top, faster and faster, 

and rocking to and fro. 
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The houses on Raymore Drive destroyed by Humber River floodwaters. (Courtesy of The Metropolitan Toronto and Region 
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...a com,plete field of carrots 
had floated up to the surface 
and helped hold us in place. 
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400, where a complete field of carrots had 
floated up to the surface and helped hold us 
in place. We were two 
and a half miles away 
from wherè we started, 
with lots of side trips that 
had often taken us near 
our original place. 

"At that time there 
were still cars going along the 400 and we 
shouted and waved to attract their attention. I 
even fired off a .22, but with the noise of the 
wind and the water, it couldn't be heard. Then 
we waved bedsheets and motorists saw us, and 
soon an amphibious truck from Camp Borden 
carne along. One man got out, tied a rope 
around his waist, and plunged in to swim to-
wards our house. We were about 250 feet away 
and the water was pretty wild and cold but he 
made it. We knocked a window out downstairs 
and pulled him in. Then another man came  

along the rope in a canoe which kept tipping 
but he told us we'd be okay with the extra 

weight of two people in 
the canoe. So we made it 
out to the truck in seven 
trips, and were taken to 
Bradford, where we 
stayed in the Bradford 
Town Hall. 

"We never found out the name of the 
man who swam out with the rope to rescue 
us. Then one day my brother was in Barrie, 
in Jack Oates' paint store, and he got talk-
ing about the wet weather and how it wasn't 
as bad as Hurricane Hazel and one thing 
led to another and they found out that he, 
Jack Oates, was the man who had saved us." 

From Betty Kennedy, Hurricane Hazel, 
Macmillan of Canada, pp. 99-101. 

Reprinted by permission of the author. 
Copyright Betty Kennedy 1979 

She Was No Lady.  . . Hurricane Hazel 
by 

Wallace Rombough 

In the year 1850, a destructive flood 
forced the little village of Weston from the 
valley on the west bank of the Humber 
River, at the present site of St. Philip's 
bridge, to the safer high ground on the east 
side. History was about to repeat itself and 
prove the wisdom of this move. Friday, 
October 15, 1954, began as just another rainy 
day. It had been an October no different 
from others in the past with fall flowers in 
bloom and the grass still green. But it had 
also been wetter with more rain than usual. 

I had always visualized a hurricane as 
a storm with palm trees bending almost to 
the ground, waves lashing the seashore and 
torrents of rain, but the reality was a day 
with high winds, the ditches along the road-
side were full, drains were backing up and 
shingles had blown off some roofs. I worked 
at the Weston Police Departrnent that day  

and left for home shortly after 4 o'clock in 
the afternoon. 

I had spent most of my life within a few 
minutes walk of the Humber River — my 
brothers and I had built huts, trapped, hunt-
ed and canoed the river for years. That 
evening I drove up to see my parents on 
Maple Bush Avenue, just north of Weston, 
and decided to walk down to the "flats" to 
see what the river was doing. The "flats" 
was a floodplain at the end of Maple Bush 
Avenue but about fifty feet lower. There 
were about fifteen houses, most built before 
the depression of the thirties; few, if any, had 
basements and some were used as summer 
cottages in the early years. I had seen the 
Humber River flood this area several times 
during my lifetime, usually in the spring 
when the ice broke up. I walked over to the 
river and it was close to the top of its banks, 
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but the rai had lessened and the river ap-
peared to have reached its crest. I thought 
that the water level would drop and the 
river return to its normal flow, and so I re-
turned to my home shortly after 10 p.m. and 
went to bed thinking the worst was over — 

How wrong I was! I had not realized what 
nearly ten inches of rai,  spread over the 
Humber River watershed, could do. 

On Saturday, October 16th, about 2 a.m. 
there was a knock on our door and I an-
swered it to be met by Lew Everist [now de-
ceased], at that time a constable with the 
Weston Police, who informed me that the 
Humber River had overflowed its banks, the 
houses were being washed away and people 
drowning. At first, I thought he had taken 
leave of his senses but he soon convinced me 
that this was a real disaster. I dressed in 
warm clothing, including a pair of rubber 
hip boots that I used when trapping 
muskrats along the Humber River, and 
headed for the Weston Police Station. 

The main street of Weston was a scene 
of great activity — I seem to remember that 
electric power was off and Coleman and 
kerosene lamps were being used to provide 
light in the station. Tô complicate matters 
further, Chief Webster was involved in the 
investigation of a fatal motor vehicle accident 
which had occurred earlier in the evening. 

In company with another of our police 
officers, I visited several areas to see what 
could be done. Weston itself was in no great 
danger because most of the town was fifty to 
seventy-five feet above the water level of the 
normal bed of the river, except the arena, 
swimming pool and sewage disposal plant. 

At the Lawrence Avenue bridge, which 
had the approach washed out on the Weston 
side, I spoke with a radio man recording the 
sounds of the flood and resulting disaster. I 
believe it was Jerry Lester of radio station 
CKEY. All traffic was cut off between Weston 
and Etobicoke. Later we drove north on 
Weston Road to where the Albion Road 

Damaged houses on River Road at Woodbridge just east of the business section. (Courtesy of Archives of Ontario, RG1, 
Ministry of Natural Resources, Series K-2, Conservation, photo of Hurricane Hazel) 
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...the woman panicked and 
jumped into the water just 
before we reached her. She 

went under but popped 
up like a cork... 

We found a family that had 
been forced into the attic....lt 

was easy to draw the boat up to 
the attic and rescue them. 

As OLD As TIME 

crosses the Humber River. 
washing over the bridge and 
pie were standing at the 
eastern approach. CBC 
television had set up 
large lights to illuminate 
the scene. We were told 
that people were up in 
the trees and we could 
see a small boat, hullside 
up, lodged in the trees 
with two people on it. 
Apparently, the boat had capsized while its 
occupants were trying to reach the people 
stranded up in the trees. Another boat, about 
a sixteen footer with a .  twenty-five horsepow-
er engine, was drawn up to our side of the 
river and there was  a discussion as to how to 
rescue the stranded. 

I knew the river and the only way to 
reach the people on the western side was to 
first go down the river and then proceed up-
stream without making a sharp turn which 
would probably capsize the boat. I went 
aboard with the boat's owner, Squadron 
Leader Cliff, a member of the R.C.A.F. 
Reserve, stationed at Downsview. Someone 
handed me a life jacket which might have 
been the type used on the Titanic — the old 
square cut style stuffed with cork. 

We moved out into the river which was 
cold and about the colour of coffee with 
cream. Although it was a pitch black night, 
the CBC television lights illuminated the 
scene. After going down-
stream, we gradually 
turned into • the current 
and got into the trees 
where we found a man 
and woman clinging to 
separate trees. As we ap-
proaçhed, the woman 
panicked and jumped into the water just be-
fore we reached her. She went under but 
popped up like a cork and I was able to grab 
her by the hair and pull her into the boat. The 
man remained calm and was able to step into 
the boat without getting wet. Apparently, 
they were marooned when their car was 
swept off Albion Road. We took them to the  

eastern shore and returned to the western 
shore to attempt the rescue of the two men 

on the upturned boat. As 
we were working our 
way up between the 
trees, the propeller struck 
something and sheared a 
pin. I grabbed a tree to 
stop us from floating 
down the river and 

  Squadron Leader Cliff, 
ever calm and cool, pulled 

up the motor and, with the aid of a flashlight, 
we were able to put in a new pin he had in 
his tool box. 

We finally worked our way up river by 
pulling on the trees and were able to rescue 
the two young men from their overturned 
boat, which we had to leave behind for the 
time being. We then decided to check the 
western shore further where we met (if I 
remember correctly) Albert Bunn and 
Dave Mullett of the North York Police Force. 

As it was still dark and we were unable 
to search further, we were invited into 
Martindale Lodge, a small family restaurant 
beside the river at Albion Road. I can still re-
member how welcome .  the toasted tomato 
and bacon sandwiches were with the accom-
panying rye and ginger ale. 

Towards daybreak we embarked in 
Squadron Leader Cliff's boat and started 
searching farther north on the west side of 
the river. There were several summ- cot- 

tages along the river 
bank at the edge of the 
Summerlea Golf Course 
(now named Humber 
Valley) and, as they were 
used as year round 
homes, we decided to 
check them out. We 

found a family that had been forced into the 
attic of one of these and had kicked the 
boards from the side of the house in order 
to escape. It was easy to draw the boat up 
to the attic and rescue them. I remember 
checking a small barn or shed, semi-afloat 
near the cottage. Inside was a horse quietly 
treading water. We felt it best to leave the 

The river was 
a group of peo- 
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horse alone as it seemed in no danger of 
drowning and the barn was not going to be 
swept into the main stream. 

By this time it was broad daylight and 
we decided to head for home and some 
much needed sleep, as there seemed little 
more to be done. 

Saturday was a calm day, the sun came 
out and the river started to recede. Many 
people had slept through the night and were 
surprised by the news of the disaster. 

On Sunday morning I met Squadron 
Leader Cliff at the Downsview Air Force 
base and, after receiving brief instruction as 
to what to do if we had to bail out, we took 
off in a Harvard Trainer with the intention of 
looking for bodies and other signs of the di-
saster along the Humber River. We flew 
along the Humber River and its tributaries 
and over the Holland Marsh, which was in-
undated when the floodwaters came over 
the dykes and flooded the farm land. Ontario 
Hydro later brought in large pumps to drain 
the flooded market gardens. Our search was 
to little avail and we later returned to the air 
base. 

Later that day I was in Ward's Funeral 
Home and saw some of the victims of the 
flood being washed with a hose to remove 
the sand and mud. It was a pitiful sight! 

I don't know how today's society would 
handle a disaster of this magnitude in 
Metropolitan Toronto, but as far as I am aware 
there was little, if any, looting. It seemed to 
bring out the best in humanity. The R.C.M.P., 
R.C.A.F., Boy Scouts, Salvation Army, Red 
Cross, ham radio operators, Police and Fire 
Departments, and many ordinary citizens, 
gave their time, money, even homes and cloth-
ing, to aid those devastated by the flood. 

After these events I never met Squadron 
Leader Cliff again, nor did I ever learn the 
names of the people we rescued, except a 
young man by the name of Williamson 
whom I had known previously. 

Most of these people would now be past 
middle age and thirty-five years is a long time 
in a lifetime. The memories of Hurricane 
Hazel are still in my mind, but this is the first 
time I have committed them to paper. 

May the "Lady" never returnn 
G 0 0 0 0 0 0 

This article was published in News and Views, the offi-
cial publication of The Metropolitan Toronto Police 
Association. Reprinted by permission of the author, 
Wallace Rombough, former member of the Weston 
Police Department. 

Copyright@ 1989 The Metropolitan Toronto Police Association 
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Flooding Is a Natural 
Event 

Flooding is usually associated with 
damage to property and loss of life. It is, 
however, a natural phenomenon and neces-
sary for the survival and health of significant 
segments of the ecosystem. 

Floodplains are subjected to long-term 
cycles of high or low water, as well as to 
rapid seasonal fluctuations of water levels. 
Based on historical records over the past 
120 years, the duration of flood and drought 
periods varies from three to six years. The 
ecology of floodplains, as well as the rivers 
and lakes, has adapted to annual and longer 
term cycles. Wetlands and shallow surface 
water, in particular, rely on the fluctuation of 
water levels to maintain their ecological bal-
ance and productivity. If there are long-term 
changes to the water levels, then the existing. 
vegetation and habitat will follow a long-
term succession. The direction of change can 
be from an aquatic habitat toward a terrestri-
al one, or vice versa. 

Within the wetlands, change is the rule. 
They are dynamic communities under-
going constant change in response to a 
variety of physical, chemical and bio-
logical pressures. 

— International Champlain-Richelieu Board 

Economic development in concert with 
an increasing population has brought pres-
sure to alter the flow regime of surface water 
systems and the landscape of the flood-
plains. Human efforts to constrict the active 
zone of floodplains include the construction  
of dams, dykes and diversion channels, chan-
nel dredging and realignment, and drainage 
of wetlands. These measures, although per-
haps beneficial in the interests of economic 
development, have resulted in the decline of 
fish and wildlife habitats, and the disruption 
of entire ecosystems. Wetlands have been 
eliminated, shoreline erosion has increased, 
and the sediment filtration capabilities of the 
floodplains lost. 

The Peace-Athabasca Delta 

The Peace-Athabasca Delta, located in 
northern  Alberta at the western end of 
Lake Athabasca, is one of the largest fresh-
water deltas in the world. The lowland area 
is a complex wetland of about 3900 square 
kilometres, comprising the deltas of the 
Peace, Athabasca and Birch rivers. The to-
pography of the area is very flat, rarely ex-
ceeding 1 metre, except for natural levees 
that have built up along some channels. Of 
the lakes within this complex, Baril, Mamawi 
and Richardson lakes and Lake Claire are the 
largest, but none exceeds 3 metres in depth. 
Active and inactive water courses meander 
across the delta, joining the major lakes to 
Lake Athabasca and helping to drain sur-
rounding upland areas. 

It is abundantly apparent that within the 
Peace-Athabasca Delta the supreme ar-
biter of all life is the level of water in rela-
tion to the landscape. 

— Peace-Athabasca Delta Project Group 

The water levels of the delta result from 
the magnitude and timing of water flows in the 
Peace, Athabasca and Birch rivers and Lake 
Athabasca. The Peace River is particularly im-
portant because it flows along the northern 
edge of the delta and acts as a natural hy-
draulic dam, regulating the rate at which water 
can flow northward, away from the delta. 

Although the normal direction of flow 
in the delta is generally northward to the 
Peace River, flow reversais  can occur. During 
spring or summer flooding, the elevation of 
the Peace River may exceed that of Lake 
Athabasca, resulting in the reversal of stream-
flow through the delta. Similarly, strong east-
erly winds can cause flow reversais  from 
Lake Athabasca into the delta lakes. 

The vegetation of the delta is typified by 
large sedge and grass meadows. Levees sup-
port small stands of poplar, and white and 
black spruce. A thick growth of submergent 
and emergent vegetation is found in the 
shallow waters. 
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The Peace-Athabasca Delta in northeastern Alberta shows reduction in natural flooding as a result of the Bennett Dam. 
a — 1974, b — 1981. (Courtesy of Canada Centre for Remote Sensing; Energy, Mines and Resources Canada). 

Any permanent shift up or down in the 
water levels of the delta during the growing 
season or in the duration of the flood period 
would cause the meadows gradually to 
disappear. The meadows are strongly depen-
dent on the floodwaters to drown plant 
species that would succeed under drier con-
ditions. On the other hand, long-term high 
water levels would cause the succession of 
the meadows to more aquatic habitat. 

The delta is one of the most important 
waterfowl staging and nesting areas in North 
America. From there waterfowl migrate over 
North America to the Atlantic, Gulf and 
Pacific coasts. The shallow water, high fertili-
ty, and relatively long growing season of the 
delta combine to provide the abundant food 
and habitat that the birds require. This is 
particularly significant during drought years 
in the prairies, when a large proportion of 
the duck population is forced northward. 
During years of optimum water levels, the 
delta supports the rearing of thousands of 
young ducks and geese. 

The sedge and grass meadows form an 
important fall and winter range for a herd of 
free-roaming bison and a significant moose 
population. Moreover, the delta serves as a 
spawning, nursery, and summer feeding area 
for fish species such as goldeye, walleye, 
pike, and whitefish. Some species, particu-
larly goldeye, migrate from the Peace and 
Slave rivers to spawn in the delta and then 
return to the river habitat. The delta has 
been the traditional hunting, fishing and 
trapping grounds of the local Indian and 
Metis population. 

About 80% of the Peace-Athabasca Delta 
lies within Wood Buffalo National Park. The 
Park, with an area of 44 807 square kilometres, 
is Canada's largest national park. It is Parks 
Canada policy to maintain the Park in its nat-
ural state. The limited water and land man-
agement permitted is in concert with the 
maintenance of natural conditions within the 
Park. It protects several rare or endangered 
species of wildlife including bison, Peregrine 
Falcons, and Whooping Cranes. The Park is 
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Autumn migration of scaup. (Courtesy of Canadian Wildlife Service) 
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also the last natural breeding habitat of the 
Whooping Crane. 

Under the Ramsar Convention, the fed-
eral government has designated the Peace-
Athabasca Delta as a wetland of internation-
al importance. This Convention on Wetlands 
of International Importance especially as 
Waterfowl Habitat, sometimes called the 
Ramsar Convention after its place of adop-
tion in Iran in 1971, is an intergovernmental 
treaty which provides the framework for in-
ternational cooperation for the conservation 
of wetland habitats. 

In the late-1960s, the ecology of the delta 
was upset by the completion of the Bennett 
Dam and Williston Reservoir on the Peace 
River in British Columbia, 1200 kilometres 
upstream from the delta. It soon became evi-
dent that the highly regulated flows from the 
Bennett Dam were causing an adverse im-
pact on the ecology of the delta due to the 
permanent lowering of the annual flood peak 
levels of the Peace River. The resulting re-
duced Peace River peak freshets caused sub-
stantial reductions and sometimes elimina-
tion of the annual  reversais of streamflow 
into the delta during the spring. The loss of 
this annual flooding resulted in the succes-
sional trend from wet meadows to species 
such as poplar and willow. In addition, the 
drying out of the perched basins provided 
less shoreline habitat for waterfowl. 

In 1976, two notched-section overflow 
weirs were constructed in northward flow-
ing channels in an effort to increase water 

Lesser Scaup. (Courtesy of Canadian Wildlife Service) 

1 
Wood Buffalo National Park protects the largest free-roam-
ing and self-regulating herd of bison in existence. The 3500 
bison in the Park are among the last remnants of the more 
than 50 000 000 that dominated the North American cen-
tral plain before European settlement. (Courtesy of Parks 
Canada) 

levels artificially in the delta to what would 
have occurred under the natural flow re-
gime. Computer models were used in de-
signing the weirs to achieve the desired en-
vironmental effects. An assessment of the 
weirs was carried out in 1987 using both 
monitored data and computer modelling. 
The major conclusion reached was that water 
levels resulting from the weirs have mitigat-
ed many of the long-term adverse biological 
impacts caused by the Bennett Dam and cre-
ated a situation substantially closer to natu-
ral conditions than would have e)dsted if the 
weirs were not in place. However, the weirs' 
impact is not completely restoring the bio-
logical communities to natural conditions. 

The Athabasca River flows into Lake 
Athabasca, which is connected to Great 
Slave Lake by the Slave River. The Peace 
River is a major tributary of the Slave River, 
which forms its own delta at Great Slave 
Lake. The Mackenzie River, in turn, drains 
Great Slave Lake northward before empty-
ing into the Beaufort Sea through yet a third 
delta on the Mackenzie River system. 

The Mackenzie Delta 
The Mackenzie Delta is the most signifi-

cant northern delta in North America and 
the tenth largest delta in the world. It is 
of major importance to migratory birds by 
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serving as the terminus for the Pacific and 
Central flyways. 

The delta is continually growing into the 
Beaufort Sea as sediment plumes settle out in 
Mackenzie and Kugmallit bays. The source 
of sediments is the erosion of channel banks, 
bars and islands within the Mackenzie Basin. 
In the delta itself, there is a continuous pro-
cess of erosion and deposition. In the course 
of a single major flood event, a channel can 
be moved 100 metres, while islands and bars 
can appear or disappear. 

The delta remains ice-covered for eight 
months of the year. In April, meltwater be- 

gins to appear on the ice. The actual ice 
breakup occurs only about one week before 
the peak flood levels in June. 

Three vegetation zones cross the delta. 
In the southern portion of the delta, the bore-
al forest reaches its most northerly extent in 
Canada. North of the boreal forest is a forest-
tundra transition area, which merges into 
the tundra ecosystem farther north. Apart 
from the forested regions, large areas of the 
delta are dominated by single species com-
munities of horsetail or sedges. In the drier, 
hummocky areas, willows are associated 
with these species. 

Peregrine Falcon, Snow Goose gosling, Heron chick. (Courtesy of Canadian Wildlife Service) 
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Beaver, Nahanni National Park. (Courtesy of Parks 
Canada) 

The delta is of major importance to 
wildlife, particularly birds. Millions of birds, 
representing 139 species, are found in the 
delta. The most important area is a coastal 
band of about 25 ldlometres. Here, water-
fowl converge for the summer, although 
many only rest here before moving on. The 
area provides critical nesting and moulting 
habitat for Tundra Swan, or Whistling Swan; 
White-fronted Geese; Sandhill Cranes; vari-
ous shorebirds; and numerous species of 
ducks. Here, the Hudsonian Godwit, a rare 
shorebird, is found in relatively concentrated 
numbers. Predatory birds, such as Rough-
legged Hawks, Bald Eagles, and Merlin, also 
nest in the delta area. 

Muskrat are restricted to the slightly 
raised riverbanks where they make their dens. 
Beaver are found in areas of willow and pop-
lar. Moose and caribou range over portions 
of the delta. 

The aquatic environment supports over 
30 freshwater and anadromous fish species. 
The freshwater species spend their lives in 
the delta, whereas the anadromous species 
begin their lives in freshwater and pass their 
adult lives at sea, returning to the fresh or 
bracldsh water of the delta to spawn. They 
spawn between mid-August and early 
October, their spawning run taking them 
through the delta to the Peel River and 
Arctic Red River and other tributaries of the 
Mackenzie River. 

Spring flooding is a major contributor to 
the ecological stability of the delta and an  

important mechanism in sustaining unique 
wildlife habitat. The annual flooding main-
tains the successional stages of the delta's 
plant communities and provides water to 
perched basins. In addition, the spring 
breakup of ice influences local water temper-
atures and the length of the growing season. 
A rapid increase in water temperature re-
sults from the physical action of the flood-
water lifting, breaking and removing winter 
ice. Floodwaters also contain large sediment 
loads, which are deposited on the remaining 
ice-covered lakes and charnels of the delta. 
The sediment serves to absorb solar radia-
tion, inducing the melting of the underlying 
ice. As a result, the delta is free from ice a 
month before the adjacent upland areas. This 
relatively earlier warming allows the estab-
lishment and growth of white spruce and 
balsam poplar this far north and a quicker 
start to a normally short growing season. 

The Lake Champlain-Upper Richelieu 
River Area 

Lake Champlain and the upper 
Richelieu River make up a Canada /United 
States boundary water that has come under 
particular scrutiny because of flood damages 
in Canada and the United States, and a 
Canadian proposal to regulate outflows 
from Lake Champlain to alleviate damages. 
Flows would be regulated using the existing 
Fryers Island Dam (built as part of a flood 
control project that was never completed) or 
by constructing a new dam at Saint-Jean on 
the Richelieu River. The lake would be regu-
lated in such a way that the heavy spring 
runoff would be stored in the lake and re-
leased over a prolonged period, thereby pro-
viding flood' protection to communities 
along the river. The project would also allow 
for the discharge of water from the lake dur-
ing prolonged periods of high water. 

Lake Champlain and the upper Richelieu 
River have experienced considerable varia-
tions, not only in the magnitude of the spring 
peaks but in the timing and duration of 
various water levels. The plant and animal 
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populations in the lake and river have re-
sponded and adapted to these variations, cre-
ating a diverse and productive environment. 

The normal pattern of the lake level has 
been one of random change. Normally, years 
of high flows have been followed by years of 
low flows and vice versa. The period from 
1969 to 1976 was particularly unusual in that 
these years exhibited high peak spring eleva-
tions as well as high summer, fall and winter 
elevations. It is during such unusual periods 
that regulation could be most effective in the 
management of the renewable natural re-
sources of the lake and river. 

The wetlands along the shoreline cover-
ing over 21 000 hectares are particularly sus-
ceptible to changes in lake levels and are de-
pendent on periodic flooding for their main-
tenance. They provide valuable spawning, 
nursery, and nesting habitat for the area's 
fish and wildlife resources. 

The feasibility of regulating outflows 
from Lake Champlain to reduce flood dam-
ages in both countries was investigated by 
the International Joint Commission from 
1973 to 1981. Over this period, a joint Canada-
U.S. Study Board carried out extensive studies 
on the technical and economic feasibility of 
regulation, as well as environmental impacts. 

The environmental impact study conduded 
that northern pike is the fish species most likely 
affected by changes in spring lake levels. It was 
found to be a good indicator of the effects that 
changes in lake levels might have on aquatic 
organisms dependent on wetland ecosystems. 

Northern pike move toward their spawn-
ing areas in the shallow water flooding the 
wet meadow zone, an area of grasses and 
sedges typical of pastures that border many 
of the marshes, immediately following ice-
out. The newly hatched larvae attach them-
selves to the vegetation for up to about ten 
days. When the young become mobile, they 
begin feeding on plankton and then look for 
the larger insect larvae. Eventually, they are 
able to swim out of the spawning grounds 
with receding floodwater levels. 

A 40-day inundation of the wet mead-
ows on an average of at least every three 

Northern Pike. (Courtesy of Ontario Ministry of the 
Environment) 

VULNERABLE PERIOD FOR NORTHERN PIKE SPAWNING 

Spawning 
(egg deposition) 	 I 	 (egg deposition to hatching) 

Fry development 
(hatching to 

free swimming) 

La
ke

  e
le

va
tio

n  

Incubation 

c.El 

à  I  r) 0 
1 	 1 v 	 1 	1 	 1 	 1 	 t1 	1 	1 
5 	 10 	 15 	 20 

Days 
Adapted from the Technical Report of the Environmental Impact Committee, International Champlain-Richelieu Board, 1977.  

1   
25 	 30 35 	 40 

40 



As OLD As TIME 

years .m.aintains a healthy northern pike 
population. At present, this zone represents 
about 1% of the total wetland area, and be-
cause of its location on the landward side of 
the wetland, is vulnerable to changes in land 
use practices. It is also the plant community 
most likely to be severely affected by periods 
of low spring flood peaks. 

The abundance and distribution of resi-
dent waterfowl species vary with water lev-
els. The success of nesting and brood rearing 
is dependent on the area and dispersion of 
plant communities within the zones of 
swamp forest and emergent vegetation. The 
optimum habitat for brood rearing consists 
of an abundance of invertebrates as a source 
of food and water levels that afford access to 
a variety of cover types. Spring flooding of 
timber produces a habitat of prime importance 
during the early life of waterfowl broods. 
Emergent plants are also necessary as food 
and cover for broods of all ages. Any 
changes in the extent or quality of timber or 
emergents would result in impacts on water-
fowl production. 

The biological productivity of the lake 
and river system is not a simple cause-effect 
relationship between lake levels and the re-
newable resources. It is a complex web of in-
teracting factors, some of which are obscure 
and poorly understood. Nonetheless, many 
organisms, particularly those whose early 
life stages occur in the wetlands and inshore 
areas, are dependent upon yearly and sea-
sonal fluctuations of water levels. Lake level 
regulation could be of benefit to the lake and 
river ecosystems through the reduction of 
extremes which may adversely affect the 
survival of some organisms. 

In natural floodplains, where organisms 
are well adapted to the flood regime, the 
beneficial effects of the annual flood cycle 
exceed its negative impacts. Seasonal flood-
ing generally increases the productivity of 
natural floodplains in comparison to adja-
cent uplands. Evidence from a broad range 
of ecological studies indicates that wildlife 
density and species diversity is greatest at 
the land/water interface, where flooding is 
an integral component. 

WHY CONSERVE WETLANDS? 
Wetlands are among the world's most productive en-

vironments. They provide tremendous economic benefits to 
mankind through fishery production — over two thirds of 
the world's fish harvest is linked to the health of wetland 
areas — the maintenance of water tables for agriculture, 
water storage and flood control, shoreline stabilization, tim-
ber production, waste disposal and water purification, and 
recreational opportunities. 

Wetlands provide critical habitats for waterfowl and 
other birds as well as for countless mammal, reptile, am-
phibian, fish and invertebrate species, many of which are  

threatened with extinction. The richness of wetlands can 
also be seen in that wetlands can produce up to eight times 
as much plant matter as wheat fields. 

But these riches can only be Maintained if the ecologi-
cal processes of wetlands are allowed to continue function-
ing. Unfortunately, wetlands are among the world's most 
threatened habitats, due mainly to accelerated drainage, 
land reclamation, pollution and over-exploitation of wet-
land species. 

— Ramsar Convention Bureau 
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T he water level of a stream, river or lake 
is constantly rising or falling in re-
sponse to changing hydrologic condi- 

tions in the drainage basin. Each year the 
water peaks at some level, which may cause 
flooding of surrounding lands. The adjacent 
map shows how maximum flows vary across 
Canada 

Flood characteristics differ because of the 
country's climatic and topographic diversity. 
The following regional descriptions illustrate 
these variations. Specific flood events are 
highlighted to give an impression of the 
magnitude of the problem and the consider-
able force contained within a flood. An eye-
witness account of spring flooding in 
Waterton Lakes National Park in 1975 de-
scribes the extent of flooding and how deci-
sions were taken by Park officials in re-
sponse. A feature on "Ice Jam Flooding" 
concludes the chapter. 

British Columbia 
The mountainous terrain of British 

Columbia is a strong influence on climate 
and flood characteristics. Moist air from the 
Pacific Ocean is forced by the prevailing 
westerly winds up over coastal mountain 
ranges where it drops its moisture load as 
rai  or snow. By the time the air masses 
reach the Interior of the province, most of 
the moisture has been lost. In addition, as 
the air descends from the high altitude of the 
mountains to the lower Interior plateau it 
heats up and dries even more by the process 
of adiabatic warrning. As a result, the Inter-
ior plains are semi-arid. In the coastal re-
gions, the most common cause of flooding is 
rainfall, sometimes in association with melt-
ing snow. In the drier Interior, flooding gener-
ally results from melting snow, and may be 
intensified by river ice jams. 

Streams in most regions of the province 
have high flows from seasonal snowmelt, 
with the magnitude of the peak flow depen-
dent on the depth of the snowpack and the 
weather conditions during the melt period. 
Peak flows from snowmelt typically occur 
from May to mid-July. 

The major floods of 1948 in the Fraser 
and Columbia basins resulted from snow-
melt. Snow continued to accumulate in the 
basins until mid-May due to cool weather. A 
sudden change to very warrn weather over 
large parts of the province led to high 
snowmelt rates and resultant record flood 
conditions on many rivers. 

Heavy rainfalls occasionally produce 
high peak flows in the summer period from 
June through September. The rainfall floods 
usually occur in the smaller drainage basins 
and normally there is little effect on major 
rivers. 

For streams draining the coastal slopes 
of British Columbia, peak flows may also 

Debris torrent deposition at creek near Quatsino on the 
west coast of Vancouver Island, November 9,1989. 

42 



I 	I  Data scarce 

m3/s 

50-100 

100-300 

I.  300-500 •  >500 

1350 m is (highest observed ) 

3 m3/s (lowest observed) 

AVERAGE ANNUAL MAXIMUM FLOW 

This map shows, in general, how the average annual maximum flow of a 1000 square kilometre river basin varies across the regions of Canada. As climatic and 
physiographic factors influence the flow of a river, its geographic location is important. One can see that, at the extreme, a river on the rugged humid West Coast 
can have an average annual maximum flow hundreds of times greater than that of a river in the relatively dry prairie region. 
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Paddling a canoe through downtown Sumas, British Columbia, November 12, 1990. (Canapress Photo 
Service/Colin Price) 
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Ape Lake, a large glacier-dammed lake in British Columbia's Coast Mountains. The ice face of the glacier dam is about 
25 metres high. The photo was taken in July 1985, nine months after the first Ape Lake j5kulhlaup. (Courtesy of H. Clague) 

occur during the fall and early winter as a re-
sult of storm rainfall. These floods can po-
tentially be greater than the springmelt 
peaks. The most severe events happen dur-
ing a cool early winter with a shallow snow-
cover down to low elevations. With the onset 
of warm temperatures from a major storm 
system, snowmelt from higher elevations 
along with the rainfall contributes to sub-
stantial flood runoff. Once the snowcover 
has reached a sufficient depth, considerable 
rainfall may be absorbed without apprecia-
ble increases in streamflows. On occasion, 
these storms have enough intensity to carry 
over the Coast Mountains and produce 
flooding in the basins on the east side of the 
mountains. 

In mountainous regions with steep 
stream channel slopes, high amounts of pre-
cipitation or rates may trigger debris tor-
rents. Such torrents take the form of a fast-
moving surge containing boulders and large 
plant debris followed by a liquefied mass of 
sediment and organic debris. The streambed 
and banks may be scoured to bedrock, re-
sulting in a large volume of debris carried by 
the torrent. 

100 	
1 

200 	
1 

300 400 
Time (h) 

Hydrograph of the 1967 jeikulhlaup from Summit Lake, 
British Columbia. Most outburst floods display this type of 
discharge pattern, specifically an exponential increase in 
flow during the rising stage of the flood, a brief discharge 
maximum, and a subsequent rapid decrease in flow as the 
water supply is exhausted. (Courtesy of  1.1.  Clague) 
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FLOODING IN CANADA 

Many jeulhlaups (glacier floods) have occurred in western Canada in recent 
years, including those from Hazard Lake in the St. Elias Mountains and from 
Tulsequah, Flood, Summit and Ape lalces in the Coast Mountains.(Courtesy of 
J.J. Clague) 

During the flood, the size of the trees that 
were going down — 80-, 90-, 100-foot trees 
— just crashing all the way through, and 
you would lie in bed at night listening to 
this and it was pretty scary.... 

— British Columbia resident 

Debris torrents are of particular concern 
in the areas of steep mountain streams on 
Vancouver Island and the west coast of the 
province. There is extensive evidence of past 
debris torrents near some of the municipalities 
at the base of the mountains on the north 
shore of Vancouver's harbour (the Lower 
Mainland). The hazard area also extends 
north along Howe Sound. 

Present-day debris torrents are often due 
to poor logging practices: log jams are created 
on mountainous streams and then burst dur-
ing a storm. Many of the recent debris torrents 
on the creeks of the east shore of Howe Sound 
have this origin. As well, landslides caused by 
saturation of unstable slopes are also a major 
cause. 

A less common but intriguing phe-
nomenon is that of floods due to the outburst 
of glacier-dammed lakes, or jaulhlaups. The 
lakes may drain through or underneath the 
ice, or over the ice. Glacier-dammed lakes 
may remain stable for some time and then re-
lease suddenly, or they may slowly fill and 
then release on a periodic basis. 
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Flooding of the Fraser 

1894 

The greatest Fraser River flood in the 
past century occurred in 1894, when the 
floodplain areas were in the very early stages 
of settlement and development. The lower 
Fraser Valley was sparsely populated, and 
Kamloops, Prince George, and Quesnel were 
essentially frontier settlements. This flood 
forewarned the hazard of occupying the 
Fraser River floodplain in the years to come. 

1948 

In 1948, Fraser River flooding was the 
greatest since that of 1894. The passage of five 
decades had witnessed the transformation of 
the lower Fraser Valley into a highly developed 
agricultural area, with commercial and indus-
trial development becoming appreciable and 
subtn-ban residential areas beginning to appear. 
Two transcontinental rail lines and the Trans- 

Canada Highway had been built through the 
valley, and the largest airport in the province 
had been established on Sea Island. 

On June 10, 1948, the Fraser reached a 
peak elevation of 7.6 metres at Mission. 
Before the waters receded, over a dozen dyk-
ing systems had been breached and more 
than 22 000 hectares, nearly one third of the 
entire lower Fraser Valley floodplain area, 
had been flooded to this depth. The flood-
waters severed the two transcontinental rail 
lines; inundated the Trans-Canada Highway; 
flooded urban areas such as Agassiz, Rosedale, 
and parts of Mission, forcing many indus-
tries to close or reduce production; and de-
posited a layer of silt, driftwood and other 
debris over the entire area. 

The estimated damage amounted to 
$20 million ($133.3 million in 1991 dollars), 
most of which occurred in the lower Fraser 
Valley. Minor damage occurred in the 
Kamloops, Prince George and Quesnel areas, 
owing to the limited development of their 
floodplains at that time. 

Freshet flooding, Fraser River at Prince George, June 1972. 
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FRASER RIVER FLOODS 
The Fraser River drains a basin of 

233 000 square ldlometres along a dis-
tance of 1370 kilometres from its source in 
Mount Robson Provincial Park to its 
mouth at the Strait of Georgia. This 
drainage basin is essentially a plateau 
comprising most of south-central British 
Columbia, with extensive mountain 
ranges forming its eastern  and western 
limits. The river is the largest in the 
province, with a long-term mean annual 
flow of 2720 cubic metres per second (for 
the period 1912-1988 inclusive) recorded 
at Hope, where it emerges from its deep 
gorge in the Coast Mountains and flows 
its final 160 kilometres through the lower 
Fraser Valley to the sea. 

The annual spring snowmelt fresh-
ets of the Fraser River system pose the principal flood haz-
ard to those occupying its floodplain areas. Autumn or 
winter rainfall flooding occurs on some tributaries, but its 
effects are localized and not generally disruptive. The same 
is true of occasional winter inundation resulting from chan-
nel obstruction due to ice jam formation. Extremely high 
tides sometimes cause or aggravate flood conditions near 
the mouth of the Fraser, especially if they occur in associa-
fion with storms. 

In the Fraser River drainage basin, the floodplain 
areas prone to inundation by spring snowmelt freshets oc-
cupy only about one half of one percent of the total basin, 
but they include most of the lower Fraser Valley, parts of 
the key Interior communities of Kamloops (on the Thompson 

River), Prince George and Quesnel, and a portion of the 
Pemberton Valley (on the Lillooet River). Segments of the 
principal railway and highway facilities serving the prov-
ince are located on these floodplains, as are two of the most 
important airports. The Lower Mainland economic region 
in and adjacent to the lower Fraser Valley contains more 
than half of the population and much of the commercial 
and industrial development of the province, as well as the 
principal port facilities serving Western Canada. 

The proximity of the ocean, the prevailing wester-
ly winds which move the maritime air masses over the 
basin, and the north-south trending mountain ranges are 
the major features that control the climate of the Fraser 
River basin, define the areas of high and low precipitation, 

1972 

The next major flood year was 1972. The 
first sign of potential spring flooding was 
predicted from snow surveys in February 
when above-average snowfalls were recorded. 
Subsequent stuveys also indicated heavy moun-
tain snowpacks. In mid-March, the provincial 
government alerted personnel and civil de-
fence units of the possibility of flooding 
along the Fraser. In mid-April, meetings 
were held to coordinate and plan the activi-
ties of agencies that would be involved in 
the response to the flooding. 

High temperatures in the Interior valleys 
toward the end of May caused rapid snow-
melt, and many of the Interior rivers peaked at 
record levels in the latter part of May and in the 
first week of June. To protect low-lying lands, 
sandbagging of Prince George and Kamloops 
was undertaken. A number of subdivisions 
were inundated on June 2 in Kamloops, and in 
one area, 150 homes and 52 mobile homes were 
flooded due to dyke failure. 

Following a cooling trend beginning on 
May 30, substantial snowmelt again occurred 
with a sudden rise in temperature, accompanied 
by heavy rains. Subsequently, the upper Fraser 
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and bring about the variations in mean annual temperature 
throughout the province. Precipitation and temperature are 
the dominant factors influencing the hydrology of the 
Fraser River system. Each spring, increasing temperatures 
melt the winter snow and initiate the freshets in tributary 
streams that, in turn, merge to form the annual high flow 
event. 

The basin's temperature is largely influenced by the 
incursions of the maritime and continental air masses. Cold 
arctic air masses can drop winter temperatures to extreme 
lows of -46 ° C in the northern  part of the basin and -34° C in 
some parts of the southern  half. The January mean temper-
ature in most areas is below -29 ° C. Summer temperatures 
rise to monthly means in the order of 22° C, with daily max-
ima at some valley stations exceeding 38 ° C. 

Altitude is a major factor influencing temperatures. In 
general, the annual increase in temperatures above 0 ° C oc-
curs initially in March in the southern portion of the basin 
and moves northward and to higher elevations as the 
warmer maritime air masses displace the colder arctic air. 

Movement of moist maritime air masses into the 
Fraser River basin creates substantial quantities of precipi-
tation on the westward slopes of the Coast Mountains due 
to orographic uplift. Once into the basin, the eastern slopes 
of the Coast Mountains are in the rai shadow. As the air 
moves east over the Columbia Mountains precipitation in-
creases significantly again. 

Most precipitation in the basin is in the form of rain. 
In the lower Fraser Valley, 95% of the precipitation is rai, 
while at higher elevations in the northern part of the basin, 
65% is rain. However, it must be noted that the meteorolog- 

ical stations tend to be in the valley floors, and the levels of 
predpitation and the percentage that falls as snow change 
significantly with increased elevation. 

Some 75 000 hectares of floodplain borders the Fraser 
between Hope and the river mouth, of which 65 000 hectares 
lies outside a series of individual dyldng systems stretching 
along both sides of the river from Agassiz to the Strait of 
Georgia. Most of these dykes protect agricultural land, but 
some stand between the river and more densely populated 
areas. Chilliwack, Harrison Hot Springs, and Agassiz all lie 
behind the dykes, as do parts of Mission and New 
Westminster. At the river mouth, both Lulu Island and Sea 
Island, as well as a number of smaller delta islands, are 
ringed with dykes protecting rural, urban and, in some 
cases, industrial areas south of Vancouver. 

The duration of high water levels contributes to the 
flood hazard in a dyked area. Dykes tend to deteriorate 
when subjected to high river levels for extended periods, 
and so become a less reliable means of flood protection. The 
floodplain of the lower Fraser Valley is dependent on dykes 
for protection when the water elevation at Mission exceeds 
5.5 metres, and this condition usually prevails for a month 
or more during high freshets. River velocities increase with 
rising water levels, augmenting the occurrence of bank ero-
sion and scour which tend to weaken dykes. When high 
freshets occur, the rise in the water elevation at Mission 
from 5.5 metres to the peak usually extends over two or 
three weeks. The duration of the peak or near-peak levels 
intensifies the tendency of dykes to deteriorate. In high 
freshet years, the water elevation at Mission has remained 
within 0.15 metres of the peak from four days to two weeks. 

Housebound in Prince George, June 1972.  

reached another peak between June 11 and 14. 
On June 16, the lower Fraser peaked at Hope, 
with a maximum instantaneous flow of 
3400 cubic metres per second and a maximum 
elevation of 7.1 metres, well above the danger 
level of 6.1 metres. 

This second and last major peak of the sea-
son, which was higher than the fit-st, increased 
the extent of flooding in already flooded areas. 
On the Fraser River, the areas most affected were 
Prince George in the upper Fraser and down-
stream from Hope in the lower Fraser Valley. 
The dyking systems were generally effective in 
preventing large-scale damage. 
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Farmer looks over barrels of animais  drowned during floods of November 1990 in British 
Columbia. (Canapress Photo  Service/Mark Van Manen) 
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Damage on the Fraser in 1972 amounted 
to $10 million ($33.5 million in 1991 dollars) 
and occurred mainly in the upstream commu-
nities of Prince George and Kamloops, and in 
the Surrey area of the lower Fraser Valley. 

Floodplain Development 

British Columbia has experienced rapid 
growth since 1948. Considerable develop-
ment has taken place on the floodplain of the 
lower Fraser River behind dykes built under 
the Fraser River Flood Control Program. 

The magnitude of development both in 
the Fraser River basin and elsewhere in the 
province, coupled with the growing interde-
pendence of all regions on the transportation 
and communication networks, has intensified 
the significance of the Fraser River flood haz-
ard of today compared with that of 1894. 
According to a Fraser River Upstream Storage 
Review Report published in 1976, inundation 
of the lower Fraser Valley floodplain of the 
1894 magnitude could cause damage of more 
than $300 million ($1 billion in 1991 dollars) at 
mid-1972 development and price levels, and 
substantial damage could be expected in the 
Interior communities. This potential damage is 
increasing every year, as the valley and these 
Interior conununities are among the more 
rapidly developing areas of British Columbia. 
Residents would face disruption of business, 
utility operations and transport services when- 

PlVIF SCENARIO 

Under mid-1972 development and price levels, the 
damages resulting from a Probable Maximum Flood (PMF) 
would amount to about $500 million ($1.7 billion in 1991 
dollars). Of this total, $410 million ($1.4 billion in 1991 dol-
lars) would be in the lower Fraser Valley and the remainder 
in the Kamloops, Prince George, and Quesnel areas. 
Residential damages would constitute the largest single 
damage category and would involve 46 000 homes, necessi-
tating the evacuation of nearly 200 000 people. These figures 
would become 66 000 and 300 000, respectively, by the year 
2000, on the basis of current zoning policies and growth 
trends.  

ever a major flood occurred, spreading hard-
ship and economic loss far beyond the limits of 
the flooded areas. 

Future Flooding and Its Consequences 

Greater floods than that of 1894 could 
occur in the Fraser River system; only the 
year(s) of their occurrence cannot be predicted. 
The best estimate from statistical analyses in-
dicates a one-in-three probability that the 
1894 flood will be equalled or exceeded dur-
ing the 60-year period 1973 to 2032. This risk 
may be greater or less than stated due to lim-
itations of the avàilable data. The results of 
these analyses, however, do indicate the ap-
preciable hazard from floods of the magni-
tude of the 1894 flood or greater. 

The probable occurrence of large floods 
diminishes as they become greater in size up 
to the Probable Maximum Flood (PMF). The 
PMF is the largest flood physically possible 
and is based on the likely extreme conditions 
of heavy snowfall and rapid springmelt that 
may occur in the area. It would inundate all 
river valley lands and probably cause exten-
sive scouring action on floodplains and adja-
cent riverbanks with consequent changes 
in river channel configuration, especially in 
the lower Fraser Valley. A scenario giving a 
rough estimate of the damaging impacts of 
a PMF is presented below to illustrate an 
extreme case. 

Occurrence of the PMF would cause complete sever-
ance of all domestic surface transportation and communica-
tion facilities connecting the Lower Mainland region with 
the rest of the province. Partial or total interruption of air 
transpôrt could be expected to result from airport and 
ground access route inundation. The complete disruption 
of industrial and commercial operations in the flooded 
areas together with the lack of surface and probable lack of 
air transport would cause widespread difficulties and se-
vere economic loss over most of British Columbia. 
Moreover, the effects would extend far beyond provincial 
boundaries. 
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1975 SPRING FLOOD 
WATERTON LAKES NATIONAL PARK 

by 
Tom W. Smith 

Flooded lakeshore cottage. (Courtesy of Parks Canada) 

Each spring in the mountains, the creeks 
swell with water runoff. Placid streams be-
come swift-flowing and fill their banks. If the 
spring snowmelt is steady, no major change 
to stream channels takes place. However, if 
snowmelt is quick, then the streams overflow 
their banks and erode and scour the sur-
rounding area. Anyone living on the banks 
of a mountain stream becomes closely at-
tuned to its moods and watches it carefully. 

In Waterton Park, the townsite of 
Waterton Lakes National Park in Alberta, the 
spring runoff question is twofold: how high 
will the Upper Lake rise, and will Cameron 
Creek bust loose? The Park staff drive or 
walk by the creek during each spring day to  

see how it is doing. For some of us, it is a morn-
ing and evening ritual. 

The spring of 1975 was late. The weath-
er had been cool and the snowpack had not 
yet melted a great deal. In mid-June, there 
was still a considerable amount of snow on 
the surrounding mountains. A cool, drizzly 
rai started on June 15, 1975. Previous rain 
had raised creek levels, but not significantly. 
As the rai continued on June 16 and 17, the 
creek remained as it had been. By June 18, 
the rai had really started to pelt down, but 
as I checked the creek level that night, it did 
not seem to be any higher than before. 

At approximately 6:30 a.m. on June 19, 
1975, Max Winkler, the Park's Chief Warden 
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WATERTON LAKES 
NATIONAL PARK 

and Ernie Brennan, the Park's Administra-
tive Officer, left for Lethbridge to conduct in-
terviews for some staff vacancies. As they 
drove past the creek, it did not appear di ffer-
ent to them from the night before. At about 
7:15 a.m., I was preparing to go to work when 
I heard a knock at my front door. When I 
opened it, Frank Campbell, the Park's Works 
Manager, was there. "I think you had better 
come and look at Cameron Creek," he said. 
Since I was all ready for work, it was only 
five minutes before we were standing on the 
banks of Cameron Creek at the old camp-
ground bridge. 

My, had that creek changed! Where be-
fore water had only covered the streambed, 
the water was now several feet deep. Brown, 
silt-laden water was rushing along only six 
to eight inches from the top of the rock walls 
lining the creek channel. Frank noted that 
the level had come up some more in the 
short time it had taken to come and get me. 
One of the Park's Maintenance Supervisors, 
Kay Kenly, joined us. I was asked what I 
thought we should do. No campers in the 
campground were up yet on that cold, rainy 
day. If the creek was going to flood, a lot of 
people would have to be alerted to move 
quickly out of the campground. As well, 
Allen's Lakeshore Bungalows, near the 
mouth of the creek, would be in the path of 
any floodwaters. 

I decided we would be on the safe side. 
I asked Kay to wake all the occupants in the 
trailer area on the west side of the creek and 
to ask them to leave the campground. If the 
bridge washed out, they would have no 
means of getting out of the campground. I 
asked Frank to wake all the occupants in the 
tent area on the east side of the campground 
and to ask them to vacate their campsites. I, in 
the meantime, ran through the campground 
to the tourist bungalows and was fortunate 
to find the manager at the front desk. When I 
told her it looked like the creek was going to 
overflow its banks, she looked at me in dis-
belief. When I pointed out we were asking 
people to leave the campground, and that 

Lineham Creek culvert washout. (Courtesy of Parks 
Canada) 
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Washed out entrance road to Crandell Mountain camp-
ground. (Courtesy of Parks Canada) 

she should do the same with her guests, she 
agreed. I returned to my vehicle and radioed 
Max Winkler, the Chief Warden, on his way 
to Lethbridge, but he was already out of range. 
However, Keith Brady, the Senior Warden, re-
sponded. I told him what we were doing and 
asked him to get the other members of the 
Park Warden Service to assist. 

The staff began to spread out through 
the Park to determine what was happening 
elsewhere. As was to be expected, every creek 
was pouring. The culvert at Lineham Creek 
on the Cameron Lake Road could not accom-
modate the volume and the creek had start-
ed to flow down the ditches, washing out 
the roadway. Quick action by the staff in get-
ting a backhoe up to the scene and digging 
a trench across the highway to drain off the 
overflow saved the Cameron Lake Road. 
Only about one-half mile was damaged. 

A crane was positioned at the Blakiston 
Creek bridge, on the main entrance road into 
the townsite, to prevent debris building up 
against the piers of the bridge. This was in-
strumental in saving the bridge and access to 
town. The entrance road to Crandell Moun-
tain campground was lost. Not only did the 
road wash out but also the Bailey Bridge 
over Blakiston Creek had its east abutment 
washed out. 

Finally, with all the creeks pouring into 
Waterton lakes, the lake level rose also. 

As we monitored all these happenings 
and took action to protect the access roads and 
highways, Cameron Creek reached the top of 
its banks and began to flow through the now-
evacuated townsite campground. In case the 
falls and lakeshore bridges were destroyed by 
this flow, we also evacuated all residents in 
the houses to the west of the campground. 

Cameron Falls. (Courtesy of Parks Canada) 

Cameron Falls in flood. (Courtesy of Parks Canada) 
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A radio reporter from CJOC in Lethbridge 
wanted to conduct an interview. I took him 
first to Cameron Falls. Gentle, picturesque 
Cameron Falls had become a torrent of tan-
coloured water which arched way out from 
the rock face that it usually just flowed over. 
Trees were sailing over the Falls and plung-
ing into the creek a short distance from the 
bridge near the Falls. It looked to us that if 
the creek flow increased any more, the up-
rooted trees would hit the bridge. I recall 
vividly the scene of this rushing, turbulent 
mass of water roaring down the creek bed, 
which at this point was higher than the 
street. If the banks gave way, we were in 
deep trouble. From our position, we could 
see where the creek had broken through 
onto the campground. Twenty- to thirty-
foot-long trees, bark and limbs stripped off, 
shot by us. I remember thinking that if one 
of these trees jumped out of the flow, it 
would shoot through a campground kitchen 

Collapsed stone blocks lining bank of Cameron Creek. 
(Courtesy of Parks Canada) 

Damaged buildings at townsite campground. (Courtesy 
of Parks Canada) 

shelter like an arrow. The creek was an awe 
inspiring spectacle and even the reporter did 
not comment into his tape recorder, but sat 
there, like me, staring at this immensely pow-
erful force pouring through the campground. 

As the day wore on, the other Park staff 
and I became increasingly concerned for our 
town water supply. The intake was in Cameron 
Creek, above the Falls. We kept a close watch 
and drew up a plan to evacuate town resi-
dents if the water supply failed. 

In some ways, the rest of the town car-
ried on like any other day. People and vehi-
cles entered and left the Park. School carried 
on, and my daughter, who had the newspa-
per route, delivered hèr papers to residents 
despite the rai  and flood. 

By 8:00 p.m. that evening, I was advised 
that the water intake was damaged and that 
we could not provide a safe supply of drink-
ing water to the town. Staff went to each res-
idence to inform the occupants and give 
them the option to stay, go to the Prince of 
Wales Hotel (which had its own water sup-
ply) or to leave the Park. We finally complet-
ed this task by 11:00 p.m. My wife and three 
children chose to leave the Park and stay 
with relatives, while I moved to the Prince of 
Wales Hotel. 

That was day one of The Flood. 
By the morning of June 20, the rai had 

still not stopped and the lake level had risen 
to flood part of the business section of the 
townsite. The dock area was under water, so 
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Boats moored at picnic area. (Courtesy of Parks Canada) 

that the large tour boats had to be moved. 
They were moored to trees across the bay in 
the picnic area. The entrance road at the Park 
gate was under water. One couple driving a 
Volkswagen bug had tried to enter the Park 
but found their car floating. They got out and 
pushed it back to high ground. Because of 
the water's depth and the poor road base, 
I decided to close the road to traffic. We were 
now physically cut off from the world. 
Finally, the telephone system flooded so we 
also lost telephone communication. Fortu-
nately, electrical service was not affected. I 
passed a radio message to one of the wardens 
stationed at the Park entrance on the other 
side of the flooded road; he drove to the near-
est telephone outside the Park to advise the 
Regional Park office in Calgary of our status. 

In difficult times, people's ingenuity can 
be quite impressive. A number of residents 
had not left their homes and were without 
safe drinking water. Our staff rose to the oc- 

casion. We had just received a shipment of 
new galvanized garbage cans for the camp-
grounds. These new cans were thoroughly 
cleaned, filled with water from the Prince of 
Wales Hotel, and delivered to the residents. 

The rai finally stopped on June 21. We 
had received a total of 7.18 inches over six 
days. This  ra i ,  together with the mountain 
snowpack it melted, created the conditions 
for the flood of 1975. 

Waterton Park had also had floods in 
1953 and 1964. After the flood in 1964, exten-
sive work was completed to protect the town-
site from Cameron Creek, and to restrain 
other creeks from leaving their channels. The 
banks of Cameron Creek, from the Falls to the 
creek mouth, were lined with large, square 
chunks of stone. Blakiston Creek had berms 
bulldozed along both sides. Neither measure 
was particularly successful in protecting the 

Townsite water intake minus handrails and manhole cover. 
(Courtesy of Parks Canada) 

Debris deposited in townsite campground. (Courtesy of 
Parks Canada) 
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banks in the 1975 flood. Blakiston Creek jump-
ed its banks and washed away the gravel 
berms. It spread across the alluvial fan, carv-
ing several new channels and washing out a 
picnic site access road. The stone blocks lining 
the banks of Cameron Creek were undercut 
by the streamflow, and collapsed. However, 
the stone blocks did stay in place to protect 
the Falls bridge as well as a portion of the 
townsite houses adjacent to the campground. 

The lake levels quickly began to recede. 
By June 23, the entrance road could once 
again be opened for traffic. Repairs com-
menced immediately. The townsite camp-
ground had been extensively damaged. Not 
only had a large amount of gravel, silt and 
trees been deposited there but a new six-
foot-deep channel had been carved through 
the area, ripping out water, sewer and elec-
trical lines. Several structures were also 
damaged. The townsite water intake man-
hole cover and handrails had been ripped 
away. Many businesses and cottages along 
the lakeshore needed to dry their buildings 
and contents, and to repair damage to them. 

In maldng Park repairs, we tried to take 
advantage of the lessons we had learned. 
Protecting the Cameron Creek banks had par-
tially worked. The bank walls were rebuilt 
after this flood with gabions. These were 
placed below the creek bed and, instead of re-
taining the old vertical configuration, they 
were installed in steps. The theory was that if 
they did get undermined, they would slump 
yet protect the banks. The campground bridge, 
which had lost its middle pier, was replaced 
by a clearspan bridge upstream from where 
the banks were breached. The Lineham Creek 
culvert was replaced with a culvert much 
wider in diameter to handle a larger flow. 

By summer's end, the Park was fully re-
paired. We could look forward to winter and 
whatever the next spring would bring. S-2 

00 0 00 0 0 

Tom W. Smith was Superintendent of Waterton Lakes 
National Park from 1973 to 1976. Mr. Smith is presently 
Director, Program Support, Alberta Fish and Wildlife. 

Prairie Provin.  ees 
Several of the larger river basins in the 

prairie region are located predominantly on 
the plains but derive a high proportion of 
their flows from the headwater regions lo-
cated on the eastern slopes of the Rocky 
Mountains. These include the Oldman, Bow 
and Red Deer rivers, which are major tribu-
taries of the South Saskatchewan River, and 
the North Saskatchewan River. There are 
also a number of rivers originating in the 
mountains of western Alberta or northern 
British Columbia that flow into the northern 
plains of Alberta. These include the Athabasca, 
the Smoky-, and the Peace rivers. 

The streams beginning in the eastern 
slopes of the Rockies traverse three major 
physiographic regions: the mountains, the 
Foothills, and the Great Plains. Rugged moun-
tains capped by permanent snowfields and 
glaciers occupy a narrow belt bounded on 
the west by the continental divide and on the 
east by the most easterly range of the Rocky 
Mountains. The Foothills region is a transi-
tion zone between the mountains and the 
Great Plains, which is characterized by ridges 
and hills paralleling the mountain ranges. 

In 1915, rai  in the Foothills combined 
with snowinelt produced the highest flows 
recorded on the North Saskatchewan 
River. The cities of Edmonton and Prince 
Albert were flooded. 

The Great Plains region is generally one 
of low relief and poorly developed drainage 
patterns with many undrained lakes, sloughs 
and marshes. 

In the mountains, most of the annual 
runoff volume and the annual flood peaks 
are due to spring and summer snowmelt. 
While snowmen is a contributing factor to 
runoff in the Foothills, the major flood peaks 
are caused by rainfall and, often, in combi-
nation with snowmelt. 

The storms that produce the major 
floods are associated with "cold lows," low 
pressure systems which originate off the 
west coast of North America or form in the 
lee of the Rockies. The "cold low" air mass 
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FLOODING IN CANADA 

RED RIVER FLOODS 
The watershed of the Red and Assiniboine rivers is 

situated almost exactly in the geographic centre of North 
America and forms part of the larger Nelson River 
drainage system. 

The Red River originates in South Dakota and flows 
north, forming the boundary between North Dakota and 
Minnesota, to enter Canada at Emerson, Manitoba. From 
the border the river continues northward for 250 Idlome-
tres to Lake Winnipeg. 

The streamflows of the Red River basin are highly 
variable. Discharge rates at Emerson have ranged from a 
low of 0.03 cubic metres per second in February 1937, to 
2670 cubic metres per second in May 1950. Most of the 
runoff occurs in the spring as the result of snowmelt and 
spring rains. 

Floods in the lower reaches of the Red River have al-
ways been associated with the spring snowmelt. Although 
snow only makes up about 17% of the total yearly precipi-
tation, its accumulation in combination with other factors 
has been the main cause of general river overflows. The 
major factors affecting snowmelt runoff in the basin are: 

• extent and moisture content of snowcover 
• rate of melting of the snow 
• rai coincident with snowmelt 
• soil moisture and temperature 

• low absorptive capacity of the clay soils. 

Ice jams occur occasionally, particularly on the tribu-
taries, and these may cause increased flood stages locally. 

has a counterclockwise circulation and trav-
els generally from west to east across the 
continent. As the system crosses the conti-
nental divide it often intensifies and draws 

warm, moist maritime air from the Gulf of 
Mexico and mixes it with colder air from the 
polar regions at the ground surface. Circula-
tion of the air mass is such that the moisture-
laden air is then directed toward the Foot-
hills and mountains where the orographic 
effect intensifies the rainfall. 

Severe convective thunderstorms (pre-
cipitation resulting from upward movement 
and cooling of air that is warmer than its 
surroundings) also strike the prairies, pro-
ducing high rainfall rates and extensive local 
flooding. One such storm, which occurred at 
Buffalo Gap, Saskatchewan, has been record-
ed as the most intensive rainfall in Canadian 
history. It is described in Chapter 1. 

For the larger basins of the agricultural 
areas of the plains, floods are generally due to 
spring snowmelt. The depth of the winter 
snowpack, its water content, and the occur-
rence of rain during snowmelt are significant 
in determining peak discharges. Other impor-
tant factors include the preceding fall and 
early winter soil moisture conditions, and the 
extent of frozen ground. Also, ice jams may 
cause water levels to reach higher stages than 
open water flows. 

Earliest Red River Floods on Record 
Little information is known about flood 

events in the area prior to organized settlement 
of the region in 1812. Subsequently, the great-
est known Red River flood occurred in the 
spring of 1826. The flood resulted from wet 

weather the previous autumn, a 
winter of heavy snow, followed by 
a late spring with a sudden thaw in 
early May coinciding with heavy 
rainfalls. The chance of a flood of 
this magnitude occurring is about 
once in 667 years. 

At Fort Garry, the Red River 
rose 2.7 metres in 24 hours; this 
quick rise in water level may 
have been due to an ice jam. The 
estimated maximum discharge 
of the river through the town 
was 6371 cubic metres per 
second. 
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6371 
4672 
3540 
3058 
2497 
2427 
2421 
2209 
2124 
1974 
1965 
1957 
1954 

667 
150 
45 
28 
14 
13 
13 
9 
8 
7 
7 
7 
7 

27 
19 
12 
10 

8 

1979 May 10 
1974 April 25 
1987 April 9 
1970 April 30 
1969 May 2 

3030* 
2718* 
2350* 
2251 * 
2143 * 
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tion was caused by floating ice that split 
trees and demolished houses. Eight settlers 
in Fort Garry and several Indians along 
the Assiniboine River were reported to have 
drowned. Boats from the Hudson's Bay Com-
pany rescued many people stranded on 
rooftops. An eyewitness account describes 
the destruction: 

In April 1952, the Frenchman River flooded the town of 
Eastend, Saskatchewan. The flood was a result of a well-
above-normal snowpack in the Cypress Hills and below-
normal spring temperatures. 

Floodwaters forced the abandonment of 
Fort Garry and virtually destroyed every 
building in the town. Much of the destruc- Winnipeg. 

Greatest Floods on the Red River at Winnipeg 

While the frightened inhabitants were col-
lected in groups on any dry spot that re-
mained visible above the waste of waters, 
their houses, barns, carriages, fu rniture, 
fencing and every description of property 
might be seen floating along over the wide 
extended plain, to be engulfed in Lake 

Date of maximum 
discharge 

Estimated maximum 
discharge at Redwood 

Bridge (m3 /s) 

Probable 
return  period 

(years) 

Before Floodway was operational: 

1826 May 21 
1852 May 21 
1861 May 8 
1950 May 19 
1966 April 14 
1916 April 24 
1882 May 3 
1904 April 24 
1948 May 1 
1956 April 27 
1960 April 18 
1892 April 19 
1897 April 27 

After Floodway was operational: 

*Computed natural flows without existing flood control works. 
Courtesy of Manitoba Department of Natural Resources, Water Resources Branch; data provided by A.A. Warkentin. 
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Hunger and famine followed the flood. 
The long, hard winter had depleted food 
stores, the floodwaters had swept away live-
stock and seed, and the soil was too wet to 
plant until well past the usual planting time. 
As a consequence, the townsite was aban-
doned for several years and moved to Lower 
Fort Garry. 

The second and third largest floods oc-
curred in 1852 and 1861, respectively. Again, 
the floods were due to a wet autumn, heavy 
snows during the winter, a late and sudden 
thaw, and rainfall during the snowmelt 
runoff period. 

The flood of 1852 was 0.6 metres lower 
than the 1826 flood level. The water rose 
rapidly due to an ice jam. Although flood-
ing was not as extensive as in 1826, more 
damage was caused due to the interim 
increase in settlement. About 3500 people, 
representing 75% of the population, aban-
doned their homes, and at least one person 
drowned. Property damage was estimated 
at 25 000 pounds sterling. 

The 1861 flood was 1.2 metres lower 
than the 1826 flood. Damage was significant-
ly less, with fewer homes evacuated. 

Flooding of the Red River in This Century 
Red River flooding still occurs and, re-

gardless of the magnitude of the floods, dam-
ages have steadily increased as development 
proceeds along the river. In rural areas, 
floods damage residential and farm build-
ings and equipment; drown livestock; and 
delay spring planting. 

In urban areas, there is a continuing 
trend to build on low-lying land and much of 
this development is residential. The business 
district of Winnipeg, however, is located on 
somewhat higher ground. 

A characteristic of the Red River is that 
water levels rise slowly during flood events 
unless an ice jam develops. With proper 
warning, loss of household goods, personal 
property and equipment can be reduced by 
evacuation. Time may also be available to 
construct dykes. During the floods of 1948 and 
1966, major damage was avoided in several  

residential areas of Winnipeg by the con-
struction of emergency dykes. 

The Winnipeg Flood of 1950 
Another major flood occurred during 

April, May and June of 1950. The river's peak 
discharge of 3058 cubic metres per second 
was less than half the peak discharge of the 
1826 flood. A heavy snowcover caused the 
Red River to reach flood levels by 
April 22. In early May, a heavy rainfall, twice 
the normal for the month, occurred. In 
Winnipeg, the river was above flood stage for 
51 days. 

At the peak of the flood, the water was 
4.6 metres deep in some of the low-lying dis-
tricts. All that could be seen were rooftops of 
houses. Water covered one tenth of the city, 
and an estirnated 60 000 people fled their 
homes. Military cargo planes delivered mil-
lions of sandbags, which were piled by thou-
sands of volunteers. Some 3000 soldiers 
were called in to operate the dykes and 
pumps. During the flooding two dykes were 
breached and one volunteer pump operator 
drowned. Through considerable effort the 
dykes were able to keep 4700 houses dry. 

In rural areas, many towns were inun-
dated and buildings swept away. "I 
remember seeing a small cottage floating 
down the river," one resident recalled. "It 
struck a bridge pillar and the furniture popped 
out at the one end as it opened like a cardboard 
cereal box." 

Livestock huddled on patches of high 
ground. Some  animais  were lucky and food 
was dropped to them from helicopters. 
Others were shot so they wouldn't starve. 

— The Ottawa Çitizen, 
retrospective article, 

June 9, 1990 

One life was lost. Flood damages in 
1957 dollars were estimated to be $125.5 mil-
lion ($553.5 million in 1991 dollars). Disaster 
assistance payments amounted to $25 million 
($153.8 million in 1991 dollars); over 11 000 
claims were paid out for structural damages. 
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REFLECTIONS ON THE WINNIPEG FLOOD OF 1950 

The Winnipeg flood of 1950 affected a great many 
people M the short run and others for a much longer period 
of time. In my case, it directly dictated my choice of a career. 

In the spring of 1950,!  was a second year Arts student 
and had just started a summer job in the downtown ware-
house of a hardware firm. It was located close to the river 
and flooding threatened the basement. Ptunps had to be 
manned 24 hours a day and I was asked to look after one of 
the shifts. Actually, it was a pleasant respite from the te-
dious chore of replenishing shelves with small hardware 
items! 

In 1950, I was living with my parents in Fort Garry, a 
suburb of Winnipeg, just to the south. Our home was a con-
siderable distance from the river on relatively high ground, 
but even so, disaster relief boats were being launched on 
the road outside our door. As for so many others, our base-
ment was badly flooded, but we were lucky. [The Paul 
home was situated across from the charred foundation of 
the Wildwood Badminton Club shown in the photo.] In my 
cousin's house, for example, the high water mark was with-
in two inches of the second floor. 

The City responded magnificently to the challenge 
presented by the rising river. Thousands of citizens 
manned the miles of dykes that were hastily constructed 
with sandbags. On the team of volunteers working with my 
father was Vern  Phelps, District Forest Officer for 
Manitoba-Saskatchewan. 

Flooding in the suburb of Fort Gany, Winnipeg, in 1950. 
(Courtesy of Winnipeg Free Press) 

In those years the federal forestry department hired a 
great many summer students, many more than could be at-
tracted from the forestry schools. Mr. Phelps asked my fa-
ther if I would be interested in a summer job. I wasn't at the 
time but the next year I thought again about the offer. And 
after two enjoyable sununers employed in forestry, I decid-
ed to study forestry. In the fall of 1952, I enrolled in the 
Faculty of Forestry, University of Toronto, and now nearly 
40 years later, I am still in Forestry. Thus, my career can be 
directly attributed to the 1950 Winnipeg flood. 

— Peter M. Paul, Ph.D 
Gloucester, Ontario 

The dyking operations were responsible for 
reducing the overall damages significantly. 

Floods above bankfull stage between 
Emerson and Winnipeg may be expected to 
occur on average every ten years. Due to the 
flat topography, flooding can be extensive; the 
1950 flood covered 1373 square kilometres. 

Red River Flooding since 1950 
Despite the flood of 1950, development 

has continued on the floodplain. A flood in 
1966 resulted in $12.2 million ($49.2 million 
in 1991 dollars) in flood disaster assistance. 

Between 1962 and 1972, a major flood 
control program was undertaken to protect 
Winnipeg. The program, which is discussed 
in detail in Chapter 4, involved the construc- 

Children playing on sandbags, Manitoba, 1979. 
(Canapress Photo ServicelBrennan) 

tion of the Red River Floodway, the Portage 
Diversion, and the Shellmouth Dam. 

Two major floods, in 1974 and 1979, 
have occurred since the completion of the 
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Cats and squirrels took to the trees and .n0 «lid this  car.  

The ingenious owner rigged p unies to the branches and 

hoisted the auto out of the torrent's way. 

FLOODING IN CANADA 

MOIE  WINNIPED TRES PRFFS. SATURDAY. MAY 27. inn 

Rock -a -Bye-Baby In The Tree Top 

Transportation suffered as waters mounted. Bridges, 
roads and even railroad's were taken over by the flood. 

The bust train from southern Manitoba plowed along 
without any visible rails. 

Winnipeg Free Press, May 27, 1950. (Courtesy of Winnipeg Free Press; 1950 edition provided by 
A. A. Warkentin) 
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ININIPEU FREE 	 SATURDAY. MAY 27, 195P 

Roof Tops Protrude In Scene Of Devastation 

Part of 'S% ildwood Park (top left) one of Greater 

innipeis most hard-hit suburbs. Here resident., 

mosi .of them war veterans, fought da and night on 

the dikes te> -tve their homes. Many n oung couples 

were only able to save themselves and children bc-

lore flood waters engulfed their elwellings. Os. Leigh-

ton avenue, East Kildonan (centre left) it AS the 

..ame >dory when the dike there collapm.d.  At tit. Ger-

main (centre right) market garden land  was swept 

und.- r. And in  Riverview (at bottom) streets were 

sul >rued and this store, like the homes around, 

surrounded by water. 
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Scenes from the 1950 Red River flood. Above: Workers fight to save 
River in St. Boniface. Below left: The Salvation Army distributes food 
tims. Below right: Child under care of the Canadian Red Cross, which 
and children in the Red River valley, looked after them in safe places 
Winnipeg Free Press) 

Marion Street Bridge spanning the backed-up Seine 
to weanj dyke-workers, evacuees, and other flood vic-
directed the evacuation of thousands of men, women 
and helped them return to their homes. (Courtesy of 
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flood control program. The 1974 natural discharge 
at  Winnipeg  exceeded that of the 1966 flood event. 

The 1979 natural discharge was dose to 
that of the 1950 flood. As in 1974, most of the 
damage occurred in the valley. Many of the ring 

dykes protecting the communities were temporar-
ily raised and no communities were flooded. In 
the town of Morris, 1450 residents were evacu-
ated and 400 from the Roseau Reserve also left 
for safety reasons. In total, 10 000 people 

SASKATCHEWAN  1 974  
Throughout Saskatchewan, the winter of 1973-1974 

was characterized by near-record snowfall and few periods 
when the temperature exceeded the melting point. Conse-
quently, by the end of winter, several areas reported ex-
tremely heavy snow cover. 

Extensive flooding of farms and ranchland damaged 
roads and bridges along the Carrot and Red Deer rivers in 
eastern and central Saskatchewan. The communities of 
Pierceland and Green Lake on the Beaver River were also 
affected. Severe flooding occurred in the Qu'Appelle River 
basin as well. 

Qu'Appelle River 
In the spring of 1974, all signs pointed to a flood in 

the Qu'Appelle River basin. By mid-March, most snow 
courses operated by the Saskatchewan Department of the 
Environment indicated the water equivalent of the snow-
pack was between 127 and 152 millimetres. A cold spring in 
which the snowpack was not reduced by evaporation, sub-
limation or an earlier melt period was a positive indication 
that flooding might occur. A rapid warming trend in the 
basin beginning in late-April followed. The exceptional 
runoff from the extremely heavy snowpack resulted in 
widespread flooding in the Qu'Appelle River basin. The 
most serious conditions developed in Moose Jaw, Regina 
and Lumsden, where major damage occurred and flood 
fighting efforts were concentrated. 

During April 18-19, the Moose Jaw River, 
Thunder Creek and Spring Creek, which join within the 
City of Moose Jaw, overflowed their banks, cutting the city 
in half and flooding commercial and residential properties. 
An estimated 60 city blocks were flooded, 480 homes inun-
dated, and 1400 people evacuated. Several bridges and 
dams within the city limits were extensively damaged and 
essential services were disrupted. 

On April 20, Wascana Creek, a tributary of the 
Qu'Appelle River flowing through the centre of Regina, 
overflowed its banks, endangering residential properties in 
low-lying areas adjacent to the creek. Some 85 families were 
evacuated, but early action taken by the city in raising dyke 
levels prevented major damage. 

Both the Moose Jaw River and Wascana Creek enter 
the mainstem of the Qu'Appelle River above Lumsden. The 
combination of record flows on these two tributaries with 
already high flows in the Qu'Appelle resulted in record 
flows in the Lumsden portion of the river. A flow of 
436 cubic metres per second was recorded at Lumsden on 
April 25, topping the previous record flow of 187 cubic me-
tres per second in 1969. To hold back the rampaging wa-
ters, 5.6 kilometres of massive, roof-level dykes were added 
to the edsting dykes in Lumsden. Although at times in 
danger of being washed out, the dykes succeeded in pre-
venting serious damage to the town. 

Sandbagging activities at Lumsden, 1974. (Saskatchewan 
Government photo) 
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Hen house devastation, Manitoba, 1979. (Canapress Photo ServicelBrennan) 



FLOODING IN CANADA 

were ordered to evacuate. More than 600 sol-
diers were brought in to help them leave and to 
patrol the area. Livestoc_k (12 000) and poultry 
(145 000) were also evacuated. 

Since 1979 under the Canada-Manitoba 
Flood Protection Projects Agreement, all of the 
ring dykes in the Red River valley have been 
upgraded, internal drainage improved, emer-
gency pumps purchased and a communica-
tions network installed. These projects now 
provide 1:100 protection to the communities. 

Ontario 
Floods in Ontario can result from snow-

melt, spring rainfall storms, summer thun-
derstorms, tropical storms or hurricanes, or 
ice jams. The major cause, however, is spring 
snowmelt. 

In the newspaper artide below, a combina-
tion of spring snowmelt and groundwater is re-
ported as the cause of the Thames River flooding 
in southern Ontario in 1978. The story describes 
the disruption of daily life for a Tilbury family. 
Hostages to the flood, the Poppe family not only 
experience difficulties in daily survival but also 
the tedium of the situation. 

The most severe flooding on record in 
Ontario occurred in October 1954 when 
Hurricane Hazel passed over the Toronto area. 
Eighty-one lives were lost and damages were 
estimated at $25 million ($133.3 million in 1991 
dollars). Hurricane Hazel is described in detail 
in Chapter 1. 

Ice jams can occur when the spring thaw 
is early and rapid, and a strong ice cover ex-
ists. In May 1986, an ice jam destroyed the 
northern community of Winisk, causing two 
deaths. An account of the Winisk flood is 
given in Chapter 1. 

Sezvers backed up during heavy rainfall caused flooding of 
the Ottawa River Parkway in Ottawa, July I, 1979. 
(Courtesy of G. Thomas) 

Four feet of water surrounds family 
TILBURY (CP) — Carl and 

Elaine Poppe and their four chil-
dren have been limited in their 
activities for nine days since water 
surrounded their three-bedroom 
house. 

Their house, near this conunu-
nity about 40 kilometres east of 
Windsor, has been surrounded by 
a four-foot-deep lake fed by this 
year's abnormal spring runoff. 

So far, water has not entered 
the house because the Poppes 
elevated it four feet off the 
ground five years ago after it was 
swamped during floods along the 
Thames River. 

The elevated base is being 
worn away by the wind-driven 
water lapping at the doorstep. 
The family's well has been pol-
luted and the septic tank has been 
flooded. 

Although the water level has 
not risen since last week, the 
Poppes say they fear any more 
rai will flood them out of their 
house. 

Mrs. Poppe, whose husband is 
a maintenance worker at a Til-
bury plant, said the family cannot 
afford to move to a motel until 
the water recedes. 

She tries to keep her children, 
ranging in age from 6 to 17, 
occupied after her husband, 
going through the water in hip 
waders, heads for work. 

She waits for her husband to 
come home with groceries and a 
five-gallon container of water 
borrowed from neighbors. 

Then her oldest son and her 
husband pile the load on an oil 
tank and, using a spade for a  

paddle, ferry it the 50 feet to their 
back door. 

Lyle Smith, clerk of Tilbury 
East Township, where the 
Poppes live, says there is nothing 
the township can do. 

Flooding in the township, 
usually caused by swollen creeks 
and the Thames, is being caused 
by ground water and melted 
snow, he said. 

The township and the Lower 
Thames Valley Conservation 
Authority spent $5-million to 
shore up the area's Jeannette 
Creek and the Thames after 
flooding in 1973. 

Mr. Smith said this year's 
flooding is the worst he has seen 
in 22 years. The township has 
tried tu rning on pumping stations 
throughout the area, but they dry  

up in a few minutes because the 
water cannot get through the 
snow, he said. 

Drainage ditches are filled with 
snow and all one can hope for is 
good weather to allow the runoff 
water to work its way to the 
drains, he said. 

Mrs. Poppe said she is not sure 
she can wait much longer. She 
has not been out of her house 
since a short shopping trip last 
Friday. 

She said her children thought 
it was fun at first. 

"They got the day off school 
and they liked the idea of paddling 
around on a tank. But now they're 
getting sick of being cooped up 
here and having to watch televi-
sion all the time." 

The Globe and Mail, March 24,1978. (Courtesy of The Canadian Press) 
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Canada Geese crossing road flooded by the Thames River, December 30, 1990. (Courtesy 
Morris Lamont) 

of The London Free Press/ 

The Great Lakes 
Great Lakes Shore Damage 

Two powerful forces are at work on the 
shorelines of the Great Lakes: flooding and 
erosion. Problems of flooding and erosion 
have been the most severe when Great Lakes 
water levels have been high, notably in 1952, 
1972-73 and 1985-87. 

Shorelines protected by bedrock do not 
experience erosion, such as the relatively un-
populated shorelines of Lake Superior and 
the northern shoreline of Lake Huron. Much 
of the shoreline from Port Severn on Georgian 
Bay to Gananoque located at the easterly end 
of Lake Ontario is prone to erosion. Large 
sections of this shore are lined with cottages 
and homes, which has greatly increased the 
cost of flooding and erosion damages. 

Shoreline flooding occurs when water lev-
els rise above their average height, either in the 
short term or for many months. The degree of 
flooding depends on the magnitude of the 
water level fluctuations and the elevation of 
the shorelands. Flooding is usually confined to 
low-lying areas and the lower reaches of tribu-
taries which are affected by backed up water. 

The water levels of the Great Lakes fluc-
tuate both seasonally and annually. Levels 
on most lakes tend to be lower in midwinter 
and higher in midsummer. These seasonal 
fluctuations are typically in the range of 30 
to 50 centimetres, while fluctuations over 
several years have been 1.2 to 1.8 metres. 

Lake level change is primarily influ-
enced by precipitation either directly into the 
lakes or in the form of runoff from the 
drainage basin. The 1960s were characterized 
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developed and even moderate 
storm surges can cause signifi-
cant property damage. 

There have been three in-
stances of major flooding in 
the last 40 years: 1952, 1972-73, 
and 1985-87. These periods of 
flooding and erosion caused 
over $25 million ($76.9 million 
in 1991 dollars) in damages to 
the Canadian shore in 1972-73, 
and approximately $100 million 
($112.8 million in 1991 dollars) 
in damages between 1985 and 
1987. 

by low precipitation rates and corresponding 
decreases in lake levels. On the other hand, 
1972 and 1985 were high precipitation years 
(1985 was a record high), with correspond-
ingly record high lake levels following. Lake 
levels can remain high for a few years, partic-
ularly in the lower lakes, as the higher lakes 
pass along their excess water. Other factors 
influencing lake levels are wind, evaporation, 
and control structures. Less influence is ex-
erted by ice jams, dredging, and diversion. 
Crustal movement, or the rebounding of land 
depressed by the last ice age, causes very 
long-term water level changes. 

Long-term flooding occurs when lakes 
reach record high levels and may persist for 
many months. Short-term flooding is caused by 
storms. Severe storms generate large waves 
and storm surges which may overtop banks 
and cause temporary flooding. Storms and 
seiches may also tilt the lake surface, causing 
sudden changes in lake levels. Factors influ-
encing the extent of short-term fluctuations 
include lake depth, orientation of shoreline 
with respect to prevailing winds, and the 
length of open water (fetch). 

Lakes Erie and St. Clair are particularly 
susceptible to flooding and storm damage. 
Lake Erie, with an average depth of only 
19 metres, is one third of the depth of the 
next shallowest lake, Lake Huron. Storm 
surges of up to 2.5 metres have been experi-
enced at the eastern end of Lake Erie. These 
conditions can persist from a few hotus to sev-
eral days. Lake St. Clair's shoreline is highly  

/972-73 

In the late-1960s, persistently above-
average precipitation began to raise the 
levels of the Great Lakes. In 1972, the pre-
cipitation rates were high. During this pe-
riod a number of severe storms resulted in 
extensive shoreline damage. The storm 
waves imposed on the abnormally high 
lake levels compounded the extent and in-
tensity of the damage incurred by shore 
property owners. 

Northeast winds can have a major im-
pact on Lake Erie shorelines, as evidenced 
by the storm of November 1972. Reaching 
velocities of over 50 kilometres per hour 
over shallow offshore areas, they inflicted se-
vere damage to the shoreline. 

Lake St. Clair, with a highly developed 
southern shoreline, is vulnerable to any winds 
from the north, and wave set-up is encour-
aged by the lake's shallow bathymetry. 
Northerly winds of long duration with peak 
velocities of 58 kilometres per hour caused 
considerable damage to shore property dur-
ing the storm of November 13-15, 1972. 

On Lake Huron, major storms were 
recorded on November 13 and 14, 1972, and 
during March and early April 1973. Constant, 
high velocity winds from the north and 
northwest maintained strong wave action 
along the shoreline, causing heavy damage in 
the area between Sarnia and the town of 
Bayfield. Shoreline damage did not prove to 
be severe in the Georgian Bay area. 
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Lake 
High stage (water) 

Normal water level 

Area flooded 

Wind 

Wind set-up 
Normal water level (Calm) 

Area flooded 

Low dune or dyke Storm stage water level 

FLOODING IN CANADA 

LONG AND SHORT-TERM FLOODING 

Seasonal and long-term 

Calm water level below land crest, high water exceeds land height 

Short-ternn 

Storm stage 

Calm water level below land crest, storm water level exceeds land height 

Wave uprush 

Storm stage below land crest, uprushing wave spill over low barrier, dune or dyke 

Source: Canada/Ontario Great Lakes Shore Damage Survey Technical Report, October 1975. 
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WHY DID LAKE LEVELS DROP SO RAPIDLY AFTER 1986? 
Great Lakes water levels fluctuate according to the climate of the region. From 1967 to 1986, persistently above-average 

precipitation on the basin kept lake levels above average. The record high precipitation in 1985 pushed levels over their 
previous 20th century records during 1985 and 1986. What followed next was an unprecedented rapid drop in levels 
begirming in October 1986 . The cause of this drop was the dry winter of 1986-87, followed by consecutive dry springs in 1987 
and 1988. During the drought of 1988, high evaporation occurred over the Great Lakes, particularly on Lakes Michigan and 
Huron. This also helped to lower water levels. 

ANNUAL PRECIPITATION 
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Database covers period 1890-1991. (Courtesy of Great Lakes Water Level Communications Centre) 

1980 1990 

A major storm occurred on Lake Ontario 
on April 10 and 11, 1973. In a matter of 
hours, strong winds from the northeast 
raised the water level at the west end of the 
lake by 0.76 metres above the mean level. 
Storms that occurred on Lake Erie in March 
and April also proved destructive. A storm 
on Lake St. Clair occurred on March 17 and 
18, 1973, with floodwaters reaching areas in-
land, adding to the damage inflicted upon 
the shoreline itself.  

1985-87 

Precipitation over the entire Great Lakes 
basin between November 1984 and April 
1985 was 20% above average, and from May 
to December 1985, it was 27% above aver-
age. The 1985 spring runoff was 20% to 65% 
above normal, the highest in 20 years. The 
result was record high levels recorded on all 
lakes, except Lake Ontario, at some point 
during 1985. The levels of Lake Ontario are 
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Hastings Drive in Long Point by Lake Erie, March 1985. 

moderated by the regulated flow of water 
down the St. Lawrence River. 

On March 31 and April 6, 1985, storms 
lashed Lake Erie. Hardest hit were Point Pelee 
and Long Point. The storms destroyed cot-
tages, washed out access roads, eroded beach-
es, uprooted trees and breached dykes. There 
has been no accurate assessment of damages, 
but Essex County has estimated damages to 
be $8.1 million ($9.0 million in 1991 dollars). 

On December 2, 1985, a storm with winds 
gusting up to 100 kilometres per hour se-
verely affected shorelines with western ex-
posures. Erosion occurred on Lake Huron, 
minor flooding took place on Lake St. Clair, 
and on the eastern end of Lake Erie cottages 
were destroyed and damage was done to 
property and shore protection structures. 

Some of the areas severely damaged in 
1985 and 1986 were either former marsh-
lands or adjacent to them. Many of the cot-
tages sat on sand bars or barrier beaches that 
were overtopped. 

In 1986, precipitation was equivalent to 
the long-term average over the entire basin; 
runoff was about 10% above average. Lake 
Superior had record high lake levels during 
the first five months of the year, then the lev-
els dropped below record levels for the re-
mainder of the year. Lakes Huron, St. Clair 
and Erie all set record highs as lake levels 
rose throughout the year as a result of the 
high outflows from the lakes above. Even 
Lake Ontario's level, which is regulated, was 
0.3-0.5 metres above average. 

No severe storms occurred during 1986. 
However, several storms caused damage. A 
January storm with 80 kilometre per hour 
winds from the west caused minor flooding 
and erosion on Lake Erie shores. A June 
storm caused generalized flooding on the 
St. Clair River. In August, a storm with winds 
of up to 55 kilometres per hour caused flood-
ing and erosion at Wasaga Beach on Georgian 
Bay. An October storm with northwest winds 
resulted in extensive damage to property at 
Southampton, Sarnia, and Wasaga Beach, as 
well as flooding on the south shore of Lake 
St. Clair. Another storm in November caused 
extensive property damage along Lake Huron 
from Port Elgin to Oliphant and Georgian 
Bay from Wasaga to Midland. 

The most severe flood damages along 
Lake St. Clair during this high lake level pe-
riod occurred on April 4, 1987. Northerly 
winds of almost 60 kilometres per hour 
forced the evacuation of 50 people, and first 
floor flooding occurred in 100 homes. Pre-
cipitation was slightly below normal over 
the entire basin during 1987 and runoff was 
36% below the average. Lake Superior's lev-
els dropped throughout the year but were 
about average. Lake Huron also dropped 
during the year but remained above average. 
Lake Erie had record highs in January and 
February but dropped through the rest of the 
year. Lake Ontario's level was below aver-
age, since large amounts of water had been 
discharged down the St. Lawrence River in 
anticipation of a greater inflow than occurred. 

Protecting the Shoreline 
Several studies have been conducted to 

determine the best methods of reducing 
shoreline damage. Options include: 

• dyking and other structural protection 
systems 

• land management practices 
• regulating the water levels of the lakes with 

dams and increased drainage capacity. 
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Structural protection 

The estimated cost of long-term protec-
tion along the shoreline between the Ontario-
Quebec border on the St. Lawrence River and 
the Severn River, which flows into Georgian 
Bay, would be $1 billion, according to the 
Canada-Ontario Great Lakes Shore Damage 
Survey Technical Report (1975). The total pro-
perty value was estimated to be $1.3 billion. 

Shore protection is being carried out 
where it is economically feasible, such as urban 
areas, or where valuable agricultural lands are 
being protected through dyldng. Considerable 
shore protection has been built by individual 
property owners at great expense. However, 
most owners have not been able to afford  

the cost of effective long-term protection and 
many protective  structures have failed. 

Land management 

Mapping of the shoreline hazard lands, 
managing their development accordingly, and 
obtaining public understanding and support 
were also recommended in the 1975 Technical 
Report. However, up to 1986, shoreline devel-
opment intensified in many of the flood-vul-
nerable areas. The Ontario Ministers of 
Natural Resources and Municipal Affairs in 
1986 approved the formation of the Shoreline 
Management Review Committee. Its report 
(1988) contains recommendations for long-
term management strategies. 

Storm waves from Lake Erie wash over a beach and picnic area at Point Pelee National Park, Ontario. (SSC—Photo Centre/ 
Richard Broom, 1976) 

73 



FLOODING IN CANADA 

HARROW STORM DAMAGE COSTS MILLIONS 

Cottage relocated by floodwaters at Ambassador Beach west of Colchester, July  25,  1989. 
(Courtesy of Hamilton Region Conservation Authority) 

Essex County lies within the most southerly portion 
of Ontario and borders on Lake Erie. Shoreline areas along 
the lake are mainly sandy bluffs prone to severe gullying 
due to erosion. The county is very flat and soils are pre-
dominantly clay loam. 

Prior to July 19, 1989, the county was experiencing a 
period of low precipitation and above-normal temperatures. 
Between July 19 and 20, a total rainfall of 264 millimetres 
was recorded at the Harrow Agricultural Research Station. 
Other local observations during the same period indicate 
that up to 450 millimetres of rai fell over a small area. The 
rainfall was attributed to an intense thunderstorm which 
was centred over Colchester South. The storm tracked from 
Lake Erie to the south and appeared to be stationary over 
Harrow for most of its duration. All rainfall amounts record-
ed at the Harrow station for over one-hour duration exceed-
ed the estimated 1 in 100-year rainfall for that location. 

Due to the magnitude, intensity and extent of the rain-
fall event, widespread flooding was experienced through- 

out most of Essex County. However, the impact of this very 
intense rainfall was significantly reduced because of the 
storm centre location and the flat topography of the area. 
Many large agricultural areas were poorly drained, and 
some fields remained flooded for several days. 

Colchester South and Harrow were declared disaster 
areas by municipal officials, and residents were evacuated 
from the areas of extreme flooding and erosion. Subse-
quently, the provincial government also declared these 
flood damage centres as disaster areas. 

A few injuries were reported but no deaths were at-
tributed to the flood. The Essex Region Conservation 
Authority conducted a Flood Damage Survey (facing page) 
after which it compiled preliminary damage estimates at 
$40 to $50 million (in 1991 dollars), primarily to infrastruc-
ture, buildings and contents, and crops. 

Adapted from Flood News and Views, March 1990 
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FLOOD DAMAGE SURVEY 

Essex Conservation requests that all property owners and residents complete 
this survey on flood damages caused by the rainstorm of July 20, 1989. 
This survey will help determine the need for disaster relief funding from 
senior levels of government and will also assist in accurately documenting 
this major flood. The survey is intended to provide an approximate account 
of damages and is not for the purpose of official damage claims. 

NAME(S) OF OWNERS OR TENANTS 	  

LOCATION OF PROPERTY: ADDRESS 	  

LOT:   CONCESSION: 	  

MUNICIPALITY: 	  PHONE: 	 

TYPE OF HOUSE: 	BRICK 	 FRAME 	 NUMBER OF STORIES 

AGE OF HOUSE:  	 BASEMENT 	YES  	NO 	 

WATER IN BASEMENT? 	(YES / NO)  	DEPTH 	  

WATER ON FIRST FLOOR? (YES / NO)  	DEPTH 	  

HOW WATER ENTERED? FLOOR DRAIN  	DOOR  	SEEPAGE  	WINDOW 	 

	

OTHER 	  

ITEMS DAMAGED: CARPETS 	 FURNITURE 	  

	

APPLIANCES  	DRYWALL/PANELLING 	  

OTHER ITEMS 

DID YOU LEAVE DURING FLOOD? 	  

STRUCTURAL DAMAGES TO HOUSE? YES  	NO 

DESCRIPTION: 

FOR HOW LONG? 

TOTAL ESTIMATED DOLLAR VALUE OF DAMAGE TO HOUSE AND CONTENTS 

OTHER BUILDINGS DAMAGED? (describe) 

 AGRICULTURAL DAMAGE? 	(types of crops)  

NUMBER OF ACRES FLOODED 	 DEPTH 

OTHER DAMAGE: (equipment, etc.) 

TOTAL ESTIMATED DAMAGE TO CROPS, ETC. 

INJURIES CAUSED DUE TO THE FLOOD: 

PHOTOGRAPHS: 	Do you have photos which could be copied to help document this flood? 

If so: 	Prints  	Slides  	VHS Video Tape 	  

OTHER INFORMATION: 

PLEASE COMPLETE THIS SURVEY AND DELIVER IT TO YOUR REGIONAL OFFICE NO LATER THAN 
FRIDAY, AUGUST 1.  ADDITIONAL COPIES AVAILABLE AT MUNICIPAL OFFICES. 

For further information, call Essex Region Conservation Authority at 776-5209. 
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Water level regulation 

Another means of shore damage reduc-
tion is to reduce fluctuations in the water lev-
els of the Great Lakes by controlling the 
release of water from one lake to the next. 
Thus, Lake Superior regulation has slightly 
lowered its range of levels, and Lake Ontario 
regulation has significantly diminished the 
extremes of levels on the lake. 

The feasibility of further regulating any 
or all of the Great Lakes has been investigat-
ed by the International Joint Commission. 
Over a ten-year period, the International Great 
Lakes Levels Board carried out an extensive 
study involving many divergent interests 
such as riparian ownership, navigation, 
power production, and wildlife habitat. 
These varying interests tend to complicate 
lake regulation. For example, while low stable 
levels would reduce flood damages, they 
would be undesirable to the environment, 
navigation and power interests. 

After investigating the technical prob-
lems, costs and potential benefits of further 
regulating the Great Lakes, the Levels Board 
found that only small improvements were 
practicable. A new regulation plan was insti-
tuted for Lake Superior which slightly re-
duced the range of levels of Lakes Superior, 
Huron and Michigan while maintaining 
nearly the same long-term means. 

The study also concluded that further 
regulation of Lakes Michigan and Huron by 
building control structures in the St. Clair 
and Detroit rivers was not warranted, as the 
high costs outweighed any benefits. 

The feasibility of further Great Lakes 
water level control was again examined in the 
Lake Erie Water Level Study and the Great 
Lakes Diversions and Consumptive Uses 
Study completed in 1981 for the International 
Joint Commission. These studies determined 
that regulation of Lake Erie or the use of di-
versions would not be effective in reducing 
water level fluctuations. 

In 1986, the International Joint Com-
mission was requested by the Governments 
of Canada and the United States to under-
take further study of flooding and erosion in  

the Great Lakes-St. Lawrence River System. 
The Levels Reference Study is examining 
methods that could be used to alleviate the 
adverse consequences of fluctuating water 
levels and flows in the system. Methods 
being considered include measures to regu-
late lake levels and flows, land use regula-
tion, and shore protection alternatives. 
Detailed site studies representative of differ-
ent types of land use are being undertaken 
to estimate potential monetary and ecologi-
cal damages for such a large area. The Study 
is scheduled for completion in 1993. 

Quebec 
Spring snowmelt accompanied by rain-

fall is the major cause of flooding in Quebec. 
This was the case for many Quebec rivers in 
1974 and 1976, particularly in the Ottawa 
River basin and the Montreal region. 

Usually there is only one snowmelt 
peak, but for the lower Ottawa River, there 
may be two. The first peak is the snowmelt 
runoff from the southern tributaries. The sec-
ond results from snowmelt from the north-
ern basins, which produces the highest peak 
flow. The Montreal region is susceptible to 
the most damaging flooding because it lies 
immediately below the confluence of the 
Ottawa River and the St. Lawrence River. 

Ice jams are another major cause of 
floods. A rapid change to mild weather, with 
substantial rainfall during the spring or dur-
ing a midwinter thaw, initiates the breakup 
of a strong ice cover. Ice jam flooding of the 
St. Lawrence River is described at the end of 
the chapter. 

The province has also experienced 
heavy rainfall from convective storms. One 
such storm brought torrential rainfall to the 
area near Thetford Mines at the beginning of 
August in 1957 (approximately 250 millime-
tres in six hours). Enormous damage was 
caused in Thetford Mines and within the 
Bécancour Basin, totalling about $2 million 
($8.8 million in 1991 dollars). The flash flood 
which struck Montreal on July 14, 1987, caus-
ing an estimated $42.4 million (in 1991 dol-
lars) in damage, is described in Chapter 1. 
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QUEBEC 1974 

In 1974, floods struck several hundred Quebec 
municipalities: more than 1000 homes and 600 summer 
cottages were inundated and some 7000 people evacuated. 
The estimated damage amounted to approximately 
$60 million ($153.8 million in 1991 dollars). The total 
audited amount of payments made to flood damage victims 
was $21.8 million ($56.5 million in 1991 dollars). 

Flooding occurred along many streams, including the 
Gatineau, Ottawa, Richelieu, St. Lawrence, Châteauguay, 
Saint-Maurice, and Chaudière. Flooding of the Gatineau 
and Ottawa rivers produced the most damage. 

The Gatineau River, a major tributary of the Ottawa, 
drains approximately 26 000 square kilometres of the 
Gatineau Hills lying north of Ottawa-Hull. It rises to an  

elevation of 490 metres above sea level and flows into the 
Ottawa River at Pointe-Gatineau. The river has been 
extensively developed for hydroelectric power and is also 
used in log driving operations. Between May 14 and July 2, 
1974, the Gatineau River underwent its most serious 
flooding since the turn of the century. 

By May 16, up to 40 residences in Maniwaki had been 
evacuated and the main street was under water. Rising 
water levels eventually forced the evacuation of 
3000 residents, flooding about one third of the town. 
Financial disaster assistance amounted to $2.9 million 
($7.5 million in 1991 dollars). Considerable damage was 
also caused at the downstream communities of Wakefield, 
Chelsea, and Pointe-Gatineau. 

Flooding in Maniwaki, Quebec, 1974. (Courtesy of Photothèque - National Film Board) 
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Atlantic Provinces 
New Brunswick 

The Province of New Brunswick has a 
long history of flooding, with incidents of 
varying severity being reported frequently 
since 1696. Snowmelt, ice jams and heavy 
rainfall are the principal causes. As illustra-
ted, a large proportion of flood events involve 
various combinations of these factors. Most 
of the major reported floods, such as those of 
1887, 1923, 1936, 1970, 1973, 1976, 1979, and 
1987, fall into this category. 

Flooding due to snowmelt may result 
from spells of warm weather following a win-
ter of heavy snowfall. These conditions exist-
ed during the floods of early May 1961, April 
1977, and April-May 1982. More often, serious 
floods involving snowmelt occur when a 
heavy rainfall accompanies the annual spring 
runoff, as was the case in the major flood of 
April-May 1973. As well, this combination 
often contributes to the formation of ice jams. 
Although snowmelt was the sole cause of 
only 7% of the reported floods, it was factor in 
40% of the province's documented flood 
events. Severe flood conditions associated 
with ice jamming generally occur in spring 
breakup, and occasionally in midwinter 
thaws during January to March. Ice jam 
flooding of the Saint John River is described at 
the end of the chapter. 

Floods involving ice jams tend to be 
more destructive than open water events, 
particularly in regard to bridges. For example, 
during the February 1970 flood, which featured 
a series of ice jams in six rivers, 32 bridges 
were destroyed and 124 others damaged. In 
approximately 42% of the province's report-
ed floods, ice jams have been a factor. 

Hurricanes have been responsible for 
several disastrous floods in New Brunswick. 
Flooding accompanied Hurricane Edna in 1954, 
Hurricane Gladys in 1968, and Hurricane 
Belle in 1976. In September 1979, Tropical 
Storm David reportedly caused an estirnated 
$500 000 ($800 000 in 1991 dollars) in damages 
in the Moncton area. Extensive rainfall over 

Moose stranded on shed roof during flooding of Sheffield 
area, downstream from Fredericton, New Brunswick, 
May 3,1973. 

long periods from cyclonic storms has also 
produced destructive floods. For example, 
during late-May 1961, significant damages 
were reported in the Saint John, Nashwaak, 
Miramichi and Tobique River basins. Con-
vective storms can generate localized flooding 
conditions in small drainage basins such as 
Marsh Creek near Saint John. Overall, heavy 
rainfall has been the cause of 43% of the flood 
events in New Brunswick. 

Causes of flooding in New Brunswick. Source: Flooding 
in New Brunswick — An Overviezv: 1696-1984, 
Environment Canada. 
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Ice jam at Fredericton public wharf, March 19, 1936. (Courtesy of New Brunswick Provincial Archives) 

Nova Scotia 

Although snowmelt itself has not caused 
flooding events in Nova Scotia, it has been a 
contributing factor in 65 instances since the 
first flood recorded in 1759. Hooding condi-
tions associated with snowmelt often occur 
during winter rainstorms in December, 
January and February. Spells of warm weath-
er accompanied by rain are not uncommon 
in Nova Scotia during these months. In fact, 
such conditions led to all 48 flood events 
recorded in the province during these three 
months, 36 of which involved snowmelt. 
Prolonged warm spells during this period 
can be particularly disastrous. For instance, 
the flooding in the aftermath of what was 
known as the longest January thaw, from 
January 3 to 18, 1956, caused province-wide 
damage. 

Floods involving snowmelt also occur 
when a heavy rainfall accompanies the annual  

spring runoff. This was the case for most of 
the 35 floods recorded in March and April. 
The most serious floods of this type happen 
following a winter of heavy snowfall. The 
event of April 2-10, 1962, which affected al-
most the entire province, was caused by 
heavy rai during the spring snowmelt. Also, 
during this event, the ice cover broke up and 
jammed, exacerbating the situation. 

As in the other Atlantic provinces, ice 
jams have contributed destructively during 
winter thaws and the spring freshet. For ex-
ample, during the January thaw of 1956, ice 
jams destroyed more than 100 bridges across 
the province. 

Tropical or hurricane-type storms also 
have caused extensive flooding in the 
province. About $5.1 million ($18.5 million in 
1991 dollars) in damages were sustained in 
August 1971 during Hurricane Beth. Other 
major tropical storms resulting in floods 
were Hurricane Ethel in 1964, Hurricane 
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Gladys in 1968, and the hurricane-like 
storms of September 1936 and August 1950. 

Cyclonic storms have also produced 
heavy rainfall with serious flooding through-
out the province, such as occurred during the 
flood of October 10-11, 1967. 

Unusually high tides have damaged the 
coastline, but the most destructive coastline 
flooding has been a consequence of storm 
surges accompanying hurricane and cyclonic 
storms. The "Groundhog Day Storm" of 
February 2-3, 1976, battered all coastal areas 
of the province. Although only one river 
basin was reported to have been affected, the 
original estimates of storm damage exceeded 
$10 million ($22.6 million in 1991 dollars). 

Convective storms often result in heavy 
rainfall and are the single most common 
cause of flooding in Nova Scotia. They sel-
dom cause significant area-wide floods. 

-- Ice jams 3% 
i—High tides / Storm surges 5% 
I 	,--Unknown 2% 

Causes of flooding in Nova Scotia. Source: Flooding in Nova 
Scotia — An Overview: 1759-1986, Environment Canada. 

Hurricane Beth strikes Antigonish, Nova Scotia, August 1971. (Courtesy of Ken Holmes) 
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Newfoundland 

As in the other Atlantic provinces, the 
moderating effect of the ocean is evident in 
the flood regime. For central and southern 
drainage basins, floods may occur any time 
of the year as a result of snowmelt, rainfall, 
ice jams, or rainfall from major storms. 
Midwinter thaws accompanied by rainfall 
may cause breakup of the ice cover, leading 
to ice jams. Toward the northern part of the 
Island, especially the Northern Peninsula, 
the snow usually remains through the win-
ter, and floods result from the spring 
freshet. In the southeastern part of the 
province, the Avalon Peninsula frequently 
experiences coastal flooding. For example, 
flooding has been recorded in the town of 
Placentia since 1904 and, in recent times,  

has occurred in 1977, 1982 (twice), 1983 
(twice) and 1989. 

A major winter storm in January 1983 led 
to severe flooding in the Exploits and Gander 
River basins. Rainfall, warm temperatures and 
snowmelt over a three-day period were the 
causes. There was extensive damage to public 
and private property, including the partial de-
struction of the dam and power house at 
Bishop's Falls. The damage along the Exploits 
and Gander rivers was estimated to be about 
$34 million ($37.9 million in 1991 dollars). 

Newfoundland is in the path of storms 
often originating in the tropical Atlantic 
Ocean. However, in most cases, the storms 
have lost their tropical characteristics and 
much of their wind force before they reach the 
Island. Historical records indicate that few 
floods have been caused by hurricanes. 

Spectators watch Lions Club slide 
into the Exploits River in 
Newfoundland, January 1983. 
(Courtesy of Sweeney's Photo 
Studios) 
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Prince Edward Island 

The smaller size of Prince Edward 
Island's rivers makes it relatively flood-free. 
The Island is not exempt, however, as dem-
onstrated by the major flood in early April of 
1962, when a frontal storm on the south 
coast quickly deposited about 180 milli-
metres of rai over heavy snow. Extensive 
washouts and damage to paved highways oc-
curred in many areas of the province. 

Steel arrived in the province yesterday for 
the construction of the St. Peter's bridge, 
one of a number of bridges washed out 
over the weekend as torrential rai  and 
melting snow caused an estimated 
$300,000 damage. 

— The Guardian, April 4, 1962 

Contemplation of collapsed road, P.E.I., April 1962. (Courtesy of Prince Edward Island Public 
Archives and Records Office, photo No. 33611210 349 B2) 
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Yukon 
The most common cause of flooding in 

the Yukon is the spring snowmelt freshet or 
a combination of snowmelt and rainfall. The 
annual freshet generally occurs in late-May 
or early June. Ice jam flooding also occurs 
primarily in May, during spring breakup, 
and in winter during freeze-up. 

Flooding of the lakes in the upper reaches 
of the Yukon River sometimes happens as a re-
sult of a heavy winter snowpack followed by 
above-normal rainfall. It is most likely to take 
place during a year following the carryover of 
snow from the previous year. Maximum levels 
in the upper Yukon River are reached in 
August or September, coinciding with maxi-
mum glacial inputs from high elevations. 

Intense summer rainfall events occur an-
nually throughout the Territory. Their most 
notable impact is on highway stream cross-
ings, occasionally necessitating road closures 
along the Alaska and South Canol highways. 

Glacier outburst floods, or jiikulhlaups, 
have happened in the recent past within the 

Alsek and Donjek River basins. Several ac-
tive glacier-dammed lakes exist today in the 
St. Elias Mountains, some of which produce 
floods. Lake Alsek is one of the larger 
glacier-dammed lakes to have existed in the 
world since the Ice Ages. 

Northwest Territories 

Ice jam flooding is the prevalent type 
of flooding for most of the Northwest 
Territories. The breakup pattern of the 
Mackenzie River and subsequent flooding 
are described at the end of the chapter. In the 
mountainous areas of the western part of the 
territories, major summer floods result from 
rainstorms or glacier meltwaters in warm 
summers. The most extreme summer floods 
often exceed spring runoff flows, and some-
times exceed the maximum breakup water 
levels observed on area rivers and the main-
stem of the Mackenzie River. 

Rose River at South Canol Highway, 1983. Flooding caused by summer  rai .  (Courtesy of 
Indian and Northern Affairs Canada) 
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ICE JIM FLOODING 

Upstream view of Saint John River from Fredericton highway bridge, March 19, 1936. (Courtesy of New Brunswick 
Provincial Archives) 

Ice jam flooding is a regular occurrence 
across the country. The backup of water re-
sulting from an ice jam is often augmented 
by the high water levels produced by the 
spring freshet. Described below is ice jam 
flooding of the Saint John, St. Lawrence, 
Mackenzie, and Yukon rivers. 

The Saint John River 
The Saint John River in Atlantic Canada 

is characterized by repeated ice jam flooding. 

Ice jams occur primarily during an early 
breakup of the ice cover. The breakup is gen-
erally started by a sudden increase in temper-
ature melting the snow, in combination with a 
heavy rainfall. Runoff from the snowmelt and 
rainfall raises the water levels and exerts 
pressure on the ice cover, forcing it to break 
up. As the ice moves downstream it lodges 
on bars, islands, and at bridge piers. 

Flood records exist for the Saint John 
River since 1696. However, it is difficult to 
distinguish from early reports which ones 
were related to ice jams. 
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1902 

In March 1902, an unusually early 
breakup and downstream movement of the 
ice cover due to heavy rains and warm tem-
peratures raised water levels. Floods result-
ing from the 15 ice jams that developed in 
the Saint John River basin were some of the 
most serious this century. Two deaths were 
recorded. Extensive damage, induding wash-
outs, was inflicted on bridges, roads and 
railways. The lumber industry was particu-
larly hard hit, with damage to mills and loss 
of stock. Province-wide damage estimates, 
from various accounts, amounted to $25 000 
(about $800 000 in 1991 dollars). 

1936 

Weather conditions in March of 1936 
were similar to those of 1902, resulting again 
in an early breakup of the ice cover. Twenty-
two ice jams were recorded in the basin, some 
extending 10 kilometres upstream. Damages 
included partial or complete destruction of 
15 bridges; inundation of roads and railways; 
flooding and destruction of homes, businesses 
and barns; loss of lumber mill stock; and loss 
of livestock. Province-wide damage estimates 
totalled $1.9 million, or about $30.8 million in 
1991 dollars. 

Perth-Andover, 1976 and 1987 

Severe ice jam flooding 
events have occurred at the 
same location, Perth-Andover, 
on the Saint John River in 1976 
and 1987. In 1976, the main 
point of lodgement was 6.4 
kilometres below the railway 
bridge near the corrununity of 
Perth-Andover. Floodwaters 
backed up by the jam inundat-
ed regional highways and mu-
nicipal streets and formed mas-
sive ponds in some residential 
areas. A State of Emergency 
was declared when it became 
necessary to evacuate the Hotel 

Dieu Hospital. About 200 homes, several busi-
nesses, a seniors home, and the junior high 
school were submerged. Apprœdmately 400 
people required evacuation. Concern mounted 
that the railway bridge might collapse. To pre-
vent the bridge from being pushed off its piers, 
17 cars loaded with wood chips were rolled 
onto the bridge to add weight. The bridge held. 

Although the 1987 ice jam at the Perth-
Andover railway bridge was a secondary jam 
(the result of a jam near Upper Guisiguit 
Brook), the damages were considerably higher 
than in 1976. 

The flood happened quiddy. Despite a 
major drawdown on the river, initiated by the 
New Brunswick Electric Power Commission 
very early in the morning of April 2, water con-
tinued to rise at Perth-Andover. By 6:00 a.m., ice 
flowing downstream was accumulating behind 
the railway bridge. As in 1976, loaded railway 
cars were moved onto the bridge. Unlike 1976, 
the bridge could not withstand the pressure and 
collapsed around 9:00 a.m. A railway car carried 
by the ice and surging water was later found 
1.1 kilometres downstream. On its way down-
stream it had passed unobstructed under a high-
way bridge. The level of the 1987 flooding ex-
ceeded the 1976 event by about 1 metre. Again, a 
State of Emergency was declared, the hospital 
was evacuated, and hundreds of people were 
forced from their homes. An account of the com-
munity's recovery in the feature entitled 
"Immeasurable Loss" condudes Chapter 3. 
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FLOODING IN CANADA 

C.C.G.S. Norman McLeod Rogers, a medium icebreaker, based in the City of Quebec. Length: 89.92 metres. Breadth: 
19.05 metres. Maximum speed: 15 knots. Crew: 56. (Courtesy of Transport Canada) 

THE CANADIAN COAST GUARD'S WINTER ICEBREAKING OPERATIONS 

The Canadian Coast Guard's icebreaking role and 
expertise has developed to such an extent that, since 1970, 
ports in the Gulf of St. Lawrence and as far as Montreal on 
the St. Lawrence River are accessible to shipping all year 
round. The federal government has been providing 
icebreaking service since 1873 when Prince Edward Island 
stipulated full-year ferry service as a condition for entry 
into Confederation. Icebreaking now contributes 
significantly to the economy and well-being of Eastern 
Canada. 

Icebreakers are also used for flood control, 
particularly in the St. Lawrence River. These operations  

began in the Quebec City and Montreal areas in 1906 and 
1928, respectively. 

In the Laurentian region, three medium icebreakers, 
the Pierre Radisson, the Des Groseilliers and the Norman 
McLeod Rogers, keep the St. Lawrence River from the Gulf to 
Montreal and the Saguenay River open for shipping. They 
are assisted by the lighter vessels Sir Wilfrid Laurier, 
J.E. Bernier, and Tracy, and by the hovercraft Waban-Aki. 
The hovercraft also breaks up ice at the end of winter on 
tributary rivers to prevent flooding due to ice blockages. 
Helicopters are used extensively to identify trouble spots 
on the St. Lawrence. 
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The St. Lawrence 
River - 
A Winter Hazard 

Within the reach of the 
St. Lawrence River between 
Montreal and Quebec City, 
flooding of low-lying areas 
and damage to shore proper-
ty has been a traditional win-
ter hazard. Several sections of 
the river develop ice jams at 
various times during the ice 
season. As elsewhere, they 
occur during the freeze-up period of late- 	Major jams also develop during the spring 
November to the end of December, by shoving 	freshet, when rising water levels start to break 
and collapsing of unconsolidated ice cover. 	up the previously stable ice cover. 

In 1886, ice jams in the St. Lawrence caused heavy flooding in Montreal. Here, the trains in Bonaventure Station are 
partially submerged. (Courtesy of Canadian National) 
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FLOODING IN CANADA 

The most disastrous ice jam flood on the 
St. Lawrence occurred in 1886, when water 
covered Notre Dame Street in Montreal and 
caused millions of dollars in damage. In 
1965, downstream from Montreal, communi-
ties sustained damages during the breakup 
period, and 20 people died. 

Ice cover develops on the river between 
the foot of the Lachine Rapids in Montreal 
and Trois-Rivières in much the same pattern 
every year. Large quantities of frazil ice 
being produced in the Lachine Rapids are 
joined downstream by the thin sheets of ice 
formed along the river's edge and dislodged 
by wind and wave action. As the ice moves 
into Lac Saint-Pierre the current slows and 
the ice starts to coalesce. Toward the end of 
December, the growth of shore ice forms a 
stable cover across the outlet of the lake. Ice 
continues to move toward the edge of the 
stable ice cover. Initially, ice lodges under 
the stable ice and forms a "hanging ice 
dam," resulting in the backup of water. 
Minor flooding may follow. Ice will also con-
tinue to back up along the surface. 

During warmer weather this ice cover 
can thin, buckle and collapse. Major jams, 
causing sharp rises in the water levels, fre-
quently occur in the narrows at the head of 
Lac Saint-Pierre, in the Lanoire area in 
Montreal Harbour. 

A potential for ice jams still exists in Lac 
Saint-Pierre even after the ice cover has 
formed because icebreakers are used to keep 
a channel open for shipping. The lake is 13 kilo-
metres wide, 32 kilometres long, with an aver-
age depth of 3 metres. The 
dredged shipping channel is 
240 metres wide, 10.5 metres 
deep, and has a stronger current 
than the rest of the lake. Often 
the wind or waves from passing 
ships break off large pieces of ice 
that move into the shipping lane 
causing a jam. 

Some major ice jams form 
at Cap-Rouge, 8 kilometres west 
of Quebec City. Here the river is 
53 metres deep and less than 
800 metres wide. During extreme- 

ly cold periods which coincide with heavy 
ice runs, the narrow passage can jam. This 
commonly occurs when the high tide slows 
the river's current, although ice continues to 
be pushed into the narrows from upstream. If 
the receding tide does not break up the jam, a 
solid barrier can form and remain in place for 
some time. The release of the jam causes up-
stream flooding as well as downstream flood-
ing in Quebec City's harbour area. In 1874, the 
sudden release of a jam caused serious flood-
ing in the harbour and sunk several boats. 

Jams continue to occur despite the imple-
mentation of ice control measures. For exam-
ple, in January 1968, during a particularly cold 
period, a jam developed and continued to 
build upstream as far as Trois-Rivières. Nine 
icebreakers spent three weeks clearing it. 

The North 
In the Northwest Territories and the Yukon, 

damaging floods generally occur during the 
spring breakup period as a result of ice jams. 
Most of the territorial communities subject to 
flooding are located in the Mackenzie River 
basin, Canada's largest river basin. The 
Mackenzie drains parts of British Columbia, 
Alberta, and Saskatchewan to the south, and 
the Yukon and the Northwest Territories in 
the North. 

Spring breakup starts in April in the 
southern tributaries of the Mackenzie River 
basin, generally works its way northward, 
and is completed in about six weeks. The 
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Northeast viezv of West Channel Fishing Village, Hay River, N.W.T., showing an ice run in front 
of the village, May 6, 1985. Ice and floodwaters had coursed through the village after an ice jam broke 
upstream. 

DAWSON CITY FLOOD 1925 

The ice broke on the Klondike River on May 7th. The 
Yukon River ice broke in front of Dawson City at 8:15 a.m. 
Saturday, May 9th. The Dawson Daily News said, "It moved 
slowly downstream, grinding against the piles of the White 
Pass dock and lifting the platform several feet, but no 
serious damage was done." 

"Fifteen minutes later it jammed near St. Mary's 
hospital and backed up as far as Church Street. The jam 
broke by 10:30 and the ice moved out." 

"Worst Floods Known Submerge City" was the 
headline on Thursday, May 14th. "The worst flood ever 
known in the Yukon began here this, Thursday, morning at 
about six o'clock, and the south end of the city is now 
under water to the depth of four or five feet; some cabins 
and other dwelling places are afloat, and many have been so 
undermined by the floods that they are in serious state...." 

— Dawson City Museum & Historical Society 

ke jam flooding at Dawson in 1925. (Courtesy of National 
Archives of Canada, Mrs. I. Warner Collection, photo No. 
C-017022) 
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Liard River triggers the breakup 
process on the Mackenzie and 
continues to influence breakup 
downstream, as far as the 
Mackenzie Delta and the Beaufort 
Sea. The Liard has a large spring 
runoff, which peaks very quicldy 
because of its headwaters high in 
the mountains, steep terrain and 
river profile, and the absence of 
lakes for natural storage. It deliv-
ers large volumes of warm water 
to the Mackenzie, usually when 
that river is still completely ice 
covered. The large volume and high velocity of 
the Liard River water put tremendous pressure 
on the Mackenzie, causing it to break up. 

In the south, towns prone to flooding 
are Hay River, Fort Simpson, Fort Liard, and 
Nahanni Butte. The hazard is the greatest at 
Hay River on the south shore of Great Slave 
Lake. A close watch on community flood 
conditions must be maintained each year 
due to the delicate balance between snow-
pack depth and rate of melt of accumulated 
winter snow, rainfall during spring 
snowmelt, ice deterioration before breakup, 
and the timing and location of ice jams in the 

Ice jam flooding at Dawson in 1989. (Courtesy of Indian 
and Northern Affairs Canada) 

flood-prone delta. 
To the north at Norman Wells, overtopping 

of islands in the Mackenzie River (used as pro-
duction bases for ESSO Resources Canada Ltd. 
oilfields) by ice and water necessitates the shut-
down of wells during breakup. This is to  pro-
vent wellhead damage and oil spills. The com-
munity itself is not flood prone. High spring 
flows and major ice jams in the Middle Channel 
of the Mackenzie Delta can cause widespread 
flooding, affecting the community of Aldavik. 
As much as 95% of the delta can be covered by 
water in some years (e.g., 1961,1982 and 1992). 

In the Yukon, ice jam floods occur pri-
marily during spring breakup, usually in May. 
They generally happen as a result of a back-
water created by a downstream ice jam. The 
most severe events, however, are thought to 
be caused by surges moving downstream 
owing to the failure of one or more upstream 
ice jams which accumulate moving down-
stream. Dawson City on the Yukon River has 
historically been the community most suscep-
tible to ice jam flooding. 

Winter flooding also occurs in the Terri-
tory because of ice jamming during freeze-up. 
The most notable example of this happening is 
at Whitehorse, which experiences at least mi-
nor flooding annually, usually in December.  (_,2 
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FLOOD CONTROL AND ASSISTANCE 
PROGRAMS 

G overnments have attempted to allevi-
ate flood situations in Canada by 
building protective dykes and creating 

upstream storage, and through emergency 
aid and disaster assistance. Although many 
of these measures are beneficial, they also 
serve to encourage further encroachment 
upon river floodplains, thereby raising the 
potential for flood damage and leading to re-
quests for greater levels of protection. More-
over, as the memory of past events recedes, 
there is a tendency to ignore the mainte-
nance of existing control works, and to allow 
new development upstream, increasing the 
likelihood of flood damage. 

In other words, the structural solution is 
only a partial one; the only long-term solution 
consists of keeping flood-vulnerable develop-
ment and uses out of the floodplain. This non-
structural approach has gained wide acceptance,  

since it reduces the need for expensive flood 
control structures and the demand for disaster 
assistance payments caused by flood damage. 
The approach includes: 

• regulating land use in the floodplain 
• floodproofing measures 
• acquiring property in the floodplain or 

relocating structures 
• altering upstream land management 

practices 
• establishing and maintaining flood 

forecasting and warning systems. 

The following section traces the evolution 
of the roles of governments in providing flood 
control and assistance up to the current nation-
al policy for flood damage reduction imple-
mented through the federal-provincial/territo-
rial Flood Damage Reduction (FDR) Program. 

Chair afloat in Saint-Eustache, Quebec. (Canapress Photo  Service/Barbara Deans) 
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Before 1953 
Water has always played a major role in 

the life and development of Canada. Com-
mencing in the late-1630s, French settlers in 
the Bay of Fundy area of Atlantic Canada 
constructed a system of dykes to reclaim the 
salt marshes for their agricultural productiv-
ity. Over 200 years later, in the early devel-
opment of British Columbia, sea dykes were 
constructed to protect and reclaim agricul-
tural land. The frequency of such dyking by 
private individuals led to legislation to form 
organized dyking districts by the British 
Columbia Government in 1873. 

With the influx of settlers to the country, 
water became of greater consequence in 
daily life, for transportation, energy, trade, 
territorial control, and military purposes. 
Although no major disasters are known to 
have occurred, a look at flooding at that time 
would show failure of small dams, loss of 
bridges, and inundations of large parts of vil-
lages and towns. 

Communities and industries sprang up 
along the water courses, since they provided 
the principal means of transportation and 
were a source of water supply. As the country 
developed the water resources were found to 
provide additional benefits. By the late-1800s, 
Canadian rivers were being promoted in liter-
ature enticing European sport fishermen. 
Their recreational importance continued to 
grow with the turn of the century. At the 
same time, the hydroelectric potential of the 
country was beginning to be realized. 

In the early part of the 20th century, 
large-scale water control projects, mostly for 
hydroelectric generation, were constructed. 
Although these were not built for flood con-
trol purposes, they invariably lowered flood 
peaks. Works constructed for navigation pur-
poses could also reduce flood peaks, but to 
a lesser degree. Later, the need emerged for a 
multi-purpose river basin approach, resulting 
in the formation of Conservation Authorities 
in Ontario and the Eastern Rockies 
Conservation Board in Alberta. The authori-
ties were formed on the basis of drainage 
basins, with a major focus being flood control. 

Other concerns were water supply for irriga-
tion and domestic use, forestry practices, 
wildlife, and recreation. 

All this activity was being carried out 
without a particular water policy in place. 
The British North America Act of 1867 (now 
known as the Constitution Act) did not spe-
cifically mention water. However, this Act, 
subsequent court battles, federal-provincial 
agreements, and the natural resources trans-
fer acts of 1930 gave ownership and control 
of natural resources to the provinces while 
investing the federal government with leg-
islative power over fisheries, navigation, 
treaty-making, and extraprovincial undertak-
ings, among other activities. Agriculture fell 
under both federal and provincial jurisdic-
tion. Flood control, however, was not specifi-
cally mentioned. 

Therefore, the provinces, while having 
the power to manage natural resources within 
their boundaries, were not without restrictions 
when entering into areas of federal legislative 
control. Within the federal government, water 
responsibilities were spread out among sever-
al agencies and acts. Their interests were di-
rected toward fisheries; navigable waterways; 
irrigation; various surveys of rivers, lakes, 
harbours and dams; hydroelectric develop-
ment; and treaties with the United States. 

Canada Water Conservation 
Assistance Act 

The Canada Water Conservation Assis-
tance Act, promulgated in 1953, was the first 
federal legislation directly concerned with 
water resource management. The Act en-
abled the federal government to provide fi-
nancial assistance to the provinces in the 
construction of works for the conservation 
and control of water. The intention was to 
provide assistance for projects that normally 
would exceed the financial means of the prov-
ince and municipalities. Under the Act, the 
federal government would contribute up to 
37.5% of the cost of such works, provided 
that the federal contribution did not exceed 
that of the province. 
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Canada Water Act 
Passed in 1970, the Canada Water Act su-

perseded the Canada Water Conservation Assis-
tance Act as the main vehide for federal involve-
ment in the management of Canada's water re-
sources. Under the Act, the federal government 
may partidpate in water resource management 
programs and water quality programs with one 
or more of the provinces. For any waters where 
there is a significant national interest, agree-
ments with the provinces/territories may be en-
tered into to collect data, conduct research, formu-
late comprehensive water management plans, 
and design and implement water management 
projects. 

The Canada Water Act reflects the change 
in attitudes by resource managers, policy- 

Contented cats on roof, Manitoba, 1979. (Canapress Photo 
ServicelBrennan) 

- 
n . 

Flooding due to rainfall, snowmelt and ice jams, 
Antigonish, Nova Scotia, February 1971. (Buckley Photo) 
makers, and the public concerning the man-
agement of water resources. A new act was re-
quired to replace the Canada Water Conser-
vation Assistance Act, which was considered 
to be too restrictive for the following reasons: 

• many uses of water were not covered 
• assistance was provided only for works, 

thereby disregarding other solutions 
• assistance was given only on the basis of a 

rigid cost-sharing formula 
• opportunities were not provided for joint 

consultation on priorities nor for joint 
participation in planning. 

The philosophy of the Canada Water Act 
encompassed the following emerging ideas: 

• planning should proceed on a more 
comprehensive basis by including all 
water uses and their economic, social and 
environmental importance 

• views of the people affected should be 
sought 

• non-structural alternatives should be 
considered 

• planning should take place according to 
river basin or on the basis of other larger 
geographical areas. 

The comprehensive water resources man-
agement features of the Canada Water Act 
provide for a system of federal-provincial 
Consultative Committees whereby problems, 
priorities, policies and programs can be 
discussed among officials of the two 
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governments. Other provisions of the Act 
provide for joint agreements for comprehen-
sive planning of individual river basins, and 
following consideration of such plans, joint 
agreement on their implementation. 

Flooding was one problem in many parts 
of the country that called for a new approach, 
beyond the traditional one of employing struc- 
tural works and paying disaster assistance. 
This evolution of thought was engendered by 
the long-standing dissatisfaction with many 
aspects of the structural approach; the issue of 
"income transfer" from the general public to 
the minority of floodplain dwellers; the chang- 
ing social values, urbanization trends, and eco- 
nomic conditions; and finally, the seemingly 
endless escalation in flood damage costs even 
with the implementation of control structures. 

In response to these concerns, the federal 
government decided to evaluate its programs 
and policies, with a view to formulating a new 

national strategy to counteract the problems of 
floods and flood damage. During the assess-
ment, views were solicited from provincial agen-
cies through discussions in the Consultative 
Committees, from the recommendations of joint 
basin study reports, and from the American ex-
perience in approaching the problems of mount-
ing flood losses. Based on this information, the 
Flood Damage Reduction Progam was estab-
lished in 1975. 

Keeping the floodplain free of development 
is the guiding principle of the Flood Damage 
Reductiori Program. Consequently, it addresses 
public concerns for maintaining open space, for 
preserving agricultural lands, and for preserving 
flora and fauna in wetlands. The Program's 
guiding prindple equally applies to other areas 
unsafe to develop, for example, those prone to 
erosion and mudslides, which are often linked 
to flooding. The following sections describe the 
Program in detail, starting with flood risk areas. 

Heavy equipment is used during a search for survivors of a mudslide which demolished a house southeast of Kelowna, 
British Columbia, in June of 1990. Two bodies were found in the debris. (Canapress Photo Service/Nick Didlick) 
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Designations to March 1992 
under the Flood Damage Reduction Program 

Alberta — 4 designations 

St. Albert 
Cochrane 

British Columbia  —62  designations 

Chilliwack: Vedder Crossing to Slesse Creek 
Columbia River: Columbia-Windermere lakes 
Columbia River at Golden 
Columbia River: Windermere Lake-Radium 
Coquitlam River: Coquitlam Lake-Fraser River 
Courtenay River 
Cowichan Lake 
Cowichan and Koksilah rivers at Duncan 
Eagle River 
Elk River at Femie 
Elk River at Sparwood 
Kitimat River 
Kootenay River: Kootenay Lake-U.S. Border 
North Thompson River: Kamloops-Vavenby 
Salmon and White rivers 
Shuswap River: Mara Lake to Mabel Lake 
Skeena River: Lakelse-Terrace-Usk 
South Thompson River: Kamloops-Chase 
Thompson River: Kamloops area 
Tulameen River: Coalmont-Tulameen 
Okanagan Lake: Westbank to Peachland 
Columbia River at Revelstoke 
Fraser and Nechako rivers: Prince George 
Kaslo River at Kaslo 
Squamish River 
Goat River 
Mission Creek 
Nanaimo River 
Nechako River at Vanderhoof 
Bulkley and Telkwa rivers 
Bulkley River at Houston 

Manitoba — 16 designations 

Melita 
Wawanesa 
Winnipeg 
Souris 
Elie 
Brandon 
La Salle 
Sanford 

Medicine Hat 
Fort MacLeod 

Cheakamus River 
Zymoetz (Copper) River 
Englishman River 
Vedder River (Vedder Canal to Vedder Crossing) 
Crawford Creek 
Coquihalla River at Hope 
Fraser and Quesnel rivers at Quesnel 
Shawnigan Lake 
Oyster River 
Salmon River near Prince George 
Peace River 
Fraser River near Hope 
Bulkley River Quick area 
Elk River near Elkford 
Bella Coola River 
Nicola River 
Campbell and Quinsam rivers 
Beaver Creek 
Lillooet River 
Lakelse River and Lake 
Slocan Creek 
Williams Lake 
Courtenay, Puntledge and Tsolum rivers 
Chemainus River 
Seymour River and river arm 
North and South Alouette rivers 
Christina Lake 
Stuart River and Lake 
Salmo River 
Kootenay River – Columbia Lake 
Salmon River (Salmon Arm – Spa Creek) 

Starbuck 
Swan River 
Dauphin 
Carman 
Lorette 
Arborg 
Fisher Branch 
Riverton 
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Designations (Continued) 

New Brunswick  —8  designations 

Fredericton 
Perth-Andover 
Oromocto to Lower Jemseg 
Lower Fredericton to Lincoln 

Newfoundland — 16 designations 

Stephenville 
Steady Brook 
Placentia 
Bad3er 
Rus.ay Pond 
Rushoon 
Deer Lake 
Parson's Pond 

Nova Scotia — 5 designations 

East River 
Sackville River 
Antigonish 
Little Sackville River 
Truro 

Ontario — 64 designations  

Sussex 
Keswick 
Norton 
Walker Brook 

Waterford River 
Stephenville Crossing/Black Duck 
Glovertown 
Glenwood/Appleton 
Codroy Valley 
Cox's Cove 
Trout River 
Bishop's Falls 

White River 
Toronto 
Sturgeon River/Lake Nipissing/French River 
Kammistiquia River 
Nipigon 
Atikokan 
Grand River 
Maitland Valley 
Nickel District 
Lakefield/North Monaghan 
Lower Trent region 
Goulais River 
Espanola 
Thessalon 
Little Cataraqui Creek (Kin3ston) 
Moira River (Hwy 401 norta to Hwy 7) 
Bell Creek (City of Belleville) 
Nith River 
Conestogo River 
Dresden 
Hornepayne 
McNab 
Petawawa 
Moira River (Hwy 401 – Bay of Quinte) 
Lake Simcoe 
Cooks Creek, Schreiber 
Agimak River and Lake, Ignace 
Wabigoon River and Lake, Swanson Creek, Dryden 
Mississagi River, Iron Bridge 
Kettle Creek, Port Stanley 
Otonabee River 
Indian River 
Ottawa River, Ottawa-Carleton 

Gull River 
Gananoque River 
Mississippi River 
Raisin Region Conservation Authority streams 
Muskoka River, Bracebridge 
Lake Ontario shoreline, Toronto 
Kebsquasheshing and Nebskwashi rivers, 
Bucciarelli Creek, Chapleau 

Lake Huron Shoreline No. 3, Maitland Valley 
Mattawishkwia River, Hearst 
Root River, Sault Ste, Marie 
Welland River, Forks, Black and Beaver creeks 
Ottawa River/Hawkesbury Creek 
Mattawa River 
Thedforde/Klondyke 
Lucan, Crediton and Grand Bend 
Credit River 
Ancaster/Sulpher creeks 
Upper Bell Creek 
Silver/Willow and Spring creeks/Mad River 
Rideau River 
Elk Lake at James 
Big East River at Huntsville 
York River at Bancroft 
Halton Region 
Millhaven Creek 
Baden Creek 
Holland River 
Peterborough 
Niagara Peninsula 
Saugeen Valley 
Somerville/Burnt River 
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Designations (Concluded) 

Quebec — 24 designations 

Montreal region 
Chaudière Basin 
Gatineau/Ottawa rivers 
Haut-Richelieu/Baie Missisquoi 
Rivière du Gouffre 
Bas-Richelieu 
Rivière L'Assomption 
Rivière Saint-François 
Rivière Yamaska 
Rivière Bécancour 
Rivière Nicolet 
Fleuve St-Laurent (Trois-Rivières Ouest and Grondines) 

Saskatchewan — 16 designations 

Estevan 
Oxbow 
Roche Percée 
Moose Jaw 
Melfort 
Radville 
La Ronge/Air Ronge 
Tisdale 

Northwest Territories — 9 designations 

Hay River 
Fort Simpson 
Aldavik 
Fort McPherson 
Fort Good Hope 

Total – 224 designations 

Rivière Jacques-Cartier 
Rivière Batiscan 
Rivière Malbaie 
Rivière Linière 
Rivière Beaurivage 
Rivière Noire 
Rivière Saint-Charles and tributaries 
Rivière Yamaska Nord 
Rivière Montmorency 
Rivière de Nord 
Rivière Etchemin (at Saint-Léon) 
Fleuve Saint Laurent (at Champlain) 

Buffalo Narrows 
Isle à la Crosse 
Battleford 
North Battleford 
Craven 
Lumsden 
Fort Qu'Appelle 
Lebret 

Fort Liard 
Nahanni Butte 
Fort Norman 
Tuktoyaktuk 

Source: Adapted from Canada Water Act Annual Report 1991-1992, Environment Canada. 

Flood Damage Reduction 
Program 

The prime reason for the Flood Damage 
Reduction Program was the escalation in 
flood disaster payments by the federal 
government in the early 1970s. Payments 
were generally being made for extensive 
flood damage to new developments, many 
of which were actually encouraged by the  

false sense of security engendered by struc-
tural works. It was a classic case of public 
spending causing further public spending, 
as well as human hardship. 

Provincial governments agreed that the 
first step was to stop encouraging or assist-
ing flood-prone development within the 
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floodplain. This would mean joint federal/ 
provincial cooperation in identifying areas 
prone to flooding, mapping those with the 
highest development and therefore damage 
potential, and making this information avail-
able to the public. The governments would 
then designate them as flood risk areas and 
stop supporting flood-prone development 
there. The designations to March 1992 are list-
ed in the preceding table. 

Established in 1975, the Flood Damage 
Reduction Program operates under a series 
of federal-provincial/territorial cost-sharing 
agreements. All the provinces (except Prince 
Edward Island, which does not experience 
riverine flooding) and the Northwest Terri-
tories participate in the Program. At present, 
there is no agreement with the Yukon 
Territory. Program responsibility in each of 
the provinces/territories is delegated to four 
Steering Committee Members by Ministerial 
appointment: two federal (Environment 
Canada), and two provincial/territorial. 

For each designated area, the two levels 
of government agree to the following policies: 

(1) They will not build, approve or finance 
flood-prone development in the desig-
nated flood risk area; 

(2) They will not provide flood disaster as-
sistance for any development built after 
an area becomes designated (except for 
floodproofed development in the flood 
fringe); and 

(3) The provinces will encourage local author-
ities to zone on the basis of flood risk. 

Although the Flood Damage Reduction 
Program represented a new approach to re-
ducing flood damage for many governments, 
the provinces of British Columbia, Alberta, 
and Ontario had had similar programs for 
some time. Their experience provided signifi-
cant impetus to the national program, which 
took the important step of building public sup-
port through the dissemination of high-quality 
information maps and through the involve-
ment of the local community. 

Federal-Provincial / 
Territorial Agreements 

Variations exist on how the agreements 
are drawn up. Normally, a General Agree-
ment outlining the policies of the Program is 
supplemented by a subsidiary agreement on 
mapping, with further sub-agreements possi-
ble on flood forecasting, structural controls, 
and studies. In Quebec, Ontario, Alberta, and 
British Columbia, the "general agreement" 
component is included within the mapping 
agreement itself. 

General Agreement 
The General Agreement, which has a 

lifespan of ten years, sets out the basic ap-
proach for reducing flood damages and the 
policies agreed upon by the two govern-
ments. The basic approach is that where flood 
damage reduction measures are proposed, all 
practicable structural and non-structural al-
ternatives are to be considered, including the 

. option of letting some flood damage occur. 
Effectiveness, costs, associated benefits, and 
environmental impacts are also to be account-
ed for in the selection of alternatives. It is in-
tended that preference be given to measures 
that prevent any flood-vulnerable develop-
ment in flood risk areas. 

Mapping Agreement 
The Mapping Agreement provides for a 

mapping program to delineate and desig-
nate flood risk areas in which the FDR 
Program policies will be applied. Forming 
part of the agreement is a list of the places to 
be mapped within that province/territory. 
The detailed hydrologic and cartographic 
specifications forming part of the agreement 
are important because of the economic, so-
cial and legal implications of the Program. 
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Road washout east of Colchester (Hwy 18A), Ontario, July 21,1989. 

The federal minimum criterion for de-
fining the flood risk area is the 1 in 100-year 
flood, i.e., a flood that has one chance in one 
hundred of being equalled or exceeded in 
any given year. However, the federal gov-
ernment, in its cooperative agreement with 
a particular province/territory, adopts crite-
ria recommended by the province or territo-
ry if its criteria are more stringent. For exam-
ple, in the Canada-British Columbia Flood 
Damage Reduction Agreement, the 1 in 200- 
year flood is used in place of the 1 in 100- 
year flood. Also, dyldng is not considered by 
British Columbia to decrease the size of the 
floodplain as opposed to most of the other 
federal-provincial agreements. Therefore, flood-
proofing has to be adopted for development 
protected by dyldng. The province's philoso-
phy, which is supported by a number of hy-
drotechnical specialists, is that dykes will 
eventually fail. 

Flood risk areas are usually categorized 
by two zones: floodway and flood fringe. The 
floodway is that portion of a river's flood-
plain where the waters are deepest, fastest 
and most destructive. Future flood-vulnerable 
development is discouraged in the floodway  

due to the likely danger to life and damage to 
property, and because the buildings them-
selves, by acting as obstructions, could in-
crease the flood levels upstream. 

Within the flood fringe, where water 
tends to be shallower and slower than in the 
floodway, new development may be permit-
ted, provided it is adequately floodproofed. 

Expenditures on the mapping portion 
of the Program have now reached close to 
$40 million, cost-shared 50:50 by the federal 
and provincial/territorial governments. By 
the time the Program has matured in the 
mid-1990s, expenditures should be over 
$50 million. In 1975, it was estimated that the 
Program would cost about $20 million and 
be completed by the early eighties. Difficul-
ties in concluding agreements, the complexi-
ties of undertaking studies and mapping, 
and the large number of priority flood-prone 
areas made it necessary to extend all map-
ping agreements and increase funding. 

Since mapping by itself is not beneficial 
unless used, the public information compo-
nent of the mapping program is the key to 
its effectiveness. This ensures that target au-
diences are made aware of and understand 
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New Brunswick 10% Alberta 10% 

British Columbia 15% 
Saskatchewan 7% 

--Newfoundland 4% 

N.W.T. and Yukon 1% 

Manitoba 18% 

Quebec 36% 
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the Program and, more importantly, comply 
with its objectives and policies. 

Other Sub-Agreements 

Sub-agreements cover flood forecasting 
in New Brunswick and Manitoba; structural 
implementation in Manitoba and Quebec; 
and other measures and studies in Ontario, 
New Brunswick, Nova Scotia, Manitoba, and 

Saskatchewan. These activities must comple-
ment the mapping program; they are not the 
primary approach to reducing flood damage. 

The main purpose of the flood forecast-
ing agreements has been to help a province 
in establishing a flood forecasting system, in-
cluding the required technology develop-
ment and transfer. Expenditures on flood 
forecasting within the Program have been 
about $3 million. 

FLOOD DISASTER ASSISTANCE 1970-1988 

Distribution of Payments by Province/Territory 

(based on actual dollars) 

From 1970 to 1988, about $250 million (approximately $451 million in 1991 dollars), or about 75% of all natural 
disaster assistance, has been paid to victims of major flood events by the federal and provincial/territorial govern-
ments through cost-shared disaster assistance arrangements. This amount does not include payments made by the 
provinceslterritories in situations where the disaster did not qualify for cost sharing under the federal Disaster 
Financial Assistance arrangements. (Total in pie chart does not equal 100% due to rounding; data courtesy of 
Emergency Preparedness Canada.) 
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Although structural controls are not the 
major emphasis of the Program, a number of 
projects have been undertaken, particularly 
in the Montreal and Quebec City areas 
of Quebec, and the Red River valley com-
munities within Manitoba. Structural con-
trols have also been built in New Brunswick. 
The federal and provincial governments 
usually each cost-share 45% of the project, 
with the remainder being financed by the 
municipality. Expenditures for structural 
controls have totalled about $40 million. In 
all cases, a benefit-cost analysis is required 
to ensure the economic feasibility of any 
project before implementation. 

Flood Damage Reduction 
'on Indian Lands 

In 1985, the departments of Environment 
and Indian and Northern Affairs signed a 
Memorandum of Understanding (MOU) 
Respecting Flood Risk Mapping of Indian 
Reserve Lands and Other Lands Set Aside 
or Held for Indians. Under this MOU, 
studies have been conducted to identify pri-
ority flood-prone areas, and some flood 
risk mapping has been done. However, 
these areas do not become designated unless 
requested by the Indian Band. 

Municipal Collaboration 
Local governments play an important 

role in floodplain management, since they 
are generally responsible for land use plan-
ning and regulation of new develop-
ment. The FDR agreements require that local 
authorities be encouraged to zone according 
to the flood risk in the designated areas. 
In some provinces, the local levels of gov-
ernment are required to incorporate flood 
hazard information into municipal planning 
through official plans, zoning bylaws, subdi-
vision plans, and flood and fill regulations. 

WHY FLOOD ASSISTANCE PAYMENTS 
HAVE INCREASED 
• The pressure to develop within the floodplain 
• The increasing valne of propert 
• The trend to finish basements 
• The lack of public information on flood risk. 

FDR 0-utreach 
The FDR Program promotes public 

awareness. Public information maps or key 
plans are produced to identify flood risk areas 
within a designated community. In most cases, 
public consultations or meetings are held be-
fore and during mapping, and before the flood 
risk area becomes designated. The intent is not 
only to inform residents about the new policies 
but to use local knowledge to ensure the accu-
racy of the  information and to promote an un-
derstanding of the tecl-mical aspects of flood-
ing. Federal and provincial agendes, as well as 
local government officials, are informed about 
designations to ensure compliance with FDR 
Program policies. 

Flood Damage Costs and 
Compensation 

While provinces have primary jurisdic-
tion for responding to disasters, the federal 
Disaster Financial Assistance arrangements 
can assist, if requested by the province or -ter-
ritory, should the cost of a disaster exceed 
that which a province can reasonably be ex-
pected to bear on its own. The federal finan-
cial contribution is determined according to 
a formula based on provincial population 
and federal guidelines for defining eligible 
costs. 

Since 1970, federal financial participa-
tion in disaster assistance arrangements has 
been determined by a "dollar-per-capita" for-
mula. The first dollar per capita of damages 
is a provincial/territorial responsibility. Dam-
ages beyond that threshold level are eligible 
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The "Dollar-Per-Capita" Formula for Federal Cost Sharing 

Provincial Expenditures Per 	 Federal 
Capita Eligible for Sharing 	 Share (%) 

• First dollar 
Second and third dollars 
Fourth and fifth dollars 
and for the Excess 

0 
50 
75 
90 

FLOOD CONTROL AND ASSISTANCE PROGRAMS 

for federal  assistance  with the federal pro-
portion rising with the damage, as illustrated 
in the table above. 

Emergency Preparedness Canada (EPC) 
administers the Disaster Financial Assistance 
arrangements on behalf of the Government 
of Canada. The EPC regional offices assist 
with damage assessments, interpretation of 
the guidelines, general surveillance of pri-
vate damage claims, and the development of 
joint federal-provincial teams to review claims 
for damage and recommend payments. 

Generally, payments are made to restore 
public works to their pre-disaster condition 
and to facilitate the restoration of personal 
property of citizens, farmsteads and small 
businesses. Not all damages are eligible for 
cost-sharing. For instance, the program does 
not cover damages to large businesses, in-
dustries, crops, summer cottages or antiques. 
(A separate crop insurance plan operated by 
the federal and provincial governments is 
available to individual farmers for most 
crop-related losses.) 

From 1970 to 1988, EPC provided finan-
cial assistance for 33 flood disasters. Over this 
period, about $250 million (approximately 
$451 million in 1991 dollars), or about 75% of 
all natural disaster assistance, has been paid 
out to victims of major flood events by the 
federal and provincial/territorial govern-
ments, through cost-shared disaster assis-
tance arrangements. This figure represents 
only a fraction of the true costs borne by indi-
viduals, businesses and industry, and provin-
cial and municipal treasuries. 

In addition to administering flood disas-
ter assistance payments, Emergency Prepared-
ness Canada undertakes other activities that 
indirectly reduce flood damages. Their college 
in Arnprior offers a number of courses aimed 
primarily at municipal officials, both elected 
and non-elected. The courses are designed to 
point out their responsibilities for the develop-
ment and implementation of plans to meet 
emergencies. 

Flooding is one of 60 emergencies for 
which the officials are trained. Introductory 
courses provide participants with a broad 
base from which they will be able to carry out 
planning and operations during an emergen-
cy or disaster. In the more advanced courses, 
disaster situations are simulated and students 
experience conditions where they have to 
make life-threatening decisions. 

ALBERTA PUBLIC SAFETY SERVICES 
TRAINING SCHOOL 

In the field of disaster training, the Alberta Public 
Safety Services Training School [at Edmonton] is a valu-
able resour:ce for anyone involved with disaster prepared-
ness and response. Together with the Emergency 
Preparedness Canada College at Arnprior, the schools are 
the only specially designated facilities in Canada. 

The Training School was developed in support of 
Alberta legislation requiring each municipality to develop 
an emergency response plan for disasters. 

— Insight, December 1989 
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Furthermore, to promote good planning 
and national preparedness, Emergency Pre-
paredness Canada administers the Joint 
Emergency Preparedness Program on behalf 
of the federal government. Roughly $6.5 mil-
lion is spent annually to help provinces and  

territories with emergency preparedness pro-
jects. Projects can involve establishing more 
effective communications systems as well as 
acquiring rescue equipment which could po-
tentially assist in reducing flood damages 
and loss of life. 

tnergency Preparedness 
Protection civite 
Canada 

EMERGENCY PREPAREDNESS 
FOR 

MUNICIPAL  OFFICIAIS  

Se/file/p Advice 

FLOODS 

• 

Canada 

All orders of government work to reduce the chance of floods, but the first line of defence is the individual. (Courtesy of Emergency Preparedness Canada) 
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Reprinted with special permission of King Features Syndicate. 

FDR PROGRAM QS AND A's 
Over the past ten years, Flood Damage Reduction (1,DR) Program officials have been giving presentations to the Mayors and 
Elected Municipal Officials Conference at Emergency Preparedness Canada's College in Arnprior, Ontario. Below is a sam-
pling of questions posed at these sessions: 

Do property values decrease once an area becomes designated? 
A number of Canadian and American studies indicate that there is no significant change in property values. In 
some cases, property values actually increased after an area became designated. 

What areas qualify to be mapped and designated under the FDR Program? 
The Program has to focus on urban communities and areas under the threat of flood-prone development to be 
cost-effective. A key criterion is the potential for reduction in flood disaster assistance payments, by discouraging 
future flood-vulnerable development within the floodplain. This is done through federal-provincial discussion 
and by taking into account the history of flooding in the various areas and the type and scale of development exist-
ing or proposed. Even if a community does not qualify under the Program, it is still free to initiate its own mapping 
program. 

Is the designation status binding on the municipality for zoning? 
In Quebec and Ontario, provincial legislation and policies require the municipality to zone on the basis of avail-
able flood risk mapping. In other provinces, municipalities are only encouraged to zone. Because municipalities 
fall under provincial jurisdiction, the federal government has no authority to enforce zoning upon them. Policies 
concerning federal and provincial disaster assistance within designated areas apply to all federal and provincial 
agencies, regardless of whether a municipality has so zoned or not. 

Does the FDR Program duplicate the work of others? 
No. It uses previous work by other agencies wherever possible, builds upon it, and collaborates with them. For ex-
ample, in Ontario, the Conservation Authorities, the Ministry of Natural Resources, Environment Canada, and 
Energy, Mines and Resources Canada share their expertise in producing FDR maps. 
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Losses resulting from floods extend far 
beyond economic hardship. Apart from phys-
ical needs, individuals may feel anxiety, 
anger, helplessness, confusion, and guilt. 
Some may be experiencing profound grief. 
Emergency response involves addressing 
mental health needs as well as providing fun-
damental necessities such as first aid, food, 
clothing and shelter. 

Children and the elderly are often iden-
tified as needing special attention after di-
saster strikes. In fact, anyone who has been 
acutely affected such as those who have lost  

loved ones or their homes needs help. 
On April 15, 1987, after the Perth-

Andover flood, the Emergency Measures 
Organization opened a Disaster Assistance 
Office, where victims could register and 
apply for assistance. The emergency mea-
sures officials discovered that some victims 
were so distraught they could not fill out 
forms. The following is the story of this com-
munity's recovery, which was published in 
the Emergency Preparedness Digest (April-June 
1988). It is reprinted here by permission of 
Emergency Preparedness Canada. 

Treating the Hidden Wounds of a Springerne Disaster 
by 

H. Sidney Alchorn and Helen Jane Blanchard 

All disasters have a common link, whe-
ther they occur in a large urban centre, a mod-
erately sized city or a small rural community. 
They affect people — either through loss of 
life, property damage or mental anguish. 

After floodwaters subside, or the winds 
diminish, the images of the disaster soon 
fade from the memory of the uninvolved by-
stander. Man and nature can pick up the 
pieces, restore and rebuild. The event may 
leave few lasting physical scars. 

In contrast, the emotional anguiSh and 
trauma suffered by the victims of disaster 
may linger. If this trauma is not treated, or if 
the victims are denied the opportunity to 
vent their anguish in a healing manner, re-
covery may be long delayed. Indeed, the 
wounds may fester and worsen, leading to 
emotional and physical disturbances. 

Such was the case in the aftermath of 
the flood that struck the village of Perth-
Andover, New Brunswick, April 2, 1987. 
Residents of the small farming and lumber- 

ing community were devastated by the sud-
den destruction of their riverside, down-
town core by a severe flood. Fortunately, the 
implementation of a community outreach 
program proved instrumental in healing the 
deep emotional wounds inflicted on the 
townspeople, and enabled many distraught 
victims to resume their normal lives. 

The village lies on the banks of the 
Saint John River, 144 kilometres south of the 
Quebec border and 175 kilometres north of 
Fredericton, the provincial capital. 

On the evening of Wednesday, April 1, 
1987, the Saint John River at Perth-Andover 
was swiftly approaching the 1976 flood level 
mark of 78 metres. An ice jam downstream 
caused water levels to rise more quickly 
than anticipated. 

By 1 a.m. on April 2, the water had 
risen above the 1976 flood level, and the 
New Brunswick Emergency Measures Orga-
nization sent the community a warning to 
prepare for severe flooding. The Royal 
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(Courtesy of A.V. Earle) 

Railway bridge at Perth-Andover, New Brunswick, on April 2,1987; (above) about one hour prior 
to collapse. (Courtesy of D. Sooley) 
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Canadian Mounted Police and the New 
Brunswick Highway Patrol began alerting 
individual households in low-lying areas. 

By 5 a.m., the Saint John River began 
creeping across Perth-Andover's main street, 
and at 6 a.m., water covered the ground 
floor of the town hospital. A state of local 
emergency was declared at this time, and the 
mayor ordered the community power com-
pany to turn off all electricity to the village. 
Hospital patients and staff were evacuated 
to the nearest -nursing home and threatened 
residents were urged to leave their homes as 
soon as possible. 

Between 8 and 9 a.m., the entire down-
town district was evacuated to local motels 
or homes of relatives or friends. By 9 a.m., 
the rail bridge spanning the river collapsed, 
and some unsuspecting residents awoke to 
find their first floor submerged under 2 me-
tres of water. The pressure exerted by float-
ing ice shifted several homes from their 
foundations. 

At 11 a.m., April 2, the water levels 
peaked at 79.5 metres above sea level. Then 
the ice jam broke, and waters began to re-
cede to below flood level: 

Thanks to good emergency response on 
the part of emergency measures officials, no 
casualties resulted from the flood. Property 
damage was estimated at between $10 and 
$12 million. 

Officials from the Fredericton headquar-
ters of the New Brunswick Emergency Mea-
sures Organization arrived on the scene at 
5 p.m., April 2. At that time of day, little 
more could be attempted than a visual in-
spection of the flood damage. 

A public meeting was held the follow-
ing day, April 3. All residents affected by the 
flood were briefed on the state of the disas-
ter, but there was little information as yet on 
financial assistance. All officials could offer 
the victims was assurance that the govern-
ment was on the scene, all evacuated homes 
and businesses were being secüred by po-
lice, and buildings were being examined for 
structural and electrical safety. 

It was at this meeting that emergency of-
ficials first noticed the obvious signs of stress. 

People wanted to know when it would be 
safe to return to their homes, what the gov-
ernment was going to do to help them, and 
what they could do to help clean up. 

Financial assistance to start getting the 
community back onto a stable footing was 
not long in coming. The next day, April 4, 
immediate funds of $1 million were made 
available to meet fundamental needs, such 
as accommodation, clothing and food. 

During the two weeks following the flood, 
the entire village began the job of cleaning up 
and recovering their assets and property. 

Another Public meeting was held on 
April 14 to explain the Disaster Financial 
Assistance program. More than 500 Perth-
Andover residents attended this meeting at 
which the Province of New Brunswick made 
a commitment of $11 million to assist in the 
recovery of homes and businesses. 

This meeting was an emotional one. It 
was the first opportunity flood victims had 
to vent their anger and frustration at govern

-ment officials. Some residents claimed the 
flood was aggravated by the Beechwood 
Dam (located downstream) operated by the 
New Brunswick Electric Power Commission, 
a provincial agency. Others claimed they had 
not been given sufficient advance warning 
by officials of various orders of government. 

On April 15, the Emergency Measures 
Organization opened a Disaster Assistance 
Office, whre victims could register and ap-
ply for assistance. This office provided finan-
cial assistance, housing, legal and health ad-
vice, and counselling. 

When the first few people came in, they 
were so distraught they couldn't fill out the 
forms. Upon observing this, emergency mea-
sures officials began making enquiries about 
the emotional state of all those who had suf-
fered loss. 

Many expressed feelings of anxiety, con-
fusion and insecurity. Social workers from 
the Department of Health and Community 
Services began monitoring other public 
meeting areas for signs of extreme emotional 
behaviour. 

Staff soon realized the serious extent of 
the problem. PerthTAndover had previously 
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been visited by a psychologist and a mental 
health nurse, who already shared a normal 
case-load of 125 to 150 patients. New refer-
rals had to wait up to six months for an ap-
pointment. Thus, the additional responsibili-
ty of 200 flood victims fell on the shoulders 
of four overworked social workers. The ma-
jority of the victims were senior citizens and 
only one social worker was designated to 
work with seniors. 

In a letter addressing this concern, a 
member of the clergy wrote: "The remunera-
tion that may be received to rebuild, refurbish, 
restore and renovate homes and businesses 
will be a welcome relief, but the greater por-
tion of the damage cannot be priced. The 
damage to spiritual, emotional, and psycho-
logical well-being of these people has been 
devastating." 

A local doctor assessed the emotional 
state of the flood victims this way: "There is 
a great deal of emotional 
strife and stress exhibit-
ed by the victims of the 
flood.  . . . I am concerned 
these people need a great 
deal of professional sup- 
port in order to re-adjust 
to life as it was prior to this terrible disaster." 

But the citizens of Perth-Andover didn't 
wait for government to take care of them. Just 
two weeks after the second public meeting, 
they began forming their own committees to 
address their needs. 

One committee, known as the Flood Vic-
tim's Assistance Committee, was founded by 
the town's clergy. It was this lobby group's 
persistence that brought about the Commu-
nity Outreach Services Program, set up on 
May 28 by the provincial Department of 
Health and Community Services. 

One social worker and a psychiatric nurse 
were hired to administer exclusively to the 
needs of flood victims, five days a week. In 
addition, a help line was set up in the office, 
with community volunteers staffing the tele-
phones. Ray Lafond, a social worker with 
Health and Welfare Canada, who had set up 
a similar program for tornado victims in 
Barrie, Ontario, spent two days briefing the  

nurse and social worker on how to set up the 
office and run the program. 

Once the Community Outreach Program 
was approved and funded by the govern-
ment, it had to be promoted. The Flood 
Victim's Assistance Committee became the 
primary promotion vehicle, serving as a 
source of referrals, obtaining volunteers to 
staff telephones at the Outreach Office, look-
ing after media promotion, and providing liai-
son with the Flood Victims Association. All 
agreed that this program would not have been 
possible without the Committee's assistance. 

The Community Outreach Program's 
first objective was to provide a supportive 
and preventive approach to the emotional 
turmoil victims were experiencing after the 
disaster. This was done by encouraging 
them to talk about their experiences and 
their losses, and in doing so, promoted nor-
mal healthy grieving and venting of feelings. 

There was also a 
need to educate the pub-
lic on the appropriateness 
of grief reactions to disas-
ter-related losses to pre-
pare people for possible 
difficulties that might be 

encountered in the months following the disas-
ter. General information on post-disaster stress 
symptoms and behaviour was provided dur-
ing numerous public-speaking engagements. 

The two social workers were assigned to 
meet directly with the flood victims. The ap-
proach felt to be most acceptable was an infor-
mal home visit, encouraging as many family 
members as possible to be present. Families 
were prompted to retell their flood experi-
ences, share their thoughts and feelings, relate 
their losses, and talk about the effect the disas-
ter had on their lives. Essentially, the social 
workers tried to be sensitive listeners. 

All the victims were anxious to talk about 
the flood to a willing listener. They needed to 
feel safe and supported as they expressed 
their feelings of anger, helplessness, sadness, 
fear and uncertainty about the future. This un-
certainty was emphasized in their concerns 
about home and land values, future flooding, 
home repairs and financial loss. 

When the first few people came 
in, they were so distraught they 

couldn't fill out the forms. 
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Many felt that since no lives 
were lost, they were not entitled 

to grieve for lost material 
possessions, so they suppressed 

their feelings. 

Experts recommend a minimum 
of four visits after a disaster. 
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Many felt that since no lives were lost, 
they were not entitled to grieve for lost ma-
terial possessions, so they suppressed their 
feelings. They needed to be assured that griev-
ing for disaster-related losses was a normal re-
sponse, and one that all victims would experi-
ence in their own way and 
in their own time. 

Family members were 
supported as they reached 
out to one another. Some 
shed tears and expressed 
their feelings for the first 
time since the flood. 
Individuals were encour- 
aged to communicate 
openly with spouses and children, and to 
support one another. 

During the first two months of the re-
covery phase, flood victims tearfully related 
their remorse and mourned their personal loss-
es, with particular emphasis on homes, pho-
tographs, and family heirlooms . . . all those 
things that money caru-iot replace. They directed 
anger and blame toward New Brunswick Power 
and the dams, as many believed the flood 
had been caused by the dams and could 
have been prevented. 

Victims reported sleep disturbances in 
the form of insomnia or terrifying night-
mares in which they were plagued with re-
peated disturbing dreams: 

• raging water and ice invading their homes 
as they slept 

• seeing homes and possessions floating 
down the river 

• seeing themselves or family members or 
pets fighting for their lives as the flood-
waters overpower them. 

A number of people 
experienced appetite vari-
ations with subsequent 
weight loss or gain. 
Family members identified changes in each 
other's behaviour, such as increased irritabil- 
ity, decreased communication, withdrawal, 

an increase in family disagreements, sibling 
rivalry or acting out of character. 

Many were frustrated and angered by 
the delays in receiving assistance money as 
financial demands mounted. They were anx-
ious to rebuild their homes and lives, and 

these concerns led to a 
sense of not being in con-
trol of their destiny-. 

Some vktims felt frus-
trated and angry about 
the lack of empathy dis-
played by other commu-
nity members. This lack 
of empathy was evident 
in the criticism and re-

sentment expressed by neighbours over the 
new purchases and construction. Others ex-
pressed discontent, disappointment and disil-
lusionment about their settlements. The 
stress and strain of negotiations with gov-
ernment officials or overseeing construction 
left individuals physically tired. 

Approximately six months after the 
flood, those who were able to repair their 
homes or secure a new one were feeling bet-
ter, both physically and emotionally, despite 
uncertainty about the future. For those unable 
to get themselves settled, especially as the cool-
er weather set in, anger, frustration and disap-
pointment in the system prevailed. 

The Perth-Andover Community Out-
reach Program was successful in meeting the 
emotional needs of the victims, and healing 
resulted over time. 

Experts recommend a minimum of four 
visits after a disaster. The first visit should be 
made as soon as possible after the event, and 
the second in September, when parents or 
children will probably experience separation 
anxieties because of school. The third visit 

should coincide with 
Christmas, as memories 
of past Christmases will 
surface and remind peo-
ple of their loss. The 
fourth visit should occur 

on the anniversary of the disaster, as experi-
ence has shown that victims will often relive 
memories of a disaster at that time. 
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FLOOD CONTROL AND ASSISTANCE PROGRAMS 

It is also recommended that stress-relief 
programs remain in place for as long as 
18 months after a disaster. 

Post-disaster stress-relief programs are 
imperative to recovery in any disaster, re-
gardless of scale. Even little things like losing 
a favourite photo or family heirloom can 
cause the victim a great deal of stress. 

All losses, large or small, will take their 
toll and cause much anxiety. There's a defi-
nite need for community outreach programs 
and it is the moral responsibility of govern- 

ments to provide them. But because of the 
unique demands community outreach places 
on caregivers, such programs must begin 
with proper training and education of vol-
unteers and special health care workers be-
fore disaster strikes. 0, 

Mr. Alchorn is Manager, Disaster Financial Assis-
tance Office, New Brunswick Emergency Measures Or-
ganization, and Ms. Blanchard is a Community Nurse, 
New Brunswick Health and Community Services. 

0 0 0 0 0 0 0 
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FLOOD CONTROL 

0  ccupancy of floodplains or tidelands 
constitutes an invasion of the natural 
domain of a river, lake or the sea. 

Consequently, specific measures to protect 
development are called for, with the major 
approaches to reducing flood damage being: 

(1) floodplain management 
(2) structural measures 
(3) flow regulation through use of 

reservoirs 
(4) forecasting and warning of high water 

levels. 

Floodplain Management 
Floodplain management incorporates an 

integrated approach to protecting the flood-
plain from further damages. It entails deal-
ing with existing flooding problems and 
eliminating increases in the level of potential 
damage from further development. 

Since flooding and erosion are natural 
processes that are extremely difficult and 
costly to combat directly, the management 
and planning of floodplains is a reasonable 
alternative to ensure public safety and re-
duce the cost of damages. Under the Canada 

Water Conservation Assistance Act (outlined 
in Chapter 3), federal funding was restricted 
to the construction of flood control works; 
there were no provisions to explore alterna-
tives or for federal participation in water re-
source planning. Subsequently, the princi-
ples of floodplain management, primarily 
the preservation of the floodplain for uses 
compatible with flooding, have emerged due 
to the realization that even with an ever-
increasing investment in structural measures, 
flood damages have continued to escalate. 

Floodplain management typically in-
volves the adoption of land use regulations 
for identified floodplains. Land use regula-
tions are based on the premise that the spec-
ified hazard area will continue to be flooded 
on occasion. The intention of land regula-
tion is to restrict or direct the use of the land 
to activities and structures amenable to such 
occurrences. This non-structural approach is 
accomplished by reserving or zoning the 
lands for such purposes and is the least cost-
ly method of flood damage reduction if 
implemented prior to major development 
of the floodplain. Land acquisition in the 
floodplain is another method of controlling 
land use. It has an advantage over legisla-
tive restrictions in that the agency involved 
has direct control over development within 
the area. 
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Freshet flooding, Fraser River at Prince George, British Columbia, June 1972. 

Described below are the steps involved 
in mapping a floodplain and establishing 
land use regulations. Methods of floodproof-
ing, another important aspect of floodplain 
management, are outlined later. 

Floodplain Mapping 
The purpose of floodplain mapping is to 

delineate the area affected by a flood of a 
specified magnitude. Under the national 
Flood Damage Reduction (FDR) Program, 
usually the hazard area is subdivided into 
the floodway and the flood fringe. 

The first step in floodplain mapping in-
volves the production of topographic maps 
for the basin under consideration. The typi-
cal production schedule for the maps con-
sists of ground control surveys to establish 
the vertical and horizontal positions of tar-
gets interspersed throughout the basin. 
Aerial photography is then taken of the area 
in which the surveyed targets appear in the 
imagery. Photogrammetric science is subse- 

quently employed to produce base maps, 
generally with a horizontal scale of 1:2000 
and a contour interval of one metre. Cultural 
features as well as the topographic relief are 
displayed on the maps. 

Next, hydrotechnical studies are con-
ducted with the goal of delineating the flood 
hazard zones on the base maps usually for 
the 1 in 100-year flood, i.e., that flood having 
a return period of 100 years on average or 
having a 1% chance of occurring or being ex-
ceeded in any given year. The studies in-
clude, first, surveying of cross sections of the 
river channels and linking these cross sec-
tions to the base mapping. Flow records at 
hydrometric gauging stations in the basin 
are analyzed statistically to determine the 
flood discharge with a recurrence interval of 
once every 100 years. The surveyed cross 
sections and the estimated 100-year dis-
charge, or design flood, are used as input in 
a calibrated open-channel hydraulic comput-
er model for determining stages throughout 
the basin for the selected design flood. The 
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Floodplain mapping of Badger, Newfoundland, was com-
pleted in the mid-1980s. (Courtesy of Newfoundland 
Department of Environment and Lands) 

computed stages are then plotted on the 
base maps to delineate the flood hazard 
zone. 

The studies vary, depending upon the 
length of record of the hydrometric gauges 
and the comple)dty of the channel and reser-
voir hydraulics of the basin. Precipitation 
records are often used statistically or by math-
ematical modelling to supplement short-term 
hydrometric gauge historic records. 

Two types of maps are produced under 
the FDR Program: public information maps 
and working maps. Public information maps 
cover the flood risk area, are usually printed 
in colour, and serve to provide the public 
with general knowledge of the areas threat-
ened by flooding. These maps are handed out 
freely during information sessions and are 
readily available from appropriate govern-
ment agencies. Working maps are large-
scale, detailed, monochromatic maps. They 
are available to those needing comprehen-
sive site information such as engineers, plan-
ners, property owners, developers, and gov-
ernment agencies. 

Land Use Regulation 
Once the floodplain mapping is com-

plete, land use regulations can be employed 
to control the development of land within  

the floodplain. Land use regulations regard-
ing the floodplain would be incorporated 
into municipal plans and zoning bylaws to 
identify where and what type of structures 
could be built. These documents would con-
tain a map of the floodplain which identifies 
the floodway and/or the flood fringe. 

The zoning bylaws should reflect the 
prohibitive or restrictive use of the floodway. 
Since the floodway is the area of the flood's 
greatest destructive force, it should be kept 
as, or converted to, open park space. The 
only exceptions for construction of struc-
tures in the floodway are for private or pub-
lic works located there by nature of their ser-
vice such as marinas and water plants. The 
construction of these facilities would require 
the use of floodproofing techniques. 

Within the flood fringe, the zoning by-
laws would require that structures be flood-
proofed to the level of the design flood used 
in the floodplain mapping process. The by-
laws would provide the acceptable flood-
proofing requirements. 

Other flood fringe zoning bylaws may 
prohibit: 

• the construction of a building for which 
the entrance or exit is restricted by flood-
waters 

• the manufacture, storage, disposal and /or 
consumption of hazardous substances that 
would pose a health risk if released during 
a flood event 

• the construction of institutional buildings 
such as hospitals, nursing homes, and 
schools, for which flooding could pose a 
significant threat to inhabitants involved 
in an emergency evacuation 

• the placement of police, fire, ambulance 
and electrical substation services that may 
be impaired by flooding or failure of 
floodproofing. 

For floodplain management to be suc-
cessfully applied, there is a need for a collec-
tive effort on the part of planners and politi-
cians. Together with developers and local 
residents, they must be suitably educated 
about flooding. 
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Canada Remarks United States 

Comparison of American and Canadian Flood Damage Reduction Programs 

Name of Program 

Program Administration 

Flood Risk Areas under 
Regulatory Control 

Mapping of Flood 
Risk Areas 

Number of Communities/ 
Areas Mapped 

Cost of Mapping 

National Flood Insurance 
Program (NFIP) 1  

Federal Emergency 
Management Agency (PEMA) 
in conjunction with states and 
communities 

Flood Hazard Areas 

Flood Insurance Rate maps 
identify Flood Hazard Areas, 
the depth of flooding, and 
also indicate flood zones 
which are used to determine 
the amount of insurance 
individuals or organizations 
have to pay. 

Over 17 000 communities 
(85% of all U.S. communities 
with designated flood risk areas) 
participate in the Program. It is 
only in these communities that 
residents may purchase federally 
backed insurance to protect their 
property against flood damages. 

Over $900 million during the 
last 20 years. A further amount 
will be required to map coastal 
erosion hazard areas. 

Flood Damage Reduction 
Program 

Env-ironment Canada and 
provincial/territorial 
counterparts: Environment 
or Natural Resources 
departments 

Designated Flood Risk/ 
Hazard Areas 

Public Information maps or 
key plans identify designated 
areas. 

224 designated flood risk 
areas comprising about 
600 communities 

Approximately $40 million 

U.S. program was established 
in 1968, the Canadian in 1975. 

A major difference between the 
two programs is that in the U.S. 
program, flood insurance is 
required and that insurance is 
backed by the federal 
crovemment. 

The 100-year design flood is the 
minimum criterion regulation 
for both countries. 

Premium rates are based on the 
degree of risk potential. This 
gives rise to an additional 
component to the U.S. 
Mapping Program, since the 
map is divided into sections 
indicating different flood risk 
potential, resulting in different 
rate premiums. 



Mapping and Technical 
Standards 

Policies for Development 
in the Flood Risk Areas 

Floodway/flood fringe 
limits 

Floodway 

Flood Frirtge  

In the U.S., maps vary with 
respect to flooél elevations and 
other flood information. 

Flood hazard areas are 
subdivided into floodway and 
flood fringe. 

Within the floodway, 
development is prohibited. 

The first floor (including the 
basement) of any structure must 
be at or above the 100-year flood 
level. 

Federal guidelines provide the 
basis on how the work should be 
carried out, however, the federal-
provincial agreements allow for 
some flexibility. 

Flood risk areas are usually 
subdivided into floodway and 
flood fringe. 

Generally, no federal or pro-
vincial agencies are permitted to 
support development. However, 
most of the federal-provincial 
agreements indicate the types of 
structures that may be exempted 
from building restrictions. 

Federal and 'provincial agencies 
are permitted to support 
development, providing they 
meet floodproofing regulations 
for the 100-year flood level or 
greater. 

Both programs are flexible to 
meet local levels and 
conditions. 

In the U.S., the floodway is 
defined as the channel and 
immediate overbank area that 
results when encroachment in 
the floodway yields a water 
level rise of no more than 
1 foot (0.3 m). In Canada, 
similar criteria are used in most 
provinces, however in some, a 
flood of specific return period 
is used. 

Municipalities in Canada are 
encouraged to zone on the basis 
of flood risk mapping. Only in 
some provinces is it mandatory 
for municipalities to zone on 
the basis of flood risk mapping. 
This also applies to the flood 
fringe. 

'The U.S. National Flood Insurance Act of 1968 was enacted to reduce flood-related federal expenditures by o ffering federally backed flood insurance as an 
incentive to communities to regulate development within flood-prone areas. As part of the national policy to address natural hazards, the scope of the National 
Flood Insurance Program was expanded in 1973 to include erosion management although the Program does not yet map or regulate coastal hazards. 

Source: Association of State Floodplain Managers, Inc.; Environment Canada. 
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CONSERVATION AUTHORITIES IN ONTARIO 
The Conservation Authorities Act, passed in 1946, pro-

vided the means by which the Province of Ontario and mu-
nicipalities could join together to create Conservation Author-
ities to undertake programs for natural resource manage-
ment. Over 90% of the population now resides within the the 
jurisdiction of Ontario's 38 Conservation Authorities. 

A Conservation Authority's jurisdiction is based on 
natural watershed boundaries. An integrated approach is 
applied to managing the watershed, taking into account the 
interdependence of uses and users. 

Conservation Authorities of Ontario 
1990 Statistical Summary 

Number of Conservation Authorities in Ontario 
Number of member municipalities 
Number of permanent employees 
Number of casual/special employees 

1990 Revenues 
1990 Expenditures 

Land holdings (hectares) 
Floodplains (valleylands) 
Shorelines 
Wetlands 
Agreement forest 
Forest/wildlife areas 
Recreation lands 
Other 

Primary flood control measures 
and structures (metres) 

Primary erosion control measures (metres) 

Floodplain and fill line mapping (kilometres) 
Floodplain and fill line mapping 
under regulations (kilometres) 

Number of conservation area day users 
Number of conservation area camper nights 

Source: 1990 Conservation Authorities Statistical Report 
courtesy of Ontario Ministry of Natural Resources. 

Over the years, Conservation Authorities have be-
come involved in the resource management concerns of 
local residents, member municipalities, and the province. 
Authority responsibilities continue to focus on protection of 
life and property from the twin threats of flood and erosion. 
At the same time, Conservation Authorities are endeavour-
ing to expand conservation and recreation land manage-
ment activities. Increasing emphasis is being placed on the 
development of watershed and subwatershed strategies to-
ward improved resource management and municipal planning. 

Flo o dplain Mapping 

As a means of developing floodplain maps, Ontario 
has been divided into three zones and a regulatory flood se-
lected for each, as illustrated. Regulatory flood means the 
approved standard(s) used in a particular watershed to de-
fine the limit of the floodplain for regulatory purposes. 
Hurricane Hazel is the regulatory flood for Zone 1 in south-
western and central Ontario, and the 100-year flood is used 
for mapping Zone 2 in eastern Ontario. The Timmins Storm 
has been chosen for Zone 3. This means the amount of pre-
cipitation during that storm is transposed to other parts in 
the zone where similar storms are expected to occur. 

The Timmins Storm 

Many flash floods are localized situations, as was the 
case in Timmins on August 31, 1961. Temperatures during 
the afternoon were over 25 ° C, skies were cloudy and an oc-
casional roll of thunder could be heard. By 6:00 in the 
evening, heavy rai began which lasted for a couple of 
hours. Light rai commenced again about 9:00 p.m. and 
continued until 11:00 p.m., when it became a torrential 
downpour for over an hour. During the heavy rains thun-
der was continuous and accompanied by an occasional 
burst of hail. 

Town Creek, which runs through Timmins, has a 
small drainage area of about 10 square kilometres. During 
the afternoon the creek was in its normal state — nearly dry, 
a region of willows, bulrushes and rubbish. With the high 
drainage basin runoff rate from the torrential rains plus the 
runoff from streets and storm sewers, the small creek rapid-
ly reached flood stage. It peaked by midnight in quick re-
sponse to the rainfall and small drainage area, remaining 
high throughout the night as the rai continued at a re-
duced intensity. By early morning the rai had stopped and 
the streamflow steadily decreased thereafter. 

Although the downpour only lasted a few hours, it 
ripped roads apart, smashed houses, undercut foundations, 
and damaged personal property. A mother and her four 
children were drowned in a house on the bank of the creek. 

38 
683 
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3 261 

116 



WISCONSIN 
Ll 0 

• I: 

90° 	 85° 

MICHIGAN 

75° 

HUDSON 
BAY 

JAMES 
BAY 

eq
&at 

• 

Rive, 

ONTARIO ,ex 

QUEBEC 

MINNESOTA 

LAKE 
suee,wo, 

.T1MMINS 

..••••••• 

.••• 

• " • . ?MD 

ZONE 3 • 
SAULT STE. 	SUDBURY • 

e- MARIE 

• • ..... 

c. 
-z- 

SCALE 
50 	 0 	 50 	 100 	 150 Mies MICHIGAN 

U.S.A. 

90° 	 75° 85° 80° 

FLOOD CONTROL 

ZONE 1 - Flood Produced by Hurricane Hazel Storm or the 100-Year Flood, whichever 
is greater. 

ZONE 2 - The 100-Year Flood. 

ZONE 3 - Flood Produced by the Timmins Storm or the 100-Year Flood, whichever 
is greater. 

- Approximate boundaries of the Regulatory Floods. 

Regulatory flood zones. Adapted from Policy Statement. Flood Plain Planning, Ontario Ministries of Natural Resources 
and Municipal Affairs, 1988. 

117 



• . 	L 

FLOOD CONTROL 

Floodproofing 

Floodproofing is a means of protecting 
individual structures in the flood fringe from 
damage. Basic techniques include: 

• raising the foundation above the flood 
level using fill or supports 

• sealing all openings below the floodline, 
either temporarily or permanently 

• surrounding the building with floodproof 
masonry or concrete walls or berms (low 
embankments of earthen fill with moder-
ate side slopes and a wide top) 

• allowing the basement to flood but keep-
ing the habitable portion of the structure 
above the floodline 

• using one-way valves in the sewer system 
to prevent backflush from the sewer lines 

• placing telephone and electrical transform-
ers and mechanical systems above the 
floodline. 

A common practice for new construc-
tion is to raise the building above the design 
flood elevation, by either elevating the land-
scape or raising the building. Under most 
circumstances, it is not practical to raise ex-
isting buildings. 

By using fill, individual homes or whole 
subdivisions can be raised above the design 
flood level. The buildings do not require any 
special design modifications. However, if a 
sufficient volume of fill is put into the flood-
plain, it may reduce the carrying capacity of 
the floodplain, causing the flood levels to 
rise even higher. 

The use of piers, piles, columns or bear-
ing walls to elevate the structure represents 
an efficient use of land, does not raise the 
flood level, and has minimal adverse effect 
on flood flows. However, this method re-
quires careful design to prevent damage to 
the supports from floating debris. 

Techniques to create watertight structures 
are applied to both new and existing build-
ings. For a building to be waterproofed, it is 
necessary that the foundation walls be strong 
enough to withstand the lateral and uplift 

Ue-li  11 rteenr- I  • , 

After being flooded in 1974, 1978, 1981 and 1984, this 
house in the Lower Mainland of British Columbia was 
moved and the foundation raised 4 metres. Subsequent 
floods have not reached the home. 

CA UTION:  
Floodwater is heavily contaminated with excre-
ment, garbage and other pollutants, and there-
fore poses a serious health hazard. Proper 
cleanup is vital. Do not allow children into the 
house or yard until everything has been 
cleaned and disinfected. If children must be 
present during cleanup, supervise them closely 
to protect their health. 

Adapted from Flood Disaster: 
What to Do before and after Flooding, 

Alberta Public Safety Services 

Antigonish, August 1971. (Courtesy of Ken Holmes) 
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BASIC APPROACHES 
TO 

FLOODPROOFING 

Floodwalls 

Dry floodproofing 

Wet floodproofing 

Adapted from Design Manual for Retrofitting Flood-Prone Residential Structures, Federal Emergency 
Management Agency (FEMA), 1986. 
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pressures of the water without cracking. The 
basement doors, windows and drainage sys-
tems must also be adequately watertight. 
Doors and windows can be permanently 
sealed or covered when a flood warning is is-
sued. Sewer drains are installed with a 'one-
way valve to prevent the sewerline water 
backing up into the basement. For floods of 
long duration the watertightness method is 
not suitable. If the system does fail or the de-
sign flood is exceeded, damage to the build-
ing's interior and contents could be severe. 

The construction of floodproof walls 
and berms is intended to keep a structure 
dry without any modifications to the build-
ing. Many people prefer this method of 
floodproofing because it requires no change 
to the building. Although effective, flood-
walls and berms may not be practical for in-
dividual buildings in dense urban areas, as 
they require a considerable amount of land. 
Adequate flood warnings are also required  

to allow any openings to be sealed. If the 
system is breached, there could be serious 
flood damage to the building and contents. 

The previous methods are generally re-
ferred to as "dry" floodproofing because 
water is prevented from entering the build-
ing. The concept of "wet" floodproofing ac-
cepts that water will enter the building. In 
some cases, particularly in sandy soils, water 
pressure on the foundation walls and floor 
can be so severe that buildings can be heaved 
out of the ground, or off their foundations, 
by the force of the floodwaters. Therefore, 
wet floodproofing (the deliberate flooding of 
a structure to balance the water pressure on 
the interior and exterior walls and floors) 
may be necessary. This method of flood-
proofing is most often used as a last resort to 
prevent building collapse because of the time 
and cost of cleaning up and drying out after 
the flood. It should not be undertaken with-
out professional advice. 

EMERGENCY FLOODPROOFING MEASURES 

Emergency floodproofing measures are set in motion 
on short notice. The techniques commonly used entail 
building dykes or barriers using whatever natural or stored 
materials may be on hand at the site. Although generally 
inexpensive, hard work is involved. A pre-determined plan 
of action is essential to ensure materials, labour and equip-
ment are available at the time of flooding. 

Emergency floodproofing measures should never be 
used as a substitute for permanent floodproofing measures. 
This is especially true in areas prone to ice jam flooding or 
where flash flooding occurs frequently. 

Sandbag dyke 

Expected 
flood 
level 

Ce 
alkiWatg» 11111---M 	Mal& ------ 

elifienwiewilh 	.MI1111111111 

• 'V 7 	 7  

Sandbag Dykes 
The most common emergency floodproofing tech-

nique entails stacking sandbags in such a way as to form a 
barrier against rising floodwaters. The bags must be strong 
enough to hold the sand or fill and withstand contact with 
water indefinitely. It is best to use burlap and plastic bags 
designed for that purpose and to use a durable plastic sheet 
to prevent the seepage of water through the dyke. 

Since water exerts pressures against the sandbag 
dyke, if at all possible a trench should be dug to prevent the 
dyke from moving. Other methods of anchoring the dyke 
include placing the bottom of the dyke against or on per-
manent features, e.g., a ditch, a raised roadbed, a founda-
tion wall, etc. 

The bags should not be totally filled with sand. This 
allows one to overlap the other and serves to lock the bags 
together. In addition, the bags should be placed so that 
each layer is put at right angles to the layers above and 
below, adding stability to the structure. 

777 

Bonding 
trench 

Adapted from Floodproofing: Protect Your Home against 
Flooding. Environment Canada and New Brunswick 
Department of Municipal Affairs and Environment, 1989. 

Plastic 
sheet 
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FLOODPROOHNG YOUR HOME - WHERE TO START 

1. Learn as much as you can about flooding in your community. 

If your site is located in one of the areas mapped under the Flood Damage Reduction Program, you can receive detailed in-
formation on flood levels from the Environment Canada offices listed at the end of this book. 

If you are located in an unmapped area, good sources of flood information are the same federal government offices listed, 
as well as provincial government agencies, your municipal government, and local libraries. The memories of long-term 
residents of the area can also be useful. 

It is important to evaluate the flood hazard in your area properly. Factors to consider include the extent of flooding, the 
speed of floodwaters, the rate of rise in water levels, and the duration of flooding. 

Definitely, the best protection is to avoid building in areas prone to flooding. 

2. Learn more about floodproofing. 

Information can be obtained from public and university libraries, or from agencies such as the Canada Mortgage and 
Housing Corporation. Local contractors, as well as engineering and architectural firms, can also provide useful informa-
tion regarding water resistant materials and construction practices. 

3. Select an appropriate method of floodproofing. 

There are several methods for floodproofing buildings. In selecting a method of floodproofing, consider the following: 

• the characteristics of the flood hazard 
• the physical conditions at the site 
• the building's function, operation and use 
• the type and condition of the building. 

In areas prone to frequent or flash flooding, it is recommended that permanent floodproofing methods be undertaken. As 
these floodproofing measures are always in place, there is little chance of being unprepared when flooding occurs. 

Always seek expert advice when required because improper floodproofing can cause serious structural damage . to 
buildings. 

4. Evaluate the costs and benefits of floodproofing. 

Determine the cost of floodproofing your property and weigh it against the cost of future flood damages. You should also 
consider the personal danger and hardship you and your family may face if you do not floodproof. 

5. Plan your floodproofing project, and hire qualified people to do the work. 

6. Know the extent of any remaining flood risk because you can never eliminate it entirely. 

Adapted from Floodproofing: Protect Your Home against Flooding. Environment Canada and New Brunswick Department of 
Municipal Affairs and Environment, 1989. 

121 



GUIDE FOR FAMILY EMERGENCY PLANNING 

HOME SHELTER CHECKLIST 

Location of storm shelter in home 

SUPPLIES AND STOCKS 

	 water   clothing 

food   toiletries 

sanitation items   fire-fighting equipment 

	 first aid and health items   battery-powered radio 

medicines   flashlight 

	 bedding 	 batteries 

cooking and eating utensils   books, magazines, games 

PUBLIC SHELTER CHECKLIST 

V  

SUPPLIES TO TAKE TO SHELTER 

medicines   battery-powered radio 

food 	 flashlight 

	 potable liquids   toiletries 

	 blankets 

Public  shelter 

Nearest  home 

Nearest work  

Nearest school 

Location 	 Route 

FLOOD CONTROL 

Courtesy of L.A. Swick 
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CET OF TERROR. 
711ash Fll© 9  ,--tme 9 9  1972 9  Rapie CIIstt-y, Seuda. œf-un 

In a few hours during the late afternoon 
and evening of June 9, 1972, a record rai fell 
on the Black Hills of South Dakota, U.S.A. At 
least 239 lives were lost and property dam-
age exceeded $100 million in Rapid City and 
surrounding recreational areas. 

Night of Terror is the title of a book 
dedicated to the Rapid City flood victims. 
Its Dedication reads: "It is the hope that 
reading the events and the happenings in 
this book, will bring an understanding to 
those around the world, of the need to be  

prepared for any disaster that can happen." 
The book contains the reports and recom-
mendations of the many organizations that 
responded to the emergency. The former 
Mayor of Rapid City, Donald Barnett, 
shared his experience of the flood when he 
spoke at the Biennial Conference of The 
Association of Conservation Authorities of 
Ontario, in Chatham on September 15, 1976. 
Donald Barnett's message "Keep Them Out 
of the Floodways," excerpted below, has 
universal application. 

Keep Them Out of the Floodways 
by 

Donald Barnett 

I guess, you know, if you're a skilled 
public speaker, all the textbooks say you 
should never apologize before you start. Well, 
my friends in Canada, I want to apologize 
because I get awful excited about the subject 
that I'm going to talk about, and I sometimes 
get a little emotional about it, and those of 
you who've heard me before know that my 
grammar and the vernacular might get a lit-
tle blue, but I do really feel strongly about 
the subject that I'd like to discuss with you 
folks today. 

I'm not an engineer and I'm not a tech-
nician and I'm not a skilled urban hydrolo-
gist and I don't know much about floodwa-
ters themselves and how it works — I'm just 
a citizen. I waS elected Mayor of my home-
town where I served for four years. It was a 
great thrill to be Mayor, it was exciting. I was 
educated in Public Administration and I was 
a veteran of the Viet Nam war and a lot of 
other things but I had some political ambi- 

tion and I wanted to run for Mayor. And I 
didn't have all the answers when I went into 
office and I don't have all the answers now 
that I'm out of office; but I do want you 
to know one thing today, folks — I'm just a 
citizen-politician — I don't have all the an-
swers about floodplain management and 
urban hydrology and floodwaters, but I do 
have a story to tell that I think will be very 
important to you because it's been very im-
portant to our community where I was 
Mayor. I have a story to tell you and it's a 
horrible story. I have a story to tell you about 
terror and nightmares, about dead bodies, 
about a U-Haul truck that was filled up with 
dead bodies four times. I've got a story to 
tell that's about the horrible example of how 
not to manage a floodplain in an urban area. 
I've got a story to tell about how policemen 
have been buried and how firemen have 
died rescuing other people — how brave 
people in the South Dakota National Guard 
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...I would like to take a moment 
of your time to talk about the 
tragic cycle of land use in the 

urban floodplain... 

45 000. From 1876 until 
1945, Rapid City was 
even a smaller town. At 
the end of World War II, 
Rapid City only had 
10 000 people. It was lo- 

land use in the urban 
areas. I've got a story to 
tell you folks today about 
fishing and outdoor 
recreation and a beautiful 
community with a flood- 
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Blocked Canyon Lake spillway, Rapid City, June 1972. (Courtesy of U.S. Army Corps of Engineers) 

did everything possible to save flood vic-
tims, and saved hundreds, and yet some of 
them perished while they were trying to 
save the lives and property of other people. 

But, also, today, my friends, I have a 
story to tell that's very positive — a story to 
tell about how a floodplain can be managed 
to make it safe for this generation and future 
generations. I have a story to tell about out-
door recreation and about a beautiful com-
munity that is now safe from future flood-
ing, and a story to tell 
about this contrast in  .nnnn •nnnnnn 

tragic cycle of land use in the urban flood-
plain and how that cycle has occurred over a 
period of 100 years, and I would like to de-
scribe for you each phase of that cycle with a 
description of the types of land use to which 
we put that land over a period of 96 years, be-
ginning in 1876 through the night of June 9th 
of 1972 when the flood happened. 

Ladies and gentlemen, Rapid City is just 
a small little town in a very small state. 
South Dakota only has a population of about 

650 000 and Rapid City 
nnn ••n . .  has a population of about 

way and a floodway park 
that's four blocks wide and five miles long. 
And so today, my friends, I would like to 
take a moment of your time to talk about the 

cated where it is basical-
ly because there was a beautiful stream there 
— a stream where the cattle could drink, 
where we could have horse pastures and 
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There couldn't 
there because 
happened so 

hay meadows — a beautiful place with 
many springs and outdoor fishing — just a 
beautiful place to live. During that first 60 
years or so, there was very little use of the 
floodplain in and around Rapid City — it 
was simply used for agriculture, a little bit of 
residential, a little bit of 
commercial, but it wasn't 
a very large town. 

We then move into 
Phase 2 in the develop-
ment and the use of the 
floodplain on Rapid Creek, which is right 
abutting the beautiful Black Hills of South 
Dakota. Between 1945 and 1972, the commu-
nity went through a very rapid period of 
growth. We had a great economic boom. The 
population of the area changed from 10 000 
to a magnitude of 45 000, and it did that in 
about 25 years. We had a very large military 
airbase; the Mount Rushmore National 
Memorial was completed; we had millions of 
tourists every summer. Agriculture was rich 
— the corn fields and wheat fields and the 
ranching — the cattle industry was very 
strong. So consequently, we had a very high 
quality of life, an economic boom, and the 
town was growing like crazy. However, dur-
ing that period of time, from 1945 to 1972, 
there was a radical adjustment of land use in 
those properties immediately abutting and 
touching the banks of Rapid Creek. During 
this 26-year period of time, we changed the 
use of the land in the rural area — we put it 
into an urban setting — and we violated the 
floodplain in a horrible and suicidal way. 

I'd like to list for you just for a moment or 
two some of the things that we were doing 
with the floodplain from 1945 until 1972. 

The first thing and the most dangerous 
thing we did with the floodplain was allow 
the construction of mobile home courts right 
in the lowest, most suicidal corners on the 
banks of Rapid Creek. We also had heavy 
commercial businesses build right up to and 
abut the banks of Rapid Creek: We had resi-
dential subdivisions that were built very 
rapidly, where we converted cattle pastures 
and horse pastures directly into subdivi-
sions. I can remember some of the advertise- 

ments in the Rapid City Journal. They said, 
"Creek front property — ducks in your back-
yard." We tried to say that it was a beautiful 
place to live. There couldn't be any danger 
there because floods always happened some 
place else. In the floodplain during that 26- 
 I year period of time, we 

built apartment houses, 
industrial plants, shop-
ping centres, a nursing 
home, hospitals, the city 
water plant, several 

small public parks, a nine-hole golf course, 
and many low income rental units which 
were really old and substandard.... We had a 
flour mill, we had the high school athletic 
fields, we had some baseball fields, and we 
had a small portion of it devoted to outdoor 
recreation. So what had happened during 
this cycle? We had violated the floodplain — 
our Planning Commission, our Mayors and 
our City Council had been blind to the poten-
tial danger — we had converted the land from 
basically agricultural and rural to high-density 
urban uses of property. That happened, my 
friends, in a period of 26 years. It happened 
when the population adjusted from 
10 000 to 45 000. • 

Phase 3 of this phase or this cycle of land 
use in the urban floodplain happened on the 
evening of June 9th, 1972, and the morning of 
June 10th. I remember the day — it is just in-
delible on the fabrics of my mind. I played 
golf in the afternoon and had to stay in the 
shelter every once in a while because it was 
raining slightly_ After I played golf, I took 
my wife and two little girls to the YMCA to 
swim and when I came out about 7:30, the 
clerk looked at me and he was pale. He said, 
"Mr. Mayor, the Police Department's looking 
for you — they think we're going to have a 
flood." I sent my wife home in her car and 
for the next ten hours we lived through the 
most gruesome, agonizing period of death 
and terror that any Mayor in this country, or 
your country or my country, has ever faced. 
The flood on June 9th, 1972, in South Dakota 
is the worst single natural disaster in the his-
tory of the United States in the last 35 years. 
The total dead from that flood was 239 and to 

be any danger 
floods always 

me place else. 
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this day, four years later, there are still four 
bodies missing. We did not have a strong 
Civil Defence function to keep the people 
warned and to alert them 
of the danger and so con-
sequently, here is what 
happened. 

Rapid City is located 
at the foot of the Black 
Hills of South Dakota, and 
remember this very close-
ly. Ten air miles above our 
city for Rapid Creek is a 
large federal reservoir. It is 
kept basically at about one-third capacity; it is 
there for domestic water storage to service the 
large airbase, and is a flood control facility. It 
was empty, it had flood storage capacity; it 
was built scientifically and safe, it's never had 
a crack in it, it doesn't leak, but it was located 
ten air miles above our city and Rapid Creek 
lies 18 miles from the city limits to the base 
of this large reservoir. On the evening of 
June 9th, here's exactly what happened. 
Some cells gathered over the eastern edge of 
the Black Hills of South Dakota, right where 
Mount Rushmore is. There was an absence 
of winds at certain altitudes and for about 
eight hours up to 17 inches of rain fell at cer-
tain cells, all of it had at least a foot of rain 
and some of it had 17 inches. What did that 
mean? That the floodwaters had fallen below 
the face of the dam. The water then came 
raging out of these canyons, came roaring 
right through the community, and we lived 
with the damndest sort of 
terror you would ever 
imagine. We had over 
1500 homes that were 
damaged, we had a cou-
ple of hundred businesses 
that were damaged, we 
had thousands of people 
out of housing. At one time we had 1500 
people on the computerized missing list. We 
had a total dead, as I told you, of 239. Our Civil 
Defence fmction had been very weak because, 
after all, floods never happened there before. 

The morning of that disaster, as we 
gathered at the Courthouse, we'd been up all  

night, we knew we had three firemen dead, 
we knew we had one policeman, two street 
department employees, several people with 

the National Guard, and 
just citizen volunteers 
that had tried to rescue 
people themselves and 
had perished. We had 
two things on our mind 
the next morning. These 
two things have been the 
prevailing thought on 
my heart and in my 
mind every day since. 

The first thing: how do we financially help 
the survivors? The second thing is: how do 
we prevent this from happening again? We 
had to be concerned, secondly, about the 
safety of future generations. We couldn't 
simply abandon the whole community and 
move away. What could we do to make the 
community safe? What could we do that 
would heal the wounds, that would improve 
the quality of life, that would help us recov- 
er. How could we go into a new cycle of land 
use that would be safe on the banks of Rapid 
Creek in the future? And so, consequently, 
within 60 days after the flood, with the help 
of the Federal Treasury because they gave us 
a $48 million urban renewal grant, — 
they've asked me so many times, how did 
we get all the money? I answered, "Because 
we had all the grief." We had all the loss of 
property, all of the death and all of the de- 
struction, so consequently, President Nixon 

and the Congress gave 
us a $48 million urban re- 
newal grant. We reached 
the decision, in layman 
terminology, that the 
floodplain was a pretty 
stupid place to sleep and 
a stupid place to work. 

We also reached the decision in a positive 
vein that the floodplain was a fantastic op- 
portunity to improve the quality of life with 
the outdoor recreational experience, with 
the proximity of a public park, a recreation 
avenue, with high proximity to every 
residential neighborhood in the city of 

...for the next ten hours  we  lived 
through the most gruesome, 

agonizing period of death and 
terror that any Mayor in this 

country, or your country or my 
country, has ever faced. 

E 

How do we financially help 
the survivors? ... How do we 
prevent this from happening 

again? 
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Rapid City, South Dakota. So we reached the 
decision — the decision was to purchase and 
relocate 1100 homes from the dangerous 
banks of Rapid Creek. That meant buy out 
the Jones family. If their home was damaged, 
tear it down. If it wasn't altogether de-
stroyed, sell the home, jack it up, move it 
away-, set it down on a new foundation, and 
turn the old lot into a Tublic park. We then 
reached the decision that if we left the com-
mercial structures in the floodway, they 
would simply become barricades for raging 
floodwaters in the future, and the floodplain 
would have no meaning because if we left 
the commercial buildings in, the floodwaters 
would  corne, they would bounce off the 
commercial buildings, and into the residen-
tial areas that were really outside of the 
floodplain. So we reached the second bullet 
that we had to bite. We purchased and relo-
cated 157 commercial and industrial busi-

'nesses from the banks of Rapid Creek and 
the floodplain. We did this with $48 million 
— we did our first relocation within six 
months following the flood — and now four 
years later, 95% of the project is complete. 

Let's talk now about the last phase of 
land use in the urban floodplain and how that 
land and that property is being used today. 

If you were to visit Rapid City, South 
Dakota today, you'd see a great deal of con-
struction. You'd see new subdivisions and 
new commercial buildings being built all 
over the community to relocate those fami-
lies and put them into a safe àrea where their 
property would not be subject to flooding 
from the 10-year flood, the 50-year flood, or 
the 100-year flood. We then designed a con-
cept of land use in the urban floodplain in an 
area four blocks wide and five miles long all 
the way through town. This is the type of 
use we are putting to that land at this time. 

First of all, we built a small, safe, reflect-
ing pool on the upper ends of Rapid City to 
replace the Canyon Lake that had been 
washed out from the flood. We didn't just 
stack some mud- up at the bottom of the 
canyon and call it a flood control dam — 
that's illegal in America now — but we built 
it to scientific specifications of the Corps of 

Engineers with concrete and steel — it's very 
shallow — and it's not there for flood control 
— it's there for cosmetic and for the beautifi-
cation of the area. We then expanded the 
beautiful Canyon Lake Park — we will finish 
on October 15th of this year a brand new 18- 
hole championship golf course located right in 
the middle of the floodplain. We also have 
now several miles of hiking and biking trails 
from one end of the city to the other where 
people can ride bicycles and hike up and 
down the floodplain and have that type of 
physical exercise. We have expanded our City 
Recreation Department with the construction 
of additional Little League Baseball fields, 
new football fields, new soccer fields, new 
hockey fields, everything imaginable, without 
the construction of buildings in the floodplain 
that would divert future floodwaters.... 

Now what does that mean? That sim-
ply means that we are not sleeping in the 
floodplain, that our whole theory of recov-
ery from that massive disaster was simply 
that we would not be dumb enough to re-
build and the next time we have a flood, the 
water would have the capacity to corne 
through the floodplain unobstructed, to not 
bounce out of the floodplain into our pro-
tected subdivisions and commercial areas, 
and that the water will just whoosh through 
the city. 

Is that the perfect answer? I don't 
know. It is the answer that was possible. I 
know full well you can't go back to your 
conservation districts and find $48 million to 
do the same thing overnight in a period of 
48 months the way Rapid City did it. We 
couldn't have done it ourselves without the 
help of the federal government. We had to 
raise $16 million, they raised $48 million, 
and now we've got it about 95% complete. 

But the point is that my children now 
enjoy a safe floodplain for their parks and 
their outdoor recreational experience within 
the city. It is a very popular program. The 
Little Leagues have more room, the outdoor 
recreation is a tremendously popular thing. 
When I was Mayor, we couldn't put enough 
money into the Recreation budget because of 
the demands of the people to make use of 
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that open space area. So, consequently, that 
is the cycle of how we have utilized the 
floodplain within the city of Rapid City. 
We've talked about the frontier when noth-
ing was there but agriculture and a rural 
area. We've talked about the gradual growth 
but where we still did not overpopulate the 
floodplain. Then we've talked about that 
massive period after World War II when 
we had helter-skelter, random, uncontrolled 
growth of residential, commercial and indus-
trial use of the land in this terribly dangerous 
low area at the foot of the Black Hills.... 

And so, consequently, this is the cycle 
that we went through. We went through the 
gradual period and then the random helter-
skelter period, we had the flood then, we 
had to have all of these mistakes, we buried 
all of those people, we lost a great deal of tax  

base, but in our recovery, we have a stronger 
tax base than ever before, and now we have 
a safe use of that land. 

Well, now I have to tell you something 
else before I move into the second phase of 
my speech. Friends, you say it can't hap-
pen to you. All right. We said it couldn't 
happen to us. That flood happened on the 
night of June 9th and the morning of June 
10th, 1972. One week later on Saturday 
night I was in my office dead tired. With 
me was the Public Works Director, a fine 
Professional Engineer, and the Police Chief. 
We were licking our wounds, we had a 
good case of self-pity, we were tired, we'd 
gone to all those funerals of the city em-
ployees all week, Mrs. Nixon was coming 
the next day for our memorial service — by 
the way, she's a tremendous lady. We were 

!WM'. 
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Trailer park hit by flash flood at Rapid City, June 1972. (Courtesy of U.S. Army Corps of Engineers) 
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"Mayor, the clouds are identical 
to what they were last Friday... 

If some winds don't develop, 
it could happen again." 

how to handle it. It start-
ed to rain really hard and 
all of a sudden the phone 
rang. The phone came 
from a man who's a 
Ph.D. and the manager of 

for better housing. If 
there's anything that my 
message has for you 
today, as your highest 
priority, don't fall for the 
old line that it's economi- 
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sitting in the office dead tired — I looked 
outside, there were some douds and it started to 
rai  — it started to rai  a little bit and then it 
started raining pretty good. We thought, 
well, that'll settle the dust, we have so much 
machinery, and we still had about 500 peo-
ple on the missing list, we had all sorts of 
grief and didn't know 

ally want something better. They want to up- 
grade their standard of living. They want 
more parks and more fishing and more hunt- 
ing and better homes to live in. They want 
something better for their children, and that's 
why right now, as I talk to you people in- 
volved in government, you tell me of the pres- 

sures and the demands 

a local radio station — 
we have four — a very heavy guy, very ma-
ture, knows what he's doing. He said, 
"Mayor, by God, it's going to happen again." 
I said, "Aw, come on, Bill, I'm tired, don't 
pull that crap on me. (I didn't say crap.) I'm 
tired." He said, "No, it's going to happen 
again — I just had a call from the Weather 
Bureau — they said it could happen again." 
I said, "Awl  come on, is this some joke?" He 
said, "Call them." I picked up the phone, I 
called out to the Weather Bureau. I know the 
man out there, he's a Meteorologist, he's the 
finest kind you'd ever want to have. He said, 
"Mayor, the clouds are identical to what they 
were last Friday night. If some winds don't 
develop, it could happen again." It really 
started to rain like crazy, I put the phone 
down, I looked at the Police Chief and the 
Public Works Director, I said, "My God, they 
said it could happen again." We took a deep 
breath, we put out the warning, we sent the 
Police Department, the Fire Department, 
into these darnaged subdivisions, we turned 
on the sirens, we got people out as fast as we 
could. Nevertheless, that night two more 
people perished because we'd been dumb 
enough to occupy terrible drainage flood-
plains with residential housing. 

Well, you say it can't happen to you — I 
say it can happen to you.... 

I want to wrap up my remarks with 
one point and then try to answer your 
questions. Almost every place I go, we have 
what Adlai Stevenson bac < home called "the 
revolution of rising expectations." People re- 

cally necessary because 
of the demand for housing to build suicidal 
subdivisions in low drainage basins. Please 
go home with that understanding, if nothing 
else. The bad developer who owns that land 
and wants to rationalize and build a high 
density mobile home court, or he wants to put 
in some apartment houses, or some single 
families, he wants to do it because the land is 
there and he owns it. What he's trying to say 
is that he wants to pass off that land to some-
body else. Now I made that point twice be-
fore, didn't I? I'll make it again, because I feel 
so strongly about it. We've got to go back 
home and put firmer controls on the building 
in floodplains for residential purposes. That's 
my most sincere message to you folks today. 
The firmer your controls will be today, the 
more money you will save for the various 
units of government tomorrow.... 

Also, remember this about dams, that 
with the construction of a dam — if that's all 
you do — then you create the falsest sense of 
security _ of all. All of a sudden the public 
opinion says, "Well, we got a dam — now 
we can do anything in the floodplain we 
want." That is what has happened universally. 
They begin to think the dam is the only an-
swer, the beginning and the end, the solution 
of all the problem, and then what happens if 
the dam goes faulty-, or if the water falls 
below the face of the dam. Now those are 
hydrology measurements, those are possible  
to do, to study what would happen on every 
structure you're going to build if the water 
falls below the face of the dam and drains 
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We have educate our to 
public officials to the potential 

danger of living in the floodplain. 

Remember this about dams, 
that with the construction of a 
dam — if that's all you do — 

then you create the falsest 
sense of security of all. 
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into that drainage belt itself below the dam. 
That's what has happened in the last four 
floods in the United States of America. 

Another thing we have to do, and we 
have to do it so thoroughly and we have to 
get bored with it and fight with each other — 
we have to educate our public officials to the 
potential danger of living 
in the floodplain. You've 
got to take this message 
time and time again into 
the city halls and the 
county courthouses and 
the conservation district 
meetings and talk about it 
and talk about it and talk about it, as emphat-
ically as you possibly can. 

Well, that's about what I have to say. I 
think I've made it very clear about the home 
development industry.... We want people to 
be in the housing construction profession, 
but we want them to 
build those subdivisions 
in areas that are safe for 
this generation and the 
next generation, where 
there won't be the con-
stant threat of death and 
destruction from flooding. 

Well, it's not all bad, folks — it's not all 
bad at all. Because I can remember the morn-
ing after the 1972 flood in Rapid City — our 
hearts were filled with sadness — we'd lost 
policemen, firemen, we had ended up, as I 
said, with 239 people [dead] — we began to 
wonder if we had any 
chance to make Rapid 
City anything good at all. 
And yet I watched the 
fortitude of the people 
fight back — I watched 
them adopt and after all 
the public hearings, ac-
cept this concept that the 
floodplain was a stupid 
place to sleep and work. We found many 
families that absolutely wanted to move 
away — they wanted to rid themselves of 
the nightmare where they lived. And I came 
upon a slogan about a year later which I've  

lived with all my life ever since. It's a slogan 
on the concept of optimism and how we ad- 
dress ourselves every day when we face our 
responsibilities in our home and our family 
and our church. I remember this statement 
from Mr. Norman Cousins when he used to 
own the Saturday Review and he wrote an ar- 

ticle on the concept of 
optimism and it's that 
concept I'd like to leave 
you folks with today. 
Mr. Cousins said way 
back in 1973, he said that 
optimism provides the 
basic energy of civiliza- 

tion and pessimism is a waste of time. And I 
believe with an optimistic attitude that you 
folks can go back home and learn from this 
seminar and this convention. You don't have 
to adopt everything Don Barnett from South 
Dakota said, but you get the input from 

these experts that are far 
better skilled and trained 
than I am. If you go 
home with a pessimistic 
attitude, that, well, it's 
such a large gigantic pro- 
gram, we can't start now 

— we'll start in 1980 and we'll put it off. If 
we're that unethical, that irresponsible, then 
I think we're set for some problems. So I 
hope that we can address our problems of 
floodplain management and control in the 
development of the floodplain with a con 
cept of optimism, because I believe as firmly 

as I stand before you 
friends from Canada 
today, I definitely believe 
in the bottom of my 
heart, that optimism does 
provide the basic energy 
of civilization and I be- 
lieve just as deeply that 

- pessimism is a terrible 
waste of time.... 

Reprinted by permission of The Association of 
Conservation Authorities of Ontario from the 
Proceedings of their Biennial Conference in Chatham 
in 1976. 

We've got to go back home 
and put firmer controls on the 

building in floodplains for 
residential purposes. 
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Structural Measures 
In addition to dams, structural measures 

such as dyking, channel improvements, and di-
versions are employed to control floodwaters. 

Dykes are embankments built to protect 
low-lying areas from inundation and are the 
most commonly used structures to protect 
Canadian communities. They alter only high 
flows of water by restraining entry to the 
low-lying areas. The degree of protection 
provided by dykes depends on their height 
and construction. High water occurrence in-
creases pressure against the dykes, acceler-
ates their erosion, hastens their saturation 
and damage due to under-seepage, and may 
result in overtopping during extreme floods. 
Any of these incidents can result in dyke 
failure. The reliability a dyke system offers is 
contingent upon its continued inspection 
and maintenance. Dyke construction fre-
quently necessitates the installation of inter-
nal drainage and pumping facilities to mini-
mize flooding behind the dyke caused by 
seepage through the dyke, by the interrup-
tion of the natural drainage within the pro-
tected area, and by the backing up of sewers 
during high stormwater runoff. 

Channel improvements include realign-
ment to eliminate oxbows and sharp bends, 
dredging, removal of debris, installation of 
weirs or drop structures, and provision of 
bank protection. 

Each of these measures contributes to 
one or more of the following: 

• the stabilization of the river course 
• increases in gradient and flow velocity 
• an enlargement of charnel capacity 
• the reduction of bank or channel erosion. 

Increased gradient, flow and capacity assist 
in lowering river levels upstream, while sta-
bilization of banks and channels facilitates 
the river's passage. 

Reduction or elimination of the inunda-
tion hazard often is accomplished through con-
trol or regulation of river flow by storage or di-
version of water upstream from the flood-
prone area. A diversion involves the redirection 
of part or all of a river's flow either around a 
particular location in a basin or out of the basin 
entirely. It offers a reliable and positive degree 
of flood control through reduction in flow 
downstream. The development of a diversion 
may require the construction of a dam, particu-
larly if the diversion is out of the basin, or the 
installation of inlet and outlet control structures 
may be sufficient. Excavation of a diversion 
channel or the improvement of an e)dsting 
channel is usually necessary. 

Most flood control structures across the 
country are smaller versions of the struc-
tures used on the Red or Fraser rivers. Com-
mon structures include dykes, dams, ice 
booms, and diversions. 

Grand Moulin Dam, rivière des Mille îles, Quebec. 

Flood Control on the Red and 
Assiniboine Rivers in Manitoba 

The earliest flood control structures 
built in the Red River basin were a series of 
dykes along the Assiniboine River between 
Portage la Prairie and Winnipeg. Deposition 
of stream sediment along parts of this stretch 
of the Assiniboine River has resulted in the 
river bottom being higher than the sur-
rounding land surface. Dyking began along 
the Assiniboine before the 1900s but did not 
become more widespread until after the 
floods of 1922 and 1923. In addition to dyk-
ing, cutoffs were made through sharp river 

131 



FLOOD CONTROL 

bends. The dykes were generally low and 
could not contain a major flood. 

Prior to the construction of the dykes, 
flooding was a severe problem. When river-
banks were overtopped, many square kilome-
tres of agricultural land would be flooded, 
often without the possibility of the water re-
turning to the river when floodwaters receded. 

Subsequent to the Red River flood in 1950, a 
large-scale structural approach was planned and 
implemented for protection against future flood 
damages by the Red and Assiniboine rivers. The 
Greater Winnipeg Dyking Board was established 
to construct a system of dykes to provide a de-
gree of protection for the city against floods. In 
low areas, boulevard type dykes were construct-
ed and pumping stations installed to lift storm 
and sanitary sewage into the rivers. In addition, 
"borrow" areas were established from which 
material could be obtained to raise dykes during 
flood emergencies. Approximately 110 kilome-
tres of dykes and 31 pumping stations were built. 

In 1958, a Royal Commission on Flood 
Cost Benefit reported on a major study to in-
vestigate structural solutions to the flooding 
problems on the Red and Assiniboine rivers. 
As a result, three projects were constructed 
between 1962 and 1972: 

• a floodway to divert 1700 cubic metres per 
second from the Red River south of 
Winnipeg to the east of the city, discharg-
ing back into the Red River at Lockport 
(completed in 1968); 

• a 700 cubic metre per second capacity di-
version channel to convey floodwaters 
from the Assiniboine River just upstream 
from Portage la Prairie, northward to 
Lake Manitoba (completed in 1970); 

• the Shellmouth Dam in the upper reaches 
of the Assiniboine River just north of 
Russell (completed in 1972). 

The Red River Floodway 
Construction of the Red River Floodway 

was started in 1962 and completed in 1968. 
The floodway consists of four components: 
the floodway channel, the inlet control struc-
ture, the dykes, and the outlet structure. 

The floodway channel is approximately 
48 kilometres long, with a drop of 5 metres 
between the inlet and outlet and a designed 
depth of flow in the channel of 8 metres. The 
width at the top of the channel varies from 
213 metres to 305 metres. Material excavated 
from the channel was deposited along the 

Flooding in rural Manitoba, 1979. (Canapress Photo ServicelBrennan) 
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ICE Booms 
Ice booms are prevalent in eastern Canada. The 

booms are similar to log booms but are placed across a 
river to prevent the downstream movement of ice. They are 
installed in the fall and removed after the spring ice 
breakup period. A major ice boom is placed across the head 
of the Niagara River each year to prevent the input of Lake 
Erie ice to the already considerable production of ice in the 
gorge below Niagara Falls. 

In 1965, ice booms were used for the first time to pro-
tect the St. Lawrence River shipping channel from ice floes. 
Several booms are located in Lac Saint-Pierre, and at Lavaltrie 
and île Saint-Ours. The booms are designed and located to 
form a stable ice cover outside the shipping lanes as early 
as possible. They also serve to protect the ice cover from 
breakup due to wind and wave action, thus preventing 
floes from entering the channel to become a danger to ship-
ping or to cause jams. 

Typical ice boom arrangement. (Courtesy of Transport 
Canada) 

side of the channel to form an embankment 
6 metres high. 

The entrance to the floodway is located 
in the eastern bank of the Red River near 
St. Norbert. An earth-fill weir at the entrance 
ensures that flows below flood level contin-
ue down the Red River. 

The inlet control structure is located on the 
Red River just downstream from the floodway 
inlet. The purpose of the control structure is to 
regulate the flow between the natural channel 
of the Red River and the floodway channel, 
during the period of high water levels. The 
gates of the control structure are normally in a 
submerged position with about 1.8 - metres of 
water over them in the s-ummer months. 

To prevent floodwaters from bypassing 
the inlet control structure, dykes have been 
constructed on either side. On the east side 
of the Red River, the dyke is incorporated 
into the floodway embankment. To the west 
of the Red River, the dyke extends for 34 kil-
ometres from the inlet control structure to a 
point where the natural ground is above the 
design flood elevation. 

The drop over the entire reach of the 
floodway is 5 metres, but the corresponding 
drop of the Red River is 10 metres. The pur-
pose of the outlet structure is to dissipate the 
energy in the water at its point of re-entry to  

the Red River near Lockport, thereby pre-
venting damage and erosion in the river. 

The Portage Diversion 

The Portage Diversion is a 29-kilometre 
channel designed to carry up to 700 cubic 
metres per second of flood flow from the 
Assiniboine River just upstream from 
Portage la Prairie northward to Lake 
Manitoba. Construction of the project began 
in 1965 and was completed in 1970. 

A dam was constructed across the 
Assiniboine River, creating a reservoir cover-
ing 652 hectares with a storage capacity of 
18 000 000 cubic metres. The dam allows flow 
down the river under normal conditions and 
is used to help regulate flow down the diver-
sion channel, particularly during high river 
levels. An inlet control structure regulates the 
flow to the diversion channel itself. The diver-
sion channel enters Lake Manitoba through 
the Delta Marsh. 

The Shellmouth Dam 

The third major structure in the flood 
control system is the Shellmouth Dam, loca-
ted about 19 kilometres northwest of Russell 
in an area where the valley of the Assiniboine 
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Red River Floodway Control Structure, looking north (downstream), with St. Norbert (a 
suburb of Winnipeg) in background. Right foreground: Entrance of Red River Floodway 
channel (the floodway inlet) at the time of the 1979 flood. (Courtesy of Manitoba 
Department of Natural Resources, Water Resources Branch) 

Drop structure on Portage Diversion, north of Portage la Prairie, Manitoba (one of sev-
eral to reduce gradient and erosion) during 1976 flood. (Courtesy of Manitoba 
Department of Natural Resources, Water Resources Branch ) 
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is wide and deep. Construction was initiated 
in 1964 and completed in 1972. The dam is an 
earth-fill structure with gravel and rock riprap 
for slope protection and a reinforced concrete 
spillway. The reservoir created by the dam is 
approximately 56 ldlometres long with a gross 
storage capacity of nearly 500 000 000 cubic 
metres. The protection afforded by the reser-
voir extends along the Assiniboine from the 
dam site to its confluence with the Red River. 
Cities benefiting from its flood protection and 
low flow augmentation include Brandon, 
Portage la Prairie, and Winnipeg. 

Other Manitoba Flood Mitigation Projects 

Subsequent to the 1966 flooding, the fed-
eral and Manitoba governments agreed to 
provide protection to communities along the 
Red River south of Winnipeg. Permanent 
dykes were constructed around seven commu-
nities. In addition, farmsteads were protected 
either by dykes or by raising the foundations 
of the farm buildings. The dyldng projects, 
constructed to the 1950 flood levels, were built 
between 1967 and 1972. Following a major 
flood in 1979, ring dykes around the seven 
communities were raised to the 100-year level 
and one additional community was dyked. 

Performance  of Flood Control Works 
Flood control works on the Red and 

Assiniboine rivers have been extensively 
used since their completion. Floods occurred 
on the Red River in 1969, 1970, 1974, 1979 
and 1987. The 1979 flood was similar in 
magnitude to the devastating flood of 1950, 
which was the catalyst for the construction 
of these works. A record flood occurred on 
the Assiniboine River in 1976. 

An example of the benefits from such flood 
control works has been the City of Winnipeg 
where serious flooding has been avoided 
since control works went into operation. 
During the great flood of 1979, the controlled 
peak stage in the City was 3.3 metres below 
the computed natural stage. Potential 
damages prevented during the 1969 to 1991 
period are in excess of $1 billion (in  

1991 dollars) in Winnipeg alone. The cost of 
the Red River Floodway, Portage Diversion 
and Shellmouth Reservoir totalled 
$94 million when constructed, or about 
$378 million in 1991 dollars. It is clear that 
these flood control works have been 
extremely cost effective. 

Flood Control on the Fraser 

In British Columbia, the structural ap-
proach is relied upon to protect Fraser River 
floodplain development from flood dam-
ages, particularly in the lower Fraser Valley. 
Dyke construction together with associated 
works has been the historic method of con-
taining floods. Also, the Nechako River diver-
sion assists flood control. The storage capaci-
ty of reservoirs for hydroelectric develop-
ments on the Bridge and Stave rivers pro-
vides further limited protection when operated 
for flood control purposes during the onset 
and occurrence of extremely high spring 
freshet. 

Initial flood prevention efforts in the lower 
Fraser Valley protected agricultural lands. Early 
settlers constructed dykes in 1864 on Lulu Island, 
and by 1878, dykes were found in the Chilliwadç 
Sumas and Matsqui prairie areas. 

By 1960, these first efforts had grown to 
some 375 kilometres of river and sea dykes 
from Agassiz to Steveston, protecting nearly 
65 000 hectares of a total of 75 000 hectares of 
valley floodplains and tide-lands. Along with 
the increase in area came a change in the type 
of land protected. A major shift had occurred 

Dyking along the Vedder River, British Columbia. 
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Morden Dam and Reservoir on Deadhorse Creek (west of Red River in Manitoba). 
Reservoir is officially called Lake Minnewasta. (Courtesy of Manitoba Department of 
Natural Resources, Water Resources Branch) 

to prevent flood damage to the continually 
encroaching residential, industrial and com-
mercial properties. 

Following the disastrous flood of 1948, 
more than 260 kilometres of the dykes were 
repaired or rebuilt by the Fraser River Dyk-
ing Board. Most of the work was completed 
prior to the 1950 spring freshet, when the 
peak water level at Mission was less than 
0.3 metres below the 1948 level. However, 
because of the haste required to restore the 
dykes, time did not permit the design and 
development of more permanent structures, 
nor the use of higher quality materials other 
than those immediately available. As a result, 
dykes deteriorated during subsequent high 
river stages. More emergency repairs allowed 
the dykes to withstand the high freshet lev-
els of 1964 and 1967. 

On May 24, 1968, the federal and pro-
vincial governments entered into an agree-
ment to undertake a massive program of 
dyke extension and improvement. The agree-
ment provides for the Fraser River Flood 
Control Program to rehabilitate and improve 
river and sea dykes, and to provide bank  

protection to ensure the safety of the dykes 
against erosion. Over the past 24 years, the 
Program has established a system of dykes 
that protects most of the Fraser Valley flood-
plain. In some areas, the Program has also 
provided pumping capacity and main drains 
to prevent flooding behind dykes as a result 
of local runoff. This system will protect 
against the highest floods of record resulting 
from spring snowmelt runoff. The river 
dykes completed under the Program have 
successfully withstood the 1972 freshet 
(which exceeded the levels of 1964 and 1967) 
and the sea dykes have endured the record 
high sea levels of 1982. 

Flow Regulation 
Rivers contain some natural storage ca-

pacity in their lakes, swamps and marshes, 
which can reduce flood peaks to some ex-
tent. However, this reduction rarely, if ever, 
is sufficient to prevent downstream inunda-
tions under all circumstances. Artificially 
created and controlled storage can be directed 
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specifically toward this purpose. This can be 
achieved through retention basins and stor-
age reservoirs, and through alteration of ex-
isting lakes. Retention basins are usually lo-
cated adjacent to a river; water is diverted 
into them and later released back to the 
river. Storage reservoirs, which require 
dams, tend to have greater storage capacity 
than retention basins and are located up-
stream from the areas of inundation. A 
lake's storage capacity is usually increased 
by constructing a dam and spillway at the 
natural outlet. 

Reservoir water levels are usually lowest 
just prior to the spring snowmelt runoff. The 
upstream runoff is stored and later released 
back to the river system, to augment the nat-
ural summer and winter low flow period. 

Flood Forecasting and 
Warnffig 

Over the past 40 years, flood forecasting 
and warning in Canada has evolved into a 
network of forecast systems across the coun-
try. There are five  provincial streamflow fore-
cast centres: the Saint John River Forecast 
Centre, the Ontario Streamflow Forecast 
Centre, the Manitoba River Forecast Centre, 
Saskatchewan's River Forecast Centre, and 
Alberta's River Forecast Centre. In addition to 
these provincial centres, there are a number of 
other flood forecasting operations such as those 
of Ontario's Conservation Authorities. 

Systematic river forecasting has often 
been initiated in the aftermath of a particu-
lar flood event. In Manitoba, river forecast-
ing was started following the widespread 
flooding of the Red River in 1950, and in 
Ontario, a flood forecasting system was de-
veloped following the devastating impact of 
Hurricane Hazel in 1954. 

Most of the centres provide multiple 
services and operate on a year-round basis. 
While spring flood forecasting may be their 
primary role and usually their busiest time of 
year, centres provide year-round streamflow 
forecasts for flood control and water manage- 

ment. Streamflow forecasts outside the flood 
season are used to regulate reservoirs and 
streams for hydroelectric power, irrigation, 
domestic uses, pollution assimilation, recre-
ation and other low-flow augmentation pur-
poses. For instance, the Saskatchewan River 
Forecast Centre monitors and controls inter-
national and interprovincial flows to meet 
requirements under various agreements. 

The purpose of flood forecasting is to 
provide as much advance warning as possi-
ble of an impending flood. Over time, the 
demands for flood forecasts have changed 
from a simple indication of the likelihood or 
severity of flooding to  an accurate prediction 
of magnitude and  timing of flood passage. 

Flood forecasting systems generally 
have a similar operational set-up to carry out 
the following activities: 

• collecting and managing pertinent data 
• developing river forecasting procedures 
• forecasting floods 
• providing advice for flood control 

operations (also floodway operations, 
emergency dyking, ett.) 

• communicating flood warnings. 

Forecasting is becoming increasingly so-
phisticated, particularly in the areas of data 
collection and modelling. However, these ac-
tivities vary in individual forecasting centres 
depending on the funds available and the 
need for increased technology. 

Data Collection and Management 

To forecast river or lake flood levels, two 
primary types of data are required: hydro-
logic and meteorologic. 

Data collection methods are diverse. 
Field data collection by instrumentation 
ranges from manual reading of gauges, to 
telephone hook-ups between a gauge and the 
forecast centre, to a satellite link between a 
gauge and the centre. Most centres have a 
combination of these systems. More modern 
systems are introduced as old equipment is 
replaced or as the network of instrumenta-
tion is expanded. As the sophistication of the 
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data collection systems increases, the access 
to data comes closer to real time. In other 
words, the data are available to the user 
within a few minutes or even seconds of 
having been recorded by the gauge. 

Forecast centre computers and teleprinters 
are often used to access other agendes' infor-
mation. For instance, the computer systems 
of the Atmospheric Envirorunent Service of 
Environment Canada are accessed for meteoro-
logical data, weather forecasts, and radar maps. 

Flood Forecasting Techniques 

The objective of flood forecasting is to 
interpret the data collected, estimate the 
amount of runoff that will occur, and pre-
dict water levels in the damage-prone 
areas of drainage basins spatially and tem-
porally. In doing so, the forecaster can then 
identify when and where problems could 
occur. 

Data Required for Forecasting Flood Levels 

Precipitation 

Hydrometric Data 

Soil Moisture 

Snowpack 

Temperature 

Weather Forecasts 

Wind 

Evaporation 

Measured at least daily, indicates the gross amount of water applied to 
the land surface. Cumulative winter precipitation may be used as an 
alternative to snowpack if wintermelt and sublimation losses are 
considered. Rainfall often contributes greatly to flooding. 

Data on river levels and flows and lake levels. By monitoring upstream 
water levels and flows, the forecasters obtain an early indication of the 
timing and amount of the spring runoff. This facilitates forecasting for 
downstream areas. 

Data indicating the moisture content of the soil and, conversely, how 
much may be absorbed by the soil. The amount of water not absorbed 
runs off the land into streams. 

Measurements of snow depth, snowpack water equivalent and snow-
covered area. Snowpack data permit the estimation of available water 
that may contribute to flooding. 

Measured at least daily, allows for the estimation of the rate of melt of 
the snowpack and therefore the amount of water being released. 

Enable flood forecasters to predict the amount of water to be released to 
the drainage system over the next few days. 

Speed, direction and duration determine extent of wind set-up and wave 
uprush which, when superimposed on high water levels, can cause dyke 
failure, shoreline damage, etc. 

Difficult to measure directly. It is computed using other variables such as 
temperature, wind, and the amount of solar radiation. Evaporation is 
estimated for slowly responding systems such as the Great Lakes, where 
evaporation can have a significant impact. 
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Humber River: Street cars scattered by Hurricane Hazel between Kleinberg and Eider Mills. 
(Courtesy of Archives of Ontario, RG1, Ministry of Natural Resources, Series K-2, 
Conservation, photo of Hurricane Hazel) 

Flood forecasting employs procedures 
to estimate the timing and magnitude of 
peak flows at specific locations. There are a 
number of hydrologic forecast models in 
operational use in the world, several of 
which are in Canada. No one model is suit-
able for all drainage systems. The models 
have varying levels of complexity, which are 
reflected in their requirements for different 
types and amounts of data. Research is being 
carried out to test the suitability of many of 
the models and to determine the appropriate 
ones for various drainage systems. 

The model used by a forecasting unit is 
dependent upon the data available, hydro-
logic expertise, available funding, and on the  

type of watersheds and the specific nature of 
the problem. Many centres run several mod-
els either in parallel or in series. 

Flood Control Operations 
Forecast centres function closely with 

agencies involved in the operation of control 
structures. The agencies are often operating 
the control structures for purposes other 
than flood control. Centres provide such 
users with information about the expected 
volumes and discharge rates of rivers. They 
also warn of potential upstream and down-
stream flood problems. 
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It is the responsibility of the control 
structure operators to determine the outlet 
discharge rate based on the information they 
have received. Changes to discharge rates 
are coordinated with the forecast centre and 
downstream control structure operators and 
other interests. Any changes to discharge 
rates are then input to the forecasting model. 

Flood Event Communications 
As the ultimate purpose of a flood fore-

casting -Ludt is to provide flood warnings, the 
dissemination of information is an integral part 
of the unit's duties. Generally, a forecasting unit 
is responsible . for notifying the emergency 
measures agencies, senior government officials, 
and the public through the media. Ordinarily, 
the responsibility for flood warnings lies with 
the provinces and the territories. 

There are several forms and levels of 
flood warnings given to the public and 
emergency agencies to prepare them for 
flooding. The warning system is -usually ini-
tiated with a statement or flood alert early in 
the season. The alert often gives a general in-
dication of the potential threat based on vari-
ous weather scenarios. The statements are 
often printed in the local papers or broadcast 
on the radio or television. This notice serves  

to remind responsible agencies, such as the 
emergency measures organizations, that the 
flood season is approaching, allowing them 
to prepare themselves. At this point, the 
floodplain residents should plan how they 
could protect their property and valuables. 

During the course of the springmelt the 
forecasting unit will issue a flood warning 
when a flood event is foreseen. The warning 
triggers municipal and regional contingency 
plans to be put into effect by police, fire, pub-
lic works, emergency measures, and other de-
partments. These agencies would assist in the 
evacuation, sheltering, feeding and clothing 
of the threatened population; sandbagging 
operations; ice jam management; and the op-
eration of flood control structures. These 
warnings also give the public from several 
hours to a couple of days to prepare them-
selves by moving valuables to higher ground, 
possibly sealing the home to some extent, and 
volunteering to aid in the flood fighting. 

Some jurisdictions mobilize people to 
knock on doors to warn residents that the 
river is topping its banks. At this late stage, 
people only have time to evacuate. 

There are lirrdts to forecasting operations. 
Often smaller streams are not monitored, or 
sudden ice jams can occur. This can cause flood-
ing that is not predictable by flood forecasters. 

FLOOD FORECASTING IN THE NORTH 
The development of flood forecasting systems in the 

North has been restricted by a lack of basic data on floods, 
and the cost and complexity of forecasting. As well, the 
limited cost of damages to the few flood-prone communities 
over the years has been a factor. 

In the Yukon, Indian and Northern Affairs Canada 
performs the following forecasting functions: 
• developing and issuing daily flood forecasts for Ross 

River and Mayo during the freshet using a computer-
" based temperature index model 

• developing estimates of breakup timing and 
associated water levels for the Yukon River at 
Dawson 

• issuing monthly estimates of both peak flows and 
April to September volume runoff during the spring 
months starting March 1. 

Moreover, flood forecasts are developed for all major 
Yukon drainage basins and other selected key locations. 

In the Northwest Territories, Environment Canada 
field staff have extensively advised and assisted local 
flood watch committees in Hay River, Fort Simpson, and 
Aklavik for many years. An initial interagency flocid 
forecast system has been developed for Hay River, 
which uses winter snow accumulation, ice deterioration 
due to warm weather and solar radiation, observed and 
forecast flows, and weather forecasts to estimate flood 
levels. Further cooperative efforts are required by 
Environment Canada, Indian and Northern Affairs 
Canada, the Government of the Northwest Territories, 
and the community of Hay River to complete 
development of a forecast system for the complex 
flooding situation at this location. 
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FORECASTING CENTRES ACROSS CANADA 

Saint John River Forecast Centre operations room. (Courtesy 
of New Brunswick Department of the Environment) 

Saint John River Forecast 
Centre 

The Saint John River is 720 kilometres 
long, draining an area of about 54 000 square 
kilometres. Approximately 51% of the 
drainage basin is in New Brunswick, 36% in 
the state of Maine, and 13% in Quebec. Prior 
to 1972, flood forecasting was carried out on 
the Saint John River by the New Brunswick 
Department of the Environment in cooperation 
with the New Brunswick Electric Power 
Commission. In 1973, these two agencies, with 
assistance from the federal government, com-
bined their efforts to develop a more sophisti-
cated flood forecasting system for the river. In 
1977, the Canada-New Brunswick Agreement 
Respecting Flood Forecasting was signed. 
The agreement provided federal assistance 
and established the Saint John River Forecast 
Centre in the New Brunswick Department of 
the Environment. 

Information on factors affecting flooding 
such as snow conditions, temperatures, precip-
itation patterns, water levels and streamflow 
conditions is routinely monitored by the fore-
cast centre, using a wide variety of telecommu- 

nication systems ranging from satellites to the 
telephone. This information is supplied by sev-
eral Canadian and U.S. agencies as well as a 
number of private individuals. 

The information is then input to com-
plex computer models along with up-to-date 
weather forecasts to produce forecasts of 
water levels along the Saint John River. 

Flow forecasts are provided year-round, 
but special attention is paid to the production 
of forecasts during the high water period in the 
spring. Flood forecasts are issued to the public 
through the media and to several U.S. and 
Canadian agencies such as the New Brunswick 
Emergency Measures Organization. 

Kennebecasis River Flood 
WarnMg System 

A flood warning system has been set up 
for communities along the Kennebecasis 
River in the southeastern portion of the 
Saint John River basin. Since as far back as 
the mid-1800s, there has been significant 
flooding along the river. Most of these floods 
have been caused by heavy rainfall or 
snowmelt, or both. It may take as little as six 
hours for flooding to occur following a 
heavy rainstorm. This is not enough time for 
the Saint John River Forecast Centre to react 
and provide warnings to permit emergency 
action to be taken. Consequently, a self-help 
program has been established for the area. 

Volunteer observers and municipal staff 
collect data from a network of water level 
gauging stations, weather observing sta-
tions, and snow courses. Their measure-
ments and observations are critical to a suc-
cessful flood warning program. 

The operation is under the direction of a 
local Coordinator, who is responsible for the 
collection and analysis of the river and wea-
ther data and the issuance of flood warnings 
to the public through the local media. 
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Flooding of the Kennebecasis River, New Brunswick. 
The highest flows measured since the early 1960s on the 
river have a statistical return period of about 1 in 
20 years. (Courtesy of New Brunswick Department of the 
Environment) 

Constant contact is maintained with the 
Saint John River Forecast Centre and the 
Emergency Measures Organization which or-
ganize general releases, as required, through 
the New Brunswick Information Service and 
the media at large. 

Direct assistance to the program is provid-
ed by Environment Canada in addition to that 
given by the Saint John River Forecast 
Centre.  

a centralized system into dispersed forecast 
and warning systems. 

Decentralized Forecasting 

Ontario has decentralized its forecasting 
system and put much of the responsibility in 
the hands of the 38 Conservation Authorities 
and eight Ministry of Natural Resources re-
gional offices (for those areas outside the Con-
servation Authorities' jurisdiction). The move 
to decentralization resulted from the realiza-
tion of the daunting task of forecasting flood 
events due to the variety of causes in differ-
ent areas and the sheer number of rivers that 
require the service. By decentralizing the sys-
tem it was possible to apply local knowledge 
to potential situations and maintain closer 
contact with local operational and flood re-
sponse agencies. 

An integral part of the provincial system 
is the human link and data exchange be-
tween the Streamflow Forecast Centre and 
other forecasting centres. 

The Conservation Authorities and Water 
Management Branch, which houses the 
Streamflow Forecast Centre, is responsible 
for assisting the Conservation Authorities in 
planning and establishing data monitoring 

Ontario Streamflow 
Forecast Centre 

Following the devastating impact of 
Hurricane Hazel on Ontario in 1954, a flood 
forecasting system was established in the prov-
ince. The focus of expertise is the Streamflow 
Forecast Centre within the Ministry of Natural 
Resources (MNR). 

Since its inception in 1956, forecasting in 
the province has evolved from slide rules to 
computers, from volunteer observers phon-
ing in data to direct satellite links between 
monitoring sites and the forecast centre, and 
the computer generation of maps for inter-
pretation. The system has also evolved from 

Ontario Stream/low Forecast Centre. Foreground, forecast-
ers receiving information on a portable computer terminal 
and by telephone; background, forecasters discussing flows 
plotted on a chart. The monitor displays precipitation from 
a precipitation radar station at either Woodbridge, Exeter 
or Carp. This particular image is from Exeter radar. 
(Courtesy of Ontario Ministry of Natural Resources) 
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networks. The Centre is responsible for ar-
ranging a communication system that rapid-
ly collects and exchanges information with 
field agencies. It also gives an "early alert" of 
threatening weather systems and forecasts 
the runoff, which may be modified in the 
field due to local conditions. 

The Centre forwards information on im-
pending severe weather conditions and pro-
vides forecasts of surface runoff potential to 
the Conservation Authorities and the MNR 
regional offices. The authorities are responsi-
ble for predicting flows and water levels with-
in their watersheds, operating flood control 
structures, and disseminating flood warnings 
to the municipalities. The local agencies are 
free to use Centre runoff estimates as a basis 

Snow survey using a Federal (formerly Mount Rose) sam-
pler. Foreground, a core of snow is being removed from the 
snowpack to be weighed on the spring balance behind. 
A snow course usually consists of ten sampling points 
where snowpack depth, water equivalent, crust and 
ground conditions are observed. The sample has gradua-
tions for depth, and the core is weighed to determine the 
water equivalent of the pack. (Courtesy of Ontario 
Ministry of Natural Resources) 

for their own forecasts or to apply alterna-
tive methods. 

In addition, the Centre is responsible 
for setting standards and criteria for various 
components of the system, recognizing re-
gional differences, developing and maintain-
ing forecast models, and preparing the Prov-
incial Flood Emergency Contingency Plan. It 
also provides consulting services on all as-
pects of the proposed system to field agencies 
and provides training in certain topics. The 
Centre coordinates planning of response on a 
provincial basis and provides self-help infor-
mation for distribution by field agencies. 

Both the Centre and the Conservation 
Authorities provide consultative services to 
districts and municipalities for the prepara-
tion of flood contingency plans and during 
the response process. Municipalities, or 
MNR districts where no municipalities 
exist, are responsible for preparing the 
flood contingency plans, and for their im-
plementation. Floodplain residents carry 
out self-help where possible. 

Senior government is responsible for as-
sessing flood situations and declaring provin-
cial emergencies where local capability has 
been exhausted. Once the declaration is made, 
the Provincial Flood Emergency Contingency 
Plan is put into effect. Other responsibilities 
include assessment of damages and determi-
nation of the need for disaster assistance. 

Each Conservation Authority or region-
al office tailors a system to its specific needs. 
However, the division of responsibilities be-
tween the Centre and the authorities is a rel-
atively recent development (1984), meaning 
that many of the local authorities have little 
experience in selecting and implementing 
flood forecasting systems. 

Recognizing this situation, the Stream-
flow Forecast Centre initiated a study to 
identify available forecasting procedures and 
develop guidelines for choosing which of 
these is most appropriate to different water-
sheds and forecasting requirements across 
Ontario. The approach developed allows an 
agency to determine what type of system can 
be set up under various financial, technical 
and staffing commitments. 
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Manitoba 's River Forecast 
Centre 

Streamflow forecasting for the agricul-
tural and urban areas of southern Manitoba is 
carried out by a River Forecast Centre located 
in the head office of the Water Resources 
Branch, Manitoba Department of Natural 
Resources in Winnipeg. While the River Fore-
cast Centre prepares generalized runoff out-
looks for all of Manitoba, river forecasts in the 
Canadian Shield area of northern Manitoba are 
prepared by Manitoba Hydro, since streams 
in this area are highly controlled by the uti-
lity for hydroelectric power production. 

In southern Manitoba, river forecasting is 
primarily directed toward floods, since the cli-
mate, topography and soils make the area 
highly susceptible to severe spring floods. 
During the 1980s, drier weather shifted the em-
phasis somewhat more toward water supply 
forec.asting for reservoir operations and mini-
mum flow/stage prediction on major rivers. 

River forecasting was formally initiated 
in Manitoba in 1954, following the comple-
tion of a major investigation and report sub-
sequent to the disastrous 1950 flood on the 
Red River. Forecasting procedures remained 
relatively limited until the 1970s, when the 
forecasting capability was greatly expanded 
and improved and the River Forecast Centre, 
in effect, became established. During the 
1980s, a seven-year streamflow simulation 
study was undertaken in conjunction with 
the Canada-Manitoba Flood Damage Reduc-
tion Agreement on Flood Forecasting. This 
included testing several models of varying 
complexity for data requirements, calibra-
tion effort required, accuracy and cost effec-
tiveness. Formal reports on the study have 
been prepared and distributed. 

Modelling is just part of the ongoing 
mandate of the Centre to improve and apply 
river forecasting methodologies. The appli-
cations component involves the preparation 
of two types of runoff forecasts each spring: 
preliminary and operational. Preliminaries, 
or flood outlooks, are prepared well in ad-
vance of spring runoff to give an indication 

Manitoba River Forecast Centre operations room. (Cour-
tesy of Manitoba Department of Natural Resources, Water 
Resources Branch) 

of peak flows and water levels to be expect-
ed under various probabilities of future wea-
ther conditions. Operational forecasts are done 
once spring runoff has begun and involve 
prediction of daily as well as peak river lev-
els and dates. 

Operational forecasting involves the up-
dating of earlier flow and stage predictions 
based on observed melt conditions, spring 
precipitation and runoff. This requires daily, 
synoptic and, at times, hourly data on ambi-
ent temperature, dew point temperature, 
wind, sunshine and precipitation. These 
data are obtained from the Atmospheric En-
vironment Service (AES) of Environment 
Canada. The Centre has a weather radar 

Bagging a soil sample for moisture analysis. (Courtesy of 
Manitoba Department of Natural Resources, Water 
Resources Branch) 
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Loader with teens, Manitoba, 1979. (Canapress Photo 
ServicelBrennan) 

hookup with AES to enable better assess-
ment of the intensity and spatial distribution 
of rainfall. 

Above all, operational forecasting re-
quires real-time data on river levels and flows. 
Hourly stages are obtained by telephone or 
computer from a network of satellite data 
collection platforms (DCPs) and other teleme-
tering devices operated by Environment 
Canada. Manitoba hires gauge readers to ob-
tain daily water levels at many other locations 
during spring runoff. Discharge measure-
ments are obtained primarily from Environ-
ment Canada, but Manitoba employs up to 
five additional crews to obtain supplementary 
measurements during floods. 

Operational forecasts for smaller water-
sheds and tributaries are updated by adjust-
ing predicted runoff volumes based on field 
observations. Index areas are a useful aid in 
this process. These are small basins (75 to 
200 square kilometres) where snow cover and 
runoff  are intensely monitored. They provide 
an early indication of the runoff coefficient, 
which is then used to adjust the predicted 
runoff in nearby larger tributaries. Unit hy-
drographs for various rates of melt are used 
to convert predicted tributary runoff to daily 
streamflow. Predictions for larger watersheds 
are made by flood routing of the predicted 
daily tributary flows. The Muskingum rout-
ing method is generally used, while the One-
Dimensional hydrodynamic model calibrat- 

ed by Environment Canada is available for 
major floods on the Red River. 

Flood Forecasts Widely Distributed 

Preliminary forecasts are prepared by the 
Centre in the third week of February and 
March. A detailed numerical outlook for the 
lower decile, median and upper decile weather 
conditions (that is, dry, average and wet weath-
er) is prepared in late-March. Additional out-
looks are prepared in April if runoff is late to 
start and the flood potential changes significant-
ly. The Centre presents the forecasts to the Flood 
Forecasting Advisory Committee for approval. 
Forecasts are provided to the news media 
through Government Information Services. 
They are distributed to: 

• Manitoba Emergency Measures 
Organization 

• Emergency Preparedness Canada 
• cities, towns, villages 
• rural municipalities and local government 

districts 
• Indian bands 
• pertinent federal and provincial 

government officials 
• other interested parties. 

During a spring flood, status reports and 
forecasts are issued daily before noon. These 
reports are submitted to flood fighting orga-
nizations and government officials con-
cerned. Major changes and periodic updates 
are announced through the news releases. 

Saskatchewan River 
Forecast Centre 

Saskatchewan extends from the plains 
in the south to the Canadian Shield in the 
north. The climate varies from semi-arid in 
the southwest to sub-humid in the central 
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parkland region and northern  areas. The 
southern  half of the province, where most of 
the population lives, experiences mean annu-
al precipitation of 300 to 400 millimetres, of 
which about 30% falls as snow. In this area, 
evaporation normally exceeds precipitation; 
therefore, the effective management of water, 
especially that which accumulates as snow 
and is released during spring runoff, is very 
important. During the spring runoff period, 
water must be efficiently stored in reservoirs 
where possible and those communities threat-
ened by floods warned. 

The management of the province's 
water resources is vital both from a water 
supply and a flood protection perspective. 
Sound water management can be achieved  

with proper operational planning of reser-
voirs and river systems and with an efficient 
streamflow forecasting service. 

The North and South Saskatchewan 
rivers, with their headwaters in the Rocky 
Mountains, are the largest rivers in southern  
Saskatchewan. The rivers support multiple 
uses such as: 

• hydroelectric power generation 
• water for irrigation and stock watering 
• water supply for domestic, municipal and 

industrial users 
• recreation and wildlife 
• transportation 
• the commercial fishing industry. 

The water use potential of the rivers has 

Flooded residential area in Moose Jaw near the river (date uncertain but may be April 13, 1969). (Saskatchewan 
Government photo) 
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been increased significantly by the construc-
tion of major dams to create Codette Reser-
voir, Tobin Lake and Lake Diefenbaker. 

The Saskatchewan Water Corporation, 
commonly called Sask Water, has the re-
sponsibility for streamflow and water sup-
ply forecasting in the province. Where justi-
fied by the need for flood warning and 
water supply management, spring runoff 
forecasting is carried out for rivers, multi-
purpose lakes and reservoirs. A runoff out-
look, published each February 1, describes 
the antecedent precipitation conditions 
prior to freeze-up, winter precipitation to 
date, and the outlook for runoff in various 
regions. Detailed forecasts are issued semi-
monthly from March 1 until runoff com-
mences. This includes peak daily mean flow, 
runoff volume, and peak water level for 
24 stream locations as well as peak lake lev-
els for 17 recreation and multi-purpose lakes 
and reservoirs. 

Water supply and short-term forecast-
ing is carried out in the Saskatchewan, 
Qu'Appelle and Churchill River basins on an 
ongoing basis. As well, operational planning 
for reservoirs and recreation lakes is conduct-
ed in this program. Sask Water, in conjunc-
tion with Environment Canada, is also re-
sponsible for monitoring and managing the 
flows on international and interprovincial 
streams to ensure that interjurisdictional 
commitments are met. 

Located in Moose Jaw, the Forecast 
Centre is the focal point of the forecasting 
operation. Since 1986 there has been a com-
mitment to automating Centre operations. 
This has been accomplished by developing a 
microcomputer-based, integrated database 
system of data collection, processing, report 
generation, and forecasting. 

Spring runoff forecasts are issued in the 
form of news releases. A forecast is sent to 
other provincial departments and agencies, 
rural and urban municipalities, and the Prov-
incial Emergency Measures Organization. 

Water supply forecasts are mailed 
monthly to concerned agencies and individ-
uals. Prior to major changes in the release 
from Lake Diefenbaker, the users below Lake 

Diefenbaker to the junction of the North and 
South Saskatchewan rivers are notified by 
telephone. This would give individual land-
owners who are irrigators time to move 
portable pump sites to higher ground. 

During a flood event, reports are issued 
daily. Close contact is maintained with both 
the Alberta River Forecast Centre and the 
Manitoba River Forecast Centre. Media con-
tacts are also established to help keep the 
public aware of any potential flooding. 

Alberta Environment's 
River Forecast Centre 

Alberta Environment's River Forecast 
Centre serves multiple functions such as: 

• providing flood warnings for river flood events 
due to melting snow or heavy rainfall 

• producing monthly water supply forecasts 
from February to August and providing day-
to-day water supply forecasting services dur-
ing periods of low flow 

• responding to information requests from the 
public which are on the increase as interest in 
river-related recreation grows 

• developing reservoir operation procedures for 
flood and water supply management. 

The River Forecast Centre employs nine full-
time staff to supply these services. 

Information Services 
Information for real-time water manage-

ment has become a focus for much of the Centre's 
work. River flows and canal diversions are moni-
tored continuously to enable optimum manage-
ment of often scarce water resources in southern 

 Alberta. Forecasts of flows at the Saskatchewan 
border are made to ensure that interprovincial ap-
portionment commitments are met. 

Several weekly reports of river flow and 
lake level conditions are distributed to a 
variety of interested clients by mail and fax. 
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These reports provide various types of infor-
mation on historical and present conditions 
as well as an overall synopsis of flow condi-
tions and a forecast of expected trends. The 
Centre also maintains a telephone informa-
tion service using recorded messages regard-
ing flow conditions throughout Alberta, pri-
marily for canoeists. 

Data Acquisition 

The Centre is highly automated, partic-
ularly in its ability to collect real-time data. It 
accesses data from remote river level and 
weather monitoring stations through satel-
lite and telephone telemetry. The Centre's 
DACQ Real-time Data Acquisition System  

processes approximately 20 000 pieces of in-
formation each day. 

The GOES (Geostationary Operational 
Environmental Satellite) system is used to 
obtain data from more than 100 remote sites. 
The remote data collection platform auto-
matically sends a signal every three hours to 
the satellite, which relays it to a ground re-
ceiving station near Washington, D.C. 
The River Forecast Centre's DACQ System 
then accesses the GOES computer by tele-
phone line to download the telemetered 
information. 

Telephone telemetry is used at over 
100 stations in Alberta. The DACQ Computer 
automatically telephones each site, retrieves the 
data, and stores it. The data are used not only 

Boy and his dog head toward some high ground in High River, Alberta, May 26,1990. Heazni rainfall caused the Highwood 
River to flood. (Canapress Photo Service/John Gibson) 
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by the River Forecast Centre but by a variety of 
other water management agencies as well. 

As a pilot project, the Centre receives 
weekly snow cover maps derived from NOAA 
(U.S. National Oceanic and Atmospheric Ad-
ministration) satellite imagery. These maps are 
used to estimate area and water equivalent of 
snowcover in prairie areas for spring runoff 
forecasting. 

Flood Forecasting Dissemination 

Flood forecasts are produced as the 
need arises and are sent directly to a variety 
of government and public news media agen-
cies. Alberta's Public Safety Services Depart-
ment receives flood warnings from the 
Centre and uses the information to work 
with municipalities on flood damage pre-
vention. The Centre also communicates di-
rectly with affected municipalities to pass on 
technical information about the flooding. 

Flood information is disseminated in 
stages. Forecasts based on predicted rainfall 
are issued to special clients such as 
Environment Canada to alert them to a poten-
tial situation. If heavy rainfall occurs but little 
or no flooding is expected, a "High Water 
Advisory" may be issued. If significant flood-
ing is a certainty, then a "Flood Warning" is 
issued and all concerned parties notified. 

During floods, the River Forecast Centre 
operates around-the-clock if the situation 
warrants, to provide up-to-date information 
to the wide variety of agencies involved in 
flood damage prevention. 

Ottawa River Regulation 
Planning Board 

From its source east of the Dozois Reser-
voir to its confluence with the St. Lawrence 
River, the Ottawa River travels more than 
1130 kilometres. For most of its length, it 
forms the boundary between the provinces 
of Ontario and Quebec. Its basin has a total 
area of 146 300 square kilometres, 65% of  

which is in Quebec and 35% in Ontario. 
Numerous storage dams were construct-

ed in the basin during the period 1900 to 
1958, primarily for hydroelectric energy pro-
duction. In the meantime, several studies 
have led to reserving some storage for flood 
protection. 

Storage of water in reservoirs operated 
mainly for the benefit of power generation 
can reduce flood flows; similarly, release of 
these waters during drought periods augments 
flows. The Ottawa River Regulation Planning 
Board, composed of three members from the 
federal government and two members each 
from Ontario and Quebec, ensures manage-
ment of the principal reservoirs in the basin. 

During the period from March to June, 
the Board and regulating agencies operate 
three computer-based models to assist in their 
decision-making. Hydro-Québec is responsi-
ble for RFM, the runoff forecasting model, 
which supplies expected daily runoff for 
each specified location. The executive arm of 
the Board, its Secretariat, is responsible for 
the following models: SSARR (Streamflow 
Synthesis and Reservoir Regulation) and 
MORRO (Model for Ottawa River Regu-
lation and Optimization). The SSARR is a 
simulation model which takes the known 
starting condition of the basin and routes the 
water in the system based on the proposed 
actions of the regulating agencies and the ex-
pected nmoff. The MORRO is a multi-
objective optimization model; the criteria used 
by this model are (1) maximization of hydro-
electric power generation and (2) minimization 
of damages caused by flooding. The model 
reaches a compromise between these two cri-
teria according to their respective monetary 
values. MORRO and SSARR produce reports 
of the results for operators and assist them in 
determining where, when and how much 
water to release from the reservoirs. 

Sensitivity analysis is used on occasion 
to determine the sensitivity of the system to 
a variation in natural inflows. A comprehen-
sive study is under way to develop a risk 
management methodology. This would 
make use of the current models in addition to 
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more advanced techniques in order to take 
better account of the hydrologic uncertainty 
of the system. 

It might be expected that the 30 storage 
reservoirs — with more than 14 billion cubic 
metres capacity — in the Ottawa River basin 
would sufficiently contain the floodwaters that 
occur each year in the Ottawa River system. In 
many years they do, especially during so-called 
dry years. Yet sometimes in spring, a heavy 
snowpack, a late thaw, above-normal rains, or a 
combination of these events can cause damag-
ing floods. The flood peak from the southern 
part of the basin is largely unregulated and usu-
ally occurs about mid-April. This is followed, 
about three weeks later, by a second, usually 
larger peak from the central and northern areas 
which is partially regulated. The uncontrolled 
tributary sub-basins can contribute as much as 
70% to 80% of the total volume of water passing 
through the flood risk areas on the Ottawa 
River. 

An important aspect of managing a sys-
tem such as the Ottawa River basin is to edu-
cate and inform the public. A brochure entitled 
"Managing the Waters of the Ottawa River"  

has been produced and widely distributed. 
During the spring flood period, residents along 
the river have access to up-to-date information 
on flows and levels through a toll-free automat-
ed telephone service. 

Forecasting Great Lakes 
Levels 

In 1986, when lake levels had reached 
record highs for the century, Environment 
Canada established two centres in Ontario to 
forecast and disseminate information about 
Great Lakes water levels. One was the Atmo-
spheric Environment Service's Great Lakes 
Water Level Forecast Centre at the Ontario 
Weather Centre in Toronto. The other was the 
Great Lakes Water Level Communications 
Centre located at the Canada Centre for In-
land Waters in Burlington. 

The Water Level Forecast Centre noti-
fied the Communications Centre of high 
water level watches and warnings. The 

Cottage in gully, west side of Colchester, Ontario, July 25, 1989. (Courtesy of Hamilton Region Conservation 
Authority) 
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House on pilings by  Lake Erie. 

Communications Centre, in turn, provided 
up-to-the-minute information to the public 
and media. 

The Communications Centre was able to 
maintain a record of the high water events 
using information obtained from gauges, 
weather stations, wave rider buoys, Conserva-
tion Authorities, police forces, and other first  

hand observers. The progress of an event's 
water levels, wave heights and wind direc-
tions was plotted. 

As lake levels began to decline in 1987, 
the high water level crisis passed. While 
both the Communications Centre and the 
Water Level Forecast Centre retain their capa-
bilities for crisis response, their focus has 
shifted. The Water Level Communications 
Centre currently concentrates on educating 
the public about the Great Lakes system, the 
causes of fluctuating water levels and ac-
tions people can take to cope with water 
level changes. It continues to act as a central 
source of data for flooding and erosion dam-
ages, water levels and shore processes in 
general. The Communications Centre is also 
assisting the International Joint Commis-
sion in its study of fluctuating Great Lakes — 
St. Lawrence River levels. The Ontario 
Weather Centre continues to issue high water 
level watches and warnings when conditions 
warrant.  .(2 
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STORMWATER MANAGEMENT 

Evacuating Rideau River Lane, Ottawa, Ontario, March 1976. (Courtesy of Jerry Moodie) 

Urbanization drastically alters the 
drainage characteristics of natural catch-
ments by increasing the volume and rate of 
surface runoff and affecting its quality. The 
increased runoff removes precipitation from 
infiltration to groundwater aquifers. While 
the impact on major river systems may be  

minimal, the carrying capacity of small 
streams may be quickly exceeded, causing 
flooding and erosion. More commonly, the 
runoff from intense rainfall exceeds the car-
rying capacity of the storm sewer system, 
producing a backup in the system and hence 
the flooding of basements and roads. 
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Three generations outside the family home in Gatineau, Quebec, May 1974. (Courtesy of G. Larose) 

Storm drainage and sewerage systems 
are primarily municipal and provincial 
responsibilities. Therefore, programs for the 
flood control component which prevent dam-
ages from the failure of municipal drainage 
systems are initiated mainly by these levels of 
government and also include Conservation 
Authorities where they exist. 

Federal programs for reducing flood 
damages have mostly concerned riverine or 
lake level flooding for larger urban centres 
on major water courses. There have been 
some floodplain mapping studies for small 
streams in a few regions where stormwater 
management considerations have been im-
portant. In these studies, a scenario was cre-
ated for future development to estimate the 
changes in peak flows. 

Urban Drainage 

The effects of urbanization on stormwa-
ter drainage are related to the change in the 
quality, runoff rate, and the volume of 
stormwater entering the natural drainage 
system. In an urban setting, no longer is the 
runoff delayed by minor topographic depres-
sions, the vegetative cover, or the indirect 
routes natural surface runoff must follow. 
Instead, runoff rates are increased due to the 
large area of impervious surfaces directing 
runoff into sewer pipe systems and more effi-
cient drainage channels. These pipes and 
channels are capable of conveying the runoff 
to the receiving streams more rapidly than 
under pre-development conditions. 
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EFFECTS OF URBANIZATION ON VOLUME AND 
RATES OF SURFACE RUNOFF 

Time 

Urbanization increases peak flows and runoff volumes 
(the area under the curves) 

Adapted from Drainage Manual, Roads and Transportation Association of Canada, 1982 ,  

The impervious surfaces also reduce the 
area available for rainfall infiltration. The 
subsequent reduction of water infiltrating the 
soil may result in a lowering of the water 
table and a potential reduction in the amount 
of groundwater recharging streams during 
normally low flow periods. 

Shown above is a typical hydrograph of 
an urban stream during a rainstorm. It illus-
trates that the peak flows of urbanized 
streams respond more quickly and are much 
higher than the pre-development situation. 
The recession of the streamflow following a 
storm is also more rapid. This increase in dis-
charge also causes erosion of the stream  

banks due to higher flow velocities. 
In association with the altered drainage 

characteristics there are changes in water 
quality. The runoff from the urban area con-
tributes pollution loading of nutrients, bacte-
ria, sediment, heavy metals, oils, grease and, 
in the spring, road salt. 

The "first flush" is a phenomenon whereby 
the initial stormwater runoff picks up pollu-
tants from catchment surfaces, such as roads 
and parking lots, and sewer deposits, where 
they have been collecting since the last storm. 
Once these pollutants are washed through the 
system, the pollution level of the stormwater 
decreases for the remainder of the storm. 
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In older Canadian communities, storm-
water and sanitary wastewater are carried 
by a combined system to a treatment plant 
before being released to the receiving water 
body. During a heavy rainfall the capacities 
of the pipes and the treatment plant are often 
exceeded. This results in the flow backing up 
through the system, causing road and base-
ment flooding with combined stormwater 
and sanitary wastewater. Meanwhile, much 
of the water in the pipes bypasses the treat-
ment plant, to be released directly into the 
receiving water. 

Newer communities employ separate 
pipes to carry the sanitary wastewater and 
stormwater. The sanitary wastewater pipes 
are connected to the sewage treatment plant, 
whereas the stormwater pipes drain directly 
to the receiving streams. During a major 
storm, the stormwater system may still back  

up, causing flooding of roads and base-
ments. Generally, the stormwater is less pol-
luted than the combined sewer flow. Some 
communities use settling ponds to provide 
primary treatment of stormwater. 

Application of Stormwater 
Management 

Stormwater management has evolved 
in the past several years to a point where it 
is recognized that comprehensive planning 
with multi-agency involvement is necessary 
to ensure the protection of human life, prop-
erty, and our natural receiving waters. The 
three key components which are developed 
in this planning process include the 
Watershed Management Plan, Subwatershed 

Regina at Hanbridge Crescent adjacent to the North Storm Channel, July 9, 1983. In July 
1983, official records at the airport indicate Regina received 50 mm of rai  in one hour, 
with a 24-hour accumulation of 117 mm. However, the northern area of the city received 
up to 150 mm, with 83 mm in one hour. 'There was severe flooding of basements when the 
sewer system was overloaded and the drainage channels could not handle the flows. 

156 



Official plan 
amendments or 
secondary plan 

Stormwater 
management 

and 
erosion/sediment 

I control  plan 

Plan of 
subdivision 

FLOOD CONTROL 

INTEGRATED WATERSHED AND 
MUNICIPAL PLANNING 

Watershed 
plan 

Upper tier 
municipal plan 

Local official 
plan and bylaws 

Subwatershed 
plan 

Courtesy of Ontario Ministries of Natural Resources and the Environnent  
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Plan, and Stormwater Management Plan. To 
ensure effective storrnwater management, all 
three components should be completed and be 
directly related to the municipal planning 
process. 

Watershed Management Plans are compre-
hensive strategies that establish broad water 
management goals and targets for an entire 
catchment. First, the plan documents and ex-
amines the physical, chemical and biological 
characteristics of the basin. This information is 
then used to define the existing and potential 
water uses. General goals, objectives, control 
methods and/ or technologies are then evalu-
ated and selected on a basin basis to protect or 
enhance the receiving waters. 

Official Plans set out the objectives and 
policies which municipalities use to guide de-
velopment. These plans should contain the 
stormwater management goals and targets es-
tablished in the Watershed Management Plan. 
The municipality should make a commitment 
for comprehensive planning at all stages of 
land use planning. 

Subwatershed Plans address the requirements 
for stormwater management on a sub-basin 
level. They  use information prescribed in the 
Watershed Management Plan to develop neces-
sary subwatershed stormwater controls such as 
infiltration, trenches, extended swales (low-lying 
land) or stormwater ponds. This planning level is 
at the same scale as the neighourhood (sec-
ondary) plans, which provide more specific plan-
ning detaiLs such as land use and transportation 
corridors. Developing these two plans in an inte-
grated manner will ensure the optimization of all 
resources within that sub-basin. 

Similarly, Stormwater Management Plans 
and the Plan of Subdivision should be developed 
jointly. Stormwater management should be con-
sidered at an early stage in the subdivision 
planning process because it may significantly 
affect such items as the layout of subdivision 
lots, roadways and other services. 

Another stormwater management con-
cept involves minor and major drainage sys-
tems. The minor system is considered as the 
"convenience" drainage system that carries 
storm flows during frequent rainfall events. 
The major system consists of the streets,  

swales and open channels that carry water 
during high but infrequent floods. 

Minor drainage systems consist of the sub-
surface pipes that carry stormwater in either 
combined or separate pipes. Although the 
minor system is perceived by most to be the 
primary means of disposing of stormwater, as 
stated, it carries a small proportion of the total 
rainfall during an extreme storm. These sys-
tems are only designed to carry stormwater 
from a two- to ten-year storm. If the pipes were 
built to carry less frequent but larger storm 
flows, their diameter would be immense and 
they would be very costly to install. 

The purpose of a major drainage system is to 
transport the excess overland stormwater flow 
in a controlled manner. Uncontrolled overland 
flows erode properties, flood basements, dam-
age foundations through the buildup of hyraulic 
pressures, and flood roads. 

Major drainage systems are now typically 
designed to handle the 100-year storm. They 
also provide the most cost effective method of 
expanding the drainage capacity of an area. 

Detention of stormwater runoff serves as 
short-term storage of stormwater until it is 
slowly released under controlled conditions. 
Storage facilities include methods such as re-
tention (wet), detention (dry) and infiltration 
ponds, flat roofs of commercial buildings, 
large parking lots, local and arterial streets, 
and subterranean tanks or silos. 

Ponds are also an effective way to man-
age stormwater due to their large holding ca-
pacity. There are generally two types of ponds, 
namely "dry" and "wet." Dry ponds are typi-
cally dry; they hold water for a limited time 
only, releasing it to a receiving water slowly 
through a controlled outlet. Wet ponds are per-
manent water bodies designed to hold water 
until their capacity is exceeded, thus overflow-
ing to a receiving water. They are long-term 
storage faci lities and therefore provide long 
retention times. Wet ponds also serve as 
groundwater recharge sites. 

The purpose of rooftop, parking lot, street 
and subterranean storage is to delay the 
runoff or reduce the discharge  rate to the 
major and minor systems. The basic require-
ments for the use of this technique include a 

158 



School/commercial 

Paved area drains 
to park or swale 
Rooftop detention 

Local park 

Field drain or 
catch basin 
limits outflow 
from detention 
area 

MAJOR SYSTEM EXAMPLE 

School/commercial 

Rooftop detention 
Excess flows to 
major system 

Local park 	 Residential 

Residential lot 
maintains same 
drainage paths 
in all storm 
conditions 

Roadway 

Carries high 
level overland 
flows to suitable 
outlet 

Floodplain 

On line detention 
area receives 
overland flow 
plus minor 
systems flow; 
emergency 
outflow swale 
releases excess 
to watercourse 

Overflow swale 
operates for 
excess flows 

FLOOD CONTROL 

containment location and an outflow release 
device to control the rate of rtmoff. Where 
necessary-, an emergency overflow device 
should be included. 

There are other methods of altering 
urban drainage. Groundwater recharge can  

be achieved through the use of porous 
pavement in roads and parking lots. In resi-
dential areas, well-designed landscaping tech-
niques and construction materials can make 
the major drainage system effective yet 
unobtrusive. 

MINOR SYSTEM EXAMPLE 

Residential 	 Roadway 	 Floodplain 

Drainage to rear 	Gutters carry 	On line detention 
lot swale in 	 road and 	area receives 
optional greenway 	adjacent 	 inflow from 

surface 	 storm sewers 
drainage to 	and some 
sewer inlet 	local drainage 

Source: Urban Drainage Design Guidelines,1987. 
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SEVERE FLOODING 
is rare, but inevitable. 
If you take Genesis 
literally, Noah was 600 
years old before he had 
to cope with 40 days 
and 40 nights of water 
15 cubits deep. But 
few people—with the 
exception, perhaps, of 
those who live extraor-
dinarily protracted lives 
in apartments three sto-
ries above street level-
will be that lucky. 
Once you get down to 
ground level, you live 
at the peril of rain and 
melting snow in spring 
and sudden downpours 
in summer and fall that 
can, in much of Cana-
da, produce floods. 
And sooner or later-
much sooner than 
Noah—you're bound to find yourself on the 
business end of a bailer. 

The experience of a flood is unforgettable 
if you've been through it. A sudden, intense 
rainstorm quickly causes gutters to fill. Water 
gushes into the sewers from city streets and, 
seeking a way out, it backs up and rushes into 
basements that become reservoirs for the 
municipal drain system. The filth of the city 
swirls above tiles and rugs. Rising, the flood 
strips away wallpaper, dissolves plaster and 
leaves in its wake a stinking, potentially 
disease-causing mess. When the waters even-
tually drain away, you're left with a disaster 
that has to be removed in shovelfuls, each a 
memento of what could have been done to 
avoid the catastrophe. 

Insurance is the easiest way to get finan-
cial protection from water damage, but it's 
hard to get flood coverage in areas that are 
prone to flooding. To protect themselves, 
insurers set large deductibles for sewer 
bacicups and then may pay claims at a reduced 
rate. And as Brian Galipeau, a personal lines 
underwriting manager for the Co-operators 
General Insurance Co. in Calgary, stresses, 
"If you have a basement, you are exposed 

to flooding. And even if you do have insur-
ance, if you get several feet of water in your 
basement, the money you get for your losses 
can't 'cover the inconvenience and heartache 
you suffer." 

Insurance aside, as a purely financial 
matter, flood prevention is worth at least the 
cost of the uninsured risk of loss. You can, 
therefore, budget to spend as much as you 
would lose from any flood likely to occur 
during the period you occupy your house. 
Add a measure for the value of distress 
caused by flooding, and that's your flood-
control budget. 

If your house has an unfinished basement, 
$600 to $700 is a modest, reasonable outlay 
for flood control. For a finished basement, 
allow the cost of repair or replacement of 
whatever will be damaged or lost. There's 
no probability-of-occurrence calculation in 
this crude formula, but it's clear that the 
longer you plan to live in the house, the more 
likely some kind of flooding becomes and 
the more you should consider spending to 
protect against it. 

A HOUSE SHOULD NOT BE BOUGHT or built at 
the bottom of a valley that has an active 
river or that acts as a conduit for seasonal 
waters caused by melting snow. If you're 
thinking of building near the shoreline of a 
major lake, be sure you know the history of 
the shore and the geology of the lake bed. 
Judging the path of present visible water is 
just common sense. It's in calculating future 
problems with water you can't see that 
meteorology and hydrology (the science 
dealing with groundwaters) become impor- 
tant. If you suspect hidden problems, con- 
sulting a civil or soils engineer could avoid 
costly errors of judgment. 

Andrew Baracos, a professor of geotech-
nical engineering at the University of 
Manitoba, is an authority on foundation plan-
ning and construction. "Be sure you don't 
put a basement where the water table is high. 
Also, be sure that sewers are able to carry 
the runoff you'll get in a period of intense 
rain," he says. "Municipal standards tend 
to be set for, say, the worst two-hour storm 
that can occur in a 20-year period, but—and 
this is the point—you can get much worse 
storms over longer periods." 

Logically, notes Baracos, you should 
ensure that downspouts carrying water from 
the roof do not drain into the basement. In 
older homes, it was a common practice to 
direct rainwater to city sewers via the base-
ment sump or floor drain. The network of 
rain gutters converging in the basement 
allowed in cold air, insects, birds and vermin. 
If sewers backed up in a heavy rain, the rain 
gutters just added water to the inundation. 
Redirecting downspouts to empty onto your 
lawn is an inexpensive remedy. The hardware 
should cost just a few dollars, and if you can't 
do the work yourself, a few hundred dollars 
should cover the services of a tinsmith for all 
but the largest and most complicated jobs. 

A home that is sited high on its property 
will drain better than one low on the site. 
Unfortunately, the loose backfill left after a 
basement is built tends to settle, says Baracos, 
creating a depression around the house. In 
a heavy rain, the depression forms a moat and 
the obvious place for the water to go will be 
into your basement. Relandscaping your lot 
is the cure. Landscaping costs vary widely, 

Water on the knees: 
How to forestall a 

basement flood 
By Andrew Allentuck 

Joachim Moenig 

FLOOD CONTROL 

Reprinted from The Financial Post Moneywise Magazine, August 1987, by permission. 
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depending on the land contours that have to 
be fornied and the amounts of soil and labor 
required. And afterward, reconstruction of 
lawns and shrubbery may be necessary. 

In some areas of the country, long droughts 
can cause certain soils to shrink. Baracos says 
that a typical prairie clay sod can shrink and 
leave a five-centimetre (two-inch) gap 
between the basement's outside wall and the 
surrounding earth. In a heavy rai,  the gap 
will catch and hold water that will inevitably 
run into the basement. This soil needs to be 
banked; fortunately, it's only an afternoon's 
work with a shovel. 

WITHIN THE BASEMENT, THERE SHOULD be a 
grating or a pit with a pipe runnialg to the city 
sewer. Check this drain to be sure there's a 
backflow valve inside. A little contraption 
that's called a sewer stop and looks like an 
upside-down funnel with a rubber ball is com- 
monly used. Ordinarily, the rubber ball is free 
to drop down, allowhig water to flow through 
the funnel from the basement to the sewer. 
However, if the sewer backs up, then water 
pressure forces the ball up into the funnel and 
closes off the drain. The whole gadget is held 
in place by an expanding rubber collar. Be 
sure you have one. If not, measure your 
sewer pipe and visit a plumbing shop. You 
can buy one for less than $20 and install it 
yourself in a few minutes with a screwdriver. 

Such backflow valves work as long as 
water pressures are not too great. If they are 
excessive, it's possible for basement floors 
to buckle or rise, says Baracos. Plumbers 
experienced in backflow valves tell stories of 
sewer stops under such pressure that they 
shoot up out of their holes and blast through 
the first floor. 

In older houses, as a fundamental solution 
to bacicup problems, it's possible to install a 
cast-iron backflow valve between the sewer 
branch leading to the city main and your out-
flow water pipe. (In some areas, new homes 

are required by the Plumbing Code to have 
such an installation.) A plumbing contractor 
must embed the valve in the sewer line, and 
the system design requires approval by 
municipal plumbing authorities. Each valve 
is a box with a swinging gate inside. The gate 
easily swings open for water to pass out in 
the normal direction from house to sewer, but 
water coming in from the sewer to the house 
shuts the gate back against a barrier. This 
backflow valve has an access cover that bolts 
down, and once a year, it's a good idea to 
open the hatch to make sure the swinging gate 
is not blocked. 

Allow $500 for installation of the valve and 
for necessary concrete work. Costs may go 
a good deal higher, depending on how many 
valves are needed and how much destruction 
of an older home's basement is required for 
installation. The advantage of these valves is 
that they are much stronger than the ball-in-
funnel type and they can't be bypassed by 
backups that quicldy gush out of basement 
toilets or bathtubs. 

In heavy rainstorms, a properly equipped 
home's backflow valves will shut. But water 
may still run into the basement from the drain 
tiles that surround the outside wall of most 
homes built since the early '40s. This water, 
conducted to the sump by a network of pipes 
under the basement floor, will flow into the 
basement, especially if there is a large gap 
between your house walls and surrounding 
soil. Elimination of this drain-tile water 
requires either fast bailing or, better, an elec-
tric sump pump. Many types of sump pumps 
are available, starting at about $100. Each has 
a float switch adjusted to operate when sump 
water reaches a predetermined level. The unit 
should be connected to a properly installed 
grounded electrical outlet. (Prepared for 
all emergencies, some people also buy a 
gas-powered generator that will start the 
pump if by chance the electricity goes off at 
flood time.) 

A SUMP PUMP WILL DO ITS JOB OF TAKING 
water away, but it can fail for a variety of 
reasons. If it pumps all the water in its pit 
out into the discharge line and then shuts off, 
water in the outflow pipe will, naturally, 
descend back into the pit. This can lift the 
pump's float switch and start the sequence all 
over again. A backflow-check valve built into 
the pump will solve this problem, as will a 
line valve installed for this purpose by your 
plumber. 

Debris in the pump pit can jam ordinary 
sump pumps, which are intended to carry 
away clean water only. Sewage or trash 
pumps designed to chop and move solid 
waste matter can cope with twigs and other 
objects that might jam ordinary sump pumps. 
In very deep basements that are below sewer-
line levels, they are essential. They require, 
in some cases, special tanks and very large 
pits. If your plumber or engineer thinks it's 
necessary, allow $2,000 for a sewage pump. 

For $20 to $40 per window, you can buy 
plastic-bubble coverings for basement 
windows. These are fitted over each opening 
and are sealed with silicone caulking—which 
can be pulled off, taffylike, after you no 
longer want it. Fastened with flanged screws 
or bolts, they will make your basement 
windows watertight. Keep a supply of these 
bubbles and caulking on hand for the spring 
flood season. 

The homeowner who has made the best 
preparations will fare the best in a flood. How 
many precautions you take and what you 
think the risks and costs of flooding would 
be is an individual matter. If you plan to stay 
in a house for only a few years, elaborate 
antiflood measures could be costly folly. But 
if you plan to live in a home for a very long 
time, systematic protection is just preparing 
for the inevitable... It beats building an ark. 

Changes in Water Quality 
In association with altered drainage area 

characteristics, water quality is also subject 
to change. Runoff from urban areas contri-
butes pollution of sediments, nutrients, bac-
teria, heavy metals, oils, grease and, in the 
spring, road salt at a much higher rate than 
undeveloped conditions. 

During the construction phase of urban 

development, land erosion during runoff 
events may increase by one thousand times 
or more compared with pre-development 
conditions. High erosion rates can result in 
loss of valuable top soil, and the subsequent 
sedimentation in rivers and lakes can affect 
surface and groundwater supplies, flood 
control, fishing, navigation, and recreational 
activities. 

The effect of urban runoff on receiving 
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water can be detrimental to aquatic life. 
Heavy metals, oils, grease and chloride con-
tained in runoff are all toxic to aquatic life. 
Sediments in the stream increase turbidity 
and reduce light penetration, thus reducing 
the opportunity for capture by predators. 
Furthermore, sedimentation clogs gills and 
the feeding apparatus of some aquatic or-
ganisms. Sediments also cover the spawn-
ing grounds of fish, hence affecting the re-
productive capability of fish populations. 
Nutrients such as nitrogen and phosphorus 
support excessive algal growth which re-
sults in the depletion of oxygen from waters 
when large blooms of algae die and 
decompose. 

To reduce the impact of urban runoff, a 
number of measures can be considered. A 
municipality should institute erosion con-
trol in urban areas, especially during the 
construction period. Moreover, after con-
struction, residents should be encouraged 
to take action to decrease pollutant and 
sediment loadings from their drainage area 
by using long-lasting fertilizers and main-
taining good vegetative cover on their resi-
dential lot. In addition, municipal street 
sweeping should be encouraged, especially 
at the beginning of spring, to prevent salt 
and sand from polluting storm runoff. 

By using best management practices 
(BMPs), the quality of stormwater can be 
controlled before being released into a re-
ceiving water. Stormwater ponds, infiltra-
tion trenches and grass waterways are used 
to enhance sediment and pollutant removal. 
Stormwater ponds have been the most popu-
lar method, as they can control both the 
quantity and quality of urban runoff. The 
wet ponds are more efficient for quality 
control than dry ponds because they have 
longer retention times and favourable con-
ditions for sediments and pollutants to  

settle out. They also provide aesthetic 
value and recreational activities for the 
urban area. Their main disadvantage is 
that when they overflow, the elevated 
temperature of the water released into the 
streams may be detrimental to cold water 
fish species. 

Another stormwater quality manage-
ment technique that is becoming popular 
is infiltration. Grass waterways and infil-
tration trenches remove pollutants by the 
infiltration of stormwater, therefore re-
moving soluble and particulate particles. 
In addition, infiltration provides for 
groundwater recharge and hence mainte-
nance of stream base flows. 

Stormwater Uses 
Apart from encouraging groundwa-

ter recharge, potential stormwater uses 
range from filling rai barrels, to aug-
menting industrial water supplies. 
Depending on the quality of the water 
available, pond water can be used to 
water surrounding parkland or a golf 
course, to contribute to local fire fighting 
needs, or to supplernent industrial pro-
cessing and coolant requirements. In 
some communities, ponds have been 
stocked with sport fish, while other 
species have been stocked to control insect 
populations. 

To provide for sustainable develop-
ment, water should be managed on the 
basis of the hydrologic cycle. Increased 
runoff resulting from urban development 
has a negative impact on that cycle with-
out proper management to ensure that 
the infiltration to groundwater systems is 
replaced. Stormwater should be consid-
ered as a valuable water resource as op-
posed to a by-product of development. S2 

0 0 0 0 0 0 0 
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MANAGING AND PROTECTING THE 
FLOODPLAIN 

p aradoxically, flooding is both feared and 
valued. Floods have long been consid-
ered destructive, taking lives and leaving 

a trail of damage. Yet for our ecosystem, flood-
ing is vital in many respects. It serves to 
recharge wetlands, to maintain the ecological 
balance of both terrestrial and aquatic ecosys-
tems, and to disperse nutrients throughout the 
ecosystem. 

Taking into consideration the benefits of 
the floodplain may serve to change our per-
ception of flooding. Objectives can be in-
cluded in floodplain management that relate 
to the floodplain as a vital part of the ecosys-
tem. Wetlands, fisheries habitat and environ-
mentally sensitive areas can be identified 
and programs developed to protect these 
areas from loss or degradation. Other goals 
derived from the benefits to corrununities 
can also be established such as stormwater 
management (the floodplain stores floodwa-
ters), parks and recreation. 

The approach to floodplain management 
taken by the Town of Rapid City, South Dakota, 
is an early example of multi-objective flood-
plain management. After the devastating flash 
flood in June of 1972 (described in Chapter 4), 
the town radically changed its use of the flood-
plain, converting an area four blocks wide and 
five miles (8 kilometres) long into parkland 
with an 18-hole championship golf course at 
the centre of the floodplain. 

In some cases, structural controls may be 
required to complement or act as a substitute 
for the non-structural approach. For example, 
dams may be required to retain floodwaters 
and dykes needed to protect developed flood-
plain land. The engineering structural ap-
proach, however, is evolving to consider how 
structures will affect the ecosystem. One ex-
ample is the Tsawwassen Indian Reserve 
Flood Control Project in Delta, British 
Columbia, where a large salt marsh was pre-
served due to an innovative dyke design. 

Bride and groom undeterred by flooding. (Canapress Photo ServicelBrennan) 
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THE TSAWWASSEN PROJECT 

A unique flood control system that provides flood 
protection to a large area of the municipality of Delta, British 
Columbia, while preserving the Tsawwassen salt marsh, is now 
in place on the seaward side of the Tsawwassen Indian Reserve. 
The marsh is the largest salt marsh in the Fraser River estuary. 

A conventional solid dyke design at the edge of the 
salt marsh would have destroyed the valuable fisheries 
habitat of the marsh. Daily free flow between the sea and 
the marsh is essential to maintain the wetlands. 

Environment Canada and the British Columbia 
Ministry of the Environment found a solution in their 
novel design concept of a dyke which would allow the free 
flow of salt water in and out of the marsh at high tide. The 
design consists of a breakwater "dyke with holes in it" 
outside the salt marsh. The breakwater trips waves and 
only allows still water to go in behind it. Protection against 
still water flood levels is provided by the existing low-level 
dyke, the Tsawwassen Road. 

Ecological Integrity of the Salt Marsh 
Maintained 

The preservation of the Tsawwassen salt marsh 
wetland habitat is a major benefit of the flood control 
project. By facilitating tidal flow between the salt marsh 
and the adjacent Roberts Bank tidal flats, detrital inputs to 
the nearby mud flats are enhanced, thus contributing to 
biological productivity in the estuary. Permitting full tidal 
inundation ensures that the important role of the marsh in 
the context of fish-food cycles is protected. The 
preservation of the ecological functioning of the salt 
marsh/tidal mud flat ecosystem will also ensure the 
quality of habitat used by the fish species, large numbers of 
Great Blue Herons, and other wildlife. 

An additional benefit of the breakwater system will 
be the long-term protection of the marsh from erosion. 
Progressive erosion of the leading edge of the marsh is 
occurring due to the focusing of wave energy between two 
causeways which also isolate the area from the sediment 
supply of the Fraser River plume. The breakwater will ensure 
the areal extent of the marsh that it now protects. 

Design Proves Effective and Wins Award 
The design's effectiveness was demonstrated shortly 

after project completion by successful flood protection 

Installation of arch culverts in the breakwater to facilitate 
tidal exchange in the smaller channels, September 15, 
1985. 

during the record high tide of January 3, 1987 
(2.623 metres, at Steveston) and during the severe storms 
of November 1987. That same year the design was given the 
Environmental Engineering Design Award by the 
Association of Professional Engineers of British Columbia 
in recognition of outstanding achievement in environ-
mental engineering design. 

The Tsawwassen salt marsh under high tide, November 7, 
1986. View of the designed gap in the breakwater at the 
main tidal channel. 

The non-structural approach advocated 
by the national Flood Damage Reduction 
Program took our thinking beyond the peo-
ple versus nature attitude of the 1950s to one 
of unity with nature. It was realized that if we 
develop the floodplain we invite hardship  

and damage. Flood-prone development was 
therefore discouraged under the Program. 
Now, at the turn  of the century, in addition to 
flood loss reduction, the challenge of future 
floodplain management will be to recognize 
and encompass floodplain benefits. 
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For more information on Canada 's Flood Damage Reduction Program, contact: 

Conservation and Protection 
Environment Canada 

Ottawa, Ontario 
K1A OH3 

Atlantic Region 

Environment Canada 
4th Floor, Queen Square 
45 Alderney Drive 
Dartmouth, Nova Scotia 
B2Y 2N6 

Ontario Region 

Environment Canada 
Canada Centre for Inland Waters 
P.O.  Box 5050, 867 Lakeshore Road 
Burlington, Ontario 
L7R 4A6. 

Pacific and Yukon Region 

Environment Canada 
224 West Esplanade 
North Vancouver, British Columbia 
V7M 3H7 

Région du Québec 

Centre Saint-Laurent 
Environnement Canada 
1141, route de l'Église, C.P. 10 100 
Sainte-Foy (Québec) 
G1V 4H5 

Western and Northern  Region 

Environment Canada 
Room 300, Park Plaza 
2365 Albert Street 
Regina, Saskatchewan 
S4P 4K1 

Northwest Territories 

Environment Canada 
P.O. Box 2970 
Yellowknife, Northwest Territories 
X1A 2R2 
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