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1.0 Introduction and Overview

River and lake ice formation, break up, jamming, and ablation are natural processes in rivers
and lakes in northern climates. Ice processes shape river channels and overbanks and can
cause river channels to migrate or shift over time in response to ice processes. Ice processes
naturally occur and often go unnoticed unless development has occurred in floodplains adjacent
to rivers and water courses in the associated floodplain.

Historic development has occurred in floodplains in Ontario and in the Grand River watershed
locally. In some locations throughout the Grand River watershed this historical development
may be at risk of flooding from ice jam induced or enhanced floods. Ice jams impede the
movement of water obstructing flow in the main channel causing flood water to back up and
forcing flood water into the adjacent floodplain resulting in flooding. If historic development is
present in the floodplain, flooding of roads and structures may occur. In addition to flooding
structures, ice blocks and sheets that leave the main channel may push into structures located
in the floodplain and exert ice loading and shearing forces on structures close to the main
channel.

Ice is an important consideration when designing infrastructure like bridges and crossings over
rivers and watercourses. Where ice is a significant consideration, particularly on large rivers, it is
important to span the floodplain to leave room for ice to travel under the bridge and gain relief in
the floodplain adjacent to the main channel. It is also important when designing infrastructure to
consider ice loading on structures like bridge, dams, floodwalls, and dikes.

The Hurricane Hazel flood event is the flood standard used to map and define the flood hazard
limits in the Grand River watershed. This flood standard is sufficiently large enough that in most
cases the limits of potential ice jam flooding are within the hazard limits determined by the
Hurricane Hazel flood standard. One exception to this is dike reaches; through dike reaches, the
floodplain is constrained, and the ability of ice and flood flows associated with an ice jam to gain
relief is restricted. The flood hazard limit in some of these reaches may be governed by the ice
jam flood hazard. Dike reaches and ice jam considerations for specific dike reaches are
addressed later in this document.

Many factors affect the formation, breakup, and ablation of ice in a watershed. The complexity
of ice processes makes ice jams impossible to predict whether an ice jam will occur or how
severe an ice jam will be. It is possible to anticipate potential for ice jams based on ice
conditions in a river system, the watershed conditions, and the weather forecast at the time of
ice formation and at the time of breakup. This report includes a discussion of approaches used
to monitor ice conditions, anticipate the potential for ice jams, mitigate ice jam potential where
possible, and monitor ice conditions during the breakup process.

Later in this report, a discussion of specific communities with a history of ice jam flooding is
included. A history of ice jams floods is included for specific communities where information is
readily available. This report includes a discussion of the factors or river characteristics affecting
the potential for ice jams flooding in communities frequently impacted by ice jams.
Recommendations of any further actions to monitor, anticipate, and, if possible, reduce the
potential for ice jams is included for each community.

This document is a compilation of current knowledge and experience and is intended to be a
living document, updated on a five-year basis as knowledge and experience with ice evolves.
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2.0 Watershed Communities Vulnerable to Ice Jam Flooding

Communities vulnerable to ice jam flooding in the Grand River are summarized in Table 1. A qualitative assessment is included in this table
of frequency and potential severity of ice jam flooding.

Table 1 Communities Vulnerable to Ice Jam Flooding

Site# | Location Frequency Impacts Mitigation Works or Ability to Monitor or
Factors Detect Ice Jam

1 Grand Valley Semi frequent | Roads and Buildings Luther Dam Historic Dredging (Potential for Gauge)

2 10th Line East Grafraxa Twp. Frequent Road Historically

3 West Montrose Frequent Roads and Buildings Shand Dam/Historic Dredging Camera and Gauge

4 Bridgeport Infrequent - Dike Gauge

5 Freeport Infrequent Roads and Buildings

6 Doon Frequent Trailer Park and STP* Mannheim/Hidden Valley Dam

7 Blair Frequent Buildings Mannheim/Hidden Valley Dam | (Potential for Gauge)

8 Galt U/S of Parkhill Dam Frequent Municipal Rowing Club | Dike (Potential for Gauge)

9 Galt D/S of Parkhill Dam Infrequent Road and Gas Station Dike/ Parkhill Dam Gauge
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Site# | Location Frequency Impacts Mitigation Works or Ability to Monitor or
Factors Detect Ice Jam
10 Paris Infrequent Road and Buildings Dike/Paris Dam Municipal Level Gauge
1 Brantford Frequent Road and Buildings Dike/Wilkes Dam Camera and Gauge
12 Six Nations of the Grand River | Frequent Road and Access to
4th Line and Bateman Line Buildings
13 Caledonia Upstream of Dam Frequent Roads and Buildings Partial Dike (Potential for Gauge)
14 Caledonia Downstream of Dam | Infrequent Partial Dike
15 Cayuga Frequent Roads and Buildings (Potential for Gauge)
16 Dunnville Upstream of Dam Frequent Roads and Buildings Gauge
17 Dunnville Downstream of Dam Roads and Buildings, Gauge
STP*, Arena
18 Port Maitland Frequent Roads and Buildings Gauge
19 Irvine River Salem
20 Drayton
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Site# | Location Frequency Impacts Mitigation Works or Ability to Monitor or
Factors Detect Ice Jam
21 St. Jacobs In frequent STP*, Buildings St. Jacobs Dam
1958
22 Armstrong Mills Semi frequent | Buildings Driveways Gauge
23 Rockwood Semi frequent | Roads, Driveways,
Buildings
24 Eden Mills Semi frequent
25 Nith Above New Hamburg Infrequent
25 New Hamburg Semi frequent Partial Dike/New Hamburg Gauge
Dam
26 Haysville Semi frequent
27 Plattsville - Oxford Twp Semi frequent
28 Drumbo Semi frequent

*STP-Sewage Treatment Plant
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Figure 1: Communities Vulnerable to Ice Jam Flooding Grand River Watershed
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3.0 General History of Ice Jam Floods

A qualitative summary of major ice jams is included in Table 2. The information in Table 2 is
specific to major ice jams. Several minor ice jams may have occurred over the years but
information presented in Table 2 is intended to summarize major events referenced in the 1982
basin management study with observations added since that time. The original information
compiled in the 1982 basin management study was referenced from newspaper articles and
conservation reports including the 1954 and 1962 Grand River Hydraulic reports.

Of particular note are the February 2018 ice jam that caused overtopping of the Brantford dikes
and ice jam damage in the City of Cambridge, the February 2009 ice jam that caused severe
flooding in the communities of Cayuga and Dunnville, the February 1996 ice jam that caused
near overtopping of the Brantford dikes, the 1981 ice jam in the community of West Montrose is
the highest on record in that community and threatened damage to the West Montrose covered
bridge, and a 1979 ice jam caused severe flooding in the community of Paris.

Table 2 Chronology of Major Ice Jams Grand River Watershed

Year Locations
1852 Galt, Brantford (March 14)

1857 Galt, Cayuga (February 14)

1860 Galt, Brantford (March 4)

1861 Brantford (March 2)

1865 Galt (March 21)

1866 Galt

1867 Galt

1870 Bridgeport (April 7)

1893 Brantford (March 6)

1898 Blair, Bridgeport (March 12)

1899 Brantford (March 16); Salem (April 11)
1900 Galt (February 8); Brantford (April 1)
1902 Elora, Fergus

1903 Elora, Fergus
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Year

Locations

1904 Galt, Brantford (March 26)

1905 Fergus (March 24); Hespeler (March 25)
1913 Galt, Brantford, Freeport (March 13); Dunnville (March 15)
1918 Galt, Brantford (February 20)

1922 Galt (March 7)

1928 Blair (March 25)

1929 Salem, Freeport, Cayuga (March 15)

1930 Dunnville

1934 Bridgeport, Galt, Brantford, Cayuga (March 3)
1939 Grand Valley (March 29)

1942 New Hamburg (March 10)

1948 Grand Valley, Caledonia (March 10); Dunnville (March 17)
1950 Caledonia

1951 Caledonia

1952 Freeport

1954 Caledonia

1965 Caledonia

1971 West Montrose

1972 Grand Valley (April 14)

1974 Grand Valley (March 5); West Montrose

1975 West Montrose

1976 West Montrose
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Year Locations

1977 Caledonia, Dunnville, West Montrose

1979 Paris (March 5)

1980 West Montrose

1981 Paris (February 19); Dunnville (February 22); West Montrose (February 23)

1986 Brantford, Drayton (March 13); West Montrose, Ayr, New Hamburg

1987 Grand Valley (April 4)

1988 New Hamburg, Brantford (February 1)

1989 10" Line Bridge (February 1); Bloomingdale, Moorefield, Drayton (March 15);
Rockwood (March 16)

1990 Sims Locks (January 18); 10" Line Bridge evacuation (March 12); Wellesley
(December 29); New Hamburg (December 30)

1991 New Hamburg (March 2)

1992 Grand Valley (March 9)

1996 Brantford in February

2004 Ice jam in Paris

2009 Cayuga and Dunnville in February

2018 Cambridge and Brantford in February

2019 West Montrose

4.0 Ice Processes in the Grand River Watershed

4.1 Ice Formation Process

Communities vulnerable to ice jams in the Grand River Watershed are summarized in Table 1.
A qualitative assessment is included in this table of frequency and potential severity of ice jam
flooding. There is nuisance ice jam flooding that occurs naturally in the rivers’ floodplain and if it
does not affect structures or roads, it often goes unnoticed as simply a natural process. In other
areas, structures and roads are impacted by ice jams and this document focuses more on those

Grand River Conservation Authority Ice Management Plan 11



areas where there is a risk or structural flooding or infrastructure flooding is a potential impact
from ice jams. This document strives to explain the ice jam processes in those communities.

The frequency of ice jams varies depending on many factors, including how cold the weather is
during the winter, how the freeze-up occurred over the winter, whether there were midwinter
breakups that caused ice jams that froze in place, and whether rapid melt occurred not allowing
time for ice to erode or loosen up before river flows increased. Whether ice jams occur and the
severity of these jams is affected by these factors.

There are mitigating circumstances for ice in the watershed. A classic example is the large
reservoirs. The large reservoirs act as ice storage areas so for the drainage area above Shand,
Conestogo, Guelph, and Woolwich dams, ice is stored in these reservoirs and doesn't affect
downstream areas often. An overlooked value of these large reservoirs is their ice mitigation
properties. Further mitigating factors that help reduce the potential of ice jams will be discussed
later in this document.

4.2 Types of Ice and Processes Leading to Ice Formation

It is first useful to discuss and classify the different types of ice. While there are many types or
descriptions for types of ice, this document will simplify the descriptions into three categories.

These include sheet ice, frazil ice, and conglomerate ice which can be a combination of sheet
ice frazil and frazil ice.

4.2.1 Sheet Ice

Sheet ice typically forms on slow-moving water surfaces upstream of dams, riffles, and rapids in
a river system, in areas where water ponds. Sheet ice forms a smooth surface and depending
on the severity of the winter may continue to build over the winter to a significant thickness of
ice, varying between 0.1 meters to a metre thick. In very severe winters if flows are very low in
the river, sheet ice may actually freeze to the bottom of the river and anchor to the bottom of the
river.

Examples of sheet ice areas in the Grand River are upstream of the seven large dams and
upstream of low-head dams, Dunnville, Caledonia, Wilkes, Paris, Parkhill, Hidden Valley,
Bissell, St. Jacobs, Salem, Rockwood, Eden Mills, and New Hamburg low-head dams. Sheet
ice also forms in flat reaches. Examples of flat reaches are downstream of Conestogo Dam and
through the Kitchener-Waterloo Reach, downstream of the confluence of the Conestogo River
to the Hidden Valley Dam. In the Grand River, the river slope downstream of Brantford changes
to a very flat slope downstream of Erie Avenue. Sheet ice forms from the Caledonia Dam
upstream through the oxbow to upstream of Erie Avenue in the City of Branford. This sheet ice
area is located immediately downstream of the City of Branford dikes and influences the
potential for ice jams through the dike reach. The Brantford dike reach will be discussed in more
detail in this document. Figure 2 illustrates the location of low-head dams and river reaches
where sheet ice typically forms. Sheet ice can form some of the strongest ice in the river.
Strong sheet ice forms in extremely cold conditions such as double-digit below freezing
temperatures persistent for an extended period of time. The winter of 2018 was a good example
of a winter with strong persistent cold conditions that produced strong sheet ice and a large
volume of ice.
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Strong sheet ice is often referred to as blue ice, the ice has a bluish tinge to it and it's extremely
strong. Strong sheet ice formed in the winter of 2018. Sheet ice can be anywhere from a few
centimeters up to meters thick, the strong ice is resistant to break up and can obstruct ice
movement from upstream areas backing up water and forming ice jams and in some cases ice
dams. In the winter of 2018, an ice jam and later an ice dam formed upstream of the Parkhill
Dam, which later released and sent a wave of water down the river. The wave of water and ice
is termed a “jave”.

The release of ice and water during the February 2018 ice dam that released a jave which had a
similar effect to a dam break; water and ice were stored behind the ice jam, which formed a
barrier similar to a dam that subsequently released a wave of water and ice similar to a dam
break. The resultant jave sent sheet ice on to highway 24 immediately downstream of
Cambridge, sheet ice blocks were several metres deep over highway 24. The release of the
Cambridge ice jam contributed to the overtopping of the Brantford dikes. Figure 3 illustrated
sheet ice blocks on Highway 24 through the City of Cambridge downstream of the diked reach
in that community.

This event also provides an illustrative example of strong sheet ice blocks. The movement of
strong sheet ice can also cause extreme damage. The strong sheet ice blocks can be pushed
under the floodplain and if structures are present those structures may be moved off their
foundation and severely damaged. Sheet ice blocks can push onto on roads and crush or
damage vehicles when the ice sheet moves on to the roads. It was fortunate that the ice jam
release in February 2018 occurred at approximately 1:00 a.m. when vehicle traffic was greatly
reduced on Highway 24 south of Cambridge. One vehicle was affected on Highway 24 that
morning and emergency crews had to rescue the occupant. Sheet ice blocks can shear off trees
along the banks of the river as they move downstream and reform and shape riverbanks as they
transit a river.
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Figure 2: Locations of Dam and Reaches Where Sheet Ice Typically Forms
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Figures 3a and 3b: Examples of Sheet Ice Blocks Highway 24 City Of Cambridge
2018 Ice Jam

4.2.2 Frazil Ice

Another type of ice that forms in the river is frazil ice, which is composed of fine ice crystals that
form in the water. When the water surface is super cooled, ice crystals form on the surface
during cold conditions where turbulent water is present. Turbulent flow is present in river rapids,
water falls and steep sections of the river. A significant amount of ice crystals form in a specific
steeper reaches of the river where turbulent flow and rapids exist. Reaches like the river through
the Elora Gorge, downstream of the City of Cambridge to Brantford, downstream of Caledonia
to Cayuga, the southern Nith River downstream of Ayr, and the Conestogo River downstream of
the Conestogo Dam. These are reaches of river that can generate large volumes of frazil ice.
Figure 4 illustrates a map that depicts reaches of river that can generate frazil ice given specific
flow and temperature conditions.

Conditions that are conducive to generating frazil ice are cold double digit below freezing
conditions, windy conditions, and snowy conditions. If flows are low, fewer reaches or a lesser
extent of the river will generate frazil ice and if little or no flow exists frazil ice may not be
generated. This is important to note when referring to figure 4. Figure 4 indicates the reaches
that have high potential to generate frazil ice, however if flows are very low when cold windy
conditions develop, some of the reaches indicated in Figure 4 may not generate frazil ice. A
good example is the upper Conestogo, if moderate to high flows are present that reach can
generate frazil ice, but if flow is very low, limited amounts of frazil ice are generated. Very cold
conditions, windy conditions, snowy conditions, and moderate to high flow conditions together
influence frazil ice production.

The largest amount of frazil ice typically forms when higher flows are present coupled with
double digit below freezing cold air temperatures. Windy conditions can further super cool
turbulent reaches of the river and the river can become a frazil generating machine capable of
generating large volumes of frazil ice.

Frazil ice travels downstream until it encounters sheet ice upstream of low-head dams for
example and then that frazil ice will become stationary and start to accumulate. As frazil ice
accumulates, it can fill the main channel of the river between the banks, choking off flow and
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forcing water into the floodplain adjacent to the river. As frazil ice continues to fill the channel,
the frazil ice blockage or jam will progress upstream, more frazil flows down, gets blocked, fills
the river channel and the process continues. If frazil ice generation continues, it will continue to
accumulate and work back upstream until it reaches areas of turbulent water and will begin to
drown out the reaches generating frazil ice.

Alternately, weather conditions may change and warmer temperatures will reduce the amount of
frazil ice being generated. River flow may decline and reduce the amount of turbulent water in
reaches. This can also reduce frazil ice generation. It's important to realize the river has almost
a limitless ability to generate frazil ice if high and cold conditions persist. The process continues
until either the turbulent reaches are drowned out, the temperatures warm, or the flows subside.
To put in perspective the immense capacity of the river to generate frazil ice, the winter of 2004
provides a good example.

In 2004 there was a mid-winter melt which increased river flow; extreme cold conditions
followed the melt. As a result of subsequent snowy conditions, frazil ice began to form and
accumulate at the leading edge of sheet ice downstream of Brantford in the oxbow portion of the
river. Frazil ice continued to accumulate and fill the river channel all the way upstream to the
town of Paris. Frazil ice filled the river from bank to bank through the entire river reach from
Brantford to the Paris Dam, eventually filling the river to the height of the Paris dam which is 3
metres high. Figure 5 illustrates a picture of the Paris Dam from downstream of the dam, the
dam is hardly visible as a result of the river channel downstream of the dam being filled with
frazil ice.

Frazil ice is different than sheet ice; it is weaker and more prone to erosion by water. However,
if a sudden melt occurs, frazil ice obstructs the channel’s capacity to convey flow, and as a
result flow is forced onto the floodplain. Frazil ice degrades faster than sheet ice, however what
often happens is if the sheet ice starts to break up and frazil ice is in the channel, the sheet ice
and frazil ice form an ice jam together, blocking channel flow and forcing flow on to the
floodplain and potentially consolidating. If frazil and sheet ice consolidate and freeze into place,
an ice jam can form that is very resistant to ablating or releasing.
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Figure 4: Map lllustrating Typical Reaches of River Where Frazil Ice is Generated
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Figure 5: Picture of Paris Dam January 2004 River Channel Filled with Frazil Ice

Paris Dam: 3 metres high river completely full of ice
This frazil jam built from downstream sheet ice several kilometers
downstream, downstream of Brantford and filled the river.

——— ',“‘i:',"\;ﬂ'

Frazil Ice Jam
Paris Ontario
January 20, 2004
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4.2.3 Conglomerate Ice

The third type of ice is conglomerate ice. Conglomerate ice is a mix of broken-up sheet and
frazil ice. Conglomerate ice jams often form during early winter melts. Early winter or mid winter
melts are often rapid short-lived melts. Theses melts tend to generate flow into the river, start to
move ice sheets, and are often followed by a flash freeze. Often weather conditions during
these mid winter melts can change from double digit warm temperatures with rain to below
freezing double digit temperatures with high flows in the river as a result of melting snow and
rain. These mid winter melt conditions create the ideal conditions for moving sheet ice and
generating frazil ice, which is a very undesirable combination from an ice jam perspective.

Conglomerate ice jams often occur at the upstream end of the sheet ice reaches identified in
Figure 2. The length of time of the mild temperatures and the magnitude of flows in the river are
often not sufficient to lift or move the sheet out of the reaches identified in Figure 2, however
flows can be sufficient to move the thinner sheet ice in other reaches of the river and send it
downstream until it encounters the leading edge of strong sheet ice. This was the case during
an early winter melt in January 2018. Sheet ice upstream of Cambridge travelled down the
Grand River and jammed at the leading edge of the sheet ice upstream of Parkhill Dam. Sheet
ice south of Cambridge and in the Nith River travelled down to Brantford and jammed at the
leading edge of sheet ice downstream of the Brantford dikes.

After the mild conditions, extreme cold conditions returned, causing large amounts of frazil ice to
form and flow downstream and collect in the location where the sheet ice jammed. The sheet
ice jam and frazil ice fused to create a conglomerate ice jam. The frazil ice filled the voids
between the jammed and jumbled ice sheets. The cold conditions also caused new sheet ice to
form in upstream reaches above the ice jams in Cambridge and Brantford.

Conglomerate ice jams can be quite thick, up to several metres thick, they can choke off
capacity of the main channel to convey flow and ice and can be very resistant to break-up. It
takes a longer period of flow and mild temperatures to degrade a conglomerate ice jam. The
major ice jam that occurred in 2018 in Cambridge and Brantford resulted from conglomerate ice
jams being in place downstream of Brantford and upstream of Parkhill Dam in the City of
Cambridge combined with a rapid February melt and the highest daily rainfall ever observed in
the month of February. The rapid melt and increase in flow did not allow time for the
conglomerate ice jams to degrade before new ice and debris travelled down the river and
backed up behind these ice jams. The situation was further complicated when the ice jam in
Cambridge formed a temporary ice dam that released and sent a wave of ice and debris down
the river, a Jave. The Jave slammed into the ice jam in place in Brantford and caused
overtopping of the Brantford dikes.

The picture in Figure 7 illustrates an ice block that was deposited in the floodplain downstream
of the Brantford dikes. This picture helps illustrate the composition and size of conglomerate ice
that was in the river channel downstream of the Brantford dikes impeding flow. It also illustrates
the jumbled mix of sheet ice, frazil ice and in some cases debris in conglomerate ice and the
immense thickness of conglomerate ice.
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Figure 5: Example of Conglomerate Ice February 2018 Ice Jam Grand River at
Brantford

4.4 Moderating Factors Affecting Ice and Ice Jams

There are several factors that can moderate or influence ice formation and ice jams in the
Grand River watershed. This section discusses some of the factors or considerations that
moderate ice and risk of ice jams.

4.4.1 Influence of Large Reservoirs on Ice
The large reservoirs in the Grand River watershed can influence and moderate ice in many
different ways.

First of all, the large reservoirs act as ice storage areas as they store the ice from the drainage
areas upstream of the reservoirs. Large reservoirs providing significant ice storage include
Shand, Conestogo, Guelph, and Woolwich dams. Their ability to store ice and moderate flows
from upstream areas helps reduce flood risk to downstream communities.

The large reservoirs also provide flow regulation both during freeze-up when the ice sheet
initially forms and during breakup periods whether they be mid-winter melts or the spring
breakup and melt. During the freeze-up period, reservoirs can be used to reduce downstream
flows as much as possible to initiate ice sheet formation at flows as low as possible. A rule of
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thumb is that it takes as much flow in the river to break up the ice as was there when the ice
initially formed. There are other modifying factors to that rule of thumb but ideally, for ice
management purposes, it is best to initiate ice cover at as low flow as possible.

During breakup, the reservoirs can moderate downstream flows to reduce pressure on existing
ice jams and provide time for existing downstream ice jams to degrade and break up. The
reservoirs delay flood peaks from upstream areas above the reservoirs to give the downstream
areas where ice jams may be in place time for ice to degrade. This is an important ice
management strategy that can be achieved with these large reservoirs. This approach was
important during the February 2018 event when the ice jam was intact in the Brantford dike
reach.

A final often unrecognized benefit of the large reservoirs is winter flow augmentation. Winter
flow augmentation helps avoid the ice sheet freezing to the bottom of the river. The constant
flow discharged by the reservoirs over the winter creates a separation between the ice sheet
and the bottom of the river. If the ice sheet freezes to the bottom of the river it is more resistant
to break up during the spring breakup and melt creating a higher potential for ice jams.

The reservoirs can also be used to try to moderate flows during mid-winter melts or periods
when extreme cold conditions exist that cause frazil ice to be generated in the river. A challenge
with mid-winter melts in recent years is the mild conditions 