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1.

Introduction
In October 2007 Hatch submitted a report to Hydro entitled “Ice Dynamics of the Lower Churchill
River”. This report was prepared as a reference document to be used in the preparation of the
Environmental Impact Statement (EIS) in relation to the possible ice dynamic and thermal changes in
the river as a result of the proposed Lower Churchill Project. Through the environmental assessment
process, additional questions arose and additional detail was deemed necessary in relation to the
potential changes in the ice regime. This report provides responses to these additional items.
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2.

Existing Conditions

2.1

Ice Observation Information
One of the objectives of the Ice Dynamics Study, completed in October 2007, was to review and
collect information pertaining to the physical characteristics, climate, and ice processes of the Lower
Churchill River to better understand the existing ice regime. Hydro’s Ice Observation Program
reports (1974 to 1992) were provided to Hatch for review and further bathymetric and ice surveys
were carried out by Hatch in 2006 and 2007 for the purposes of the 2007 study. Hatch also
completed an Ice Observation Program in 2008 in conjunction with the ice studies conducted by
Hatch in 2007 (GI1070).
Although ice observations have been collected over a number of years, the extent of observation in
some of these years is limited. Until 1988, the program focussed only on ice processes at Muskrat
Falls and Gull Island. Surveys in the following four winters included the reach from Gull Island
upstream to the Cache River confluence (approximate chainage 191 km). Detailed mapping of the
ice covered regions were included in the ice observation report for these winters; it is unfortunate
that each of these years had below average temperatures and flows, leading to atypical ice
conditions. In recent years, some surveys have extended the entire river from Goose Bay to
Churchill Falls, providing a few years on which to base an estimate of the typical ice extent. In
addition to the limited physical extent of some of the observation programs, the duration of the ice
surveys were generally limited to dates after freeze-up had occurred, and before full break-up had
occurred. Therefore it should be emphasized that some estimates of freeze-up and break-up dates
provided in this report are based on limited information.
Some valuable anecdotal data have been collected by a resident in each of Happy Valley-Goose Bay
and Mud Lake related to ice formation and break-up adjacent to these two communities. These data,
extending back to the early 1970s, have been provided to Hydro to assist in the assessment of
potential project impacts on the ice regime in these areas.

2.2

Typical Ice Extent by Reach
Ice processes are dynamic in nature and ice coverage can change dramatically over a short period of
time. A reach could be ice covered in one hour and ice free the next. Ice conditions are also very
different from year to year based on the climate and flow conditions. Despite these unknowns, the
following is a general description of the typical extent and timing of ice cover and open water
between Goose Bay and Churchill Falls tailrace. Estimated quantities of typical mid-winter
(February/March) ice covered and open water areas are summarized in Table 2.1. Figures 2.1 to 2.9
illustrate the typical ice cover extent on the lower Churchill River in mid-winter.

2.2.1

Goose Bay to Muskrat Falls
This reach is consistently ice covered by the first week in December. Ice break-up typically occurs
by mid-May with the earliest and latest observed dates of “ice-out” near the mouth of the river (over
the past 35 years) being the last week of April and first week of June, respectively.
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2.2.2

Muskrat Falls to Gull Island Rapids
This reach is typically open water with border ice throughout the winter, with the exception of Sandy
Island Lake and Gull Lake which typically form thermal ice covers by mid to late December. These
thermal covers typically begin to break-up by mid-April, with full dissipation of the covers occurring
by the end of May.

2.2.3

Gull Island Rapids to Lake Winokapau Outlet
This reach is typically open water with border ice. An ice bridge has been observed to form near
chainage 150 km under conditions of low flow and cold temperature (1989-1990, 1990-1991, and
1991-1992), leading to the progression of an ice cover for approximately 30 km upstream. Though
limited observations are available, a bridge at this location has been observed to form in late
December or early January. Break-up of this cover would be expected to occur by late April.

2.2.4

Lake Winokapau
Lake Winokapau typically forms a thermal ice cover by late November or early December. Open
water holes have been observed to form on Lake Winokapau by late April; the ice cover melts in
place and at least the east end of the lake is typically ice free by mid-May.

2.2.5

Lake Winokapau Inlet to Churchill Falls Tailrace
This reach is typically ice covered, with the exception of some tributary interfaces (ashkui) and near
the tailrace of Churchill Falls hydroelectric generating station due to the thermal content of the water
exiting the Churchill Falls generating station tailrace tunnels. Few observations of the ice cover
break up in this reach are available, but it is expected that the ice cover in this reach would dissipate
by mid-May.
Table 2.1
Estimated quantities of typical mid-winter ice coverage and open water
Reach
Ice Covered Area
Goose Bay to Muskrat Falls
Muskrat Falls to Gull Island Rapids
Gull Island Rapids to Lake Winokapau Outlet
Lake Winokapau
Lake Winokapau Inlet to Churchill Falls Tailrace
Total

2.3

65 sq. km (100%)
45 sq. km (71%)
12 sq. km (26%)
62 sq. km (100%)
31 sq. km (97%)
215 sq. km (80%)

Open Water Area
0 sq. km (0%)
18 sq. km (29%)
34 sq. km (74%)
0 sq. km (0%)
1 sq. km (3%)
53 sq. km (20%)

Ashkui
Ashkui are areas of open water on lakes, rivers, and estuaries when ice is present elsewhere. Some
ashkui sites are open water throughout the winter (e.g., in high velocity areas or at the mouths of
tributaries), others are the first openings in the ice cover in the spring. Ashkui are important habitats
for migratory birds, fish, and other animals, and they are used by Innu as hunting and fishing sites,
especially in the spring of the year.
Ashkui typically form where flow velocities are high and flow is turbulent, leading to a hydraulic
condition in which ice cover is thermally not sustainable, i.e. the heat flow rate from the water to the
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ice/atmosphere is too high. This generally occurs at the outlet of lakes and where streams or rivers
flow into a larger river. There are several Ashkui sites on the lower Churchill River; some of which
include the following.
•

Areas near the Churchill Falls tailrace due to the heat content of the Churchill Falls power station
outflows (approximate chainage 330 km)

•

Metchin River confluence (283 km)

•

Elizabeth River confluence (273 km)

•

Tributary confluence on Lake Winokapau (approximate chainage 227 km)

•

Lake Winokapau outlet (approximate chainage 215 km)

•

Upper Brook confluence (57 km)

•

Lower Brook confluence (49 km)

Open water is visible in Figures 2.1 to 2.9 at some of these sites; other sites are not typically open
throughout the winter but rather open up early in the spring.

2.4

Open Water Areas Outside the Churchill River Valley
There are few observations of open water areas outside the Churchill River valley; however, an
attempt has been made to provide some assessment of when these open water areas could be
expected to occur. The focus has been on open water areas on lakes (rather than on rivers and
streams) since it is understood that the lake areas in particular are used by migrating waterfowl and
other species in the spring. Specifically, the timing of open water areas on Wilson Lake, Dominion
Lake, and Minipi Lake was assessed.
During the last of the 2008 ice observation surveys (April 22), a visit was made to the outlets of
Minipi and Dominion Lakes. At this time, open water was visible at both lake outlets, as well as in
Minipi River close to the lake outlet (see Photos 1 through 4). A photo of a known ashkui site on
Lake Winokapau taken on the same date is included in Section 3.1 (Photo 17). This survey is the
only site observation of Minipi and Dominion Lakes available for review at this time. Several site
visits were made to Lake Winokapau over the course of the ice observation surveys and hence the
timing of ice cover break up on this lake is better understood. Open water holes have been
observed to form on Lake Winokapau by late April, with the east end of the lake opening first. The
ice cover melts in place and at least the east end of the lake is typically ice free by mid-May. Wilson,
Dominion, and Minipi Lakes are each at higher elevations than Lake Winokapau (approximately 410
m, 360 m, and 330 m, respectively, compared to 110 m at Lake Winokapau). Because of their
higher elevations, air temperatures are generally cooler at these locations, and hence the heat gain to
the upper surface of the ice covers is less than at Lake Winokapau. As a result it is expected that the
dissipation of the ice cover at these lakes outside the Churchill Rive valley would be later, in the
order of one to two weeks.
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Satellite imagery was helpful in gaining a general understanding of the melting of the ice cover on
these lakes; however, sufficient detail was not available from the images to see specific open water
areas. It was also very difficult to obtain images for particular dates of interest; cloud free images of
the lower Churchill River were available only sporadically. Photos 5 through 15 illustrate some
satellite images of the Churchill River during the spring break up of 2005, 2006, 2007, and 2008.
Photo 5 provides an indication of the location of the lakes in question; the other photos are of
approximately the same area. It should be noted that the spring of 2006 was abnormally warm
leading to an early break-up.
In summary, based on the information available at this time, it can be concluded that the ice covers
on Wilson, Dominion, and Minipi Lakes typically start forming some open holes in late April, with
most of the ice cover dissipated by late May or early June, which is in the order of one to two weeks
later than Lake Winokapau.

Photo 1 – Ice cover on Minipi Lake (April 22, 2008)
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Photo 2 – Open water at outlet of Minipi Lake (April 22, 2008)

Photo 3 – Open water on Minipi River near outlet of Minipi Lake (April 22, 2008)
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Photo 4 – Open water at the outlet of Dominion Lake (April 22, 2008)
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Wilson Lake

Lake Winokapau
Minipi Lake

Dominion Lake

Photo 5 – May 10, 2005

Photo 6 – May 21, 2005

Photo 7 – May 26, 2005
PRH325967.10176, Rev. 0, Page 2-7

Newfoundland and Labrador Hydro - Lower Churchill Project
EIS0017 - Further Clarification and Updating of the 2007 Ice
Dynamics Report - November 2008

Photo 8 – May 2, 2006

Photo 9 – May 18, 2006
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Photo 10 – May 14, 2007

Photo 11 – May 23, 2007
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Photo 12 – June 13, 2007

Photo 13 – May 5, 2008
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Photo 14 – May 13, 2008

Photo 15 – June 1, 2008
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3.

Post Inundation Conditions

3.1

Ashkui
Ashkui can occur at the interface between the river and the tributary due to the relative warmth and
higher velocity of the tributary inflow. Examples of this on the lower Churchill River include the
confluences of the Metchin River, the Elizabeth River, Upper Brook, and Lower Brook.
The project will move the river/tributary interface upstream into the tributary to the new water level
of the reservoir. Figures 3.1 through 3.4 illustrate the profiles of each of the above mentioned
tributaries, with the existing interface water surface elevation and the post-project reservoir level
shown. These profiles show that the post-project tributaries are at least as steep at the confluence as
the existing tributaries. This would be expected to lead to equal or higher velocities which is the
primary factor leading to ashkui formation.
Another known ashkui on the lower Churchill River is at the confluence of an unnamed tributary on
Lake Winokapau at approximate chainage 227 km. This ashkui is known to open up each year in
early spring and to be used by various bird species. This is the best model available for the
prediction of post-project ashkuis since it is at the interface between a tributary and a lake, similar to
post-project conditions. During the 2008 ice observation study, this location was observed in each
of the three surveys. By the last survey (April 22, 2008) open water was visible on the tributary close
to Lake Winokapau, but the ashkui on the lake had not yet opened (see Photo 16); it is expected that
this ashkui opened up shortly after the survey. Another ashkui was observed on March 30, 2006 at
the interface of an unnamed tributary with Lake Winokapau (see Photo 17). Details on the timing of
these ashkui for other years were not available for review.
It is expected that ashkui will form at the post-project tributary-reservoir interfaces similar to the
ashkui that currently form on Lake Winokapau, as described above. Some may prevail throughout
the winter and others may open up in early spring. Whether or not an ashkui will form at a
particular location as well as the size of the ashkui is difficult to predict. Some of the variables that
likely influence the formation and size of an ashkui include the following.
•

Hydrology of the tributary

•

Velocities of flow in the tributary and receiving reservoir

•

Shape of the tributary (bathymetry) as well as whether or not deltas are present

•

Water temperatures in the tributary and receiving reservoir

•

Geologic condition

•

Climate conditions
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Figure 3.2 – Upper Brook Profile
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Figure 3.3 - Elizabeth River Profile
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Figure 3.4 - Metchin River Profile
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Photo 16 – Tributary at 227 km (April 22, 2008)

Photo 17 - Ashkui on Lake Winokapau (March 30, 2006)
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3.2

Ice Hinging during Operation
Ice hinges are formed by water level fluctuations after ice cover formation has taken place. This
section provides a description of ice hinges, how they will form on the post-project reservoirs, and
how they could be affected by a three meter spring drawdown on the Gull Island reservoir.

3.2.1

Typical Ice Hinge Processes
Flexible ice hinges maintain contact between the riverbanks and the floating solid ice cover, which
rises and falls with water level fluctuations on either river reaches or reservoirs (lakes). With the first
change in water level, the ice cover fails (breaks) in bending at the shoreline. Figure 3.5 illustrates
the plan and cross section of a typical ice hinge.
In some cases, the hinges can buckle into a “Vee” geometry. If the water level rises above the
bottom elevation of the Vee, the hinge floods and flow along its length may occur (see Figure 3.5
and Photo 18). If this occurs in the springtime, the flow along the hinges will accelerate the melting
of the hinge, and a band of open water may form between the floating solid cover and the shoreline.
If this occurs on a lake or reservoir where the underflow velocity is low, the floating solid cover will
continue to dissipate in place, being lodged at some point against the shore line by the gentle
currents or wind shear on its surface. In the case of faster flowing water, the drag on the floating
cover in the downstream direction may cause telescoping and shoving to achieve internal
equilibrium for the cover. High wind stress on the cover could in either case cause the floating
cover to ride up on and form a pile of ice on shore at its down wind end.

3.2.2

Ice Hinging in the Post-Project Reservoirs
Assuming base load operation of the proposed hydroelectric plants, the reservoirs will be maintained
at a relatively constant water level, with only minor fluctuations. Lake Winokapau is the best model
available for the prediction of ice hinges on the post-project reservoirs since its water level is fairly
constant throughout the winter. Little ice hinging is expected if the reservoirs are indeed maintained
at a constant level throughout the winter. If minor water level fluctuations lead to some hinging, it is
expected that these hinges will have similar stability and strength as the adjacent thermal ice cover,
which should be similar to that currently formed on Lake Winokapau.
In the spring, there is the potential for a three metre drawdown of the Gull Island reservoir which
would lead to hinge ice along the shores. Field observations have shown that new hinge links form
with falling water levels (see Figure 3.6). Since contact with the banks is always maintained during
falling water level, the ice cover should remain stable. With a gradual rise in water level as a result
of higher spring inflows, it is expected that bank contact will be maintained as long as the water level
does not exceed the ice cover formation level which would be 125 m in the case of the Gull Island
reservoir. Longitudinal flow parallel to the shorelines is expected to occur as water levels rise back
up, and this could lead to more rapid melting of the hinge, as described in the previous section.
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Figure 3.5 – Typical ice hinge

Figure 3.6 – Hinging as a result of a drop in water level
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Photo 18 – Ice Hinging (March 30, 2006)

3.3

Mud Lake River Transportation
Mud Lake residents rely on the lower Churchill River as their transportation link to Happy ValleyGoose Bay. During the summer they use boats to cross the river; in the winter they cross by snow
mobile. There is a period of time (typically 4 to 7 days) in the late fall/ early winter and in the spring
during which it is unsafe to cross the river by either boat or snow mobile. The residents of Mud Lake
are concerned that this duration could change as a result of the proposed hydroelectric
developments. As explained below, this length of time should not be affected by the project since
the primary factor influencing the break-up is atmospheric conditions.

3.3.1

Formation of Ice Bridge
An ice bridge (or “ice jam”) typically forms near the mouth of the river, near chainage -0.2 km.
Residents of Mud Lake suggest that it is this bridge that allows them to cross the river by
snowmobile, even when Goose Bay is ice free. Analysis indicates that first cover occurs at this
location because:
•

The section is narrow relative to upstream and downstream sections, thereby providing the most
favourable location for ice flowing through to “lodge”.

•

The surface ice transport capacity decreases as flow approaches the ice bridging location.
Hydraulic analysis suggests that ice leaves chainage -0.2 km at about half the rate at which it
arrives from upstream, thereby providing for significant convergence of the ice at this location
and, therefore the best opportunity for effecting freeze-up of the river.

The hydraulic analysis estimated the minimum ice inflow rate required to achieve bridging of ice at
chainage - 0.2 km for average water flow rates and ice roughness. Ice modeling was completed to
estimate the rate of ice generation for the reach between the proposed Muskrat Falls tailrace and
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Goose Bay. Results of this modeling suggest that the noted minimum ice inflow rates will be easily
exceeded in the post-project case. However, because of the elimination of open water area
upstream of Muskrat Falls and the effect of seasonal heat storage in the Gull Island and Muskrat Falls
reservoirs, there will be a delay in the formation of the ice bridge in the order of two weeks,
depending upon climatic conditions in any given year.

3.3.2

Strengthening of Ice Bridge
Once a cover has initiated, the process of strengthening of the ice cover is expected to be similar to
the currently prevailing pre-project condition. The strength of the ice bridge increases primarily as a
consequence of on-going heat loss to the atmosphere, which will not change as a result of the
project. This heat loss increases the load carrying capacity of the cover by making it both colder (i.e.
mechanically stronger) and thicker through vertical growth. It appears that this process typically
takes between 4 and 7 days based on Mud Lake resident’s reports. Thickening of the ice bridge can
also occur due to the inflowing deposits of slush ice under the initial bridge cover. This could
accelerate the noted strengthening and thickening process as the deposited ice has already had much
of the latent heat of fusion removed before depositing, but this effect is expected to be small relative
to the primary thickening process of heat loss to the atmosphere. Hence it can be concluded that the
period of time during which it will be unsafe to cross the river in late fall/ early winter will be
unchanged from the existing condition.

3.3.3

Spring Break-Up
Given that the hydraulic regime will be similar pre- and post-project, the mechanism for spring
break-up is expected to be unchanged. Further thermal analysis indicates that warm-up of the water
in the spring will occur approximately one week later on average; however, since the heat gain to
the top surface of the ice cover is unchanged (the projects will not affect atmospheric conditions), the
delay in break-up is expected to be less than one week. The period of time that it will be unsafe to
cross the river will remain unchanged from current conditions.

3.4

Reservoir Ice Cover Extent and Timing
In the post-project condition thermal ice covers will form on the reservoirs. The only open water
areas expected consist of ashkui at tributary interfaces and near the tailrace channels of the
hydroelectric generating stations. The total area of open water in the post-project condition is
expected to be less than a few square kilometres, depending on the size and number of ashkui and
the climate condition of the winter.
There is no model available at this time to predict when an ice cover will form on a reservoir. While
water temperature simulations have been completed to provide an indication of the delay in cooldown and warm-up of the reservoirs, this type of modeling cannot predict when an ice cover will
form since it does not consider thermal stratification of the reservoir. An ice cover could form before
the bulk water temperature falls to zero. Hence, observation of the ice cover formation and break-up
on Lake Winokapau is the best model available for the prediction of the ice cover timing that could
be expected on the post-project reservoirs.
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3.4.1

Ice Cover Formation
Recent ice observation programs have begun after the Lake Winokapau ice cover had formed,
providing little information about when the lake actually became ice covered. Satellite imagery was
obtained for the past four winters, which suggests that an ice cover typically forms on Lake
Winokapau between late November and early December. An ice cover would be expected to form
on the Gull Island reservoir at approximately the same time of year. The elevation of the Muskrat
Falls reservoir water surface is approximately 85 m below that of the Gull Island reservoir and hence
the air temperatures are expected to be slightly warmer. Because of this, ice cover formation on the
Muskrat Falls reservoir is expected to occur slightly later than on the Gull Island reservoir, within one
or two weeks depending on the climatic condition of the winter.

3.4.2

Ice Cover Dissipation
The Lake Winokapau ice cover generally begins to form some open holes by late April and at least
the east end of the lake is typically ice free by mid-May, with the last of the ice dissipating by early
June. Since the majority of the heat gain to the ice cover is from the atmosphere, it is expected that
the Gull Island reservoir will break up at about the same time. The Muskrat Falls reservoir is
expected to break up slightly earlier due to its lower elevation and hence warmer temperatures; this
difference is expected to be in the order of one or two weeks depending on the climatic condition of
the winter.
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