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EXECUTIVE SUMMARY
The Ice Survey Program for the Lower Churchill Project (LCP) includes surveying ice freeze-up
and break-up in the Lower Churchill River pre- and post-impoundment. The program during the
2015-2016 ice season is third in a continuation of previous monitoring during the construction
period of the LCP to confirm baseline conditions and collect additional data to better understand
the ice conditions in areas potentially influenced by the LCP. The survey program included the
following objectives and activities:
•

Review of web camera images at Mud Lake for planning purposes;

•

Communications with Mud Lake residents to document freeze-up and break-up
processes;

•

Photographic surveys by helicopter during freeze-up and break-up periods of the Lower
Churchill River between Lake Melville and Muskrat Falls;

•

Estimation of ice floe concentration;

•

Estimation of ice floe velocity using the updated hydraulic model (HEC-RAS) of the
Churchill River.

•

Collection of ice thickness measurements along the ice bridge crossing route at Mud
Lake; and

•

Acquisition and interpretation of satellite imagery to monitor the freeze-up and break-up
processes and throughout the winter period.

Photographs of the Lower Churchill River were collected by aerial observation from a helicopter
during the ice freeze-up period (November 30 to December 3, 2015; 897 photographs) and ice
break-up period (May 12 to 16, 2016; 1205 photographs) from Lake Melville up river to just
above Muskrat Falls. Photographic documentation involved travelling along the southern bank
of the river to collect side view photographs (perpendicular to the flow) while on the return trip,
photographs were taken looking downstream on the river (parallel to the flow), from bank to
bank.
A web camera at the Mud Lake crossing on the north side of the Lower Churchill River
transmitted images by satellite and were uploaded as near real time data to the Government of
Newfoundland and Labrador, Department of Environment and Conservation, Water Resources
Management Division (NLDEC/WRMD) web site. Daily review of images from this web camera
was used to assist in planning helicopter surveys (above).
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November 25 to December 6, 2015, and May 7 to 18, 2016, were used to further document and
describe the freeze-up and break-up conditions.
An ice floe concentration analysis was performed on 42 aerial photographs (21 for freeze-up
and 21 for break-up) taken during the helicopter ice surveys, for the purpose of studying ice
concentrations in the reach between Muskrat Falls and Mud Lake.

The results included a

processed image with ice cover and open water classes, with their respective area of coverage.
The percent of ice cover decreased slightly during freeze-up from November 30 to December 1
from (mean ± Std. Dev.) 68.2 ± 19.3% ice cover to 63.6 ± 28.5% ice cover, with more variability
in ice cover on December 1, indicating a slowing the ice formation process. The proportion of
ice cover generally decreased on November 30 from the river mouth in an upstream direction on
all three sampling dates, except at location #6. The percent of ice cover decreased during
break-up from May 12 to 14 to 16, declining from (mean ± Std. Dev.) 57.6 ± 44.5% to 36.0 ±
41.5% to 11.8 ± 22.0%, respectively.
The timing of the freeze-up and break-up processes during the 2015-2016 ice season were
documented and compared with the long-term data record and the last ten years of
observations. The date of freeze-up, as indicated by the day of the first snowmobile crossing,
was December 1, 2015.

The date of break-up, as indicated by the date of the first boat

crossing, was May 17, 2016. The date of freeze-up was three days later than the long-term
average (November 28) and four days earlier than the average for the last ten years
(December 5). The date of break-up was three days later than the long term average (May 14)
and six days later than the average for the last ten years (May 11). The later freeze-up date in
2014 (December 1), and break-up date in 2015 (May 17), resulted in total ice covered period of
168 days in the 2015-2016 ice season.
Ice thickness measurements were completed between February 8 and 9, 2016, and a total of
ten locations were augured along the ice crossing route at Mud Lake. The ice thickness from
the ten locations was variable, averaging 70.4 cm ± 25.2 (Std. Dev.), ranging from 46 to 120 cm,
and was solid throughout. Snow cover was modest, averaging 32.4 cm ± 11.0 (Std. Dev.), and
ranging from 18 to 46 cm.
Satellite images of the Churchill River from Mud Lake to Muskrat Falls were acquired by
Cosmo-Skymed (CSK) and Sentinel 1A (S1A) and used to monitor ice conditions between
November 28, 2015, and May 22, 2016. A total of 60 images were acquired using the CSK
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constellation (consisting of four Synthetic Aperture Radar (SAR) satellites) and S1Ad at an
approximate frequency of every four days. Daily SAR images were obtained at the Mud Lake
crossing during ice freeze-up from November 28 to December 5, 2015, and break-up from May
13 to May 22, 2016. Ten of the 60 images were acquired at a high spatial resolution (5 m) and
used to monitor the Mud Lake area of the river, while the remaining 50 were acquired at a
medium resolution (20-30 m).

Three products were generated from the analyses of SAR

images: (i) Ice Cover; (ii) Ice Classification; and (iii) Change Detection. The Ice Cover product
identified areas of smooth ice cover or open water which helped elucidate the ice front. The Ice
Classification product differentiated between three ice classes: (i) open water; (ii) nonconsolidated or smooth ice; and (iii) consolidated or rough ice. The Change Detection product
compared two consecutive images to determine whether there had been an increase, decrease,
or no change in ice cover.
Satellite monitoring of the Lower Churchill River began on November 28, 2015, focusing on
freeze-up in the Mud Lake area and using high and medium resolution images up to
December 5, 2015.

Freeze-up occurred about one week earlier than in 2015. The image

acquired on November 28, 2015, showed suspended ice moving downstream towards Lake
Melville. Border ice had formed along the edges of the islands and sand bars within the river.
Ice had consolidated forcing a narrow channel to form on the northern side of the river and there
were large areas of open water. SAR image interpretation showed ice accumulation continuing
until the ice cover became stable and consolidated on December 5.
The first high resolution image for break-up monitoring of the Mud Lake area was acquired on
May 13, 2016, with a total of six high resolution images were acquired during break-up. Open
water first appeared in the river originating from Mud Lake and along the northern bank of the
Churchill River on May 10, 2016. Ice cover conditions remained the same until May 15, 2016,
when new leads developed and existing leads widened. The ice cover rapidly deteriorated
beginning May 16, 2016. Most of the Mud lake area was ice free by May 19 while ice cover
remained on Lake Melville. The ice below Muskrat Falls was extremely thick and this is typically
the last area in the lower reach of the Churchill River to become ice free.
The formation of the ice bridge at Mud Lake is dependent on the volumetric flow rate of ice
arriving at the bridging location. Estimates of the volumetric flow rate of ice were made through
observation of three variables: (i) ice floe concentration; (ii) ice floe thickness; and (iii) ice floe
velocity. Volumetric flow rate of ice estimates were determined for November 30, 2015 for four
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locations in the river: (i) upstream of Muskrat Falls; (ii) downstream of Muskrat Falls; (iii) near
Blackrock Bridge; and (iv) near the Mud Lake crossing. Flow rates were determine for one day
only, November 30, and were considered representative of flow rates during the ice formation
period. Volumetric flow rate of ice was calculated to range from 5.5 m3∙s-1 (downstream of
Muskrat Falls) to 39.9 m3∙s-1 (near the Mud Lake crossing). There is some uncertainty to the
volumetric flow rate of ice calculations as ice thickness was estimated rather than measured in
the field.
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1.0

INTRODUCTION

Mud Lake residents are dependent on a stable ice cover across the lower Churchill River for
transportation to and from Happy Valley-Goose Bay and there are from 80 to 140 snowmobile
crossings per week by Mud Lake residents during the winter season.

The environmental

assessment of the Lower Churchill Project (LCP) consequently paid particular attention to the
possible effects of the proposed LCP on the ice dynamics in the reach below Muskrat Falls
(Nalcor 2009). It was determined that hydraulic conditions downstream of Muskrat Falls were
not expected to change as a result of the LCP and it was predicted that there would be no effect
on river crossings during the ice‐free parts of the year.

It was predicted, however, that

downstream of Muskrat Falls, in the area of Mud Lake, the freeze-up date would be delayed by
two weeks and the break-up date would occur one week later than historical records (Hatch
2007; Nalcor 2009). This would affect river crossing by Mud Lake residents, as boats would be
used to cross the river for two weeks longer in the fall and snowmobiles would be used one
week longer in the spring.
Predictions were also made during the environmental assessment of the LCP regarding the
transition period during the freeze-up and break-up processes, to determine if the ice cover
would be stable enough for crossing by snowmobile (freeze-up) and to predict ice conditions
until the river is ice‐free in the spring (break-up) allowing crossings by boat. These transition
periods occur each year and during this time travel by boat or snowmobile is not possible. Ice
modelling predictions made in the environmental assessment did not forecast a longer transition
period; therefore, crossing of the river is not expected to be affected by the LCP, other than the
change in timing.
Ice bridging under pre-LCP conditions occurs at an approximate distance of 0.2 km above Lake
Melville and the ice cover progresses upstream from that point. The volume of ice will be
reduced by the Muskrat Falls Dam under post‐LCP conditions, which will act as a physical
barrier to ice transport from upstream to downstream reaches.

A hydraulic analysis was

completed to assess the potential for the ice bridge to form under post‐LCP conditions and this
analysis suggested that the volume of ice generated downstream of Muskrat Falls was sufficient
for the formation of an ice bridge (Hatch 2010; Pryse-Phillips 2010). The strength (stability and
thickness) of the ice forming the ice bridge was predicted to remain unaffected during the
operation of the LCP.
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Nalcor Energy (Nalcor) has been observing ice processes in the lower Churchill River since
2006 as part of the assessment of the LCP (Hatch 2007: SNC-Lavalin 2012a and b). Historical
surveys were also conducted in the 1980s and 1990s by various parties (as reviewed in SNCLavalin 2012b). Ice management is an important aspect of construction and operation of the
Muskrat Falls hydroelectric plant and these studies have been conducted to better understand
the ice conditions in the areas to be influenced by the LCP to better predict what could occur
during construction and operation of the LCP.

The LCP has committed to surveying ice

formation in the lower Churchill River during pre- (baseline and LCP construction period) and
post-impoundment (operations) conditions.

These predictions would allow Nalcor to take

appropriate precautions and develop mitigation measures to manage potential problems due to
ice.

Nalcor has contracted Golder Associates Ltd. (Golder), who sub-contracted Sikumiut

Environmental Management Ltd. (SEM) to develop and implement an ice surveying program to
be completed during LCP construction to confirm baseline conditions and to expand the
knowledge base on the timing of freeze-up and break-up in relation to the Mud Lake crossing
location. This report presents the results of studies completed in the 2015-2016 ice season
(year 3 of 3) during the initial construction phase of the LCP.
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2.0

MATERIALS AND METHODS

2.1

Objectives

Nalcor has committed to surveying ice formation in the lower Churchill River pre- and postimpoundment. The objective of the program during the 2015-2016 ice season was to implement
an ice surveying field program to be completed during the third year of the LCP construction to
confirm baseline conditions.

The survey program included the following objectives and

activities:
•

Daily review of images from the Government of Newfoundland and Labrador,
Department of Environment and Conservation, Water Resources Management Division
(NLDEC/WRMD) web camera at Mud Lake for the purpose of planning helicopter
surveys.

•

Communications with Mud Lake residents to support planning of helicopter surveys
during the freeze-up and break-up processes.

•

Photographic surveys by helicopter (daily) during the critical ice formation process at
Mud Lake and the subsequent strengthening of the ice cover. Observations spanned
the reach between Mud Lake and Muskrat Falls to observe the progression of the ice
front.

•

Photographic surveys by helicopter (daily) during the spring break-up process at Mud
Lake, between Mud Lake and Muskrat Falls.

•

Estimation of ice floe concentration via analysis of photographs taken during helicopter
surveys at selected locations.

•

Acquisition and interpretation of satellite imagery to determine ice formation at Mud Lake
and to monitor the break-up process, as well as to monitor ice conditions during the
period of intact ice.

•

Estimation of ice floe velocity using the updated hydraulic model (HEC-RAS, USACE
2010) of the lower Churchill River at four locations:

•

o

Upstream of Muskrat Falls;

o

Downstream of Muskrat Falls;

o

Downstream of Blackrock Bridge; and

o

Near the Mud Lake Ice Bridge Crossing.

Collection of ice thickness measurements along the Mud Lake ice bridge crossing.
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2.2

Study Team

The study team members for this work and their area of responsibility are listed in Table 2.1.
The overall project coordination and management was completed by SEM, in communication
with Golder.

SEM also completed the aerial observation surveys during the freeze-up

(November 2015) and break-up (May 2016) periods and conducted the ice coring survey along
the Mud Lake ice bridge crossing (February 2016). SEM also completed the project report with
support and input from other team members.
The Centre for Cold Ocean Resource Engineering (C-CORE) acquired and analyzed Satellite
Synthetic Aperture Radar (SAR) images from the Cosmo-Skymed (CSK) and Sentinel 1A (S1A)
satellites to monitor ice conditions on the lower Churchill River for the 2015-2016 ice season.
Images were analyzed to identify ice types and delineate areas of open water during freeze-up
and break-up of the ice cover in the Mud Lake area. C-CORE also completed an ice floe
concentration analysis on 42 aerial photographs taken during the helicopter ice surveys.
Hatch Ltd. (Hatch) provided hydraulic analysis using a river model of the Lower Churchill River
to determine the volumetric flow rate of ice arriving at the bridging location at Mud Lake. This
included: (i) estimation of ice floe concentration via analysis of photographs taken during
helicopter surveys (as provided by C-CORE); (ii) completing theoretical estimates of ice floe
thickness (Stefan’s Equation); and (iii) modelling estimates of ice floe velocity using the most
up-to-date (2010) HEC-RAS model of the Lower Churchill River.
Table 2.1

Team Members for the 2015-2016 Ice Observations Surveys.

Team Member
SEM
Dave Scruton, MES, Senior
Scientist
Leroy Metcalfe, B. Sc.,
President
Stefan Cahill, Dipl. Geomatics,
Director of Geomatics
Jason Lewis, GIS Applications
Specialist Dipl., Environmental
Tech Dipl., B.A. Geography
and Political Science, GIS
Specialist
Claire Moore-Gibbons, MES,
Biologist
Jordan Hope, Mud Lake

Roles and Responsibility
Project Manager, coordination, client liaison, project report
Financial control, project report QA/QC
Field team lead, freeze up survey and ice thickness survey

Field team member, freeze up survey, break-up survey, ice
thickness survey

Field team lead, break-up survey
Communication on ice conditions, ice thickness survey
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Team Member
Roles and Responsibility
Resident
Randy Best, Mud Lake
Ice thickness survey
Resident
C-CORE
Michael Lynch, B. Sc.,
C-CORE Project Manager. Coordination with SEM, project
Advanced
Diploma
GIS,
control and reporting
Operations Manager
Mark Howell, Diploma GIS, Plan, order and archive imagery. Satellite image analysis,
Image Analyst
generation of river ice products, ice floe analysis
Hatch
Hydraulic analyses of ice floe concentration, thickness and
Wendy Warford, P. Eng.
velocity, report preparation
Tony Chislett, P. Eng.
QA/QC for hydraulic analyses results

2.3

Mud Lake Web Camera

In 2010, a web camera was established by the NLDEC/WRMD, in cooperation with LCP and
Environment Canada, at the Mud Lake crossing on the north side of the Churchill River, near
Happy Valley-Goose Bay, oriented upstream. Images from this web camera are transmitted by
satellite and uploaded as near real time data to the NLDEC/WRMD web site at:
http://www.env.gov.nl.ca/wrmd/ADRS/v6/Template_Station.asp?station=NLENCL0004
Photos taken by the web camera were consulted daily during planning for timing of aerial
surveys and to document the freeze-up and break-up conditions. Images during the period from
November 15 to December 6, 2015, and May 7 to 18, 2016, were used to document and
describe the freeze-up and break-up conditions at the Mud Lake crossing, respectively.

2.4

Local Consultation

SEM also consulted with Mud Lake resident Mr. Jordan Hope for assistance and experience
with respect to the timing of the aerial surveys to document the freeze-up and break-up
processes. Mr. Hope also provided SEM with the dates for the first snowmobile crossing on
December 1, 2015, and the first boat crossing in May 17, 2016, to continue the time series for
these important dates for the residents of Mud Lake.

2015-2016 Ice Observation Survey, Mud Lake Crossing, Lower Churchill River
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2.5

Photographic Surveys

A key component of the ice survey program was the aerial ice observation survey which took
place during both the freeze-up and break-up periods on the reach of the Lower Churchill River
from Lake Melville up to Muskrat Falls (Figure 2.1).
Daily helicopter (Bell 206 Long Ranger) surveys were completed during the ice freeze-up
period, between November 30 to December 3, 2015, to observe the ice conditions from Lake
Melville, past Mud Lake and Goose Bay, and up to Muskrat Falls. The surveys were completed
at approximately the same time each day, between 12:00 to 15:00, with the helicopter flying at
the same altitude, 250 to 300 m above sea level [masl].

The process for photographic

documentation of the ice freeze-up had the helicopter travelling along the southern bank of the
lower Churchill River while the SEM team took continuous side view photographs (Figure 2.2).
The helicopter flew down the centre line of the river on the return trip and the SEM team took
photographs at approximately 2 km intervals, looking down river and encompassing views from
bank to bank (Figure 2.3). Global Positioning System (GPS) locations were logged along the
route at each photograph location to ensure consistency between photographs during the three
day survey for the ice formation period. Additional photographs were taken at Mud Lake at the
potential location where the Mud Lake Crossing was to be placed. A total of 897 photographs
were taken during the freeze-up period (195 photos on November 30; 235 photos on December
1; 272 photos on December 2; and 195 photos on December 3).
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Figure 2.1

The Aerial Observation Survey Route Followed in the Freeze-Up and Break-Up Surveys.
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Daily helicopter surveys with an A-Star 350 helicopter were completed from May 12 to 16, 2016,
during the ice break-up period to observe the ice conditions between Mud Lake and Muskrat
Falls. The process for photographic documentation of the ice break-up was as described above
with the helicopter flying at the same altitude, 250 to 350 masl. A total of 1,205 photographs
were taken during the break-up period (265 on May 12; 273 on May 13; 236 on May 14; 237 on
May 15; and 194 on May 16).

Figure 2.2

Example of a Photograph Taken From the Southern Bank of the Lower
Churchill (Side View).
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Figure 2.3

2.6

Example of a Photograph Taken From the Central Route Down the Lower
Churchill River (Bank to Bank).

Ice Thickness Measurement at the Mud Lake Crossing

SEM completed the ice thickness measurements between February 8 and 9, 2016, after the
Mud Lake crossing was completely frozen over. Mr. Jordan Hope and Mr. Randy Best provided
field assistance for the survey including snowmobiles and sleds for use in the survey. A total of
ten locations were drilled using a gasoline powered auger (Jiffy 6” auger assembly) and manual
auger (when the blades on the powered auger failed) along the ice crossing route as delineated
by Mud Lake residents (Figure 2.4). The ice thickness, snow cover and any slush layer were
measured with a tape measure and a description of the ice condition was recorded.

2015-2016 Ice Observation Survey, Mud Lake Crossing, Lower Churchill River
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Figure 2.4

2.7
2.7.1

Mud Lake Ice Crossing Route, December 3, 2015.

Satellite Observations
Satellite Image Acquisition

Satellite images of the Churchill River from Mud Lake to Muskrat Falls were acquired and
interpreted by C-CORE during the 2015-2016 ice season. Satellite SAR images were acquired
by CSK and S1A satellites and were used to monitor ice conditions. SAR images provided
detailed ice surface textures and accurately delineated areas of open water. The images were
processed to identify ice types and areas of open water which were used to assess ice cover
variability on the lower Churchill River. The advantages of using SAR sensors included weather
independence (ability to “see” through cloud and fog) and ability to acquire imagery day or night.
The river ice monitoring season occurred between November 28, 2015, and May 22, 2016.
Images were acquired at an approximate frequency of every four days to cover the reach of
river between Muskrat Falls and Mud Lake. Additional images were acquired daily at the Mud
Lake crossing during ice freeze-up from November 28 to December 5, 2015, and break-up from
May 13 to May 22, 2016.
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A total of 60 images were acquired using the CSK constellation (consisting of four SAR
satellites) and S1A. Image orders required a primary and a secondary (back-up) plan. When a
primary image was not acquired, the secondary image would then be tasked, which was
typically 12 hours later. Acquisition of S1A images could not be planned by C-CORE but the
plans were published on a regular basis and were monitored to make sure the Churchill River
S1 images were acquired on a regular basis. No S1 images were acquired during most of
January. A request was submitted to the European Space Agency (ESA) to acquire images of
the river as soon as possible. In response to this request, S1A acquisitions began again on
January 28. The 2015-2016 ice season was the first to use S1A images in conjunction with
CSK images. The primary reason for introducing S1A was cost reduction, as S1A imagery is
available at no cost, while CSK images cost $1,300 each.
The preparation of image acquisition plans considered several factors, including spatial
resolution, incidence angle, look direction and area of interest. These factors are defined by the
image application and can restrict image availability and coverage. Ten of the 60 images were
acquired at a high spatial resolution (5 m) and used to monitor the Mud Lake area of the river,
while the remaining 50 were acquired at a medium resolution (20-30 m). Table 2.2 contains
detailed specifications of the satellite images. A complete list of images processed for the
Lower Churchill River ice monitoring survey is provided in Appendix A. Analyses of the satellite
imagery for the freeze-up and break-up processes, as well as during the period of constant ice
cover are provided in Appendices B, C and D, respectively.
Table 2.2
Satellite
CSK
CSK
S1A

2.7.2

Satellite Image Specifications for the 2015-2016 Ice Season.
Beam Mode
StripMap
ScanSAR Wide
Interferometric Wide

Spatial Resolution
(m)
5
30
20

Image Width (km)

Number of Images

30
100
250

10
34
16

Satellite Image Processing

Radar satellites are active sensors in that they transmit a signal to the Earth’s surface and
record the energy reflected back to the sensor, as backscatter. Pixel intensity within the satellite
image is proportional to the backscatter. The sensor is side looking, so most of the signal will
be deflected away from the sensor on smooth surfaces such as smooth ice. Rough surfaces,
such as found with an ice jam, will deflect the signal in all directions including back to the
sensor, producing bright areas as seen in the images. Generally, surfaces with roughness or
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complex geometry have higher backscatter.

Figure 2.5 depicts schematically, the surface

scattering and volume scattering processes. In the surface scattering diagram, the ice surface
roughness dictates how much of the incoming signal is deflected away from the satellite and
how much is received. Areas of rough ice will cause more of the signal (backscatter) to be
received by the satellite. These features are represented as white pixels in the image. Darker
areas in images represent smooth surfaces where much of the signal is deflected away from the
satellite. The second diagram illustrates how volume scattering occurs within ice containing air
pockets and cracks.

ice)

cover
ice)
to
scattering

Figure 2.5

return

River Ice Scattering Mechanisms (Pelletier and Hicks 2003).

Image analysis included calibration, orthorectification, filtering and visual enhancement. Filter
and enhancement techniques were unique to each image, due to different spatial resolutions,
incidence angle and ice cover. Filters were used to remove noise and speckle, which are
characteristic of SAR images. The choice of enhancement technique depended on weather
conditions, ice textures and the amount of open water, all of which affected backscatter and the
calibration results.
Late in the ice season, rough ice textures became smoother, resulting in less backscatter, to the
point that ice began to resemble open water. Prior knowledge of weather conditions, recent
satellite images and field data were important factors to aid in separating open water from water
on ice. Water pooling on the surface of ice resulting from melting or rainfall appeared similar to
open water.
The Ice Cover product is a map containing the calibrated, visually enhanced, orthorectified SAR
image. The darker sections of the river are areas of smooth ice or open water. They may also
be pools of water on ice, depending on the time of year and the recent weather conditions.
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Smooth surfaces appear the same within a SAR image prior to image processing, such as those
described above. Figure 2.6 shows an example of an ice cover product from the December 8,
2015, CSK image.

Figure 2.6

Ice Cover Product Created From the December 8, 2015, CSK Image.

The Ice Classification product is the result of classifying SAR backscatter into one of three
classes: (i) open water or water on ice; (ii) non-consolidated or smooth ice surface; and (iii)
consolidated or rough ice surface.

Figure 2.7 shows an example of the Ice Classification

product from the December 8, 2015, CSK image.
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Figure 2.7

Ice Classification Product Created From the December 8, 2015, CSK Image.

The Change Detection product is the result of subtracting the previous classification from the
most recent classification. The result is a product indicating where the ice surface is rougher
(backscatter has increased; yellow and red) and smoother (backscatter has decreased; light
blue and dark blue) as well as areas where no change (green) has occurred. This is a useful
product for tracking ice break-up and freeze-up processes as well as sudden changes
throughout the ice season due to sudden weather events such as rain. Figure 2.8 shows an
example of a Change Detection product for the comparison of classifications from November 29
and December 8, 2015 CSK images.
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Figure 2.8

2.8

Change Detection Product Comparing the November 29 and December 8,
2015, CSK Images.

Ice Floe Concentration

An ice floe concentration analysis was performed on aerial photographs taken during the
helicopter ice surveys (see Section 2.4) during freeze-up and break-up periods for the purpose
of studying ice concentrations in the reach between Muskrat Falls and Mud Lake. Separate
analyses were conducted for ice break-up and freeze-up periods. Photographs were chosen
based on several factors including site locations that would represent as much of the river as
possible, image clarity (glare and reflection) and photograph perspective.

A total of 42

photographs were processed; 21 for freeze-up and 21 for break-up. The photograph sites
chosen for break-up and freeze-up are similar, with the purpose of studying the changing ice
cover at the same locations. Figure 2.9 shows the locations where selected photographs were
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collected for the analyses. The photographs analyzed and the interpreted products, during
freeze-up and break-up are provided in Appendices E and F, respectively.

Figure 2.9

2.9

Photograph Locations During Freeze-Up and Break-Up in the 2015-2016 Ice
Season.

Volumetric Flow Rate of Ice

The ice cover on the lower Churchill River typically forms via an ice bridge near Mud Lake and
propagates upstream from this location. The formation of the ice bridge is dependent on the
volumetric flow rate of ice arriving at the bridging location. Estimates of the volumetric flow rate
of ice can be made through observation of the following three variables:
•

Ice floe concentration (i.e., area of ice coverage);

•

Ice floe thickness; and
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•

Ice floe velocity.

The purpose of determining the volumetric flow rate of ice is to estimate the relative contribution
of ice originating upstream of Muskrat Falls to that arriving at the bridging location near Mud
Lake. Consequently, ice flow rate estimates were made at the following four locations:
•

Upstream of Muskrat Falls (location # 7, Figure 2.9);

•

Downstream of Muskrat Falls (location # 6, Figure 2.9);

•

Near Blackrock Bridge (location # 4, Figure 2.9); and

•

Near the Mud Lake ice bridge crossing (location # 1, Figure 2.9).

Ice floe concentration estimates (see Section 2.7) were obtained through the analysis by CCORE of photographs taken from a helicopter during the freeze-up process (see Section 2.4).
Ice floe concentration estimates (in percent) for the period between the start of ice formation
and the formation of the ice bridge at Mud Lake were derived for the above four locations.
C-CORE has developed an automated method to estimate the ice floe concentration based on
photographs that were taken during helicopter reconnaissance. The first step in the process is
to select a representative portion of the photograph for analysis.

Stationary border ice is

excluded as well as other parts of the photograph that appeared to be influenced by any of the
following factors: sun reflection on the water surface, reflection from the windshield of the
helicopter, shadows on the water surface, wind induced riffles and ice fog. A process called
unsupervised classification was then used, using the K-means clustering algorithm, to create an
ice class and an open water class. The number of pixels for the water and ice classes are then
summed and converted to percentages.
Estimates of ice floe concentration were made available to Hatch for this analysis. Photographs
taken during the helicopter survey conducted on November 30, 2015, were used in this
analysis. In the absence of direct measurements, the Stefan Equation (USACE 2002) was used
to estimate ice floe thickness for the purpose of volumetric ice flow rate calculation. The Stefan
Equation is:
Thickness in mm = C (DDF) 0.5
Where:
C = coefficient (taken as 15 mm*degree Celsius

-0.5

* day

-0.5

for average rivers with snow)

DDF = cumulative degree days of freezing
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Ice floe velocity, as average cross sectional velocity, was estimated for one day only, November
30, 2015, at the start of the ice formation process. Ice floe velocity was estimated using the
latest version (2010) of the hydraulic model (HEC-RAS) for the Churchill River, as developed in
2010 by Hatch. The average daily flow in the Churchill River was taken from the Water Survey
of Canada gauging site at Churchill River above Upper Muskrat Falls (03OE001) for November
30, 2015. The width of the flow channel on the interpreted photographs was estimated from
satellite imagery collected on November 30, 2015, and subsequently used in the hydraulic
model analysis.
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3.0

RESULTS

3.1

Mud Lake Web Camera

Archived images from the NLDEC/WRMD web camera at the Mud Lake crossing site were
provided to SEM (on CD) and have been used to document and describe the freeze-up and
break-up conditions at this location.
The freeze-up sequence for the period from November 25 to December 6, 2015, is shown in
Figures 3.1 and 3.2.

Open water conditions were recorded at the web camera site on

November 25 and 26, with ice developing along the river margins on both days. Increasing
concentrations of ice accumulating in an upstream direction were observed on November 27
and 28, with concentrations remaining similar over the period from November 28 to
December 4. The ice bridge crossing was considered formed on December 1, at a location
further downstream than had commonly been used for travel, and not documented by the web
camera. The first date for snowmobile crossing for the 2015-2016 ice season was December 1.
The break-up sequence for the period from May 7 to 18, 2015, is shown in Figures 3.3 and 3.4.
The images from May 7 through 10, demonstrated that the river was still frozen over completely
with some melting areas first starting to appear on May 11 and 12.

Open water sections

became increasingly evident from May 13 to 15. The date of first crossing by boat was May 17.
The duration of the break-up was about seven days, which is consistent with observations from
previous years and as reported by SNC-Lavalin (2012a) for 2012 (six days) and for 2014 (seven
days, SEM 2014) and 2015 (five to seven days, SEM 2015).
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Figure 3.1

Mud Lake Web Camera Images During the Freeze-Up Process,
November 25 - 30, 2015.
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Figure 3.2

Mud Lake Web Camera Images During the Freeze-Up Process, December 1
- 6, 2015.
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Figure 3.3

Mud Lake Web Camera Images During the Break-Up Process, May 7 - 12,
2016.
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Figure 3.4

Mud Lake Web Camera Images During the Break-Up Process, May 13 - 18,
2016.
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3.2

Photographic Surveys

Photographs were collected during the ice freeze-up period from November 30 to December 3,
2015. Similarly, photographs were obtained during the ice break-up period from May 12 to 16,
2016. At the end of each day the SEM team catalogued all photographs and evaluated the
products to determine if any modifications in protocol were required. Select photographs have
been included in Appendices E and F to illustrate the progression of freeze-up and break-up.
Field reports for the aerial ice observation surveys are provided in Appendix G. All of the
photographs taken during this period are available upon request.
The photographs were used by C-CORE to estimate ice floe concentration during the freeze-up
and break-up processes (Section 3.4). Hatch used the results of the ice floe concentration
analyses in the estimation of the volumetric flow rate of ice (Section 3.7).

3.3

Timing of Freeze-Up and Break-Up

The timing of the freeze-up and break-up processes during the 2015-2016 ice season, in
comparison to the long-term data record, and in comparison to the last ten years of record, is
provided in Table 3.1. The date of freeze-up, as indicated by the day of the first snowmobile
crossing, was December 1, 2015. The date of break-up, as indicated by the date of the first
boat crossing, was May 17, 2016. The date of freeze-up was three days later than the longterm average (November 28), seven days later than the freeze-up in 2015, and four days earlier
than the average for the last ten years (December 5). The date of break-up was three days
later than the long term average (May 14), close to the break-up in 2015 (May 18), and six days
later than the average for the last ten years (May 11). It is apparent over the last ten years that
the date of freeze-up has been later, with the latest date on record in 2011 (January 7), with
2014 being the earliest freeze-up date over the last ten years (November 24). The average
date of break-up has been getting slightly earlier over the last ten years (May 11) in comparison
to the long-term average (May 14), with the earliest date of break-up on record in 2010
(April 20). The later freeze-up date in 2015 (December 1) and break-up date in 2016 (May 17)
resulted in total ice covered period of 168 days in the 2015-2016 ice season.

2015-2016 Ice Observation Survey, Mud Lake Crossing, Lower Churchill River

Page 24

Table 3.1

Long Term Record of Freeze-Up and Break‐Up at the Mud Lake Crossing.

1972
1973
1974
1975
1976

Freeze‐Up
(first snowmobile crossing)
22-Nov-72
25-Nov-75
17-Nov-76

Break‐Up
(first boat crossing)
5-Jun-72
30-May-75
17-May-76

1977
1978
1979
1980
1981
1982

30-Nov-77
19-Nov-78
24-Nov-79
29-Nov-80
23-Dec-81
28-Nov-82

15-May-77
27-May-78
14-May-79
17-May-80
15-May-81
1-May-82

1983
1984
1985
1986
1987
1988

29-Nov-83
23-Nov-84
18-Nov-85
13-Nov-86
28-Nov-87
1-Dec-88

14-May-83
15-May-84
28-May-85
7-May-86
23-Apr-87
12-May-88

1989
1990
1991
1992
1993
1994

24-Nov-89
1-Dec-90
2-Dec-91
19-Nov-92
13-Nov-93
27-Nov-94

15-May-89
22-May-90
26-May-91
27-May-92
17-May-93
22-May-94

1995
1996
1997
1998
1999
2000

29-Nov-95
1-Dec-96
23-Nov-97
30-Nov-98
23-Nov-99
25-Nov-00

11-May-95
4-May-96
24-May-97
12-May-98
10-May-99
11-May-00

2001
2002
2003
2004
2005
2006

4-Dec-01
22-Nov-02
7-Dec-03
7-Dec-04
11-Dec-05
4-Dec-06

14-May-01
22-May-02
17-May-03
18-May-04
8-May-05
4-May-06

2007
2008

30-Nov-07
5-Dec-08

17-May-07
7-May-08

Date
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Table 3.1
(Cont’d)

Long Term Record of Freeze-Up and Break‐Up at the Mud Lake Crossing.

Date
2009
2010
2011
2012
2013
2014
2015
2016
Long
Term
Average
Average
(last 10
Years)

3.4

Freeze‐Up
(first snowmobile crossing)
9-Dec-09
7-Jan-11
2-Dec-11
2-Dec-12
2-Dec-13
24-Nov-14

Break‐Up
(first boat crossing)
18-May-09
20-Apr-10
12-May-11
15-May-12
1-May-13
19-May-14

1-Dec-15
TBD

18-May-15
17-May-16

28-Nov

14-May

5-Dec

11-May

Ice Floe Concentration

An ice floe concentration analysis was performed on 42 aerial photographs, 21 for freeze-up
and 21 for break-up, taken during helicopter ice surveys for the purpose of studying ice
concentrations in the reach between Muskrat Falls and Mud Lake. Photos were selected based
on several factors including site location that would represent as much of the river width as
possible, image clarity (glare and reflection), and photo perspective. The photo sites for breakup and freeze-up were similar, as the objective was to document changing ice conditions at the
same locations.
The results included a processed image with ice cover and open water classes with their
respective area coverage. Only the portion of the river where ice was flowing was classified,
and border ice was not included.

The analysis was performed using a Fuzzy K Means

classification algorithm (Bezdek 1973) with an image mask isolating the classification to the
river and areas of the river where separation between water and ice was possible. Filters
were used to remove isolated, classified pixels. Figure 3.5 shows an example photo and
Figure 3.6 shows the resulting classification.
There were some issues encountered during image analysis. These included reflections of
vegetation on open water, shadow from overhanging banks and trees in the river, limited
visibility caused by fog, and photographs taken looking towards the horizon and these issues
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caused difficulty during classification. These problems in a photograph required that the entire
image could not be processed to accurately distinguish between water and ice in some areas.
Favorable areas of the photos were included in the classification using masks. Figure 3.5
shows an example photograph and Figure 3.6 shows the resulting classification.

Figure 3.5

Example Photograph from the Aerial Ice Survey Conducted on May 14,
2016.
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Figure 3.6
3.4.1

Example of a Classified Photograph from the Aerial Ice Survey Conducted
on May 14, 2016.

Freeze-Up Period

Aerial surveys were conducted daily from November 30 to December 3, 2015, during which a
total of 891 photos were collected. A total of 21 photos were selected for analysis from the
November 30, December 1, and December 2 surveys, over seven sites. Photos were chosen to
cover the same sections of the river daily for changing ice cover. The site locations from which
photos were selected are provided in Figure 2.9 and Table 3.2 contains the results of the
analysis. Ice and water coverage is represented by number of pixels and percentage. Site
number and photo number are listed as well as their geographic coordinate.

The ice floe

analysis results for the photos taken during freeze-up can be found in Appendix E.
The ice and water coverage were calculated from the number of pixels in each photograph
and presented as a percentage. The percent of ice cover decreased slightly from November
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30 to December 1, from (mean ± Std. Dev.) 68.2 ± 19.3% ice cover to 63.6 ± 28.5% ice cover,
largely related to reduced ice cover at locations # 1, 6 and 7, with more variability in ice cover on
December 1. The proportion of ice cover further decreased on December 2 (47.9 ± 32.5.1%),
largely due to declining ice cover at five locations (# 2, 4, 5, 6 and 7). The proportion of ice
cover generally decreased on November 30, from the river mouth in an upstream direction on all
three sampling dates, except at location #6. The pattern in ice cover for December 1 and 2,
was highly variable with no trend in relation to upstream distance from the river mouth. The
detailed ice floe analysis results for the photographs taken during freeze-up, including the
classified images, are provided in Appendix E.
Table 3.2
Date
November 30
November 30
November 30
November 30
November 30
November 30
November 30
December 1
December 1
December 1
December 1
December 1
December 1
December 1
December 2
December 2
December 2
December 2
December 2
December 2
December 2

3.4.2

Ice Cover and Open Water Percent Coverage for Freeze-Up in 2015.
Photo #
2014
2005
2001
1995
1986
1979
1972
2250
2244
2238
2230
2219
2195
2208
2522
2511
2503
2365
2483
2435
2445

Site Number
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7

Water (%)
4.55
13.20
42.54
41.80
51.80
18.37
50.69
25.56
3.23
26.42
13.52
37.00
82.55
66.53
24.19
21.10
21.20
31.52
80.34
94.11
78.45

Ice (%)
95.45
86.80
57.46
58.20
48.20
81.63
49.31
74.44
96.77
73.58
86.48
63.00
17.45
33.47
75.81
78.90
78.80
68.48
19.66
5.89
21.55

Latitude
53°17'38"N
53°16'28"N
53°16'18"N
53°15'50"N
53°14'42"N
53°14'54"N
53°14'7"N
53°17'46"N
53°16'47"N
53°16'21"N
53°16'1"N
53°14'52"N
53°14'17"N
53°14'52"N
53°17'55"N
53°16'42"N
53°16'25"N
53°15'21"N
53°14'52"N
53°14'16"N
53°14'39"N

Longitude
60°15'3"W
60°20'40"W
60°24'36"W
60°30'47"W
60°39'5"W
60°45'46"W
60°49'47"W
60°14'56"W
60°18'36"W
60°24'32"W
60°30'39"W
60°39'13"W
60°45'43"W
60°49'25"W
60°14'30"W
60°20'8"W
60°24'32"W
60°29'34"W
60°39'11"W
60°45'39"W
60°47'41"W

Break-Up Period

Aerial surveys were conducted daily from May 12 to May 16, 2016 during which a total of 1,199
photos were collected. A total of 21 photos were selected for analysis from the May 12, May 14,
and May 16 surveys, over seven sites. Photos were chosen to cover the same sections of the
river daily for changing ice cover. The site locations from which photos were selected are
provided in Figure 2.9 and Table 3.3 contains the results of the analysis. Two images were
analyzed from location #5 for May 17, as an internal quality assurance check on the
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differences between images collected at the same time. The percent of ice cover decreased
from May 12 to 14 to 16, declining from (mean ± Std. Dev.) 57.6 ± 44.5% to 36.0 ± 41.5% to
11.8 ± 22.0%, respectively. The detailed ice floe analysis results for the photographs taken
during break-up, including the classified images, are provided in Appendix F.
Table 3.3
Date

Ice Cover and Open Water Percent Coverage for Break-Up in 2016.
Photo #

Site Number

Water (%)

Ice (%)

Latitude

Longitude

May 12

5839

1

4.89

95.11

53°18'11"N

60°13'4"W

May 12

5834

2

5.89

94.11

53°17'0"N

60°18'45"W

May 12

5823

3

8.08

91.92

53°15'58"N

60°28'42"W

May 12

5814

4

8.43

91.57

53°15'26"N

60°37'4"W

May 12

5807

5

97.85

2.15

53°14'27"N

60°42'31"W

May 12

5792

6

85.04

14.96

53°15'9"N

60°47'52"W

May 12

5777

7

86.35

13.65

53°14'32"N

60°45'59"W

May 14

6354

1

8.92

91.08

53°18'18"N

60°13'9"W

May 14

6348

2

31.89

68.11

53°16'53"N

60°18'40"W

May 14

6338

3

19.66

80.34

53°16'0"N

60°28'46"W

May 14

6330

4

95.96

4.04

53°15'25"N

60°37'18"W

May 14

6324

5

97.74

2.26

53°14'25"N

60°42'23"W

May 14

6309

6

97.67

2.33

53°15'15"N

60°47'54"W

May 14

6299

7

96.26

3.74

53°14'31"N

60°47'20"W

May 16

6787

1

84.12

15.88

53°18'10"N

60°12'59"W

May 16

6782

2

40.23

59.77

53°16'57"N

60°18'40"W

May 16

6770

3

94.07

5.93

53°16'1"N

60°28'38"W

May 16

6762

4

99.97

0.03

53°15'22"N

60°37'23"W

May 16

6756

5

99.44

0.56

53°14'22"N

60°42'58"W

May 16

6748

6

99.95

0.05

53°15'8"N

60°48'40"W

May 16

6737

7

99.89

0.11

53°14'40"N

60°47'42"W

3.5

Ice Thickness Measurement at the Mud Lake Crossing

An ice thickness survey was completed between February 8 and 9, 2016.

A total of ten

locations were augured along the ice crossing route as delineated by Mud Lake residents
(Figure 3.7). The 2016 locations were selected based on the locations from the 2015 crossing
route which were overlaid on 2015 satellite imagery collected just before freeze-up depicting the
locations of channels and sandbars. The ice sampling locations along the ice crossing route,
which was approximately 2.5 km in length, and selected locations were based on intervals of
approximately 200 m between holes.
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The holes were augured at predetermined locations to provide representative coverage of the
full crossing while avoiding areas where sandbars were present. Sample sites were located a
safe distance from the route so as to not obstruct traffic or cause any safety concerns, but close
enough to get a good representation of the ice conditions along the route. At each location the
ice thickness, snow depth and any layer of slush were measured with a tape measure and a
description of the ice condition recorded.

Ice thickness and snow depth are provided in

Table 3.4.
Table 3.4
Location
ID
1

Ice Thickness Measurements and Ice Quality Along the Mud Lake Crossing
in February, 2016.

5912238

Ice Thickness
(cm)
54

Snow Depth
(cm)
30

687072

5912171

50

38

3

687128

5911969

46

18

4

687185

5911902

52

20

5

687290

5911805

61

29

Ice solid throughout.
Pocket of air released on
completion of drilling.
Channel located with help of Mud
Lake residents. Ice solid
throughout.
Ice solid throughout.

6

687434

5911092

54

18

Ice solid throughout.

7

687556

5910695

84

37

Ice solid throughout.

8

687633

5910592

102

43

Ice rough on surface.

9

687706

5910299

81

45

Ice rough on surface.

10

687792

5910075

120

46

Ice rough on surface.

Easting

Northing

687038

2

Notes
Ice solid throughout.

The ice thickness from the ten locations was variable, averaging 70.4 cm ± 25.2 (Std. Dev.),
ranging from 46 to 120 cm, and was solid throughout. Snow cover was modest, averaging 32.4
cm ± 11.0 (Std. Dev.), and ranging from 18 to 46 cm. In comparison, ice thickness in 2014 and
2015 averaged 85.9 cm and 82.6 cm, respectively, was similarly variable in 2014 ranging from
45 to 120 cm, and in 2014, at many locations, ice was considered to be soft and slushy (SEM
2014). Snow cover in 2014 and 2015 ranged from 10 to 70 cm and 20 to 118 cm, respectively,
and in 2014 there was a slush layer below the snow ranging from 0 to 50 cm. The consistent
thickness and solid ice condition in 2016 was attributed to the extreme cold conditions and
moderate snow cover.
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3.6

Satellite Image Analyses

This section provides an overview of the Lower Churchill River ice conditions from freeze-up to
break-up in the 2015-2016 ice season.

Ice cover, classification and change detection

products derived from SAR images from the ice monitoring program are provided in
Appendices B, C and D.
C-CORE worked closely with SEM to estimate when break-up and freeze-up would occur.
Local knowledge, weather data, webcam images and freely available satellite image data were
some of the tools used to assist with estimating the times of these events. Image plans were
created and modified to adjust to the freeze-up and break-up times.
3.6.1

Freeze-Up Period

Appendix B contains ice products for ice freeze-up in the Mud Lake area. Satellite river ice
monitoring of the Lower Churchill River began on November 28, 2015, using high resolution
SAR images focusing on freeze-up in the Mud Lake area. Images were then acquired daily up
until December 5, 2014. Ice cover, ice classification and change detection products were
produced for all of the images with the exception that a change detection product was not
produced for the first image, as there was no previous image for comparative analysis.
Freeze-up occurred about one week later this year than last (SEM 2015). Weather conditions,
webcam images and local knowledge were used to help time the acquisition of the first high
resolution image. Attempts were made to order more high resolution SAR images but the
satellite high resolution data collection was not available at the time.
The image acquired on November 28 showed suspended ice moving downstream towards Lake
Melville. Border ice had formed along the edges of the islands and sand bars within the river.
Ice had consolidated forcing a narrow channel to form on the western side in the northern
portion of the image. There were large areas of open water which could be identified in the ice
classification product. The remaining SAR image products show the accumulation continuing
until the ice cover becomes stable and consolidated on December 5. The change detection
results show the specific areas of ice accumulation and to what degree. Change detection
analysis was restricted to high resolution image pairs.
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3.6.2

Break-Up Period

Appendix C contains ice products for ice break-up on the Lower Churchill River in the Mud Lake
area. The first high resolution image used for break-up monitoring of the Mud Lake area was
acquired on May 13, 2016. A total of six images were acquired to monitor the Mud Lake area
during break-up.
Open water first appeared in the river originating from Mud Lake and along the northern bank of
the Churchill River, just east of Happy Valley-Goose Bay, on May 10. Ice cover conditions
remained the same until May 15, where new leads developed and existing leads widened. The
ice cover rapidly deteriorated beginning May 16. Most of the Mud lake area was ice free by
May 19 while ice cover remained on Lake Melville. The ice below Muskrat Falls was extremely
thick and this is typically the last area in the lower reach of the Churchill River to become ice
free.

3.6.3

Seasonal Monitoring

Appendix D contains the ice products for seasonal monitoring during winter of the Mud Lake
area. The satellite river ice monitoring continued with 50 medium-resolution SAR images of the
Lower Churchill River between Muskrat Falls and Mud Lake. Ice cover, ice classification and
change detection products were derived from image analysis for each of the 50 images. The
first medium resolution image was acquired on November 9, 2015. Acquisitions continued at a
frequency of approximately every two to four days up to and including May 22, 2016.
Figure 3.8 shows daily minimum and maximum air temperatures between November 20, 2015,
and May 22, 2016. A correlation was observed between lower backscatter from ice features
and warmer air temperatures. Weather data indicated that on February 17, 2016, the maximum
temperature reached 9.6°C with about 5 mm of rain. The warmer temperatures and rain caused
the ice surface to become smoothed and pools of water likely formed giving low backscatter
resulting in a smooth, dark texture over the river. The temperature then dropped to below -10°C
resulting in higher backscatter in the next image acquired in February 21. Any pools of water
that may have been on the surface of the ice would likely have frozen and the increase in
backscatter would be due to volume scattering. Weather data indicated that beginning on
March 30, 2016, temperatures gradually moved above freezing triggering the beginning of ice
break-up. The first signs of break-up occurred at the end of March with lower backscatter along
the riverbanks. These areas were still ice covered but smoother. Water may have flooded these
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areas due to the ice cover separating from the river bank. It is also possible there was an
increase in water volume coming down stream that may be lifting the ice cover allowing water to
seep up from the edges of the river.
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Daily Minimum and Maximum Air Temperatures During the 2015-2016 Ice
Season.

Volumetric Flow Rate of Ice

Estimates of ice floe concentration were made available by C-CORE to Hatch for use in the
analysis of volumetric flow rate of ice.

Photographs taken during the helicopter survey

conducted on November 30, 2015, were also used in this analysis. The average air temperature
at Goose Bay Airport on November 22 was -18°C. Ice floe concentration estimates are outlined
in Table 3.5 and associated images are provided in Appendix E.
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Table 3.5

Ice Floe Concentration Estimates, Lower Churchill River, November 30,
2015.
Location

Ice Floe Concentration Estimates (%)

Upstream of Muskrat Falls

49.31

Downstream of Muskrat Falls

81.63

Near Blackrock Bridge

58.20

Near Mud Lake

95.45

Historical average daily temperatures at Goose Bay Airport were used to determine the
cumulative degree days of freezing (DDF) for each site, based on estimated travel times
(Table 3.6). Ice pans begin to form as outflow from Winokapau Lake in to the Lower Churchill
River supercools. The Churchill River hydraulic model developed in 2010, as part of Hatch’s
Lower Churchill Engineering Services, was therefore used to estimate travel times from
Winokapau Lake to each respective site of interest (Table 3.6).
Table 3.6

Ice Flow Thickness Estimates.

# Days for Ice Floe to
Reach Mud Lake From
Upstream of Muskrat Falls
2.1
Location

Cumulative DDF

Ice Thickness (m)

34.4

0.088

Downstream of Muskrat Falls

2.2

35.5

0.089

Near Blackrock Bridge

3.1

44.8

0.100

Near Mud Lake

3.6

47.0

0.103

Flow velocities for November 30, 2015 were calculated assuming the average daily flow of
1,678 m3·s-1 (as determined from Environment Canada’s Real Time water level monitoring
station located upstream of Upper Muskrat Falls [03OE001]) and are provided in Table 3.7.
Flow rates were determine for one day only, November 30, and were considered representative
of flow rates during the ice formation period. Flow velocity varies throughout each cross section,
however the velocities were assumed to be representative of the surface (i.e., ice floe) velocity.
The flow regime downstream of Muskrat Falls is irregular and it is possible that ice floes located
in the northern most part of the open channel are exposed to lower flow velocities.
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Table 3.7

Ice Floe Velocity Estimates, Lower Churchill River, November 30, 2015.
Location

Ice Floe Velocity Estimate (m/s)

Upstream of Muskrat Falls

1.41

Downstream of Muskrat Falls

0.13

Near Blackrock Bridge

0.53

Near Mud Lake

0.39

The width of the open channel at each location must be estimated to calculate the volumetric ice
flow rate. Channel width estimates were made using the same photographs that were provided
to C-CORE for ice flow concentration estimation to ensure consistency, as shown in Appendix E.
The resultant volumetric ice flow rates are provided in Table 3.8.
Table 3.8

Volumetric Ice Flow Rate, Lower Churchill River.
Location

Width of
Open
Channel (m)

Ice Floe
Ice Floe
Concentration Thickness
(%)
(m)

Ice Floe
Velocity
(m/s)

Volumetric Ice
Flow Rate
3 -1
(m ∙s )

Upstream of Muskrat Falls

600

49.31

0.088

1.41

36.7

Downstream of Muskrat Falls

580

81.63

0.089

0.13

5.5

Near Blackrock Bridge

300

58.20

0.100

0.53

9.3

Near Mud Lake

1,040

95.45

0.103

0.39

39.9

The analysis results suggest that ice floe volumes being transported downstream may actually
decrease after passing over Muskrat Falls, and then begin to progressively increase again in the
downstream direction. The decrease is likely caused by the breakup of the larger ice floes
originating upstream when they pass through the falls, and the subsequent storage of many of
these smaller ice floes in the deep, and quiet areas located along the north shore of the river.
Only a portion of the ice transported through the falls appears to travel downstream, and
therefore only a portion of this ice would contribute to the bridging event at Mud Lake. As
expected, the volumetric ice flow rate then increases downstream of Muskrat Falls to Blackrock
Bridge and then to Mud Lake.
Volumetric ice flow rate is highly dependent on ice thickness, therefore it is not possible to
accurately estimate ice flow rate in the absence of direct ice thickness measurements. The
results of this analysis should be taken as approximate and preliminary for this reason, as ice
thickness was estimated, and should not be relied upon for any other purpose.
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APPENDIX A
Satellite Image Acquisition Schedule
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Site 1 - November 30, 2015 Photo 2014

Site 1 - November 30, 2015 Classed Photo 2014

Site 2 - November 30, 2015 Photo 2005
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Site 3 - November 30, 2015 Photo 2001

Site 3 - November 30, 2015 Classified Photo 2001

Site 4 - November 30, 2015 Photo 1995
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Site 5 - November 30, 2015 Photo 1986
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Site 7 - November 30, 2015 Photo 1972

Site 1 - December 1, 2015 Photo 2250

Site 1 - December 1, 2015 Classified Photo 2250

Site 2 - December 1, 2015 Photo 2244

Site 2 - December 1, 2015 Classified Photo 2244
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Site 4 - December 1, 2015 Classified Photo 2230
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Site 6 - December 1, 2015 Classified Photo 2195
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Site 5 - December 2, 2015 Photo 2483

Site 6 - December 2, 2015 Photo 2435
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Ice Floe Analyses during Break-Up
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Site 1 - May 12, 2016 Classified Photo 5839

Site 2 - May 12, 2016 Photo 5834

Site 2 - May 12, 2016 Classified Photo 5834

Site 3 - May 12, 2016 Photo 5823
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Site 4 - May 12, 2016 Photo 5814

Site 4 - May 12, 2016 Classified Photo 5814

Site 5 - May 12, 2016 Photo 5807

Site 5 - May 12, 2016 Classified Photo 5807

Site 6 - May 12, 2016 Photo 5792

Site 6 - May 12, 2016 Classified Photo 5791

Site 7 - May 12, 2016 Photo 5777

Site 7 - May 12, 2016 Classified Photo 5777

Site 1 - May 14, 2016 Photo 6354

Site 1 - May 14, 2016 Classified Photo 6354

Site 2 - May 14, 2016 Photo 6348

Site 2 - May 14, 2016 Classified Photo 6348

Site 3 - May 14, 2016 Photo 6338

Site 3 - May 14, 2016 Classified Photo 6338

Site 4 - May 14, 2016 Photo 6330

Site 4 - May 14, 2016 Classified Photo 6330

Site 5 - May 14, 2016 Photo 6324

Site 5 - May 14, 2016 Classified Photo 6323

Site 6 - May 14, 2016 Photo 6309

Site 6 - May 14, 2016 Classified Photo 6309

Site 7 - May 14, 2016 Photo 6299

Site 7 - May 14, 2016 Classified Photo 6229

Site 1 - May 16, 2016 Photo 6787

Site 1 - May 16, 2016 Classified Photo 6787

Site 2 - May 16, 2016 Photo 6782

Site 2 - May 16, 2016 Classified Photo 6782

Site 3 - May 16, 2016 Photo 6770

Site 3 - May 16, 2016 Classified Photo 6770

Site 4 - May 16, 2016 Photo 6762

Site 4 - May 16, 2016 Classified Photo 6762

Site 5 - May 16, 2016 Photo 6756

Site 5 - May 16, 2016 Classified Photo 6756

Site 6 - May 16, 2016 Photo 6747

Site 6 - May 16, 2016 Classified Photo 6747

Site 7 - May 16, 2016 Photo 6737

Site 7 - May 16, 2016 Classified Photo 673
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1.0

INTRODUCTION

As part of the regulatory commitments stemming from the Lower Churchill Hydroelectric
Generating Project Environmental Impact Statement (EIS), Nalcor Energy has determined that
ice studies between Mud Lake and Muskrat Falls must be carried out during project construction
to confirm baseline conditions. Sikumiut Environmental Management Limited (SEM) has been
retained by Golder Associates Ltd. (Golder) on behalf of Nalcor Energy (Nalcor), Lower
Churchill Project (NE-LCP) to conduct an ice survey of the Lower Churchill River, between
Muskrat Falls and Mud Lake, during freeze-up and break-up processes. The work included an
aerial ice observation survey using a Global Positioning System (GPS) camera with
georeferenced photographs being taken from a helicopter, and collection of ice cores across the
Mud Lake ice bridge from the north bank of the Lower Churchill River to Mud Lake after ice
formation. SEM has sub-contracted the Center for Cold Ocean Research and Engineering (CCORE) to analyze and interpret the data collected during the study, including radar satellite
image interpretation and analysis, ice floe concentration analyses, and modeling of river ice
thickness. Hatch Ltd. (Hatch) was also sub-contracted to complete hydrological modeling of
volumetric flow rate of ice. The aerial survey was completed during the freeze-up and break-up
periods, while the ice coring was conducted during the freeze-up period only, after a solid ice
cover had formed, while the radar satellite imagery was collected throughout the ice season.
NE-LCP has been observing ice processes on the Lower Churchill River since 2006. Historical
surveys were conducted in the 1980s and 1990s by various parties. The purpose of the current
studies was to improve the understanding of river ice processes such that they could be
considered in the design and construction of the generation facilities of the Muskrat Falls and
Gull Island sites, as well as to allow for predictions of ice conditions throughout project
construction and beyond. This program is important to the residents of Mud Lake, a community
located downstream of Muskrat Falls, who rely on the Churchill River as their transportation link
to Happy Valley–Goose Bay.
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2.0

OBJECTIVES

The objectives of the field trips were to:
•

Complete an aerial ice observation survey to document by photography the freeze-up
process to aid in determining the upstream effect of the NE-LCP on downstream ice
formation.

•

Complete an ice thickness survey, using auguring techniques, at set intervals along the
Mud Lake ice crossing for documentation and comparison to previous and future years.

2.1

Study Team

Aerial Ice Observation Survey (November 30 – December 3, 2015)
Stefan Cahill, Field Lead
Jason Lewis, Field Team
Ken Cashin, Pilot, Universal Helicopters Newfoundland Limited (Universal)

Ice Thickness Survey (February 8-9, 2016)
Claire Moore-Gibbons, Field Lead
Jason Lewis, Field Team
Randy Best (Mud Lake Resident), Field Team
Jordon Hope (Mud Lake Resident), Field Team

Ice Observation Study, 2015 – 2016 Ice Season, Freeze-up and Ice Thickness Surveys

Page 4

3.0

LOCATION

The aerial ice observation survey took place between Mud Lake and Muskrat Falls (Figure 3.1).
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Figure 3.1

Project Location Map.
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4.0

EQUIPMENT

•

Nikon Coolpix AW110 GPS cameras (n=2)

•

Garmin GPSmap 76CSx handheld GPS

•

Bell 206 Long Ranger Helicopter (Universal)

•

Ice Auger (Jiffy engine, 6” assembly, blades, hand auger)

•

Ice Chisel

•

Measuring stick

•

Snowmobiles, sleds, and helmets
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5.0

SAFETY PLAN

Refer to SEM (2013), ‘2013-2016 Ice Observation Survey Program, Health and Safety Plan, LCEV-107’. Prepared for Golder Associates Ltd., St. John’s, NL. ii + 33 pp, + 10 appendices.
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6.0

FIELD PROGRAM

The field program for the NE-LCP aerial ice observation survey took place from November 30 to
December 3, 2015 while the ice thickness survey was completed on February 8 and 9, 2016.

6.1

Aerial Survey – Freeze-up Period

The aerial survey was performed to capture photographs from a side view across the river and
from bank to bank looking downstream. These photos were then processed back in the office to
document the freeze-up period.

6.1.1

Pre-Mobilization

The pre-mobilization stage included the following:
1. On November 10, SEM began monitoring daily mean air temperatures at the Happy
Valley–Goose Bay weather station for comparison with historical weather data patterns.
SEM also observed photos taken by the Mud Lake web cam, found on the
Newfoundland and Labrador Department of Environment and Conservation (NLDEC)
website.
2. On November 1, SEM began communications with Jordan Hope, a Mud Lake resident,
who has monitored the freeze-up and break-up processes at Mud Lake for more than 30
years.
3. SEM mobilized the field team and started the field program on November 30, 2015.

6.1.2

Day 1

The field team arrived in Happy Valley–Goose Bay on November 30, 2015 and conducted the
first survey. Crew left the Universal hanger to collect the first set of aerial photographs for the
aerial ice observation survey at 13:00. Weather conditions were good, with clear, sunny skies
and an air temperature of -18 degrees Celcius (°C), with winds from the west at 35 km/h. A Bell
206 Long Ranger helicopter (C-FCWR), chartered from Universal, was used for all survey work
(Figure 6.1).
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Figure 6.1

Bell 206 Long Ranger (C-FCWR).

SEM initially conducted a toolbox safety meeting, followed by a detailed helicopter safety
briefing provided by the pilot. The field team then departed from the Universal hanger at 13:00
and proceeded to fly to Mud Lake. The helicopter then flew along the southern bank of the
Lower Churchill River and the SEM team took continuous side view photographs from Mud Lake
to Muskrat Falls at approximately 300 meters above sea level (masl). An example of the side
view photos is provided in Figure 6.2.
On the return trip, the helicopter took a route down the center line of the river and SEM took
photographs across the river, from bank to bank, in the same general locations as the previous
survey, or at other locations if the field team deemed an area needed to be captured in more
detail at approximately 300 masl. An example of a bank to bank photograph is provided in
Figure 6.3. GPS locations where logged along the route at each photograph location to provide
consistency between photos during the survey of the ice freeze-up and again during break-up.
The two types of aerial photos (side view and bank to bank) were taken to ensure overlap, such
that the entire extent of the river was captured. Once back at Mud Lake, more photographs
were taken along the delineated ice crossing route.
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Figure 6.2

Photo from Southern Bank (Side View).

Figure 6.3

Photo from the Central Route (Bank to Bank).
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The field team arrived back at 14:25 using 1.2 hours of flight time and safely waited for the
aircraft to be shut down. After the flight, the team held a post-flight meeting with the pilot to plan
the following day’s flight and discuss the data collected.
That evening, the field team processed all photographs taken that day to determine if any
alterations may be required in the protocols used for the aerial ice observation survey and to
determine if total coverage of the Lower Churchill River had been achieved. A telephone call
was made with SEM’s Project Manager to provide an update on the flight, and current ice and
weather conditions in the area.
It was apparent from the field data and observations that the ice near Mud Lake was beginning
to form. Although the river could not be crossed by snowmobile at this point, it was apparent
the complete freeze-up was expected to occur soon. The imminent likelihood of freeze-up was
discussed and it was determined that the field team would monitor the ice over the upcoming
days and report on the status to SEM’s Project Manager. It was also determined that the
protocol and waypoints used had documented the freeze-up process adequately from Mud Lake
to above Muskrat Falls, and this same procedure would be used out throughout the survey.

6.1.3

Day 2

The field team arrived at Universal’s hanger on December 1, 2105, and departed at 12:00 to
perform the second aerial ice observation survey. Weather conditions were good, skies were
overcast with a temperature of approximately -8 °C, with winds NE at 10 km/h. The field team
followed the same protocol as used on the first day. A toolbox safety meeting was conducted
by the field team prior to departure.
The field team then flew to Mud Lake and followed the same route as the previous day, up the
southern bank of the Lower Churchill River from Mud Lake to above Muskrat Falls, and then
returning down the centre line of the river back to Mud Lake maintaining an altitude of 250 to
300 masl (see Figure 6.4). Once back at Mud Lake, more photographs were taken along the
delineated ice crossing route (see Figure 6.5). A large area of open water was noted in the river
at the approximate area the crossing is normally delineated.
The field team arrived back at the Universal hanger at 13:15 after using a total of 1.2 hours of
flight time. A post-flight meeting was held with the pilot to plan for the next day.
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Figure 6.4

Aerial Observation Survey Route
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Figure 6.5

Mud Lake Ice Crossing, Day 2 of Survey.

The field team processed all data collected for the first two flights. It was noted that the ice
seemed more competent and a suitable, safe snowmobile crossing could soon form.

A

telephone call between field lead and the SEM Project Manager was made to provide an update
of weather and ice conditions.

The Project Manager advised that the survey timing was

appropriate for freeze-up and to continue with the scheduled surveys.

6.1.4

Day 3

The field team arrived at the Universal hanger at 11:20 and a toolbox safety meeting was held.
At the time of departure, the weather was -6°C and partly sunny with wind from the NE at 20
km/h. The same survey protocols were followed as the previous two surveys and the helicopter
maintained an altitude between 250 to 300 masl. The field team returned to Mud Lake and took
overlapping photos along the length of the ice crossing at a larger scale to get a detailed view of
the ice along the crossing route.
The condition of the ice near Mud Lake had improved and even though the large open water
area remained there were snowmobiles tracks that showed that residents had begun crossing,
from Mud Lake to Happy Valley–Goose Bay (see Figure 6.6).
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Figure 6.6

Mud Lake Ice Crossing, Day 3 of Survey.

The field team arrived back at the Universal hanger at 13:10, having used 1.3 hours of flight
time. The team held a meeting with the pilot and determined that one additional flight may be
needed. Universal agreed to accommodate the additional flight and a time to fly the next survey
was agreed upon.
The field team processed all data collected that day and had a telephone conversation with the
SEM Project Manager. The field team was advised to conduct an additional observation survey
to ensure the complete documentation of the freeze-up process, particularly the progression of
the open water area near the Mud Lake crossing.

6.1.5

Day 4

The field team arrived at the Universal hanger at 10:15, a toolbox safety meeting was held prior
to departure. At the time of departure, the weather was -20°C, mainly clear skies with winds
from the NE at 20 km/h. The same survey protocols were followed as used for the first three
days and the helicopter maintained an altitude between 250 to 300 masl.
The field team returned to Mud Lake and took photos to document the condition of the Mud
Lake ice crossing (see Figure 6.7). The open water area near the Mud Lake crossing remained
but surveying the rest of the ice along the crossing and using the local knowledge of the
residents the freeze up was deemed complete and residents were crossing the river by
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snowmobile. Owing to the area of open water, the Mud Lake crossing was located further
downstream than in previous years.

Figure 6.7

Mud Lake Crossing, Day 4 of Survey, Overview from the South Bank.

The field team arrived back at the Universal hanger at 11:50, having used 1.2 hours of flight
time. A telephone conversation was held between field staff and the SEM Project Manager. It
was determined that the freeze-up had been fully documented and the field team would return
to St. John’s.

6.2

Ice Thickness Survey

The ice thickness survey was completed to take measurements of the ice thickness and
condition along the Mud Lake ice crossing. These ice thickness measurements were collected
to allow comparison with previous and future years to determine any trends in ice formation at
this location.
Ice auguring techniques were completed, keeping rigorous safety protocols in mind, to drill a
series of holes in the ice to measure and record ice thickness. The holes were augured at
predetermined locations to provide representative coverage of the full crossing while avoiding
areas where sandbars were present.
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6.2.1

Pre-Mobilization

The pre-mobilization stage included the following:
1. On February 3, 2016, SEM determined that the ice at the Mud Lake ice crossing was in
a solid state and safe to carry out the necessary ice work. SEM used the previous
month’s weather forecast, the Mud Lake web cam and the knowledge of a local resident
(Randy Best) for this determination. It was decided that the survey would take place the
following week.
2. SEM tested all the applicable gear, including a 6” ice auger, to ensure that all equipment
was in good working order. The equipment was then shipped via Provincial Airlines
(PAL) cargo, on February 3 to Goose Bay.
3. SEM mobilized the field team and started the field program on February 8, 2016.

6.2.2

Day 1

The field team arrived at Goose Bay Airport on February 8, 2016 and retrieved the equipment
from PAL Cargo to prepare for the next day.
The field team tested all equipment to ensure it was in good working order. This included visual
inspections of safety gear and augers. Upon completion of the inspection, a trip to a local
supplier to purchase additional tools and supplies (e.g., lubricants) was undertaken.
SEM made contact with the field assistants from Mud Lake, Randy Best and Jordon Hope, and
made arrangements to meet at the Goose Bay landing site of the Mud Lake crossing the
following morning, February 9, at 09:00.
Randy Best and Jordon Hope provided snowmobiles and sleds to SEM, as well as their local
knowledge of the crossing, in order to complete the field program. The snowmobiles and sleds
were rented from local Goose Bay residents because commercial rentals in Goose Bay were
not available.
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6.2.3

Day 2

On the morning of February 9, the field team proceeded to the landing site on the northern
(Goose Bay) side of the Mud Lake ice crossing. Arriving at 08:00, they unpacked and set up the
field gear in preparation for the arrival of the Mud Lake residents, who arrived promptly at 09:00.
The weather for the day was mainly sunny and cold (-29 °C) with calm winds.
Upon assembling the full field team a tail gate safety meeting was held. A number of issues
were discussed including snowmobile use, cold weather safety, auger use as well as any other
general safety considerations. A map was consulted to illustrate proposed drilling locations
along the crossing. The field team then loaded gear into the snowmobile sleds and commenced
work.
The 2016 locations were proposed based on the data from the 2015 crossing route; 2015
drilling locations were overlaid on 2016 satellite imagery depicting expected locations of
channels and sandbars beneath the ice (Figure 6.8). The ten ice sampling locations were along
the Mud Lake ice crossing route, which is approximately 2.5 kilometres (km) in length. The field
team selected locations based on intervals of approximately 200 m between holes, taking into
consideration local knowledge of the area provided by Randy Best and Jordon Hope.

In

addition to providing snowmobiles and sleds, the involvement of Mud Lake residents in this
survey was critical as they were able to advise on locations generally free of sandbars that were
also a safe distance away from the route being used by public travellers.
The field team augered holes at ten locations along the crossing using an engine-powered Jiffy
6” auger assembly (Figure 6.9) and a manual ice auger when blades failed on powered auger
(Figure 6.10). The GPS coordinates, ice thickness and snow cover data was recorded at each
hole.

Geo-tagged photos were also taken at each drilling location (Figure 6.11). The ice

thickness varied from 46 to 120 centimetres (cm) with all auger holes having solid ice
throughout. All holes were snow covered with snow depth ranging from 18 to 46 cm. All data
collected is provided in Table 6.1.
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Figure 6.8

Ice Sampling Locations Map
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Figure 6.9

Field Team with Jiffy 6” Auger Assembly and Engine

Figure 6.10 Sandbar Encountered (left), Attempt to Sharpen Blades (middle), Manual
Ice Auger Used (right)
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Figure 6.11 Test Holes along Mud Lake Crossing (top: holes 1 and 2 near North shore,
bottom: holes 9 and 10 near south shore).
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Table 6.1

Ice Studies Data Sheet.

Hole
ID

Easting

Northing

Depth (cm)
Ice/Snow/Slush

1
2

687038
687072

5912238
5912171

54/30/50/38/-

3

687128

5911969

46/18/-

4

687185

5911902

52/20/-

5
687290
5911805
6
687434
5911092
7
687556
5910695
8
687633
5910592
9
687706
5910299
10
687792
5910075
Date: February 10, 2015
Client: Golder
Project: 057-002 Nalcor Ice
Monitoring
Location: Mud Lake
Crossing
Projection: NAD83 UTM
Zone 20
Completed By: Claire
Moore-Gibbons
Field Crew
1) Claire Moore-Gibbons
2) Jason Lewis
3) Randy Best
4) Jordon Hope

Notes
Ice solid throughout. Photo #2746,
Ice solid throughout. Photo #2747
Pocket of air released on completion of drilling.
Photo #2765, 2766
Channel located with help of local hires. Ice
solid throughout. Photo #2764
Photo #2768
Photo #2762

61/29/54/18/84/37/102/43/Ice rough on surface.
81/45/Ice rough on surface. Photo #2751
120/46/Ice rough on surface. Photo #2749
Comments:
- Safety meeting performed with field crew prior to work.

- SEM office was contacted (D Scruton) before going onto ice.
- Weather: Mainly Sunny, -29 °C, calm winds
- Start of ice work: 09:00.
- SEM office was contacted (D Scruton) when crew was off ice.
- End of ice work: 15:00.
GPS Coordinates in UTM Zone 20U.
Sandbar encountered twice, had to select new locations:
1) 687444E 5910771N (stopped drilling), -/31/- (cm) Photo #2753
2) 686294E 5910888N (hit bottom), 62/24/- (cm) Photo #2759
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7.0

Lessons Learned and Recommendations

This is the third year of a three year ice studies program, and it is important to learn from any
issues that arose during surveys which could provide learning opportunities that could assist in
planning and completion of future ice surveys.

This approach allows for continuous

improvement to increase effectiveness and success of future programs. A few issues that were
noted on this field trip are discussed below.
1. Capturing the Ice Freeze up and Break-up Periods
Capturing the freeze-up and break-up periods on the Lower Churchill River precisely required
coordination involving: (i) monitoring of weather forecasts, (ii) monitoring of the Mud Lake web
cam, (iii) preparation and shipping of equipment in advance of planned surveys, (iv) a good
understanding of the freeze-up and break-up processes from previous surveys, as well as the
utilization of knowledge from local inhabitants. This coordination required a constant stream of
communication between Mud Lake residents and SEM’s office in St. John’s particularly as the
freeze-up and break-up processes appeared imminent.
2. Lower Altitudes - Flexibility Due to Weather Conditions
Weather during the freeze-up and break-up periods in Goose Bay can be unpredictable. This
made flexibility in planning and implementation of surveys very important to consider the
variable weather environment. Changing weather conditions can require changes in altitude of
the helicopter flights due to ceiling height. When taking pictures it was important to monitor the
extent of the image to ensure that the desired data was being captured, particularly for the bank
to bank photos. Very low latitudes for helicopter surveys could compromise the ability to collect
full bank to bank images, although this was not experienced in the 2015-2016 ice season.
3. GPS Signal
As the helicopter flies into the Churchill River Valley the strength and availability of the GPS
signal used for geotagging of images will fluctuate. This requires constant monitoring and
adjustments in speed and altitude to improve signal quality. It may be necessary to pause
(have the helicopter stop and maintain position) the survey in order to be sure the GPS signal is
available for geotagging of images.
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1.0

INTRODUCTION

As part of the regulatory commitments stemming from the Lower Churchill Hydroelectric
Generating Project Environmental Impact Statement (EIS), Nalcor Energy has determined that
ice studies between Mud Lake and Muskrat Falls would be carried out during project
construction to confirm baseline conditions.

Sikumiut Environmental Management Limited

(SEM) has been retained by Golder Associates Ltd. (Golder) on behalf of Nalcor Energy
(Nalcor), Lower Churchill Project (NE-LCP) to conduct an ice survey of the Lower Churchill
River, between Muskrat Falls and Mud Lake, during freeze-up and break-up processes. The
work included aerial ice observation surveys using a Global Positioning System (GPS) camera
with georeferenced photographs being taken from a helicopter, and collection of ice thickness
measurement across the Mud Lake ice bridge crossing from the north bank of the Lower
Churchill River to Mud Lake after ice formation. SEM sub-contracted the Center for Cold Ocean
Research and Engineering (C-CORE) to analyze and interpret the data collected during the
study, including radar satellite image interpretation and analysis, ice floe concentration
analyses, and modeling of river ice thickness.

Hatch Ltd. (Hatch) was sub-contracted to

complete hydrological modeling of volumetric flow rate of ice. The aerial survey was completed
during the freeze-up and break-up periods, while the ice thickness measurement was conducted
during the freeze-up period only.

Collection of the radar satellite imagery was completed

throughout the ice season.
NE-LCP has been observing ice processes on the Lower Churchill River since 2006. Historical
surveys were conducted in the 1980s and 1990s by various parties. The purpose of the current
studies was to improve the understanding of river ice processes such that they could be
considered in the design and construction of the generation facilities of the Muskrat Falls and
Gull Island sites, as well as to allow for predictions of ice conditions throughout Project
construction and beyond. This program is important to the residents of Mud Lake, a community
located downstream of Muskrat Falls, who rely on the Churchill River as their transportation link
to Happy Valley–Goose Bay.
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2.0

OBJECTIVES

The objective of the spring ice break-up field program was to:
•

Complete an aerial ice observation survey to document, by using photography, the ice
break-up process; and to aid in determining the upstream effect of the NE-LCP on
downstream ice break-up.

2.1

Study Team

Jason Lewis, Field lead
Claire Moore-Gibbons, Feld team
Wayne Massie and Derrick O’Brien, helicopter pilots at Canadian Helicopters (Canadian)
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3.0

LOCATION

The aerial ice observation survey took place between Mud Lake and Muskrat Falls (Figure 3.1).
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Figure 3.1

Project Location Map.
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4.0

EQUIPMENT

•

Nikon Coolpix AW110 GPS cameras (n=2)

•

Garmin GPSmap 78s handheld GPS

•

A-Star 350 Helicopter (Canadian)
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5.0

SAFETY PLAN

Refer to SEM (2013), ‘2013-2016 Ice Observation Survey Program, Health and Safety Plan, LCEV-107’. Prepared for Golder Associates Ltd., St. John’s, NL. ii + 33 pp, + 10 appendices.
Updated May 2015.
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6.0

FIELD PROGRAM

The 2016 ice break-up field program for the NE-LCP ice observation study took place from May
12 to 16, 2016.

6.1
6.1.1

Aerial Survey
Pre-Mobilization

The pre-mobilization stage included the following:
1. On April 20, SEM began monitoring the daily mean air temperatures at the Happy
Valley–Goose Bay weather station. SEM also observed photos taken by the Mud Lake
webcam, found on the Government of Newfoundland and Labrador’s Department of
Environment and Conservation website.
2. C-CORE monitored radar satellite images for evidence of the break-up of the Goose
River, which occurs from eight to ten days prior to the break-up of the Lower Churchill
River.
3. On May 5, SEM began dialy communications with Jordan Hope, a Mud Lake resident,
who has monitored the freeze-up and break-up processes at Mud Lake for more than 30
years.
4. SEM mobilized its field team and started the field program on May 12, 2016.

6.1.2

Day 1

The field team arrived in Happy Valley–Goose Bay at approximately 08:30 on May 12, 2016,
and proceeded directly to the Canadian hanger to perform the first set of aerial photographs for
the aerial ice observation survey. Weather conditions were not ideal with cloudy, overcast skies
and a low ceiling with a mixture of light rain and snow and an air temperature of 0 degrees
Celsius (°C), with winds from the NNE at 10 km/h. An A-Star 350 helicopter (C-GFHS), was
chartered from Canadian and used for the survey work (Figure 6.1).
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Figure 6.1

A-Star 350 Helicopter (C-GFHS).

SEM conducted a toolbox safety meeting which was followed by a detailed helicopter safety
video and a briefing provided by the pilot, Wayne Massie. The field team then departed from
the Canadian hanger at 11:45 and proceeded to fly to Mud Lake (at the mouth of the Churchill
River). The helicopter then flew along the southern bank of the Lower Churchill River and the
SEM team took continuous side view photographs from Mud Lake to Muskrat Falls at
approximately 250 metres above sea level (masl). An example of the side view photos is
provided in Figure 6.2. On the return trip, the helicopter took a route down the centre line of the
river and SEM took downstream photographs across the river, from bank to bank, in the same
general locations as the previous survey using waypoints loaded into the handheld Global
Positioning System (GPS) device. An example of a bank to bank photograph is provided in
Figure 6.3.

The centre line photos were taken at the same altitude as the side view

photographs (~250 masl.). GPS locations were tagged to the centre line photos along the route
at each location to ensure consistency between photos collected during the ice break-up and
those collected during the freeze-up. The two types of aerial photos (side view and centre line
bank to bank) were taken to ensure overlap such that the entire extent of the river was captured.
Figure 6.4 demonstrates the flightpath for the side view and centre line photographs. Once
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back at Mud Lake, photographs were taken at 150 masl along the delineated crossing area
(Figure 6.5).

Figure 6.2

Photo from Southern Bank (May 12, 2016 Mud Lake Crossing) (Side View).

Figure 6.3

Photo From Central Route (May 12, 2016 near Muskrat Fall) (Bank to Bank).
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Figure 6.4

Aerial Observation Survey Route.
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Figure 6.5

Mud Lake Ice Crossing (May 12, 2016).

The field team arrived back at 13:10 using 1.4 hours of flight time and safely waited for the
aircraft to shut down. After the flight, the team held a post-flight meeting with the pilot to plan
the next day’s flight and discuss the data collected.
That evening, the field team processed all photographs taken that day to confirm that georeferencing of photographs had been successful.

The team also reviewed photographs to

determine if any alterations may be required to the protocols used for the aerial ice observation
survey and to determine if total coverage of the reach of the Lower Churchill River had been
achieved. A summary of activities was sent to the SEM office to provide an update on ice
conditions. It was apparent from the field data and observations that the ice near Mud Lake was
progressing towards break-up and full break-up was likely a couple days away.

It was

determined that the protocols and waypoints used had captured the ice break-up process
appropriately, and the same procedures would be carried out throughout the survey. Due to the
type of helicopter used, photographs had to be taken through an unopened window; however,
this did not affect the quality of the images obtained.
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6.1.3

Day 2

The field team arrived at the Canadian hanger on May 13, 2016 and departed at 11:45 to
perform the second aerial ice observation survey. Weather conditions were good, with mostly
sunny skies, and a temperature of approximately 8°C, with winds from the NNE (030°) at
12km/h. The field team followed the same protocols as used on the first day, except that the
detailed safety briefing was not repeated. A toolbox safety meeting was conducted by the field
team, followed by a helicopter safety meeting by the pilot,. The same helicopter (A-Star 350, CGFHS) was used for survey work (Figure 6.1).
The field team then flew to Mud Lake and followed the same route followed the previous day, up
the southern bank of the Lower Churchill River to Muskrat Falls, and then returning down the
centre line of the river back to Mud Lake, maintaining an altitude of 300 to 350 masl. Once back
at Mud Lake, detailed photographs were taken along the delineated crossing area (Figure 6.6).

Figure 6.6

Mud Lake Ice Crossing (May 13, 2016).

The field team arrived back at the Canadian hanger at 13:00 after using a total of 1.3 hours of
flight time. A post-flight meeting was held with the pilot to plan for the next day.
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The field team processed all data collected for the first two flights. It was noted that there was
already some change in the ice conditions from the previous day’s survey.

6.1.4

Day 3

The field team arrived at the Canadian hanger on May 14, 2016 and departed at 12:18 to
perform the third aerial ice observation survey. Weather conditions were not ideal, with mostly
overcast skies, and a temperature of approximately 8°C, with winds from the NNE (070°) at 5
knots. The field team followed the same protocols as day one and two. A toolbox safety meeting
was conducted by the field team, followed by a helicopter safety meeting by the pilot, Wayne
Massey. The same helicopter (A-Star 350, C-GFHS) was used for the survey (Figure 6.1).
The field team then flew to Mud Lake and followed the same route followed the previous day, up
the southern bank of the Lower Churchill River to Muskrat Falls, and then returning down the
centre line of the river back to Mud Lake, maintaining an altitude of 300 to 350 masl. Once back
at Mud Lake, detailed photographs were taken along the delineated crossing area (Figure 6.7).
The field team arrived back at the Canadian hanger at 13:30 after using a total of 1.2 hours of
flight time. A post-flight meeting was held with the pilot to plan for the next day.
The field team processed data collected and compared it to the previous flights data. Any
changes in ice condition were noted.
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Figure 6.7

6.1.5

Mud Lake Ice Crossing (May 14, 2016).

Day 4

The field team arrived at the Canadian hanger on May 15, 2016 and departed at 11:55 am to
perform the fourth aerial ice observation survey.

Weather conditions were similar to the

previous day, with mostly overcast skies, and a temperature of approximately 6°C, with winds
from the E (080°) at 6 knots. The field team followed the same protocols as used on the
previous flights. A toolbox safety meeting was conducted by the field team, followed by a brief
discussion on helicopter safety led by the pilot, Wayne Massey. The same helicopter (A-Star
350, C-GFHS) was again used for the survey (Figure 6.1).
The field team then flew to Mud Lake and followed the same route followed the previous day, up
the southern bank of the Lower Churchill River to Muskrat Falls, and then returning down the
centre line of the river back to Mud Lake, maintaining an altitude of 300 to 350 masl. Once back
at Mud Lake, detailed photographs were taken along the delineated crossing area (Figure 6.8).
The field team arrived back at the Canadian hanger at 13:10 after using a total of 1.2 hours of
flight time. A post-flight meeting was held with the pilot to plan for the next day.
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Figure 6.8

Mud Lake Ice Crossing (May 15, 2016).

The field team processed data collected and compared it to the previous flights data. Changes
in ice conditions were noted.

6.1.6

Day 5

The field team arrived at the Canadian hanger on May 16, 2016 and departed at 12:00 pm to
perform the fifth aerial ice observation survey. Weather conditions were not ideal, with mostly
overcast skies with light showers and a temperature of approximately 5°C, with winds from the
East (090°) at 17 knots and gusting to 24 knots. The field team followed the same protocols as
used on the previous day. A toolbox safety meeting was conducted by the field team, followed
by a helicopter safety meeting by the pilot, Derrick O’Brien.

The A-Star 350 (C-GFHS)

helicopter was again used for the survey (Figure 6.1).
The field team then flew to Mud Lake and followed the same route followed the previous day, up
the southern bank of the Lower Churchill River to Muskrat Falls, and then returning down the
centre line of the river back to Mud Lake, maintaining an altitude of 300 to 350 masl. Once back
at Mud Lake, detailed photographs were taken along the delineated crossing area (Figure 6.9).
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Figure 6.9

Mud Lake Ice Crossing (May 16, 2016).

The field team arrived back at the Canadian hanger at 13:20 after using a total of 1.3 hours of
flight time.

After reviewing the data collected, and based on visual reconnaissance and

discussions with the SEM Project Manager at the office in St. John’s, it was determined that the
survey had successfully captured the 2016 break up and no further flights would be required.
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7.0

LESSONS LEARNED AND RECOMMENDATIONS

This is the third year of a three year ice studies program, and it is important to learn from any
issues that arose during surveys which could provide learning opportunities that could assist in
planning and completion of future ice surveys.

This approach allows for continuous

improvement to increase effectiveness and success of future programs. A few issues that were
noted on this field trip, and which are similar to observations during previous surveys, are
discussed below.
1. Capturing the Ice Break-up Period
Capturing the break-up period on the Lower Churchill River precisely required coordination
involving: (i) monitoring of weather forecasts, (ii) monitoring of the Mud Lake web cam, (iii)
preparation and shipping of equipment in advance of planned surveys, (iv) a good
understanding of the break-up process from previous surveys, as well as the utilization of
knowledge from local inhabitants. This coordination required a constant stream of
communication between Mud Lake residents and SEM’s office in St. John’s particularly as the
freeze-up and break-up processes appeared imminent.
Through discussion with Mud Lake residents, it was learned that the break-up of the Goose
River, north of Goose Bay, occurred from eight to ten days before the break-up of the Lower
Churchill River. C-CORE, at the direction of SEM, monitored satellite images leading up to the
break-up period to determine the timing of the break-up of the Goose River.

SEM then

monitored the Mud lake web cam, and increased dialogue with Mud Lake residents, to closely
determine the likely timing of break-up of the Lower Churchill River.
2. Lower Altitudes - flexibility due to weather conditions
Weather during the break-up period in Goose Bay can be unpredictable. This made flexibility in
planning and implementation of surveys very important to consider the variable weather
environment. Changing weather conditions can require changes in altitude of the helicopter
flights due to ceiling height. Additionally, the altitude of the helicopter may have to be modified
(reduced) due to local air traffic approaching the Goose Bay airport. When taking pictures it
was important to monitor the extent of the image to ensure that the desired data was being
captured, particularly for the bank to bank photos. Very low latitudes for helicopter surveys
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could compromise the ability to collect full bank to bank images, although this was not
experienced in the 2015-2016 ice season.
3. GPS Signal
As the helicopter flies into the Churchill River Valley the strength and availability of the GPS
signal used for geotagging of images will fluctuate. This requires constant monitoring and
adjustments in speed and altitude to improve signal quality. It may be necessary to pause
(have the helicopter stop and maintain position) the survey in order to be sure the GPS signal is
available for geotagging of images.
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