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Disclaimer
This report is prepared for Nalcor Energy – Lower Churchill Project (the “Client”) by Hatch Ltd. (the
“CONSULTANT”) and is subject to the following limitations, qualifications and disclaimers:
1. The report is intended for the exclusive use of the Client and it may not be used or relied upon in any
manner or for any purpose whatsoever by any other party.
2. The report is for the Review of Concerns Related to MF Post-Project Winter Operation (the
“Project”). The data/material required to support the study may not always be available and in such
cases engineering judgments have been made which may subsequently turn out to be inaccurate.
The CONSULTANT accepts no liability beyond using reasonable diligence, professional skill and care
in preparing the report in accordance with the standard of care, skill, and diligence expected of
professional engineering firms performing substantially similar work at the time such work is
performed, based on the circumstances the CONSULTANT knew or ought to have known based on
the information it had at the date the report was written and after due inquiry based on that
information.
3. Hatch acknowledges that this report may be provided by the Client to third parties in connection with
the Project. However, any such parties shall (by virtue of their acceptance of this report) be deemed
to have (a) acknowledged that Hatch shall not have any liability to any party other than the Client in
respect of this report and (b) waived and released Hatch from any liability in connection with this
report.
4. The report speaks only as of its date and to conditions observed at that time, which conditions may
change (or may have changed) by virtue of the passage of time or due to direct or indirect human
intervention causing any one or more changes in plans or procedures or due to other factors.
5. The report does not extend to any latent defect or other deficiency in the Project which could not have
been reasonably discoverable or discovered by such observation, with the exception of any latent
defect or other such deficiency of which the CONSULTANT had actual knowledge.
6. The report is to be read in conjunction with all other data and information received and referenced
throughout the report, and all correspondence between the Client and the CONSULTANT. Except as
stated in the report, the CONSULTANT has not made any independent verification of such data and
information and does not have responsibility for the accuracy or completeness thereof.
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1.

Introduction
In May 2017 a significant ice jam flood event occurred near the community of Mud Lake on
the Churchill River in Labrador. Mud Lake is located approximately 7.5 km downstream of
Happy Valley-Goose Bay (HVGB) and 40 km downstream of Nalcor Energy’s Muskrat Falls
dam site. The Muskrat Falls dam was under construction in 2017 and its operation during the
event is believed by local residents to have adversely impacted the flood magnitude at Mud
Lake. The Government of Newfoundland and Labrador engaged Dr. Karl Lindenschmidt and
KGS Group to conduct an independent review of the flooding event. The findings of the
review indicated that the flooding event of May 2017 was a natural event and that flooding
was not worsened by Nalcor operations.
However, the Lindenschmidt/KGS independent review made a number of suggestions as to
how the post-project operation of the Muskrat Falls development may impact spring ice
conditions in the downstream reach. Nalcor requested Hatch to review three of these
concerns:

•

Review of the impact that elimination of the large ice dam downstream of the Project will
have on ice jam potential in the lower reach.

•

Review of how Muskrat Falls operation during spring events may change the natural flood
attenuation in the reach, and how this may impact ice jam related flood potential in the
reach.

•

Review of how the additional thermal inertia in the Muskrat Falls reservoir may impact ice
conditions in the spring in the lower reach.

This report summarizes our review of each of these items.
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2.

Question 1: Review Impact of Elimination of Downstream Ice
Dam
The independent review report expressed the following concern:
Elimination of the hanging ice dam below Muskrat Falls. This massive deposit of ice used to
extend typically from 3 to 10 km in length below Muskrat Falls and used to mostly decay in
place in spring. It usually did not release at the time that ice jams would typically have been
prone to occur in the river near Mud Lake. The hanging ice dam will be replaced in the future,
after the impoundment of the full reservoir at Muskrat Falls, by a relatively thin ice cover that
will almost certainly release and potentially add to the ever-present risk for ice jamming and
flooding in the reach from Happy Valley – Goose Bay to Lake Melville.
The post project ice regime will indeed be different in both the upstream and the downstream
reaches. As noted in the reviewer’s comment, the large ice dam that historically formed at
the base of the falls will no longer develop. The ice dam will be replaced by a much thinner
cover that will begin to recede more quickly than the earlier ice dam. The mobilization of
much of this cover will occur at the same time as the normal ice out processes on the lower
Churchill River.
To determine the potential affect that this earlier movement may have, the HEC-RAS ice
model used to assess the 2017 and 2012 jam events was remobilized to simulate ice jam
formation in the lower reach for both a pre-project and a post-project condition. Reviewing
past ice jam events, under the pre-project condition the ice cover will typically experience
some initial degradation and retreat of the ice front, followed by a sudden mobilization of the
remaining cover, and subsequent jamming of this cover against the stronger lake ice in Lake
Melville. The initial retreat of the cover typically extends to a location just upstream of the
Veterans Memorial bridge. Simulations were therefore undertaken for two scenarios, to
estimate the impact of the added ice volume:
•

Scenario 1: A pre-project event, in which it was assumed that the leading edge of the ice
cover at the time of break up would initially have retreated to a point just upstream of
Veterans Memorial Bridge. It was assumed that a 4 km long ice cover would still remain
just downstream of the plant, with open water between the end of this cover and the head
of the cover at Veterans Memorial bridge. It was assumed that the downstream cover
would then suddenly release to form a jam at the exit of the river into Lake Melville.
However, it was assumed the volume located within the first 4 km of the tailrace area
would not mobilize, but instead would remain in place. The remaining volume was
assumed to mobilize and contribute to jam formation at the river outlet into Lake Melville.
A flow of 4200 m3/s was assumed for this event.

•

Scenario 2: A post-project scenario, in which it was assumed that breakup occurs, as for
Scenario 1 above, but that the additional ice volume in the first 4 km of the tailrace area
contributes to the jam. This full ice volume is then assumed to mobilize and collect in the
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downstream reach, creating a jam at the outlet of the river into Lake Melville. The flow
associated with this jam event was assumed to be 4200 m3/s – similar to the 2017 jam
flow.
The results of the simulation are shown in Figure 2-1 below. As shown, the additional volume
mobilized from the tailrace area resulted in a longer jam and slightly thicker jam in the upper
reaches of the jam. It had relatively little effect on the geometry of the lower jam, where
equilibrium thicknesses had already been reached. Figure 2-2 provides a summary of the
water level differences along the reach for the two scenarios. As noted, the additional volume
of ice results in levels that are no different at English Point, 8 cm higher at Mud Lake, and up
to 0.12 m higher in areas upstream of Man O War Island. It should be noted that this small
change is considered to be within the overall accuracy of the model, which is estimated to be
approximately +/- 0.5 m for ice events like this.
Past simulations have shown that the ice volume in the reach downstream of the Veterans
Memorial Bridge is actually the critical factor in determining ice jam potential in the lower
reach. The volume in this reach is more than sufficient to generate an equilibrium jam at
Mud Lake if the Lake Melville ice is competent enough to prevent it from flushing. Ice
released from areas that are further upstream has little effect on water levels in the lower
reach.

Figure 2-1: HEC-RAS Simulation of Ice Jam Profile: Scenarios 1 and 2
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Figure 2-2: Difference in Water Elevations Between Scenarios 1 and 2

It should also be noted that any increase in downstream ice volume related to the early
release of the tailrace cover will be partially offset by the elimination of any ice passage from
the reach upstream of Muskrat Falls into the downstream reach. Under a post-project
condition, the reservoir ice cover will simply degrade and primarily melt in place and will not
move into the downstream reach as it used to. Under pre-project conditions, significant
volumes of upstream border ice would often breakup and release in response to the rising
stages associated with the passage of the spring freshet. Once mobilized, these ice floes
would pass through the falls and into the lower reach during the passage of the freshet,
adding to the downstream ice cover. This will not occur under the post-project condition.
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3.

Question 2: Muskrat Falls Operational Review – Spring Flood
Passage
The independent review report expressed the following concern:
Introduction of a large reservoir with a live storage (i.e., storage available to peak shave flood
hydrographs in spring) that is considerably less than that of the natural river that it will
replace.
There is a concern that the reduction in mobilized storage volume may result in a reduction in
flood peak attenuation, and a corresponding increase in the flood peak in downstream
reaches. It may also lead to a change to the timing of the peak with respect to the freshet
timing. To address this, we reviewed the natural attenuation that would have occurred
historically during the passage of spring runoff events, and how that would change following
completion and operation of the Muskrat Falls project using a simulation model. Our
methodology and findings are provided in the following sections.

3.1

Selection of Spring Hydrographs
As a first step in the assessment, past ice jam flood events were reviewed to select
representative flow hydrographs for this type of flood event. Previous reports by Hatch have
identified nine ice jam flood events that occurred on the Lower Churchill River since 1976.
These events are summarized in Table 3-1, with the maximum daily discharge, and total
discharge volume as recorded at the Muskrat Falls site. For comparison, it should be noted
that the storage available in the Muskrat Falls reservoir for flood management (i.e., between
the LSL and the FSL) is approximately 50 Mm3, which is a very small fraction of the incoming
flow volume. Considering this, the project has a limited ability to reduce downstream flows.
Table 3-1: Summary of Ice Jam Events near Mud Lake
Event Date

Max. Daily Discharge
(m3/s)

May 24, 1976
May 21, 1978
Early May 1983
Early May 1986
Mid May 1998
April 24, 2000
May 13, 2001
May 16, 2012
May 17, 2017

4,840
5,660
5,320
3,020
5,620
2,010
5,240
5,750
4,550

Total Discharge
Volume
(Mm3)
8,584
7,725
8,200
6,960
10,152
4,806
7,940
9,867
n/a

Water Survey of Canada (WSC) operates a number of long term gauging stations on the
Churchill River between Churchill Falls and Lake Melville. Of these, discharge data is
available at three stations. The locations of these key stations are shown on Figure 3-1.
Figure 3-2 provides a summary of hydrographs for these flood events listed in Table 3-1.
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Figure 3-3 plots these hydrographs centered around the day of the recorded peak discharge
to allow a better comparison to be made of the hydrograph shape and volume.

Figure 3-1: Location of Water Survey of Canada Hydrometric Gauges

Figure 3-2: Hydrographs During Historic Ice Jam Events, WSC 03OE001
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Figure 3-3: Flood Hydrographs Centered Around Day of Peak Discharge, WSC 03OE001

Five events were selected from the historic hydrographs with maximum daily discharge
ranging from 4,550 to 5,750 m3/s to use in the hydraulic modelling (1976, 1978, 1998, 2012
and 2017). The hydrographs are taken from the WSC hydrometric station 03OE001
(Churchill River above Upper Muskrat Falls), except for the 2017 event, which is taken from
the Muskrat Falls spillway operation records. The model used the five hydrographs as
inflows at the upstream end of the Muskrat Falls reservoir.

3.2

Hydraulic Modelling
The objective of the hydraulic modelling exercise was to review the peak discharge and water
level at Mud Lake under pre and post-construction conditions for selected ice jam events. The
pre-construction conditions represent the base case, prior to construction of the Muskrat Falls
dam, while the post-construction condition represents the alternative, following construction of
the dam, and includes the gated spillway and North Dam overflow spillway.
The hydraulic modelling exercise used an existing HEC-RAS 1D model of the Churchill River,
which had been developed by Hatch for a previous project. The model extends from the
Churchill Falls generating station at the upstream end of the reach down to the inlet of
Lake Melville at the downstream end of the reach. The model includes a static ice cover on
the reach downstream of Muskrat Falls – a cover with a constant ice thickness of 1.0 m. This
would represent conditions in the reach just prior to breakup.
The model was then run in an unsteady-state mode using the five spring hydrographs, with a
computational time step of 1 minute. The peak discharge at Muskrat Falls was then extracted
for each event and the model was re-run in a steady-state condition to simulate the formation
of an ice jam in the Mud Lake area at the peak of the flood, using similar parameters to those
selected in previous simulations.
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Under pre-project conditions, the natural rapids will result in some staging of the river when
passing major flood events. Under post-project conditions, the project will be operated to
maintain a reservoir level of 39 m (the full supply level, FSL) with discharge controlled
through a combination of the powerhouse and gated spillway flows. The peak discharge for
all five ice jam events can actually be passed without raising the reservoir level above FSL.
Because the project is not expected to utilize any flood storage in the reservoir, it will operate
under run-of-river conditions with discharge approximating inflow.
However, it is noted that based on the project storage curve, the storage volume normally
mobilized during passage of a pre-project event would be equivalent to approximately 1 m of
storage draft when operating at the project normal FSL of 39 m.

3.3

Model Results
Final modelled discharge and water level hydrographs are shown in:
•

Figures 3-5 (1976), 3-7 (1978), 3-9 (1998), 3-11 (2012), and 3-13 (2017) for
Mud Lake. These plots show the simulated Mud Lake discharge and water level
response for both pre and post routing simulations.

•

Figures 3-6 (1976), 3-8 (1978), 3-10 (1998), 3-12 (2012), and 3-14 (2017) for the
Muskrat Falls reservoir. These plots show the simulated Muskrat Falls outflow
hydrographs for pre- and post-construction conditions.

•

Table 3-2, which summarizes the peak discharges expected at Muskrat Falls and
Mud Lake for the two scenarios.

It should be noted that the water level hydrographs shown for Mud Lake represent conditions
with a static ice cover in place between Mud Lake and Muskrat Falls (i.e., without jam
formation). Transient, or dynamic runs could only be undertaken with a static ice cover in
place. Subsequent steady state ice jam runs at the pre and post-construction peak discharge
downstream of Muskrat Falls were also run to assess potential water level increases. They
showed no identifiable change in modelled peak water level at Mud Lake.
In reviewing these results, it is noted that:
•

Under post project conditions, the reduction in live upstream storage volume will lead
to an increase in the peak flow released from the Muskrat Falls project, and a
reduction in the overall attenuation of the flood wave, as noted by the reviewer.

•

However, the magnitude of the natural attenuation in the reach is very small, since
mobilized storage volumes are quite small. For example, when passing the 1976
spring freshet, under pre-project conditions the peak inflow to the river reach would
be 4,922 m3/s, and the peak outflow at Muskrat Falls, after routing through the reach,
would be reduced by 92 m3/s to 4,830 m3/s. Under post project conditions there
would be no significant reduction of the inflow peak if the project is operated to pass
inflow, and the peak outflow would be equal to the peak inflow of 4,922 m3/s. For
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the five years simulated, the natural attenuation in the reach averaged about 66 m3/s
at Muskrat Falls, representing an average reduction of approximately 1% of inflow.
There would be no reduction for the post-project condition.
•

The flood peak would continue to attenuate in the reach downstream of the project
under both pre and post project conditions, but the difference between the pre and
post project peak flows becomes even smaller. Peak flows at Mud Lake are on
average only 24 m3/s higher under a post-project condition for these five sample
flood years, representing a modest 0.5% increase from the pre-project condition.

•

It is also noted that the peak would occur several hours earlier than it would under
pre-construction conditions.

Based on these results, the Muskrat Falls dam operation would appear to have a negligible
impact on flood conditions at Mud Lake. The small differences computed between the two
cases are considered to be within the overall accuracy of the model simulations.
Table 3-2: Summary of Model Results (Peak Discharge)
Peak Discharge at Muskrat Falls

Peak Discharge at Mud Lake

Flood Event

Pre
(m3/s)

Post
(equal to
Inflow)
(m3/s)

May-1976

4,830

4,922

92

1.90%

4,827

4,832

5

-

May-1978

5,586

5,687

101

1.80%

5,569

5,621

52

0.90%

May-1998

5,581

5,620

39

0.60%

5,574

5,598

24

0.40%

May-2012

5,702

5,760

58

1.00%

5,693

5,722

29

0.50%

May-2017

4,534

4,575

41

0.90%

4,528

4,539

11

0.20%

Change
(m3/s)

Change
(%)

Pre
(m3/s)

Post
(m3/s)

Change
(m3/s)

Change
(%)
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Figure 3-4: May 1976 Hydrographs at Mud Lake, Pre and Post-construction

Figure 3-5: May 1976 Discharge Hydrograph at Muskrat Falls, Pre and Post-construction
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Figure 3-6: May 1978 Hydrographs at Mud Lake, Pre and Post-construction

Figure 3-7: May 1978 Discharge Hydrograph at Muskrat Falls, Pre and Post-construction
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Figure 3-8: May 1998 Hydrographs at Mud Lake, Pre and Post-construction

Figure 3-9: May 1998 Discharge Hydrographs at Muskrat Falls, Pre and Post-construction
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Figure 3-10: May 2012 Hydrographs at Mud Lake, Pre and Post-construction

Figure 3-11: May 2012 Discharge Hydrographs at Muskrat Falls, Pre and Post-construction
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Figure 3-12: May 2017 Hydrographs at Mud Lake, Pre and Post-construction

Figure 3-13: May 2017 Discharge Hydrograph at Muskrat Falls, Pre and Post-construction
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4.

Question 3: Review Impact of Reservoir Thermal Inertia
The third concern raised by the independent review report was:
Introduction of a storage volume in the Muskrat Falls Reservoir whose thermal inertia would
delay the onset of river ice breakup and potentially shift the breakup period to coincide with
more intense spring flows in the river. Essentially, high flows equate with more violent ice
jams and higher stages. As discussed in Section 8.10, this may be offset to some extent by
the delay in the formation of the ice cover at Mud Lake in the fall/early winter.
It is true that in theory, the reservoir will have a thermal inertia that may result in a delayed
“cool down” of the reservoir in the fall, and a delayed “warm up” of the reservoir in the spring
period, as noted by the Reviewer.
The thermal balance of the reservoir was assessed in earlier studies using a heat balance
simulation model of the system. Figure 4-1 shows the results of one simulation for the
2011/12 winter. The pre-project condition, represented by the blue line, shows greater
fluctuations in water temperature, and more immediate responses to cooler and warmer
weather conditions. The post-project condition, represented by the red line, shows less day
to day variation, and a response that is delayed by perhaps four days on average in the early
part of the melt season, before the spring freshet has arrived. With the arrival of the freshet,
the two traces begin to correspond much more closely, given the high heat content of
incoming flow, which is able to “flush” or turn over the volume in the reservoir more quickly.
However, the four day delay noted is likely a conservatively high estimate, given that the
model does not take into account the heat that would undoubtedly be lost as the pre-project
river flows would have had to pass under and through a massive ice dam that would form
each year downstream of Muskrat Falls. This would drop the water temperature of these preproject outflows, and the pre- and post- project traces shown in this figure should likely be
closer together.
The significance of this short delay in the warm-up of the reservoir outflow was considered in
relation to a number of factors:
i.

Other ice processes contributing to the degradation and release of the ice cover each
spring. Thermal melt is only one of the processes contributing to the degradation of
the cover in the spring, and there are various other processes that occur in the spring
period to degrade and weaken the ice prior to its breakup that will be unchanged
following completion of the project. The cover will normally first begin deteriorating in
response to its exposure to solar radiation, as the sun’s rays get progressively
stronger in the spring period. The warmer weather, and the stronger solar radiation
will cause any snow on the ice to melt, and the exposed ice will transition from a
strong, blue ice to a candled (and much weaker) structure relatively quickly. Based
on past observations in the reach, we believe this is a dominant factor in the timing of
ice cover release. In combination with this, rising flows associated with the freshet
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will cause the cover to eventually lose contact with the banks, and this can also
trigger/govern the timing for release of the cover. In addition, runoff from local
tributaries downstream of the project (like McKenzie Creek and the Traverspine
River) will be unchanged in terms of their contribution to the thermal process.
Although it’s difficult to quantify the impact each of these processes have on the
timing of breakup, they all play an important role, and will continue to occur as they
have in the past. This will reduce the overall impact of any delay in warmup of the
outlet temperatures.
ii.

Historical timing of ice breakup and spring flood peaks observed for past ice jam
events. Figure 4-2 presents a summary of nine of the past ice jam events recorded
on the Churchill River. Each trace shows the river discharge during the event, and
has been broken into two line types. The solid portion of the line shows the recorded
river discharge with an ice cover in place, and the dashed portion of the line shows
the river discharge after the ice cover has released (at least as closely as we can
estimate it). As shown, for almost half of the ice jam years, ice break up has
occurred coincidentally with the flood peak. For the others, breakup preceded the
flood peak by anywhere from 3-7 days. Therefore, should the 4 day delay in the
warming of reservoir outlet temperatures cause a similar delay in breakup, it will in
some years, cause the breakup to coincide with the flood peak, and in others it may
actually cause breakup to occur later in the spring, after passage of the freshet.

iii.

The historical range of “ice out” dates on the river. Historical ice out dates at
Mud Lake have been recorded by area residents for many years. This data was
compiled from community records and plotted in Figure 4-3 to illustrate the current
range in ice release dates for the pre-project condition. This data represents the date
at which the ice front was observed to be moving through the lower reaches of the
river – i.e., the end of the ice run. As shown in this figure, the ice out dates in the
reach have been as early as May 1, and as late as June 3 – giving a normal range of
approximately 4 weeks. This suggests that there is considerable variation in release
dates for the ice cover. Of particular interest is the ice release date recorded in 2020
(red dashed line) – one of the earliest release dates on record. This is discussed
further in the bullet below.

iv.

Observations gathered in 2020 (the first year in which the project was fully
impounded during the spring breakup). Additional insight can be gained by reviewing
the river breakup experienced during the 2020 spring period. This was the first year
that the project reservoir had been fully impounded throughout the winter period.
Reservoir temperature data was also collected, so the timing of ice release could be
compared to the temperature patterns of the water released from the project. A
review of this data indicates:
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o

The ice out date for the river was one of the earliest on record, and
considerably in advance of the freshet flows, despite the fact that the
reservoir was fully impounded.

o

Figure 4-4 compares the rate of the ice front retreat with the reservoir water
temperature recorded at site, and Figure 4-5 compares the rate of ice cover
retreat with the accumulated degree days of thaw as recorded at the MSC
gauging located at Happy Valley. Both show that the ice front retreat was not
strongly linked to warm water releases or a sudden increase in air
temperature in 2020.

o

Figure 4-6 compares the position of the ice cover in the spring of 2020 to the
position of the cover in both 2018 and 2019, when the upstream water levels
were much closer to pre-project conditions. As shown in the figure, the cover
began retreating considerably sooner in 2020, and without the aid of warm
water released from the reservoir. These images also show that once the
cover is retreating, the rate of retreat of the cover is relatively similar in all
years – we believe this is because degradation by solar radiation is one of
the largest factors in the cover retreat.

We realize that this only represents a single year of operation but does suggest that the
reservoir’s overall impact on the timing of breakup will be quite small given the factors
described above. This should be monitored in future years, and additional data gathered to
better quantify this impact.
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Figure 4-1: HEATSIM Modelling Results (2011/2012 Period)

Figure 4-2: River Discharge during Past Ice Jam Events
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2020 ice out date

Figure 4-3: Historical “Ice Out” Dates at Mud Lake
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Figure 4-4: Comparison of Ice Front Retreat (2020) With Reservoir Temperature
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Figure 4-5: Comparison of Ice Front Retreat (2020) With Degree Days of Thaw
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Figure 4-6: Comparison of Ice Front Retreat (2020, 2019, and 2018 Spring)
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5.

Conclusions
An independent review conducted of the 2017 ice jam event highlighted three concerns
related to the post-project operation of the Muskrat Falls project that may impact spring ice
conditions. Hatch has reviewed these three concerns and we offer the following findings:
•

The contribution of additional ice volume in the spring, due to the mobilization of thinner
sections of the ice cover forming in the tailrace area of the project (which previously
would have been a part of the downstream ice dam) will not increase the risk of a jam
occurring and should only have a minimal impact on water levels in the downstream
reach. Simulations indicate that the equilibrium thicknesses in the lower reaches will be
unaffected by the additional ice volume, but that the ice cover, in a worst case scenario,
may be longer and thicker in the upper reaches of the jam, which is well upstream of
Mud Lake, and Mud Lake will not be affected.

•

There is a concern that the reduction in mobilized storage volume may result in a
reduction in flood peak attenuation, a corresponding increase in the flood peak in
downstream reaches, and a change to the timing of the peak with respect to the freshet
timing. To address this, we reviewed the natural attenuation that would have occurred
historically during the passage of spring runoff events, and how that would change
following completion and operation of the Muskrat Falls project using a simulation model.
The hydraulic modelling results indicate that natural flood attenuation in the reach is very
small, and that future operation of the Muskrat Falls dam in the spring would not
significantly change spring inflow conditions or increase flood risk near Mud Lake.

•

Initial simulations run with a heat balance simulation model indicate the temperature rise
associated with the reservoir outflows may in theory be delayed by approximately four
days compared to a pre-project condition. The effect that this will have on the timing of
spring breakup would be small, however, based on observations made during the 2020
spring breakup period, the first under a post impoundment condition, ice cover retreat
and release was actually considerably earlier than in recent years, in spite of the cooler
reservoir releases. This suggests that the reservoir outlet temperature is only one small
factor in the rate of the degradation of the downstream ice cover, and that other factors,
like deterioration due to solar radiation and melt, are likely more important. The impacts
of the project reservoir on the timing and severity of breakup are expected to be small,
and this should continue to be monitored in the future to show that this is the case.
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