
 

This document contains confidential information intended only for the person(s) to whom it is addressed. The information 
in this document may not be disclosed to, or used by, any other person without Hatch's prior written consent. 

 

 

 

 

  
 
 

Nalcor Energy - Churchill Falls 
  
 
 

Final Report 
 

For 
 

Assessment of 2017 KGS Recommendations 
Related to Churchill Falls Operations 

 
 

H358184-00000-228-230-0001  
Rev. 0 

April 10, 2019 
 
 
 
 



 

This document contains confidential information intended only for the person(s) to whom it is addressed. The information 
in this document may not be disclosed to, or used by, any other person without Hatch's prior written consent. 

 

 
 
 

 

 
Nalcor Energy - Churchill Falls 

  
 
 

Final Report 
 

For 
 

Assessment of 2017 KGS Recommendations 
Related to Churchill Falls Operations 

 
 

H358184-00000-228-230-0001  
Rev. 0 

April 10, 2019 
 
 
 
 





 
 

Nalcor Energy - Churchill Falls  
Assessment of 2017 KGS Recommendations Related to Churchill Falls Operations  
H358184  
 

   
 

 

H358184-00000-228-230-0001, Rev. 0,  
Page i 

  
    Ver: 04.03 
© Hatch 2019 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 Disclaimer 
This report is prepared for Nalcor Energy – Churchill Falls (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 the Assessment of 2017 KGS Recommendations Related to Churchill 
Falls Operations (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 the town 
of Happy Valley-Goose Bay (HVGB) and 40 km downstream of the Nalcor Energy Muskrat Falls 
dam site. The Muskrat Falls dam was under construction in 2017 and its operation during the 
event was believed by local residents to have adversely impacted the flood magnitude at Mud 
Lake. The Government of Newfoundland and Labrador engaged Karl Lindenschmidt and KGS 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 independent KGS review made a number of suggestions related to the operation 
of the Nalcor Energy Churchill Falls facility (located approximately 300 km upstream of HVGB) – 
suggestions which could help to lower the risk or impact of spring ice jam events. Nalcor 
commissioned Hatch to review these suggestions and how the Churchill Falls facility is operated 
during the ice formation period, the late winter period, and during the ice breakup period, and if 
these operations could potentially be modified to provide relief during the spring breakup period.   

This technical report summarizes the studies undertaken by Hatch to evaluate Churchill Falls 
operations during these periods. 
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2. Independent Review Report Recommendations 
The independent review report made recommendations for the review of possible modification of 
Churchill Falls operations during three critical periods during the winter period.  These 
recommendations have been re-quoted below for each of the periods: 

Formation Period: 

“Consideration of cutback in releases from Churchill Falls prior to and during the short period of 
ice formation near Mud Lake if local inflows below Churchill Falls are uncommonly high. The 
objective would be to start the ice cover formation at a level that minimizes the volume of ice in 
the river that can act as a blockage during spring ice runs. Due consideration of financial impacts 
from this would be important.” 

Late Winter Period: 

“Avoidance of drastic cutbacks in outflow from Churchill Falls in the late winter, relative to the 
flows that had been consistently achieved during the winter, whenever elimination of such 
cutbacks is practical and cost effective. The objective would be to minimize the grounding of ice 
on the sand bars, freezing of the ice to the bars and enhancement of the hinge connection of the 
river ice to the shorelines.” 

Spring Breakup Period: 

“Consideration of adjusted releases from Churchill Falls so that the total flood flow in the lower 
Churchill River can be reduced during ice breakup to the maximum extent possible. For 
example, reduction of outflows in mid-May 2017 by 500 m3/s would have reduced the flow in the 
lower river by about 10% during the breakup period and would have reduced the flood levels to 
some extent. It is recognized that this may adversely affect energy generation from the Churchill 
Falls complex, and this would require careful consideration.” 
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3. Scope of Work 
As a part of the scope of work for this assignment, Nalcor asked that Hatch review the 
independent review report recommendations, and provide responses to five key questions: 

1. Would the recommended measure result in any significant reduction in risk of flooding at 
Mud Lake and HVGB? 

2. How effective would such measure be in reducing the extent (area and depth) of flooding 
should it naturally occur at Mud Lake and HVGB? 

3. If a recommended measure is expected to reduce the risk and/or extent of flooding, how 
would such measures be implemented by Churchill Falls operation to be effective (e.g., 
magnitude of flow reductions, duration, timing, etc.)? 

4. What challenges would need to be considered if a recommended measure is implemented? 

5. For each recommended measure implemented as outlined in item (3) above what are the 
operational constraints, reduction in energy production and implications? 
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4. Relevant Ice Formation and Breakup Processes in the Mud Lake 
Area 
The Churchill Falls facility is located approximately 300 km upstream of the communities of 
HVGB and Mud Lake, which are located on the Churchill River's outlet into Goose Bay (see 
Figure 4-1). In these lower areas, the river becomes considerably more braided, before 
eventually emptying into Goose Bay approximately 3 km downstream of the community of Mud 
Lake. Goose Bay is a very wide and deep receiving water body for the Churchill River flows.  

 
Figure 4-1: Location Plan 

Ice formation on the lower Churchill River within this reach is a complex process and has been 
studied for many years. With the onset of cold temperatures in the fall, an ice cover begins to 
form on Goose Bay. According to the Sea Ice Climatic Atlas 30-year median, freeze-up for the 
Goose Bay area typically begins during the first half of November in the shorefast areas of the 
bay. By the first week in December, Goose Bay is typically entirely covered with a thin thermal 
cover or a thin layer of compact/consolidated ice inflowing from the Churchill River.      

In the lower reaches of the Churchill River, below Muskrat Falls, upstream open water areas 
generate significant frazil ice volumes. Initially, these ice pans and sheets continue to drift down 
river, adding to the ice volume in Goose Bay. Eventually, border ice growth from the shoreline 
will reduce the open water width, and generated ice pans become larger and larger.  These ice 
sheets will then arch at a narrow section of the river or may simply lodge against the developed 
ice cover on Goose Bay, creating an ice bridge. This permits the progression or advancement of 
an upstream ice cover.  The date at which this ice bridge may form is generally near the end of 
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November but can be quite variable. Once initiated, this cover advances upstream through a 
juxtaposition process and the cover then thickens throughout the course of the winter. Ice 
formation volumes generated on the river reach below Muskrat Falls are sufficient to ensure the 
formation of a full ice cover each winter. 

In May with the onset of warmer temperatures, and much stronger solar radiation, the ice begins 
to degrade and weaken by heat gain both from the atmosphere and the gradually warming water 
flowing under the ice cover. The ice front, located downstream of the Muskrat Falls site, will 
begin to slowly retreat as the cover weakens and melts. At the same time, increasing flows in the 
spring freshet cause increasing water levels. The nature of breakup is somewhat dependent on 
the timing of the freshet, the heat content of incoming flows and meteorological conditions. This 
can lead the ice cover to degrade thermally and “melt out”, or if the rise in flows is sudden and 
large, the ice cover can lose its contact with the river bank, leading to sudden mobilization of the 
ice cover.   If river ice begins to move before ice on Goose Bay is weak, then the river ice may 
begin to jam at the mouth of the Churchill River, restricting river flows and causing flooding 
upstream.   

The question has arisen as to whether adjustments in operations at the Churchill Falls facility 
may help reduce the likelihood of spring ice jam formation and the elevation of flood levels in 
Mud Lake and HVGB.    

By reducing the flow rate at different times of year, it may be possible to alter the magnitude of 
the hydrodynamic forces acting on the ice cover – higher flows result in greater forces acting on 
the ice cover.  The flow rate also affects the thermal regime in the river, with higher flow rates 
creating more thermal energy (heat) which is available to act on any ice which may be present in 
the river.   

During the formation period, a decrease in the flow will lower the overall water levels, and the 
hydrodynamic forces acting on the cover as it begins to form. This can lead to a reduced ice 
thickness in any areas that exhibit significant telescoping or shoving. A thinner cover may be 
less likely to ground out on shallow bars or islands in the river, where it can freeze. On the other 
hand, the lower water levels resulting from reduced flows may themselves expose shallow bars 
and islands to which an ice cover may begin to freeze. If the cover freezes to the bed, the 
resulting frost penetration may make it more resistant to being lifted and mobilized in the spring 
ice run as the buoyancy of the cover would have to be great enough to lift both the ice and any 
attached layer of bed material.   

After formation, the thickness and therefore volume of the ice cover on river channels just before 
breakup and the depth of frost penetration into the bed underlying grounded ice will be 
determined in large measure by the coldness of the winter as measured by degree-days of 
freezing. If the cover thickness at formation dictated by hydrodynamic forces is thin, subsequent 
freezing and thermal growth will thicken it. Conversely, if the cover is too thick at formation, heat 
gain from the underlying flow will tend to thin it as the winter progresses.    
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A reduction in flow (and hydrodynamic forces acting on an ice jam) may be quite helpful in the 
spring as well since this will again translate into reduced ice jam thicknesses and water levels 
should an ice jam form in the lower reach of the river. However, the decrease in thermal energy 
associated with reduced flows will also lead to a reduced rate of thermal deterioration in the 
cover.   

Therefore, ice processes in the reach can be quite complex during the formation, winter, and 
breakup periods. It involves the complex interaction of many different physical and thermal 
processes – many of which actually have offsetting impacts. The strategy adopted for evaluating 
the potential impact of a modified program of Churchill Falls flow releases in this study relied 
heavily on a review of historical data available in the reach, combined with the application of 
recent ice models. The results are summarized in the following sections.   

  



 
 

Nalcor Energy - Churchill Falls  
Assessment of 2017 KGS Recommendations Related to Churchill Falls Operations  
H358184  
 

   
 

 

H358184-00000-228-230-0001, Rev. 0,  
Page 7 

  
    Ver: 04.03 
© Hatch 2019 All rights reserved, including all rights relating to the use of this document or its contents. 

 

5. Historical Flow Data 
This review began by gathering historical information on the operation of the Churchill Falls 
facility during the winter formation period, late winter and during the typical spring breakup 
period.  

Flows from the Churchill Falls facility are set based on energy demand and contractual 
arrangements that have been made with CFLCo customers. Peak energy demands occur from 
November 1 to March 31 each year given the cold winter conditions.  Flow releases from 
Churchill Falls during this period are on average 1810 m3/s.  From April 1 to October 31, energy 
demands drop given the warmer spring, summer, and fall seasons. Churchill Falls flow releases 
during this period have been on average only 1141 m3/s. The impact that flow regulation at 
Churchill Falls may have on flows at HVGB will vary depending on the time of year. This is 
because there is a large, unregulated watershed (25,000 km2) contributing to flow on the river 
downstream of Churchill Falls.  In the spring time, during the freshet, flow released from 
Churchill Falls may account for less than 20% of the total river flow at HVGB, whereas in the late 
fall or winter, the Churchill Falls releases may represent 80% or more of the total river flows.  
This is shown graphically in Figure 5-1, in which average flow releases from Churchill Falls are 
plotted against the average flow releases observed at the downstream WSC gauge just 
upstream of Muskrat Falls. 

 
Figure 5-1: Average Daily Flows 
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The focus of the review was on comparing the nature of operations during both ice jam flood 
years (as identified in our earlier 2017 ice jam event review [Hatch, 2017]) and non-ice jam flood 
years to identify any trends or patterns. Of particular note, we were interested in determining 
from the record if: 

• Ice jam events tended to be preceded by years with abnormally high flows during the ice 
formation period. 

• Ice jam events tended to be more prevalent during years in which the Churchill Falls flows 
were lower in the late winter (March/April), just prior to the passage of the spring freshet. 

Figure 5-1 (Hatch, 2017) summarizes a timeline of years which were previously identified as 
having some form of ice jam activity – years with a diamond experienced an ice jam event on the 
Churchill River in its lower reach, at its exit into Goose Bay.   

 
Figure 5-2: Frequency of Ice Jam Events at HVGB and Mud Lake 

Flow records and hydrographs were produced for all years and the records were compared.    
Flow releases at the Churchill Falls Facility were obtained from Water Survey of Canada (WSC) 
record 03OD005 (plant flows from 1976 to 2010) and from Nalcor from 2011 to present. Flow 
records were also reviewed for the lower river reach, using the WSC record for gauge 03OE001 
(Churchill River Above Upper Muskrat Falls) up until 2015, and operational data at the Muskrat 
Falls site for years subsequent to 2015. The results of this review are contained in the following 
sections. 
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6. Review of Operation During the Ice Formation Period  
As noted earlier, flow data were available for the period from 1975 to 2018 at the Muskrat Falls 
site. These data provide a very good indication of the flow experienced through Goose Bay and 
near Mud Lake during the ice formation period, which was assumed to be between November 1 
and December 31. The flow data were separated into two groups – years representing formation 
flows for subsequent ice jam events and years representing formation flows for non-ice jam 
years.    

As shown in Figure 6-1 and Figure 6-2, formation flows have varied quite widely over the years. 
To better quantify these flows, tables were prepared of the average river flow recorded in each 
year over the latter half of November, during which freeze-up will typically occur on the river.  
The results are summarized in Table 6-1 for non-ice jam years and in Table 6-2 for ice jam 
years.  

 

 
Figure 6-1: Fall Flows for Non-Ice Jam Years 
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Figure 6-2: Fall Flows for Ice Jam Years 
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Table 6-1: Average Freeze-up Flows in Non-Ice Jam Years 

Year Average Flow at 
Formation (m3/s) 

1977 1502 
1979 1804 
1980 2014 
1981 2027 
1982 2095 
1984 1861 
1985 1865 
1987 1524 
1988 1972 
1989 1705 
1991* 1451 
1992 1409 
1993 1572 
1994 1560 
1995 1819 
1996 1165 
1997 2231 
1999 1941 
2002 1855 
2003 1835 
2004 1644 
2005 1801 
2006 1868 
2007 2183 
2008 2149 
2009 1879 
2010 1628 
2011 2001 
2013 2082 
2014 1956 
2015 1971 
2016 1778 

Average 1817 
Minimum 1165 
Maximum 2231 

*   Not possible to estimate 1990 formation flow due to sporadic record 
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Table 6-2: Average Freeze-up Flows in Ice Jam Years 

Year Average Flow at 
Formation (m3/s) 

1976 1579 
1978 2042 
1983 1556 
1986 1625 
1998 1816 
2000 1881 
2001 1589 
2012 1922 
2017 2058 

Average 1785 
Minimum 1556 
Maximum 2058 

 

As shown in these tables and figures, the average formation flow for the non-ice jam year group 
is actually higher than it is for the ice jam year group (1817 m3/s vs. 1785 m3/s), and the range in 
flow is also larger for the non-ice jam year family (1165 to 2231 m3/s vs. 1556 to 2058 m3/s). 
Therefore, the data does not seem to support the suggestion that there may be a link between 
high formation flows and the propensity for spring ice jam events to occur.    

The independent study suggested that a reduction in flow during the ice formation period may 
help to initiate the cover at a level that would help to minimize the volume of ice in the river that 
can act as a blockage during spring ice run events. To better understand this, Hatch’s ice 
enhanced HEC-RAS model was used to test the impact that formation flows may have on the 
nature of a developing cover in this reach.   

The model, which was calibrated to the 2012 and 2017 ice jam events, was set up to simulate 
ice formation at two different river flows – one at 2200 m3/s which represents the high end of 
historical formation flows, and one at 1800 m3/s, which represents an average formation flow for 
all years. The cover was assumed to initiate by thermal growth and juxtaposition on Goose Bay 
just downstream of English Point, and an equilibrium ice thickness profile was allowed to form in 
the reach. The downstream water level was assumed to be at sea level (0 m) for each run.   

Cross sections were then extracted from the model at two key locations to demonstrate the 
difference in the cover at each location for the two flows. The first key location represents a 
cross section at the location of the English Point WSC gauging station and is shown in Figure 
6-3 and Figure 6-4 below. The water level at this cross section would be 0.9 m under a 2200 
m3/s flow and would drop to elevation 0.6 m (reduction of 0.3 m) under an 1800 m3/s flow.  The 
model showed that the ice thickness would be up to 2.4 m thick under a 2200 m3/s flow and 
would be 2.1 m thick under the lower 1800 m3/s flow.   
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Figure 6-3: Cross Section at English Point – River Flow of 2200 m3/s 

 

 
Figure 6-4: Cross Section at English Point – River Flow of 1800 m3/s 

The second key location represents a cross section at the location of the Mud River confluence 
with the Churchill River, and is shown in Figure 6-5  and Figure 6-6 below.  The water level at 
this cross section would be 1.1 m under a 2200 m3/s flow and would drop to elevation 0.8 m 
under an 1800 m3/s flow (a reduction of 0.3 m). The model showed that the ice thickness would 
be up to 2.9 m thick under a 2200 m3/s flow and would be 2.5 m thick under the lower 1800 m3/s 
flow. 
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These results support the independent review suggestion that ice thicknesses and volumes will 
be greater in the reach for higher formation discharges.  It was suggested that possible freezing 
of this grounded ice on the shallow islands may have also led to increased resistance during the 
following spring ice event which led to historic flooding. However, the results also show that 
under both flows the bottom of the ice cover would be expected to “ground out” on the shallow 
island shown in the central (and left bank) portions of the figures.   

Therefore, small gains achieved in water level and ice thickness reduction through reduced flows 
are unlikely to significantly change the spring ice regime; shallow islands in the reach will still be 
submerged and any grounded ice may adhere to the channel bottom regardless of the formation 
flow. Given that the grounded ice is likely resting on a very sandy river bed, if the flow becomes 
high enough this may very well lift and float. It is our opinion that the resistance that may be 
generated by this grounded ice is unlikely to contribute significantly to ice jam potential in the 
spring.  The jam characteristics will be governed by the resistance developed along each shear 
wall of the main channel, and not by the grounded ice on the islands.  This is likely why the 
historical data indicates that there is no discernable link between high formation flows and spring 
ice jam activity. 

To summarize, formation flows do not appear to have any significant impact on spring ice jam 
activity in this reach and there would be no benefit to altering Churchill Falls operating 
procedures in an attempt to reduce this risk.  

 

 
Figure 6-5: Cross Section at Mud Lake Confluence – River Flow of 2200 m3/s 
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Figure 6-6: Cross Section at Mud Lake Confluence – River Flow of 1800 m3/s 
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7. Review of Operation During the Late Winter Period  
The next phase of the assessment sought to determine if ice jam events tended to be more 
prevalent during years in which the Churchill Falls plant flows are cut back in the late winter 
(March/April), just prior to the passage of the spring freshet.  Churchill Falls plant flows have 
typically been reduced during this time as this aligns with the end of generation commitments 
associated with the Guaranteed Winter Availability Contract (GWAC).  Generally, with GWAC 
the biggest drop in production is in April but depending on customer loading, some drop in 
production may also occur during the latter half of March. The magnitude of the reduction is 
dependent on customer energy demand in this late winter/early spring period.   

It was postulated in the KGS report that this flow cutback may lead to a settling of the developed 
ice cover onto shallow islands in the downstream reach, and that the grounded portions of the 
cover may freeze to the bottom of the river prior to passage of the freshet flows. The frost 
penetration associated with this may make the cover more resistant to movement in the spring.  

To assess this risk, the Churchill Falls flow data were reviewed and analyzed to see if there was 
a discernable link between spring flow magnitudes at Churchill Falls and the frequency with 
which ice jam events occurred downriver. The flow data were separated into two groups – years 
representing winter flows for ice jam events, and years representing winter flows for non-ice jam 
years.      

 
Figure 7-1: Winter Flows for Non-Ice Jam Years 
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Figure 7-2: Winter Flows for Ice Jam Years 

As shown in these figures, average winter discharges have tended to remain within a range of 
1500 to 2000 m3/s for most years, whether in the non-ice jam or ice jam family of curves. Both 
sets of curves also show a characteristic drop in flow in the late winter period (April). To better 
quantify how late winter flow magnitudes have varied, average April discharges for the Churchill 
Falls plant were calculated and are summarized on Figure 7-3. The flows were grouped into two 
series:  years with ice jams and years without ice jams. Also shown on the figure are the long 
term average April flows for each group.    
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Figure 7-3: Churchill Falls Average April Discharge 

In comparing these results, it would appear that the average April discharge has actually been 
higher for the ice jam year series (average April flow of 1411 m3/s), than it is for the years in 
which ice jams have not formed (average April flow of 1325 m3/s). This suggests that there is not 
a significant link between the magnitude of April flows and the propensity for spring ice jam 
events to occur. One exception to this may be the relatively low flow observed in 2017 – the 
average flow in April of 2017 was 1024 m3/s, which is considerably below the average. However, 
it should be noted that there were a handful of years with much smaller flows, which did not 
initiate a spring ice jam event.   

The drop in April discharge would, as indicated in the KGS 2017 report, lead to lower water 
levels in downstream river reaches and a subsequent lowering of the ice cover. The report notes 
that, “The abrupt cutback in outflow from Churchill Falls in late March would have caused 
increased grounding of the ice cover on the sand bars near Mud Lake. This may have led to 
frost penetration and freezing of the ice to the sand bars prior to the onset of the spring freshet. 
It would also have stranded the ice over the sand bars and made it less prone to weakening 
during the short duration of spring melt.”    

The data would suggest that the impact that this would have on spring ice jam potential is not 
significant, given the lack of a correlation between the two. Should the cover freeze to the bed in 
some areas, those sections of the cover would indeed be more resistant to movement in the 
spring.  However as noted earlier, much of this cover would already be grounded, even prior to 
the flow reduction. In addition, the resistance that may be generated by this grounded ice is 
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unlikely to contribute significantly to ice jam potential in the spring. The jam characteristics will 
be governed more so by the resistance developed along each shear wall of the main channel, 
and not by the grounded ice on the islands. The drop in level associated with the reduction in 
flow in April would lead to some settling of the cover on the river banks.  However, the overall 
impact of this spring water level reduction on the strength of the hinge connection with the bank 
would likely be minimal.  There is a question as to how ‘bonded’ the grounded hinge links would 
become to the alluvial bed over a short time of exposure.  With rising air temperatures in the 
spring, and an increasing intensity in solar radiation, any additional growth of the hinge and it’s 
bonding with the bed would be limited.  If bonding is minimal, a subsequent flow increase would 
refloat the ice link to its original position, restoring it’s contact and providing similar cover 
stability.  It would not be expected to impact peak levels should an ice jam form after the cover 
mobilizes. In addition, in many years the instigating barrier to the run of river ice has tended to 
be a competent Goose Bay ice cover. This is likely why the historical data indicates that there is 
no discernable link between the magnitude of flow cutback and spring ice jam activity. 
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8. Review of Operation During the Ice Breakup Period  
The KGS 2017 report suggested that consideration be given to adjusting releases from the 
Churchill Falls plant during ice breakup period to help lower flows and water levels should an ice 
jam form. The Churchill Falls plant discharges in the spring period are not causing the ice jam, 
but there may be an opportunity to reduce downstream impacts if the Churchill Falls plant 
discharges are reduced.  

The ice enhanced HEC-RAS model was again mobilized to test the impact that a reduction in 
energy production (and the associated lowering of plant discharges) at Churchill Falls may have 
on peak water levels in the downstream reach. This model was recently used to produce 
estimates of the 20-year and100-year flood level in the HVGB and Mud Lake areas and was 
used to test the sensitivity of downstream water levels to various magnitudes of flow reduction.       

The model was initially set up with the following assumptions:   

• It was assumed an ice jam event would occur on the reach during the passage of a 100-year 
ice breakup flow event. The jam was assumed to form at a peak flow of 5530 m3/s on the 
Churchill River near HVGB.    

• The strength and roughness parameters for the model were all based on those previously 
estimated in the 100-year mapping study (Hatch, 2018) and derived through calibration to 
the 2012 and 2017 ice jam events.    

• The ice jam toe was assumed to be in its typical location, near the mouth of the river, at a 
narrow point located approximately 1 km downstream of the English Point WSC gauge.  

• The downstream water level for Lake Melville was assumed to be el. 0.0 m CGVD.  

• The hydraulic roughness (Manning coefficient) for the ice cover was set to be 0.05. This is 
considered to be near the low end of the range of values considered for an ice jam event 
involving partially degraded or weakened ice floes. 

• The internal strength of the ice was set to 48 degrees. This is within the normal range of 
values typically adopted.   

• It was assumed that the head of the jam would be the same as was assumed in the 
100-year mapping study - near Man O’War Island.   

The model was then used to estimate the water surface profile should a jam occur during the 
100-year ice jam breakup flow for three conditions:    

• for the full 5530 m3/s flow (without reduction);  

• for a 250 m3/s flow reduction (resulting in a peak flow of 5280 m3/s); and 

• for a 500 m3/s flow reduction (resulting in a peak flow of 5030 m3/s). 
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The results were then compared at two locations to estimate the magnitude of water level 
reduction possible. The first location (km 9.2 in the model) represents a cross section at the 
lower end of the Happy Valley Goose Bay townsite. The second (km 2.0) represents a cross 
section at the location of the Mud Lake community. The peak water levels attained in each run 
are summarized below. 

Table 8-1: Impact of Flow Reduction for 100 Year Ice Jam Event at HVGB 

Flow 
Scenario 

 
Churchill 

Falls Plant 
Discharge 
Reduction 

(m3/s) 

 
Churchill 

River 
Flows at 

HVGB 
(m3/s) 

Water Level at HVGB (m) 

Base 
Case (m) 

With Flow 
Reduction (m) 

Difference 
(m) 

1 0 5530 5.32 5.32 0 
2 250 5280 5.32 5.16 0.16 
3 500 5030 5.32 4.99 0.33 

Table 8-2: Impact of Flow Reduction for 100 Year Ice Jam Event at Mud Lake 

Flow 
Scenario 

 
Churchill 

Falls Plant 
Discharge 
Reduction 

(m3/s) 

 
Churchill 

River 
Flows at 

HVGB 
(m3/s) 

Water Level at Mud Lake (m) 

Base 
Case (m) 

With Flow 
Reduction (m) 

Difference 
(m) 

1 0 5530 5.05 5.05 0 
2 250 5280 5.05 4.89 0.16 
3 500 5030 5.05 4.71 0.34 

The analysis was also repeated based on passage of the 20-year ice breakup event rather than 
the 100-year ice breakup event. The results of the simulation are very similar in terms of the 
water level reduction possible, as shown below.  

Table 8-3: Impact of Flow Reduction for 20 Year Ice Jam Event at HVGB 

Flow 
Scenario 

 
Churchill 

Falls Plant 
Discharge 
Reduction 

(m3/s) 

 
Churchill 

River 
Flows at 

HVGB 
(m3/s) 

Water Level at HVGB (m) 

Base 
Case (m) 

With Flow 
Reduction (m) 

Difference 
(m) 

1 0 4800 4.82 4.82 0 
2 250 4550 4.82 4.67 0.15 
3 500 4300 4.82 4.49 0.33 
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Table 8-4: Impact of Flow Reduction for 20 Year Ice Jam Event at Mud Lake 

Flow 
Scenario 

 
Churchill 

Falls Plant 
Discharge 
Reduction 

(m3/s) 

 
Churchill 

River 
Flows at 

HVGB 
(m3/s) 

Water Level at Mud Lake (m) 

Base 
Case (m) 

With Flow 
Reduction (m) 

Difference 
(m) 

1 0 4800 4.50 4.50 0 
2 250 4550 4.50 4.34 0.16 
3 500 4300 4.50 4.16 0.34 

 

As shown, the magnitude of water level reduction possible is relatively linear with the amount of 
the flow reduction.  The results indicate: 

• A 40-50 % reduction in flow at the Churchill Falls plant, would result in only a 10 percent 
drop in flow at Mud Lake during a 100 year ice jam event, and would lead to only a 7% (0.3 
m) drop in water level. 

• Large water level increases are expected for both ice jam events, with or without the 
Churchill Falls flow reduction. 

• For a flow reduction of up to 500 m3/s, water levels could be reduced by approximately 0.33 
m, or 1 foot. 

In both cases, the small water level reduction achieved unfortunately does not translate into a 
very large reduction in the areal extent of expected flooding. 

To demonstrate this, plots were prepared of the areal extent of inundation in these communities 
for the larger 100-year event – maps were prepared for the base case event, as well as for flow 
reductions of 250 and 500 m3/s (scenarios 1, 2, and 3). The profiles for these events were 
mapped onto an existing digital terrain model (DTM) of the reach to estimate overall inundation 
in the area. These maps are contained in Appendix A of this report to show the reduction in areal 
extent of inundation possible for the various flow cutbacks. 

As shown, the reduction in the areal footprint of flooding is quite small, even for a scenario 
involving a 500 m3/s flow reduction. The mapping indicates some of the largest changes would 
occur in areas with little development. Therefore, the number of impacted homes would not 
change, especially in the community of Mud Lake which was hardest hit during the 2017 flood 
event. With this in mind, the expected flood reduction benefit due to such a change in Churchill 
Falls operation would be relatively small.   

The implementation of some form of flow reduction program at Churchill Falls would not be 
without its challenges.   
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Perhaps one of the biggest challenges is the logistics associated with the movement of water 
within and between the reservoirs in the system (which can result in up to 3 days delay) and the 
travel time for any flow changes at Churchill Falls to be observed over 300 km downstream 
(which can introduce another 3 day delay).  To better understand this, routing studies were also 
conducted to determine the length of time it would take to realize any benefit of the flow 
reduction, should it be implemented. An earlier HEC-RAS routing model was modified to 
simulate a condition in which flows at the Churchill Falls facility would be cutback over a four-
hour period from an initial discharge of 1500 m3/s, down to a flow of 1000 m3/s. The flow 
reduction was routed through the 300 plus km reach downstream of the Churchill Falls facility to 
the HVGB/Mud Lake region. Figure 8-4 provides a hydrograph of the expected flow response at 
HVGB/Mud Lake.  It was assumed that contributions from the watershed area downstream of 
Churchill Falls were minimal for these simulations, representing a condition just prior to the 
spring freshet.   

As shown, the initial impact of the flow reduction would be felt as early as 2 to 3 days after the 
cutbacks are made, which is consistent with field observations. However, because of the natural 
routing effects in the reach, it would take 7 to 14 days before the full benefits of the cutback 
could be realized. This would mean that the cutbacks would need to be made well in advance of 
the projected peak flow (14 days or more) to achieve a 0.33 m reduction.  

However, if flow reduction is implemented too early, it may reduce the amount of thermal 
deterioration/thinning that the downstream cover would be subjected too prior to breakup.  
Because of the lower flows, heat transfer would be limited, and the actual thermal energy of the 
flow would be less.  Normally this energy would help to warm and weaken the ice cover in the 
days leading up to breakup.  If weather conditions then occur that could lead to the sudden 
breakup of a cover that is now only partially degraded, there is a risk that the resulting ice jam 
may be more severe because of the stronger, more competent ice.     
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Figure 8-1: Discharge Response to Sample Flow Cutback 

Other challenges and considerations include: 

• Determining or predicting when an ice jam will form or whether it will form in any given year 
is very difficult given the complexities associated with ice jam mechanisms and variability 
with meteorological conditions. 

• The historical record indicates 9 ice jam events have occurred between 1976 and 2018, 
which indicates that ice jam events are occurring on average once in every 5 years, or 20 
percent of the time. Therefore, preemptive flow reduction would be of no benefit 80 percent 
of the time.    

• The Churchill Falls plant production and flows are usually quite low in the month of May due 
to a reduced demand (usually requiring releases of ~1100 m3/s). Under these conditions a 
flow reduction of 500 m3/s would equate to nearly 50% of the plant production. This may limit 
the amount of flow reduction possible, since the Churchill Falls Plant operates under a 
number of power purchase agreements/contracts to meet customer energy demands. 

• A reduction in outflow in May could lead to higher surcharge levels in the Churchill Falls 
reservoirs, and in some years, this could eventually lead to a need to spill water later in the 
year.    
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9. Conclusions 

An independent review conducted of the 2017 ice jam event made a number of suggestions 

related to the operation of the Churchill Falls facility. Hatch has reviewed these suggestions to 

determine if modification of the Churchill Falls operation could help to reduce risk and the extent 

of flooding in the HVGB and Mud Lake communities during the: 

 Ice formation period in the fall; 

 Late winter period; and 

 Spring break-up period. 

The results of our review indicate the following: 

 A review of historical data indicates that formation discharges do not appear to have any 

significant impact on spring ice jam activity in this reach. 

 A review of historical data in the reach has not revealed any link between ice jam occurrence 

and late winter flow reductions. 

 Hydraulic assessment of flow cutbacks during spring break-up indicated that the benefits 

would be relatively small and would not affect the areal extent of flooding significantly.  In 

addition, to maximize the benefit, flows would have to be cutback 10 to 14 days in advance 

of an ice jam forming and that such flow cutbacks may in themselves result in a slower 

thermal degradation of the ice cover prior to ice release. Under a given set of circumstances, 

this could possibly result in more severe ice jams should they form. Given the above 

challenges/risks and the lack of certainty with forecasting when or if an ice jam may form, a 

decision to implement flow reductions from the Churchill Falls plant for flood mitigation 

purposes in any given year should consider the following: 

 The existing ice jam risk forecast tool should be updated regularly to track accumulated 

melt and rainfall, which are key variables in determining flood risk.  If the forecasted 

flood risk begins to exceed the severe risk threshold, this may trigger a decision to 

reduce flows. This tool could be used in tandem with a review of the accumulated 

degree days of thaw to provide some guidance on potential ice movement dates. 

 Vista inflow forecasts should continue to be made throughout the spring period to best 

assess when inflows may begin to rise significantly.  Inflow forecasts should be checked 

regularly against flows measured at established river gauge stations on the river.   

 Ice conditions on the Churchill River should be monitored regularly to establish the 

condition of the ice cover as it begins to degrade.  Observed heavy ice runs or jam 

formation on area tributaries like the Mckenzie River or Goose River may signal future 

movement on the Churchill River as well. In addition, ice rafting on the TLH causeway 

would signal that ice movement is imminent on the lower reaches of the Churchill River. 
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 The Government of NL’s Churchill River Early Flood Warning and Alert System should 
be consulted regularly to determine the likelihood that ice jam events may occur in Mud 
Lake. 
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Appendix A  
Sample Inundation Maps With and Without Flow Cutbacks: 

100-Year Spring Ice Jam Event 
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