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Alberta Environment and BC Hydro jointly manage flows on the Peace River to
influence freeze-up and break-up in an attempt to reduce the risk of ice jam
flooding. The largest community that can be most affected by ice jams on the
Peace River is the Town of Peace River, Alberta. BC Hydro is interested in
maintaining hydropower generation flexibility. These two goals are often
competing and this paper describes the procedures used jointly by the two
organizations at setting the magnitude and timing of controlled flow releases
during freeze-up and break-up. The paper also describes the specific operations
of the 2006-2007 ice season.
The April 2007 break-up on the Peace River and one of its main tributaries the
Smoky River, was especially challenging this year as record high snowpack
lead to a dynamic break-up of these two streams. Costs due to reduced
hydropower production were documented. A detailed description of the breakup is presented. The main decision points for mitigation are highlighted and data
and recommendations that can lead to improvements in mitigating future events
with benefits to both the flood prone community and the power utility are
presented.

1. Introduction and Background
The Peace River flows from the Province of British Columbia and into Alberta where it flows
past the Town of Peace River (TPR) (Figure 1). The river is regulated about 400 km upstream of
the TPR, near the Town of Hudson Hope by the W.A.C Bennett Dam which impounds Williston
Reservoir, a multi-year storage facility and by the Peace Canyon Dam (PCN) about 20 km
further downstream which is a run of river project. The two facilities have installed capacities of
2730 MW and 700 MW respectively. The full turbine capacity is just under 2000 m3/s.
The drainage area of Williston Reservoir is 69,930 km2 and the total drainage area at the TPR is
186,000 km2. This leaves about 62% of the drainage area at TPR unregulated. The most
hydrologically significant unregulated sub-basin in terms of ice jam flood management is that of
the Smoky River which contributes 50,300 km2 or 43% of the unregulated portion. Although
regulation has greatly reduced summer time flooding at the TPR, high water levels related to
freeze-up can occur due to the higher post-regulation discharge in the winter.
Freeze-up on the Peace River is first initiated in the slower moving downstream reaches
(between Tompkins Landing and Vermillion Chutes) where frazil ice pan runs can bridge over
and initiate an ice front that moves upstream (Figures 1.1 and 1.2). This typically starts in mid
December. The ice front travels up river and on average reaches its maximum upstream extent at
about 215 km below Bennett dam some time around the end of February on average. Maximum
upstream extent of the ice cover can vary from 90 to 300 km downstream from the Bennett Dam
depending on the severity of the winter. The average time of freeze-up at the TPR is January 4.
In the spring the ice front on the Peace River recedes by melting thermally. On average thermal
break-up at TPR occurs on April 11. A dynamic break-up can occur on the Smoky River also
during the month of April but usually only if the snowpack is above normal. If the Smoky River
breaks up dynamically before the Peace River (where thermal processes dominate due to
regulation) severe ice jam flooding can occur at the TPR. Therefore both freeze-up and break-up
need to be managed with consideration of ice jamming at the TPR. A significant challenge is the
2 to 3 day travel time for flow changes to arrive at the TPR from PCN.
2. Peace River Ice Operations Procedures
After the Peace River became regulated in 1968, the provinces of Alberta and British Columbia
signed a memorandum of understanding regarding the monitoring of river ice processes on the
Peace River. In 1975, the Alberta-British Columbia Joint Task Force on Peace River Ice (JTF)
was formed with membership from the British Columbia Hydro and Power Authority (BC
Hydro), the Government of British Columbia’s Ministry of the Environment and the Government
of Alberta’s Ministry of Environment (AENV). The JTF was initially concerned with the
coordination of break-up ice observations along the Peace River and specifically, potential
operational recommendations regarding ice jam flooding at the TPR resulting from a Smoky
River induced dynamic break-up. Freeze-up ice processes began to be monitored in detail in
1982 after a freeze-up consolidation event in January. Currently, river ice processes on the Peace
River, specifically those processes that have an effect at the Town of Peace River, are monitored
and, when necessary, influenced by operational procedures that are agreed upon by the technical
level of the JTF, which includes membership from BC Hydro and AENV (Alberta – British
Columbia Joint Task Force on Peace River Ice, 2006). Much of the operating procedures are

based on the Trillium Engineering and Hydrographics Inc. (1996) study, however the procedures
continue to be modified and improved as more scientific information becomes available.
These operating procedures have been organized into three separate sequential phases: freeze-up
procedures, mid-winter procedures, and break-up procedures.
2.1 Freeze-up Operations
To ensure that the existing dike system at the TPR is able to provide the same level of flood
protection under ice conditions as it does during open water, the JTF has adopted and developed
operating procedures. These freeze-up operating procedures center on establishing a relatively
constant flow regime in the Peace River at the TPR as the ice cover advances upstream through
the town. Operationally, there are two criteria that are considered:
1.
2.

Targets – utilize an agreed upon discharge at the TPR to establish a certain freezeup stage elevation at the Water Survey of Canada (WSC) gauge in the town.
Timing – when to implement controlled flow releases and, later, when to lift
them.

The target discharge that will be implemented for controlled flow is typically determined well in
advance of freeze-up at the TPR. The target discharge is selected so that when the ice front
advances through the town and the freeze-up stage increase occurs that a target elevation of
315.0 m (+/- 0.5 m) at the WSC gauge is achieved. The target of 315.0 m was selected so that if
a 1:100 year secondary consolidation of the ice cover were to occur at the TPR, the town’s dikes
would not be over topped. Since the Peace River is regulated, the ice cover typically freezes up
in a consolidated fashion rather than juxtaposed. Thus, if a collapse of the ice cover occurs after
the ice front has passed this is considered a secondary consolidation. In order to achieve the
target discharge, the inflows between the Peace Canyon Dam (PCN) and the TPR (including the
Smoky River) must be estimated. Once the magnitude of the inflow has been estimated this value
is subtracted from the target discharge to determine the magnitude of the average daily controlled
flow releases from PCN.
Controlled flow releases are implemented when the ice front is projected to be two days from
reaching the ‘rendezvous point’ roughly 15 km downstream of the town. This is done in an
attempt to establish a relatively constant discharge at the TPR in sufficient time to meet the
advancing ice front at the ‘rendezvous point’. If the ice front advances more quickly than
forecasted, the placement of the ‘rendezvous point’ downstream of the TPR ensures a greater
likelihood of controlled flow releases meeting the advancing ice front downstream of the TPR.
This is of particular importance due to the potential for the unstable advancing ice cover to
collapse when it meets the controlled flow (for the case of stepping up releases to control flow).
The CRISSP model (Chen et al. 2006) and observed ice front advance rates are used to forecast
the arrival of the ice front at the ‘rendezvous point’.
The controls placed on flow releases from PCN are kept in place as the ice cover advances
through the TPR and further upstream. This relatively constant flow regime mitigates the

potential for triggering or exacerbating a secondary consolidation at the TPR with sudden
changes in the flow, though it must be understood that the controlled flow releases have no effect
on the potential for secondary consolidations triggered by significant temperature changes.
Operationally, the cessation of controlled flow is based on monitoring of temperature, discharge,
and the ice cover upstream of the TPR and assessing when it is ‘safe’ for BC Hydro to resume
operations on a ‘load demand’ basis. The current criteria for the lifting of flow controls is
achieving an thermal ice cover at Dunvegan (roughly 100 km upstream of the TPR) that is
‘sufficiently thick’ to arrest a secondary consolidation before it affects the ice cover at the TPR.
At the operational level, the JTF has utilized a criterion of 0.4 m of thermal ice thickness at
Dunvegan as ‘sufficiently thick’. It should be noted that the JTF is currently testing and
evaluating, on a trail basis, a new criterion for the cessation of controlled flows. This new
criterion suggests achieving a 10 km reach of 0.40 m thick thermal ice upstream of the TPR
between McLeod Cairn (approximately 9 km upstream of the TPR) and Dunvegan. The trial
testing and evaluation is ongoing.
2.2 Mid-Winter Operations
Once BC Hydro has resumed operations on a ‘load demand’ basis, the ice operations consist
primarily of monitoring and data collection along the Peace River specifically ice front
progression and river and groundwater levels at the TPR. If water levels at the WSC gauge at
the TPR exceed 315.5 m for an extended period of time, groundwater seepage flooding in the
subdivision of Lower West Peace River (LWPR) will occur. Therefore, in the event that water
levels do rise above 315.5 m, AENV and BC Hydro will discuss the potential for a flow
reduction to address the groundwater seepage concerns in LWPR. It has been determined that a
reduction of roughly 600 m3/s in flow releases from PCN equates to a decrease in water level at
the WSC gauge of roughly 1.0 m, though it must be understood that the magnitude of the flow
reduction and its sustainability may be limited by BC Hydro’s power grid stability or load
demand.
2.3 Break-up Operations
As with freeze-up operations, the break-up operations for the Peace River are primarily focused
on the TPR and ensuring that during break-up the town’s dike system is capable of providing an
acceptable (1:100 year) level of protection from flooding due to ice jams. Another similarity that
break-up operations have with freeze-up operations is the criteria that govern over the
operational decisions. These criteria are:
1.
Targets – Water level and discharge limits at the WSC gauge that are used as guidelines
for ensuring that the town is continuing to receive 1:100 year flood protection.
2.
Timing – In an attempt to prevent the operational limits from being reached, forecasts are
developed on a daily basis to determine if and when the targets may be exceeded. Based on these
forecasts, the timing of flow release changes can be better categorized.

The agreed upon operational targets that have been selected are a river elevation of 314.0 m and
a discharge of 3200 m3/s at the WSC gauge at the TPR. The discharge limit is based on an ice
jam rating curve (Figure 2.1) which allows for a 0.5 m freeboard. This value is based on the
Trillium, 1996 study. Ideally, operational decisions are made to assist in keeping the river level
at the TPR in advance of break-up, below the 314.0 m elevation. However, the capability of
implementing measures to ensure that this occurs can be limited by other physical constraints.
The 3200 m3/s target carries greater weight as that is the estimated discharge that could overtop
the dykes whereas the 314 m value could be exceeded by small local jamming at much smaller
discharges.
Regarding discharge at the TPR in advance of break-up, three criteria are monitored. They are
the snow pack in the Smoky River basin, the observations of both the Peace and Smoky rivers
suggesting that the latter will break-up in advance of the former, and the estimated discharge at
the TPR exceeding 2000 m3/s. If any one of these three criteria is met, then the JTF will evaluate
the feasibility and, if possible, implement flow strategies that will attempt to keep the 3-day
forecasted discharge at the TPR below 3200 m3/s.
The timing of implementing operational decisions regarding these targets appears to be very
simple. Based on observations and data collected, when it appears that the targets are going to be
exceeded, simply implement the appropriate flow decrease to ensure that this does not occur.
However, this becomes difficult when factoring in the two to three-day travel time that flow
release adjustments take to reach the TPR.
In order to meet the operationally agreed upon targets, the JTF must accurately forecast a number
of variables that have an effect on the river conditions at the TPR. The amount and entrance rate
of snowmelt into the rivers, the effect that this snowmelt runoff will have on water levels,
condition of the ice cover, how quickly the ice cover is deteriorating, the weather and
temperature forecasts, and when it is likely that mechanical processes will begin to dominate
over the thermal processes in any given reach must all be considered and forecast three days into
the future. This forecasting is done using computer modeling and utilizing the observations made
of the Little Smoky, Smoky and Peace rivers. These forecasts are reevaluated after every
observation flight to ensure that they are based on the most recent data available.
Once a forecast suggests that one of the operational limits will be exceeded in three days and this
forecast is judged to be accurate by the JTF Technical level, the appropriate adjustment to flow
releases is determined and implemented. Though the implementation is subject to operational
constraints within BC Hydro’s operational system.
The JTF continues to monitor the break-up of the Peace River until the ice cover at the TPR has
broken and it has been agreed that the risk of flooding at the town due to ice processes has
passed.

3.0 2006-2007 River Ice Operational Season
3.1 Freeze-up Operations 2006-2007
Prior to reports of freeze-up on the lower reaches of the Peace River, the JTF had agreed upon an
average daily target discharge of 1600 m3/s at the TPR during freeze-up.
The JTF received reports of freeze-up on the lower reaches of the Peace River beginning in early
November, roughly two and a half weeks earlier than the typical onset of freeze-up on the Peace
(Figure 1.2). After receiving notice that the ice cover on the Peace River was setting in and
advancing upstream, the JTF began to conduct observation flights to locate the head of the ice
cover and observe the condition of the ice cover.
Due to an extended period of below average temperatures in the region during the latter half of
November (Figure 3.1), the ice front was observed to have advanced a considerable distance
between each observation flight. The rate of advance averaged nearly 15 km/day between the
observations on November 13 and December 1. With the ice cover advancing so quickly, the
JTF began to make inflow estimates between PCN and the TPR in preparation for the
implementation of controlled flows. The inflows was estimated to be 100 m3/s suggesting a 1500
m3/s discharge out of PCN to meet the 1600 m3/s target at the TPR. The December 1 observation
flight located the position of the ice front to be approximately 50 km from the TPR and
advancing at a rate that suggested possibly the earliest freeze-up on record at the TPR. The
November 30 CRISSP run (Figure 3.2) predicted that the ice front would arrive at the
rendezvous point late on December 3. To allow for the 2 day flow travel time from PCN, it was
recommended by the JTF that BC Hydro implement controlled flow releases on December 1. BC
Hydro agreed with the recommendation and implemented controlled flows on December 1.
Compared to the November 30 temperature forecast, the December 1 temperature forecast
moderated (Figure 3.2b). The corresponding simulated ice front arrival at the rendezvous point
was mid-day on December 5 but stalling downstream of TPR (Figure 3.2a). December 1 was a
Friday and since the forecast could have changed back to a cooler scenario the next day, control
flow was left through the weekend.
An ice observation flight could not be conducted on the following Monday but the warmer
temperatures were realized through the weekend. An ice observation flight on December 5
showed that the ice front was about 14 km downstream from the rendezvous point. The
December 5 CRISSP run (Figure 3.2) showed that the ice front should remain downstream of the
rendezvous point well past December 14. As a result, control flow was temporarily lifted on
December 6. Subsequent ice front observations confirmed that the ice front did stall as predicted.
The temperatures for the region remained warm for the duration of December and thus the ice
front continued to stall in a 10 km reach just downstream of the TPR and downstream of the
‘rendezvous point’ for roughly one month (Figure 3.1). This allowed for normal operation at
PCN. The CRISPP model was successful in predicting no control flow for all 8 forecasts that
were performed in December.
In early January, regional temperatures were forecast to fall to seasonal levels (Figure 3.3b) and
CRISSP modeling showed that the ice front should reach the rendezvous point late on January 11

(Figure 3.3a); therefore the JTF recommended a re-implementation of flow controls on January
9. The forecasted cooler temperatures were realized, and the ice front began to advance as
forecast using CRISSP and during the early morning hours of January 12 the ice front moved by
the TPR. The operational target discharge and timing was achieved as the controlled flow
releases did rendezvous with the advancing ice front downstream of the TPR.
The freeze-up target elevation of 315.0 m (+/- 0.5 m) was also achieved. The stage increase due
to freeze-up at the WSC gauge was roughly 3.0 m. As the ice cover set in, the peak water level at
the gauge was 314.93 m and after a few days the water level elevation was roughly 314.6 m (+/0.2 m). This reduction was not due to a flow reduction but due to the local redistribution of frazil
increasing the conveyance of the channel. The timing and targets of the JTF freeze-up operations
were successfully achieved.
As mentioned previously, a new criteria is being evaluated regarding the cessation of controlled
flow releases. This new criteria was tested during 2006-2007, with the final day of controlled
flow being January 29, after the 10 km stretch of 0.4 m thermal ice thickness had been achieved
upstream of the McLeod Cairn. The return to operational releases on a ‘load-demand’ basis by
BC Hydro did not have an adverse effect on the ice cover at the TPR, though as stated previously
the trial testing and evaluation of this new criteria is still ongoing.
3.2 Mid-winter Operations 2006-07
The mid-winter ice operations consisted of monitoring and data collection. The progression of
the ice front was documented by the JTF and special attention was given to the TPR. No
problems or issues were observed and therefore no operational decisions regarding flow releases
were necessary. The thermal ice at Dunvegan continued to be measured but grew very slowly
due to the insulation effects of the much above normal snow cover on the ice cover. The highest
thermal thickness measured at Dunvegan was 0.34 m (about 0.06 m short of the pre-trial target)
on February 27. It is estimated that it could have taken another 2 to 4 weeks for the ice to achieve
0.4 m pre-trial target at Dunvegan. It appears that the trial criteria saved BC Hydro another 6 to 8
weeks of flow restrictions during the winter.
3.3 Break-up Operations 2006-07
The ice cover on the Peace River was not observed to be receding until the final week of March
due to unseasonably cooler temperatures throughout the majority of March. This placed the
recession of the ice front roughly 4 weeks behind the typical timeline associated with ice front
recession (Figure 1.2). This suggested that it was likely that the ice cover on the Smoky River
would break-up before the Peace River ice front had receded through the TPR.
The snow course data being collected by AENV was also a cause for concern. The monthly snow
course data collected at the end of both February and March suggested a snow pack that was
much above normal. In fact, of the nine snow course sites measured by AENV at the end of
March that sit in the drainage basin upstream of the TPR, the lowest snow-water equivalent
depth was 155 mm. Each of these nine sites, having at least 30 years of data, showed that the
lowest percent of average was 206%, while the highest was 505% of normal. Six of the nine sites

set or tied new maximum records. Obviously, this suggested a high probability for significant
amounts of runoff during break-up.
This snow pack data, combined with the unusually late onset of warmer temperatures and ice
front recession caused the JTF to begin evaluating the potential for ice jams and high water on
the Peace River at the TPR. The primary concern was that the temperature would increase
drastically over a short period of time, create a significant amount of runoff that would raise river
levels quickly and trigger the mechanical break-up of the Smoky River ice cover before the
Peace River ice cover had receded past the TPR. If this were to occur, as it did most recently in
1997, there was a higher than average potential for an ice jam to form just downstream of the
town and possibly cause the town’s dike system to be over-topped.
Therefore, in order to improve the capability of the JTF to forecast when a flow decrease might
be necessary, the data related to the 1997 break-up at TPR was analyzed and compared to the
current data. The snow pack data was determined to be very similar to the 2007 data showing a
slightly heavier snow pack. Cumulative oC-days of freezing were calculated as were cumulative
precipitation prior to freeze-up. The data showed that, comparatively speaking, the winter of
1997 had been colder than 2007 and that the summer and fall prior to freeze-up was drier in 2006
than it was in 1996. This suggested that when compared to 1997, the infiltration potential for
snowmelt runoff was higher and that the thermal ice growth was lower for 2007. This suggests
that the ice jam flood potential was lower for 2007 then 1997 but without detailed study, this
could only be taken as a qualitative assessment. Nevertheless the ice jamming potential was
considered to be high.
It was also determined that an average of 20 oC-days of melting (with no freezing) would
produce mechanical movement of the ice cover on the Smoky at the WSC gauge at Watino (the
Watino gauge is about 65 km upstream on the Smoky River, Figure 1.1) This 20 degree-day
value was then agreed upon by the JTF to be used as a guideline for possibly determining when
to implement an adjustment to flow releases.
The AENV member of the JTF arrived in the TPR to begin assisting AENV regional staff with
the monitoring of the Heart, Little Smoky, Smoky, and Peace Rivers on April 12 (The Heart
River is a relatively small stream and enters the Peace River in downtown TPR). By this time
daily observation flights of the four rivers were being conducted and daily observation reports
were being circulated.
The April 13 observation flight showed that break-up on the four rivers was progressing very
quickly. Four small ice jams were observed to have formed on the Heart River, the most
downstream of which was situated within the TPR. Water levels had increased but no flooding
had occurred. The ice covers on both the Little Smoky and Smoky River were thermally
deteriorating however; river levels had increased and lifted the ice cover in a number of
locations. The thermal deterioration of the Peace River ice cover was less advanced compared to
its tributaries and the ice front was 120 km upstream of the TPR and receding only at 10 km/day.
Based on these observations and the experience of AENVs senior Peace River ice observer, it
was decided that mechanical break-up of the Smoky River was very probable within the next
three to five days. Also the 20 oC-days of thaw were forecast to be exceeded on April 14. Since it

was not possible for the Peace River ice front to recede past the TPR within that expected
timeframe, the JTF requested a decrease in flow releases from PCN to an average daily discharge
of 800 m3/s to be implemented at 00:00 on April 14 (Figure 3.4). This flow decrease was
implemented and was expected to start manifesting an effect later in the evening of April 15 or
early morning on the 16th. The full effect of the decreases was expected to manifest at the TPR
by April 17 at 00:00.
The four small ice jams on the Heart River released during the early morning of the 14th and
combined into one ice jam at the mouth of the Heart River at the TPR. While water levels did
increase, the ice jam did not arrest the flow of the Heart River enough to cause flooding. The
high flows coming out of the Heart River eventually created a significant open lead out into the
Peace River that would continue to develop over the next week. The ice covers on the Little
Smoky and Smoky rivers continued to show thermal deterioration with more sections of the ice
cover lifting and showing signs of potential mechanical movement. Based on these observations
from the April 14 flight, the JTF recommended a further decrease in flow releases down to the
minimum possible discharge of 330 m3/s. At the time, PCN’s designated ‘last on’ generation unit
was Unit#2 which had a larger lowest discharge limit than the other two available units. Thus the
desired minimum discharge was not possible until the daytime staff were onsite at PCN to ensure
a safe switch of the unit preference order. At midnight on April 15 Unit #2 was reduced down to
as low as it would go (about 400 m3/s) until mid-day when a manual switch to Unit #3 made it
possible to go down to 330 m3/s. The expectation was that the initial effects of this second
decrease would reach the TPR during late evening on April 17th or early morning on the 18th.
On April 15th two observation flights were conducted. At the mouth of the Smoky River the ice
appeared competent and still intact (Figure 3.5). The initial observation flight conducted just
before noon suggested that mechanical break-up on the Little Smoky and Smoky rivers was
beginning to occur as small ice runs and ice jams were forming at and upstream of the Watino
gauge. The oC-Days of thaw were 26 at this point. Therefore it was agreed that a second
observation flight was necessary and was conducted at about 20:00 hrs. The second observation
flight proved to be very valuable as during the flight JTF representatives were able to observe an
ice run on the Little Smoky and Smoky rivers. The ice run on the Smoky River was 11 km long
and was observed removing a 2.5 km long ice jam. Numerous small ice jams were also observed
on the Smoky River upstream of the mouth of the Little Smoky River. Other JTF members on
the ground near the Smoky River gauge at Watino observed the release of an ice jam at km 60 at
19:35 hrs on April15. The break-up front was observed from the air at km 51 at 19:57 hrs and
subsequently observed and videoed from the valley top for about 15 minutes between km 35.5
and km 31.6 at around 21:20 hrs. Figure 3.6 shows the progression of the break-up front and
computed celerities on the Smoky River. The data shows that sustained celerities (averaged over
long distances) were consistently about 3.5 m/s (12.6 km/hr). Short term celerities computed
from valley top observations varied widely from 0.6 to 10.6 m/s. This is similar to what was
observed on the Yukon River (Jasek 2003). After these observations, it was determined that
there was a potential for the ice runs to push out into the Peace River ice cover and trigger
further mechanical movement near midnight, though the effects of the first flow reduction were
now beginning to be observed at the WSC gauge at the TPR. Observers monitored the mouth of
the Smoky River all night but no movement was detected. Only the water wave showed up at the
TPR gauge about 7 km downstream of the mouth (Figure 3.7), just after midnight on April 16.

Break-up on the Smoky River continued to be very active for the next few days as several surges
of water-ice were recorded at the Smoky River gauge at Watino (Figures 3.8 and 3.9)
The observation of the Peace and Smoky River the following morning (April 16) showed that ice
runs observed the previous evening had stopped just upstream of the mouth of the Smoky River,
forming a long ice jam. The ice runs had not upset the Peace River ice cover (Figure 3.10) at
10:20 hrs. Another ice run on the Smoky River was approaching this ice jam (Figure 3.12). As
the observation was being conducted the toe of the jam was observed shifting from km 3 to km 1
on the Smoky River (Figures 3.11 and 3.13 at 11:28 hrs and 11:50 hrs respectively). The ice jam
stopped sometime shortly after 10:50 hrs. The ice jam was observed to be roughly 11 km in
length and while it was elevating water levels in the area, it was developing a significant head
behind after it and came to rest 1 km from the mouth to the Peace River. Downstream of the toe
of the jam small open leads had developed as the water from the Smoky River began to
thermally erode the Peace River ice cover. This ice jam shove was the result of another surge of
ice and water that passed the Smoky at Watino gauge earlier that morning (Figure 3.9). An
evening flight on April 16 at 19:00 hrs showed that the jam had grown to 16.5 km long
The next few observations from the evening of April 17 to April 21 would show the ice jam
changing lengths due to erosion of the upstream end by warm water temperature or shoving by
river flow or addition to the jam from ice upstream. On April 17, the toe of the ice jam was
observed to have moved out into the mouth of the Smoky and was now considered to be at km 0
(Figure 3.15). This was likely the result of a second wave of ice and water that passed the Watino
gauge earlier that morning (Figure 3.9). The jam had shortened considerably from 16.5 km down
to 5 km since a large portion of the ice volume filled the Smoky River Delta. Over the next few
days the jam would change in length from 16.5 km (April 16) to 5.0 km (April 17) to 8.5 km
(April 18) to 4 km (April 19), and finally to 1 km in length on the April 21 (Figure 3.19). Photos
of the toe of this ice jam are shown in Figures 3.16, 3.18 and 3.19 during this period. Figure 3.17
shows the large open lead that developed on Peace River at the TPR due to warm water
discharge from the Heart River by April 18.
On April 18 flows on the Smoky River had stabilized (Figure 3.9) and were anticipated to
decline as cooler weather was forecast and flight observations indicated that there was no ice left
in the upper Smoky River that could produce additional ice jam waves that were capable of
pushing the Smoky River ice jam into the Peace River. Based on this, BC Hydro requested an
increase in mean daily releases from Peace Canyon by 300 m3/s on April 18 to a total of 630
m3/s and then for a total of 930 m3/s on April 19 and 20 (Figure 3.4). On April 20 warm weather
was forecast to return and BC Hydro was requested to reduce flow back down to a mean daily
average 630 m3/s on April 21.
In addition to the observation flights being conducted, the JTF was collecting water surface
profiles of the reach of river from the Shaftesbury Crossing through to the TPR to determine the
current water level in relation to the freeze-up level. This would provide an indication of what
water level would need to be exceeded to get the ice cover to rise above the hingelines and begin
to move mechanically.

During the evening of April 21st an ice run began at the mouth of the Smoky River and the
remaining Smoky River ice released. This was possibly due to increasing water levels on the
Peace River, and /or the thermal deterioration of the Peace River ice cover downstream of the
Smoky River and/or the possible thermal erosion of the toe of the Smoky River ice jam. The
latter may had occurred since the ice jam was short and warm water from upstream may have
weakened it. The ice run pushed through the TPR starting at about 16:38 hrs and was running
through the open lead created by the Heart River for about 45 minutes. Then a large ice sheet
jammed momentarily from 17:23 to 18:40 hrs (Figure 3.20) increasing water levels by about 1 m
behind it and piling up 6.5 m high accumulations of ice on the gravel bars at the TPR (Figure
3.22). The tops of these piles of ice were above the dyke elevations. There was no flooding or
apparent damage to the dykes due to the ice run, jamming and subsequent release.
The release of the ice jam was observed and video taped at 18:40 hrs. The single large sheet of
ice that was holding against the right bank and the main ice sheet on the left in the narrow lead
created by the Heart River (Figure 3.20) failed. The failure was interesting. The ice sheet
appeared to be eroded from upstream by impacts of ice blocks, flooding of the ice sheet and
buoyant uplift forces by ice blocks traveling under the ice sheet. The erosion was rapid and once
it reached the downstream end of the ice sheet the entire ice jam released through the lead made
previously by the Heart River.
Due to darkness it could not be confirmed until the following day (April 22) that the ice run had
traveled far enough downstream for the threat of ice jamming at the TPR to be substantially
reduced. A photograph of the Smoky River mouth taken the following day showed that the
Smoky River ice jam released through a side channel rather than the main channel (Figure 3.21).
On April 22 there was still 40 km of ice left on the Peace River upstream of the Smoky River.
This was an unusual situation that the JTF had no experience with. The JTF was unsure if further
flow increases could mobilize this ice cover and cause problems in town or further downstream.
However, the water level and hinge line surveys conducted in the previous several days indicated
that an increase from 930 to 1230 m3/s from Peace Canyon alone would not lift the ice cover
high enough for a conservatively assumed thin cover (0.5 m) to clear the hinge line elevations
(Figure 3.23). Although local inflows were anticipated to also increase over the next several days
and contribute to lifting the Peace River ice cover upstream of the Smoky River, by the time an
increase from PCN would arrive at the ice cover (2 days) it was anticipated that it would only be
5 to 10 km long and if released would not cause a significant ice run. The JTF agreed to return to
normal operational flow releases from PCN on April 23 since the risk to the town had passed.
BC Hydro ramped up from a mean daily flow of 930 m3/s to 1230 m3/s on April 23 (Figure 3.4).
The JTF continued to monitor the break-up of the ice cover upstream of the town until it was
completed. On April 24, 15:35 hrs the ice front was at km 377 (the ice was only 11 km long and
the ice front was about 18 km upstream of TPR) and was receding at 16 km per day. Some time
after midnight on April 25 the remainder of this ice released and traveled through TPR as
recorded by the gauge in TPR (Figure 3.7). The ice sheet released either due to the combined
local increase in snowmelt runoff and increase from PCN (which was arriving at this time), or
simply because the ice cover was short enough to be severely weakened due to warm water from
upstream being able to penetrate underneath its entire relatively short length. The wave from this

released jam was about 1.3 m high as recorded by the TPR gauge (Figure 3.7) and did not create
any problems at the TPR. It was in act about 0.5 m lower than the initial break-up at TPR on
April 21. The precise discharge peak as a result of this release needs careful reconstruction as
the remaining shore ice at TPR at this time was rapidly being eroded by increasing water levels
and the rating curve was changing rapidly. The exact mechanism of the ice release and
reconstruction of this discharge peak will be the subject of further study.
Later on April 25 some minor instances of ice jam flooding occurred downstream of the TPR in
low-lying areas in the vicinity of the Whitemud River (about 60 km downstream of TPR)
occurred (Figures 3.24 and Figure 3.25).
3.3.1 Evaluation of Operational Decisions
Operational decisions during freeze-up worked well at meeting the JTF guidelines. The CRISSP
modeling was effective at predicting the timing of ice control flow aside from the one instance
on December 1 when the weather forecast was significantly cooler than what was actually
realized. A statistical analysis of the accuracy of air temperature forecasts and the resulting
uncertainty on CRISSP ice front prediction was carried out but this will be the subject of another
study.
From BC Hydro’s perspective, the new trial criteria for cessation of control flow during freezeup however had a significant reduction of ice control costs to BC Hydro but calculations of this
reduction have yet to be performed but are expected to be of the order of several million dollars.
Operational decisions during break-up were successful at mitigating a potential ice jam flood at
the TPR. The implementation of the two flow decreases in advance of the ice runs on the Smoky
and Little Smoky rivers was timed in accordance with operational targets. The initial effects of
the first decrease were being experienced at the TPR just prior to the first ice run reaching the
mouth of the Smoky River. This provided extra capacity for the waves of water to pass through
the town without exceeding the target discharge of 3200 m3/s. This may have also prevented the
Smoky River ice from pushing into the Peace River ice and causing a dynamic break-up on the
Peace River in TPR.
The benefit of the flow reductions can be determined by comparing Figures 3.26a and 3.26b.
Figure 3.26a is a plot of the PCN hourly discharge, Smoky River discharge, PCN contribution at
the TPR and the calculated flow at the TPR during the month of April 2007. Total discharge at
TPR was calculated from other gauges, an ice rating curve and open water rating curve for the
appropriate time periods. Figure 3.26b shows a hypothetical situation if the flows from PCN
were not reduced. Comparing the two figures shows that had the flow reductions not been
implemented the discharge limit of 3200 m3/s would have been exceeded and the potential for an
ice jam would have been higher. By implementing the decreases to account for the drastic
increase in Smoky River flows the potential for flooding at the TPR was mitigated. Although on
April 21 the 3200 m3/s was exceeded as a result of the release of the short Smoky River ice jam;
it was too short lived to cause a significant water level rise at the TPR.

An evaluation of the ice run that passed through the town has also begun and it seems apparent
that what appeared to be a relatively mundane ice jam and thermally deteriorated ice cover still
caused significant ice movement on the river. A heavily deteriorated 1 km ice jam at the mouth
of Smoky and roughly 5 km of thermally deteriorated Peace River ice cover that had numerous
open leads was able to release due to increased flow from the Smoky and increase water levels at
the TPR. Although the open lead created by the break-up of the Heart River provided a
preferential pathway for the ice run to take it still created 6.5 to 7.5 m high piles of ice on gravel
bars by the subdivision of Lower West Peace River and at the mouth of the Heart River as it
passed through. Even though the risk of flooding at the time just prior to the small Peace River
ice run was considered much lower than just prior to the Smoky and Little Smoky river ice runs,
the continued management of flow releases from PCN assisted in mitigating the potential for a
significant increase in water level and possible flooding.
An appreciation of the potential of a more severe event can be gained from Figure 3.27. HECRAS simulations of various observed ice jam lengths on the Smoky River during the 2007 breakup were performed. Two are shown; one for the longest jam that occurred on April 16 (Figure
3.27a) and one for the shortest ice jam just before it released on April 21 (b). The release of the
latter caused only about a 1 m rise in water level but a 6.5 to 7.7 m high piles of ice above the
dyke elevation. What would have happened if a Smoky River ice jam the size of one on April 16
(Figure 3.27a) would have released (when the Peace River ice cover was more competent)
remains an unanswered question. It may be possible to conduct an unsteady flow simulation of
such a release. A high water mark survey for the Smoky River ice jam has been done but awaits
tie into geodetic elevation. This will be useful for further study.
During the ice control flow period British Columbia was short of energy and BC Hydro had to
import more expensive electricity to meet domestic demand. The cost of mitigating break-up was
significant for the 10-day operation as shown by Figure 3.28, which shows the daily cost. The
total cost was about $3 Million dollars. Costs were still incurred on Monday April 23 even
though flow control was lifted since BC Hydro had to make a commitment to pre-purchase high
priced energy the previous Friday for Monday. Similarly the partial relaxation of control flow on
April 18 and 19 due to cooler weather was subject to these pre-purchasing of energy penalties
since pre-purchasing has to be carried out by 0500 hrs on the previous business day. For Friday
April 20 and Saturday April 21 there was enough lead-time to not have to commit to high price
energy purchases and the resulting daily costs were much lower. The lower energy demand on
the weekend also helped with reducing costs for those days. It is clear that an improved lead-time
of the relaxation or partial relaxation of control flow during break-up could have significant
benefit at reducing costs for ice jam flood mitigation.

4.0 Conclusions and recommendations for further study
Forecasting the start of control flow by predicting the arrival of the ice front using the CRISSP
model was largely successful. Out of about 8 forecasts made in December, CRISSP was able to
identify for the entire month that control flow did not need to be implemented despite the ice
front being within only 10 to 20 km from the rendezvous point. There was one instance that had
a false positive result due to an inaccurate temperature forecast on November 30. CRISSP was

able to forecast accurately the arrival of the ice front to successfully implement control flow on
January 9. The freeze-up target elevation was successfully met at the TPR.
Further work is underway to define the accuracy of forecasting the start of control flow using
CRISSP. The major uncertainty appears to be the accuracy of temperature forecasts. It would be
beneficial to carry out a statistical analysis of temperature forecasts compared to actual recorded
temperatures and then use this data to generate a probabilistic forecast from which operational
decisions could be made. Other sources of probabilistic temperature sequences are from
atmospheric model ensemble forecast output that has recently become available through
Environment Canada.
There has been only one year of a trial criteria (0.4 m of thermal ice upstream of McLeod Cairn)
for the cessation of control flows. There was no adverse effect on the ice cover at TPR using this
criterion in 2006-2007. More years of trials are required however to establish if this criteria can
be adopted permanently. From BC Hydro’s perspective, a reduction in ice control costs postfreeze-up were realized with the new trial criteria for cessation of ice control flow.
Using 20 oC-days of thaw to predict the start of the mechanical break-up of the Smoky River
proved successful as the actual break-up at Watino occurred with 26 oC-days of thaw, one day
after the 20 oC-days were exceeded. It should be noted however that historically it has taken as
much as 53 oC-days of thaw to produce a mechanical break-up on the Smoky River that lead to a
mechanical break-up at the TPR. Further work is required therefore to predict break-up of the
Smoky River. The best solution may be the development of a hydrological model that could be
used to predict mechanical break-up based on river discharge and thermal ice thickness on the
Smoky River.
Once mechanical break-up commences on the Smoky River, it progresses very quickly (about 13
km/hr on average as measured in April 2007). Given that the TPR is only about 72 km by river
from the Watino gauge, using this gauge alone to predict the potential for a mechanical break-up
at the TPR only provides about 5.5 hours of warning. However, just because a dynamic break-up
occurs on the Smoky River at Watino does not mean it will make it all the way to the TPR.
Therefore, it would be beneficial to have a remote real-time gauge near the mouth of the Smoky
(just upstream on km 4 where it tends to stall). Although this would provide only about 1 or 2
hours warning it would give an indication of the potential severity based on the peak water level
obtained at this location prior to the jam releasing. It would also allow for operators and
forecasters to determine if the break-up stalled somewhere else between the mouth and the gauge
at Watino, like at the hanging dam further upstream. The high watermark survey conducted after
this year’s Smoky River ice jam should provide a good benchmark for assessing information
from a potential future gauge upstream of the mouth of the Smoky River.
The JTF was able to make successful recommendations for flow reductions (and partial lifting of
control flows) to stay under the 3200 m3/s limit for break-up at the TPR throughout the April 14
to 22 break-up period. Although some reasonable discharge forecasts for the Smoky River were
provided by the JTF during the latter half of the ice control flow period, there was some degree
of good fortune involved in meeting the 3200 m3/s limit on April 16 and 17 as demonstrated by

Figure 3.26. This further underscores the need for an accurate hydrologic model for the Smoky
River as well as other inflows between Peace Canyon and the TPR.
The release of the short 1 km long Smoky River ice jam into the Peace River on April 21 showed
surprising impact on how much ice it broke up and what forces were generated to make large
piles of ice at the TPR. It stands to reason that had the Smoky River ice jam been longer on April
21 and released, it would have broken up the Peace River ice even easier but likely with
moderately higher river levels. The relative ‘ease’ of the break-up of the Peace River ice on April
21 had likely to do with the extended exposure to solar radiation since the initial break-up of the
Smoky River on April 15. There were now 45 degree oC-days of thaw compared to 26 degree oCdays of thaw on April 15. It should therefore be possible to determine when the threat of severe
ice jamming has decreased based on the cumulative oC-days of thaw at TPR or even cumulative
solar radiation which is also measured at the TPR gauge. This further work holds promise at
further defining the threat level when break-up stalls due to colder weather as occurred April 1922 of this year. Now, had the Smoky River ice jam released on April 15, 16 or 17 when high
discharge ice jam waves were coming out of the Smoky River and the ice jam was much longer
the effects at the TPR would have been much more severe. The ice would have been much more
competent at this time and could have caused the break-up to stall just downstream of TPR. By
recommending the flow decreases out of Peace Canyon Dam, the JTF likely averted a full and
severe dynamic break-up that could have come close to or possibly even overtopped the TPR
dykes in April 2007.
The release of the remaining 5 to 10 km of Peace River ice upstream of the Smoky River
Confluence on April 25 posed a unique situation. The exact mechanism of the release of the
short reach of ice and its subsequent impact on break-up further downstream is unclear as of this
writing but suggests further analysis may be useful for obtaining information in case such a
situation occurs in the future.
From BC Hydro’s perspective, the cost of mitigating the threat of break-up ice jamming at the
TPR through reduced power generation at the W.A.C Bennett and Peace Canyon Dams can be
significant as demonstrated by operations during the April 2007 break-up. The costs to BC
Hydro were incurred due to the need to purchase energy outside of the Province to meet
domestic load. Any improvements or refinements to more accurately determine the need for
controlled flow can lead to substantial savings. Additional refinements can also lead to better
protecting the Town of Peace River.
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Figure 3.4. Looking Downstream on the Peace River. Smoky River enters from right. April 15,
10:15 hrs.
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Figure 3.9. Discharge at the Smoky River at Watino gauge during 2007 break-up.
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Figure 3.10. Peace River –Smoky River confluence looking upstream on April 16, 10:20 hrs.

Figure 3.11. Toe of ice jam 3 km from mouth of Smoky River looking u/s on Apr 16, 10:20 hrs.

Figure 3.12. Ice run on Smoky River just u/s of the ice jam looking u/s, Apr 16, 10:20 hrs.

Figure 3.13. Toe of ice jam moving towards mouth of Smoky River looking u/s on Apr 16,
11:28 hrs.

Figure 3.14. Toe of ice jam still moving but slowing down 1 km from mouth of Smoky River
looking u/s on Apr 16, 11:50 hrs.

Figure 3.15. Toe of Smoky River ice jam moved to mouth by Apr 17, 10:45 hrs.

Figure 3.16. Smoky River ice jam on April 18.

Figure 3.17. Lead at TPR melted by the Heart River on April 18.

Figure 3.18. Smoky River ice jam on Apr 19, 10:08 hrs.

Figure 3.19. Smoky River ice jam on Apr 21, 13:03 hrs.

Figure 3.20. Short lived ice jam in the TPR from 17:23 to 18:40 hrs on Apr 21. Looking
downstream.

Figure 3.21. Mouth of Smoky River on Apr 22, 10:37 hrs. Short ice jam had released through a
side channel into the Peace River. The main ice sheet in front of the Smoky River on the Peace
River had a lead but remained intact.

Figure 3.22. Pile of ice 6.5 m high after the April 21 ice run and jamming at the TPR.
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Figure 3.24. Ice Jam flooding of low lying areas on April 25, 09:30 hrs near Whitemud River
(about 60m km downstream of the TPR). Looking downstream.
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Figure 3.25. Water levels on the Peace River recorded in the mouth of the Whitemud River.
Photograph in Figure Z was taken during the peak water level.
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Figure 3.26 a) Total computed flow at TPR during ice control. Also plotted are the flows from
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Figure 3.27 a) Simulated 16.5 km long ice jam on the Smoky River on April 16. b) Simulated
1.0 km long ice jam on the Smoky River on April 21, just before it released.
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Figure 3.28. Cost to BC Hydro as a result of flow reductions to mitigate potential break-up ice
jam flooding at the Town of Peace River during April 2007. More expensive energy outside of
British Columbia was purchased to meet domestic load. Losses occurred on April 23 after
control flow was lifted since energy was pre-bought at higher prices on the previous Friday.

