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4.7 Ice Formation and Breakup 
 
Ice formation and breakup has been identified as a VEC in the AENV Terms of Reference for the EIA. 
Issues related to ice conditions on the Peace River and the effects the Project will have on freeze-up 
and breakup were raised in public meetings held by Glacier Power, and featured prominently in the joint 
Alberta Energy & Utilities Board (EUB) and the National Resources Conservation Board (NRCB) 
Review Panel’s 2003 Decision Report. To address these issues, Glacier Power, through its consultants, 
has spent three years conducting extensive studies on ice behaviour on the Peace River and has 
developed a new model to predict the effects of the Project on ice. The results of the modelling, which 
are discussed in the following pages, showed that there will be no significant ice-related effects of the 
Project on stakeholder concerns that cannot be mitigated. While the ice regime will undoubtedly 
change, of all the stakeholder concerns, only two may require mitigation: a two-to-three week reduction 
in the time that an ice bridge can be used at Shaftesbury Crossing; and an expected increase of 0.5 m 
in base freeze-up water levels at the Town of Peace River (TPR) that may affect groundwater levels in 
lower West Peace. Mitigation is available to address both concerns. Construction and operations of the 
Project will not result in significant effects on the ice regime of the Peace River.  
 
Information for this section is based on a technical report prepared by Northwest Hydraulics 
Consultants Ltd (2006a). 
 

4.7.1 Boundaries 
 
4.7.1.1 Spatial Boundaries 
 
The spatial boundaries for the ice formation and breakup VEC include an area along the Peace River 
from Bennett Dam in northeastern British Columbia to Fort Vermilion in northern Alberta (Figure 4.7-1), 
a distance of approximately 860 km. This reach of the Peace River has had its ice regime most 
dramatically changed by the operations of the Bennett Dam. For modelling purposes, Peace Canyon 
Dam (Peace Canyon) has been defined as the upstream boundary of the study area because it is close 
to Bennett Dam and accordingly reflects flows out of Bennett, and because water temperatures are 
routinely measured at the Peace Canyon tailrace.  
 
4.7.1.2 Temporal Boundaries 
 
The temporal boundaries for the ice formation and breakup VEC extend from 1958, the earliest date of 
river discharge records used in the assessment, to project decommissioning in 2111. 
 

 Jacques Whitford © 2006 PROJECT ABC50541 October 2006 4-116 

 



 



 

GLACIER POWER LTD. 
DUNVEGANDUNVEGAN PROJECT 

Spatial Boundaries, Ice Formation 
and Breakup VEC

NA

4.7-1A   06  08  22   FOR E.I.A. 



 



 
4.7.1.3 Administrative Boundaries 
 
Administrative boundaries for the ice formation and breakup VEC are the locations of the 
meteorological and hydrometric stations within the established spatial boundaries. These stations 
define the source of information for past and present ice conditions and the input to models for post-
project ice conditions. Three meteorological stations were used in the study. Fort St. John and the TPR 
were used to characterize the upper reaches of the river, and High Level was used to characterize the 
lower reaches. The hydrometric stations used to assist in analyses of freeze-up and breakup are at or 
near Hudson’s Hope, Taylor, TPR, Peace Point, Dunvegan, the mouth of the Alces River and Elk 
Island.  
 
4.7.1.4 Technical Boundaries 
 
Technical boundaries for the ice formation and breakup VEC include the quality of the meteorological 
(weather data), hydrometric (flow data) and channel morphologic (river cross sections and slopes) 
information for use in modelling. The modelling data are adequate to predict both the patterns of the 
existing freeze-up and breakup and the effects of the Project on ice formation and breakup processes 
on the Peace River. 
 

4.7.2 Description of Existing Conditions 
 
The existing conditions, as they define ice formation and breakup on Peace River, include winter 
climatic conditions, river discharge, ice formation and breakup processes and the effects of flow 
regulation by Bennett Dam. Existing conditions are described below.  
 
4.7.2.1 Winter Climatic Conditions 
 
The existing post-Bennett Dam ice regime depends in part upon the climate in the region. Typically, 
cold winters promote rapid development of an ice cover and to the formation of an ice cover that 
extends as far upstream as Taylor, British Columbia. Warm winters delay the formation of ice cover and 
limit its upstream progression. At breakup, warm temperatures in March and April, while contributing to 
the thermal decay of the ice cover and the downstream recession of the ice cover, also produce runoff 
in the tributaries that may generate a mechanical breakup on the Peace River. If the runoff is 
substantial, a mechanical breakup could cause significant ice jamming on the Peace River. 
 
The average winter climate throughout the Peace River basin is relatively homogeneous. Table 4.7-1 
summarizes the ranges of monthly mean and extreme temperatures at the three meteorological 
stations (Fort St. John, TPR and High Level) for November to April. Monthly average temperatures vary 
by 5 to 7 °C between the southern and northern limits of the region during November and December, 
the months when freeze-up usually occurs. In November, when freeze-up typically starts, the mean 
monthly air temperature ranges from -7 to -13 °C. January is the coldest month, with mean monthly 
temperatures that range from -15 to -21°C. April is the first month in the year that mean monthly 
temperatures reaches above freezing. 
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Table 4.7-1: Summary of Monthly Mean and Extreme Winter Air Temperatures from 

1961 to 1990 

Monthly Mean Normal and Extreme Temperatures (°C) 
Location 

November December January February March April 

Fort 
St. John 

18.31

-7.12

-39.23

11.4 
-13.2 
-40.6 

10.6 
-15.0 
-47.2 

12.8 
-11.0 
-42.2 

13.9 
-5.5 
-36.7 

27.9 
3.5 

-28.9 

Town of Peace 
River 

18.9 
-8.5 

-42.2 

9.4 
-15.2 
-46.7 

10.0 
-17.5 
-49.4 

9.4 
-13.3 
-46.7 

15.0 
-7.2 
-40.6 

29.3 
3.0 

-38.9 

High Level 
15.0 
-12.8 
-43.4 

12.3 
-20.2 
-47.2 

9.7 
-21.4 
-50.6 

12.2 
-18.0 
-46.1 

14.0 
-10.4 
-45.0 

30.2 
1.9 

-32.2 

Note: footnotes apply throughout as shown in November data for Fort St. John.  
1  extreme maximum air temperature for the month  
2  average monthly air temperature 
3  extreme minimum air temperature for the month 
 
This range of temperatures is similar across the region. The warmest temperatures recorded in winter 
ranged from 9 to 29°C. The coldest temperatures were below -40 °C at each of the locations shown in 
Table 4.7-1; however, because High Level is farther north, it generally has much colder minimum 
extreme temperatures than the rest of the basin. Published climatic normals (1961 to 1990) suggest 
that there are on average 210 to 240 days of the year when the regional air temperature is less than 
0oC, and 60 to 90 days when it is less than -20°C.  
 
Typically, there are 1800 degree-days of freezing in the region each year. Degree-days of freezing is 
the severity of a particular winter. A degree-day of freezing is defined as one full day with a constant 
(average) temperature of -1°C; 10 degree-days can be produced by the occurrence of 10 days each at 
a temperature of -1oC, or of one day with a temperature of -10°C.  
 
The variability of winter climate can be assessed by determining the degree-days of freezing between 
November 1 and March 31, using averages of the three meteorological stations. For the post-Bennett 
Dam winters of 1971–72 and 2003–04, the average degree-days of freezing is 1875 °C-days, and the 
data set has a standard deviation of 361°C-days. Compared with the reported normal of 2045°C-days 
for 1960 to 1990, the difference is only about eight percent, suggesting that the winter climate between 
1972 and 2003 was close to normal. 
 
For a given release pattern at Bennett Dam, the ice processes are driven by the winter meteorological 
conditions in the basin, such that during cold winters the ice cover advances upstream farther and 
faster than in warm winters. To demonstrate the effect of climate, it is convenient to characterize the 
climate and the corresponding ice conditions in terms of probabilities:  
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1. A very cold condition is a winter or ice condition that has a 10 percent chance of becoming more 
severe.  

2. A cold condition is a winter or ice condition that has a 20 percent chance of becoming more severe. 
3. A normal condition is a winter or ice condition that has a 50 percent chance of becoming less or 

more severe.  
4. A warm condition is a winter or ice condition that has a 80 percent chance of becoming more 

severe (i.e., a 20 percent chance of becoming less severe).  
5. A very warm condition is a winter or ice condition that has a 90 percent chance of becoming more 

severe (i.e., a 10 percent chance of becoming less severe). 
 
Table 4.7-2 summarizes the winter temperature statistics and identifies selected years to demonstrate 
the effect of winter climate on the general characteristics of the ice regime. One criterion that should be 
satisfied in classifying the winters is that the selected year more or less represented the meteorological 
conditions during the critical ice formation period in December and January.  
 
Table 4.7-2: Summary of Winter Meteorological Analysis and Selected Representative Years  

Climate Condition 
Degree-Days of 

Freezing 
(°C-days) 

Years Selected as 
Representative 

Actual 
Degree-Days of 

Freezing 
(°C-days) 

Actual Annual 
Risk of Winter 

Becoming Colder  
(%) 

Very cold 2620 1995–96 2513 4 

Cold 2235 
1984–85 
1996–97 

2112 
2164 

25 
21 

Normal  1875 
1993–94 
1994–95 
1998–99 

1891 
1891 
1748 

48 
48 
64 

Warm 1520 
1991–92 
1997–98 
2000–01 

1519 
1468 
1491 

84 
87 
86 

Very warm 1135 1987–88 1397 91 
 
4.7.2.2 Discharge 
 
The post-Bennett Dam ice regime also depends upon the outflows from Bennett Dam. Typically, low 
outflows promote rapid development of a relatively thin ice cover and an early freeze-up everywhere 
along the river. High outflows delay freeze-up and produce a relatively thick ice cover. At breakup, 
higher flows in March and April generally produce a faster recession of the ice front, and a greater 
tendency for severe jams to form if the breakup is mechanical (as opposed to a thermal breakup). See 
Section 4.7.2.3 for further description of breakup modes. 
 
Hydropower regulation has greatly increased winter discharges along the entire Peace River. After 
regulation, the differences in the flow between Hudson’s Hope and Peace Point are similar to those 
before regulation, with the two main tributaries still contributing about 40 percent of the difference. 
However, with the increased flows from Bennett Dam, the contribution of the tributaries amounted to 
less than 10 percent of the flow at Peace Point. In fact, the contribution of the tributaries is within the 
error of the discharge measurements carried out under an ice cover. Thus, hydraulic conditions since 
regulation are dominated by outflows from Bennett Dam, and any change in hydropower operations at 
Bennett Dam is felt everywhere along the river. 
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Lake Williston Reservoir, created by Bennett Dam, is considered a swing reservoir by BC Hydro 
because of its large capacity. Thus, it is used to supply a base load and also provides peaking 
capabilities. In many cases, it is used to make up generation if other plants become inoperative. As 
such, the operation of Bennett Dam does not correlate with the climate conditions in the Peace River 
basin. The only current limits placed on maximum releases are those that are set to ensure a non-
threatening ice condition at the TPR. These are usually imposed when the ice cover is forming in the 
vicinity of the town. There may also be limits placed on the outflows when the ice cover is near Taylor. 
 
Table 4.7-3 summarizes mean monthly winter flows on Peace River and its tributaries for the pre- and 
post-Bennett Dam for the period up to 2004. At the TPR, where the mean annual flow is about 
1800 m3/s, natural winter flows before regulation ranged from 250 to 600 m3/s and exhibited a gradual 
recession over the winter. These winter flows were largely derived from groundwater inflows from the 
whole basin and were quite steady and predictable. Since regulation, winter flows have ranged from 
1200 to 2000 m3/s with no recession over the winter. Typically, the flows at Dunvegan are three to 
five percent less than those at the TPR because of the 50 to 100 m3/s inflow from the Smoky River.  
 
Before regulation, the mean November flow on Peace River increased in the downstream direction from 
about 620 m3/s at Hudson’s Hope to about 1135 m3/s at Peace Point, an increase of almost 
100 percent. Almost 40 percent of this inflow originated from the two largest tributaries: Pine and 
Smoky Rivers. For January, the pre-regulation flow was about 280 m3/s at Hudson’s Hope and about 
500 m3/s at Peace Point; again for that month, the two largest tributaries made up most of the 
difference. After regulation, the average January flow at Hudson’s Hope was 1374 m3/s, whereas 
Peace Point was 1530 m3/s, with the increase due to the tributary inflows.  
 
Table 4.7-3: Pre- and Post-Bennett Dam Winter Discharges on the Peace River 

Discharge 1,2 (m3/s) 
River and Location 

November December January February March April 
Peace River at 
Hudson’s Hope 

622 
(1358) 3

370 
(1468) 

281 
(1374) 

260 
(1323) 

247 
(1237) 

450 
(1156) 

Pine River at East Pine 93.9 50.1 34.3 30.1 35.7 107 

Peace River 
at Taylor 

802 
(1501) 

440 
(1564) 

329 
(1465) 

305 
(1406) 

302 
(1313) 

611 
(1362) 

Beatton River near Fort 
St. John 7.65 2.64 1.20 0.923 2.17 75.8 

Kiskatinaw River near 
Farmington 2.84 1.49 0.914 0.854 1.25 18.7 

Smoky River at Watino 104 63.3 48.2 42.6 53.4 342 

Peace River 
at the Town of Peace 

River 

928 
(1618) 

511 
(1660) 

393 
(1547) 

353 
(1493) 

344 
(1424) 

1340 
(2029) 

Peace River 
at Peace Point 

1135 
(1613) 

594 
(1620) 

502 
(1530) 

438 
(1508) 

401 
(1470) 

1022 
(2043) 

1  Pre-Bennett Dam discharges are based on period of record from 1958 to 1969. 
2  Tributary inflows are based on period of record from 1966 to 2004.  
3  Values in brackets indicate the post-regulated period, 1970 to 2004. 
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4.7.2.3 Ice Formation and Breakup Processes 
 
4.7.2.3.1 Freeze-up  
 
Before regulation, the Peace River cooled from a maximum annual water temperature of about 22°C in 
late summer to about 0°C in late October or November (Water Survey of Canada, unpublished data). 
This cooling trend tracked the annual air temperature regime very closely, owing to the vertical mixing 
in the shallow water depths under natural flow conditions. Everywhere along the river, ice began to form 
in early November in most years. An ice cover formed by multiple lodgements aided by the reduction in 
channel width associated with the growth of the shore ice that accompanied the natural flow recession 
in the fall. A stable ice cover usually formed in early November at Peace Point, and in late November or 
early December at the TPR. Although there is no data at Taylor, freeze-up there probably occurred in 
early December. The ice thickness associated with this type of freeze-up generally ranged from 0.5 to 
1.0 m. The stage increase was typically between 1.0 to 2.0 m. In some cases, due to declining flows 
during and following the formation of the ice cover, the stage decreased after the ice cover was 
established. 
 
Under the current regulated conditions, the river’s temperature is dominated by the outflow of warm 
water from Lake Williston. During early winter, the water temperature at the Bennett/Peace Canyon 
Dams falls at a rate of about 0.9°C per week, from about 9°C in early November to 2°C in early 
January. These temperatures are more or less maintained until March, when reservoir temperatures 
begin to increase. From year to year, the temperature at any given time during winter can vary by about 
two degrees. There may also be sudden week to week changes in the tailrace temperatures of one 
degree due to variations in reservoir temperatures at low depths from which the water is withdrawn over 
the winter. The water temperature at any location along the river downstream from Peace Canyon can 
be quite variable from week to week, depending on the month and the air temperatures in the region.  
 
Under cold late fall or early winter air temperatures, the water is cooled as it travels down river from 
Bennett Dam. At some point along the river, the water cools to 0°C, then supercools slightly, nucleates, 
and forms frazil. Frazil is a type of ice that forms in fast moving water. Frazil will accumulate to form the 
more commonly visible slush ice. As the water continues downstream, additional cooling produces 
more frazil, and as the concentration of frazil increases until it floats to the surface and forms ice pans. 
The concentration of the ice pans increases in a downstream direction until it reaches close to 
100 percent and no additional frazil is generated. During this process, shore ice growth is occurring in 
the back channels and in the low-velocity areas near the banks. The growth of shore ice tends to 
decrease the width of the channel causing a slight systematic reduction in the width of the open water 
and squeezing the moving ice pans together.  
 
The mild channel gradients in the Peace River and low velocities in the reach downstream from 
Fort Vermilion (km 832 downstream of Bennett Dam) promote the first formation of a stable ice cover in 
November. Once an ice cover forms below the Vermilion Chutes, the ice cover gradually works itself 
upstream over the Chutes by a process known as staging. That is, the ice inflowing from upstream 
accumulates under the solid ice downstream from the Chutes, increasing its thickness. This increases 
the water level below the Chutes to the extent that the Chutes are submerged and the head of the ice 
cover can advance over the Chutes. The formation of anchor ice within the Chutes also leads to the 
development of an ice cover there.  
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Occasionally, lodgement may occur independently in the vicinity of Fort Vermilion, but this has been 
observed only in a couple of years. Usually the ice cover advances systematically upstream from the 
Chutes by accumulation of ice and a stable ice cover (or ice accumulation) forms by either juxtaposition 
or consolidation. A juxtaposed ice cover is one that has a thickness of about one floe thickness. It 
usually forms in reaches with low water surface slopes where the water drag on the juxtaposed cover is 
insufficient to cause it to collapse. A consolidated ice cover is one that forms in steeper reaches where 
the forces on the initial juxtaposed ice cover are large enough to cause it to collapse. The ultimate 
thickness of a consolidated ice cover depends upon the internal strength of the ice accumulation and 
the local hydraulic conditions. Thus, the rate of upstream progression of the ice cover depends on the 
rate of ice generation (determined mainly by air temperature) and by the thickness of the stable ice 
cover. 
 
Downstream from the Notikewin River (km 565 downstream from Bennett Dam), the ice cover generally 
forms by juxtaposition due to the mild river slope. The initial ice cover is only about 0.5 m thick and the 
stage increase associated with freeze-up is only about 1 to 2 m. The increase in stage is mostly due to 
the additional flow resistance of the ice cover. In the reaches between the Notikewin River and Taylor, 
where the channel slopes are greater, either a juxtaposed or consolidated ice cover can form, 
depending upon flows and local air temperatures.  
 
It is important to describe the mechanisms by which a consolidated ice cover forms. During any short 
period (i.e., one or two days), the surface ice floes accumulate (or juxtapose) against the downstream 
ice in a layer that would have a thickness of about one floe. The ice cover then advances upstream a 
short distance (i.e., about 1 or 2 km) and collapses and thickens against the downstream cover. This is 
known as a primary consolidation and is a routine process in the development of a stable ice cover on 
steep rivers. Another type of consolidation is a secondary consolidation. This is a re-collapse of an ice 
cover that has already consolidated due to a variety of causes such as increased river flows, increased 
ice discharge, etc. that destroy the equilibrium of the consolidated ice cover. Secondary consolidations 
can produce extremely high water levels. The stage increase under a consolidated ice cover is between 
3 and 4 m, but if a secondary consolidation should occur the stage increase can be as great as 6 m, 
with an ice thickness that approaches about 4 m.  
 
The ultimate thickness of the ice accumulation is related somewhat to the concentration of suspended 
frazil arriving at the ice front because the suspended ice floats up and deposits on the underside of the 
ice cover. Simulations suggest that ice deposited out of suspension can add about 0.3 m to cover 
thickness near the TPR, and perhaps more upstream from town. The effects of deposition of 
suspended frazil can be offset by transport of the frazil along the underside of the ice. This ice 
movement under the ice cover is termed “cover load”. 
 
Once an ice cover has formed, it undergoes a number of changes. Because the initial cover is largely 
composed of frazil, its underside is quite mobile and the frazil can be transported and rearranged, 
depending on the flow conditions and the supply of frazil from upstream. If there is little frazil being 
supplied from upstream and the local flow velocity is high, the transport deficit will be overcome by local 
erosion of frazil and the ice cover will be thin. On the other hand, if more ice in suspension is supplied 
from upstream than can be transported, ice will be deposited and the cover will either thicken, or ice will 
be deposited in low velocity regions behind islands or on the inside of bends until an equilibrium is 
established. Figures 4.7-2 and 4.7-3 show the freeze-up processes from a schematic perspective with 
accompanying photographs to illustrate the appearance of the river during freeze-up.  
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While these transport processes are acting along the bottom of the ice cover, the frazil is freezing at the 
top of the cover and the solid (or thermal) portion of the ice cover is thickening. The rate of downward 
freezing is greater in frazil than in pure water because there is less water to freeze to produce a given 
amount of solid ice. Typically, solid ice in a frazil pack grows at twice the rate as in pure water. As the 
solid ice cover thickens, the rate of ice growth is reduced because of the increased thermal resistance 
of the solid ice. Eventually, the ice reaches its maximum thickness which is typically about 0.8 to 1.2 m 
near and downstream from the TPR.  
 
The location of the ice front at any time depends on the severity of temperatures, the timing of 
lodgement and to a lesser extent the flow in the river. Given the variability in temperatures, there is a 
huge year-to-year variation in the timing of the advance of the front, its subsequent recession, and thus 
the duration of ice conditions at any point along the river. Figure 4.7-4 illustrates those processes and 
their variability. At freeze-up, a rapid advance of the cover generally indicates that juxtaposition is the 
dominant mode of cover formation, whereas slow advance indicates consolidation, at least as far 
upstream as Dunvegan. Farther upstream, closer to Peace Canyon, limitations in the ice supply, 
combined with a propensity to form a consolidated cover, substantially reduce the rate of advance. 
During breakup, a slow recession upstream from the TPR indicates a thermal breakup; a rapid 
recession downstream from town suggests mechanical breakup dominated by surges of ice and water. 
 
Before regulation, one could expect an ice cover to persist for about 16 to 25 weeks at most locations. 
Since regulation, the duration of ice cover has been reduced. For example, ice cover lasts from about 
zero to three weeks at Taylor, from zero to 14 weeks at Dunvegan, from 6 to 20 weeks near the TPR 
and about 16 to 25 weeks at Fort Vermilion. 
 
A correlation exists between the maximum upstream position of the ice front and the severity of the 
winter (as defined by degree days of freezing); in warm winters, the ice front advances to within about 
300 km of Bennett Dam (Dunvegan); in cold winters, the ice front advances to within 100 km (Taylor 
area) . In any year for the current regulated regime, there is a five percent chance that the ice front will 
advance to within 300 km of Bennett Dam (warm year), a five percent chance that it will advance to 
within 100 km of the dam (cold year) and a 50 percent chance that it will advance to within 200 km of 
the dam.  
 
Winter severity also has an effect on the duration of an ice cover with duration increasing as winter 
severity increases. At present, there is a 50 percent probability that the duration of the ice cover at the 
TPR will be longer than about 90 days. In 10 percent of the years, the cover at the town would last 
longer than about 130 days, and in 10 percent of the years it would be less than about 50 days.  
 
4.7.2.3.2 Breakup  
 
Breakup occurs when the ice cover becomes too weak to resist external forces caused by the flowing 
water underneath. As the ice surface absorbs heat and as its underside erodes from warmer flows, its 
strength and thickness decline until it breaks up into floes. Floes may be large at first but quickly break 
into smaller pieces. Breakup may be accompanied by transient fluctuations in flow, either increases as 
water is released from channel storage, or decreases as water ponds up behind ice jams. These  

 Jacques Whitford © 2006 PROJECT ABC50541 October 2006 4-126 

 



 



` 

GLACIER POWER LTD. 

4.7-4

DUNVEGAN PROJECT 

Effects of Winter Severity on Position 
of Ice Front and Extent of Ice Cover 

NA

DUNVEGAN

A   06  08  22   FOR E.I.A. 



 



transient effects impose additional forces that tend to accelerate breakup. Breakup at a specific location 
is conventionally categorized as either thermal or mechanical. In a thermal breakup, the ice melts in 
place with no significant rise in flow or water level. In a mechanical breakup, a substantial flow increase 
breaks up an ice cover that has retained considerable strength.  
 
Before regulation by the Bennett Dam, there was very little open water in the river system before the 
onset of the spring melt period. Most of the energy absorbed by the system occurred at the ice and air 
interface; the dominant process was one of ice cover deterioration until its strength had reduced to 
where it could be mobilized by increasing flows. This resulted in a breakup that occurred 
simultaneously at many places along the river, particularly in the vicinity of tributaries. Generally, the 
river broke up later in its northern reaches owing to regional differences in the spring meteorological 
conditions. Ice jams occurred frequently when broken ice moving downstream encountered local areas 
of solid ice. 
 
Since regulation, the long length of open water between the Bennett Dam and the ice front tends to 
dominate the breakup processes over much of the Peace River. The water leaving the Bennett Dam is 
warmed as it travels downstream. When it reaches the ice front, the heat from the water melts the ice. 
The front recedes at a rate determined by the thickness of the ice cover and the temperature of the 
water arriving at the ice front. Figure 4.7-4 also shows the positions and rates of recession of the ice 
front in spring for some typical years. It is apparent the ice front recedes at a rate of 5 to 10 km/day 
while it is upstream from the TPR.  
 
These thermal processes occur mostly before spring runoff. Typically, the ice front recedes 
downstream to near the TPR before there is sufficient flow in the system to produce mechanical 
instabilities in the ice. Downstream from the town, breakup occurs in the conventional mechanical 
mode, and ice jams can occur frequently. The height and severity of the jams depend on the river flow, 
and because regulation typically produces higher flows during the breakup period, the severity of the 
jams may be exacerbated when they occur. 
 
An ice jam could form if a mechanical breakup occurs at the TPR. The severity of such a jam is related 
to the flow at the town, which is the combined flow of the Upper Peace River and the Smoky River. 
Water levels approaching the top of the present dike at the town (elevation 320.5 m) can occur from 
time to time. Figure 4.7-5 compares the breakup ice jam rating curve to the open water rating curve at 
Peace River.  
 
The likelihood of a mechanical breakup increases downstream from the TPR. Sunny Valley, Carcajou 
and Fort Vermilion have experienced ice jams on occasion. 
 
4.7.2.4 Effects of Existing Flow Regulation on Ice Regime 
 
4.7.2.4.1 Freeze-up Dates and Severity 
 
At the downstream end of the system near Peace Point there has been little difference in freeze-up 
dates before and after regulation. However, regulation has in general delayed the onset of freeze-up 
upstream from Fort Vermilion. Freeze-up at the TPR has been delayed by anywhere from one week to 
two months since regulation, shifting from early November to early December pre-regulation to late 
December or early January post-regulation. At Dunvegan, freeze-up is usually delayed until early 
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January; in one or two winters no stable ice cover has formed there at all. At Taylor, an ice cover forms 
for a brief period about once every five winters. 
 
Regulation has also increased water levels during freeze-up. Water levels at the TPR immediately after 
freeze-up are 2 to 3 m higher now than before regulation. Similar trends would be evident at the project 
site. At Taylor the increases range from 4 to 5 m.  
 
4.7.2.4.2 Mid-Winter Ice Regime  
 
Total ice cover thickness has increased since regulation due to the formation of predominantly 
consolidated ice covers and the presence of large quantities of slush ice. The thickness of the solid 
portion of the ice cover has not changed appreciably downstream from the TPR; however, upstream 
from town, the maximum solid thickness should be less than the pre-regulated condition because of the 
shorter duration of ice cover. 
 
4.7.2.4.3 Timing and Severity of Breakup 
 
Upstream from the Smoky River, breakup on the Peace River is mild and usually results from melting of 
the ice due to warming of the open water downstream from Bennett Dam. Thus, in the reach between 
Taylor and Shaftesbury Ferry, breakup typically occurs earlier due to regulation, and its severity has 
been reduced. At the TPR, the effect of regulation at breakup is less evident, but the severity of 
breakup appears to have been generally reduced since regulation. However, if there is a sudden or 
early melt of a substantial snowpack in the Smoky River basin, outflows of water and ice could, in some 
years, still trigger a mechanical breakup at the town. Typically, regulation has resulted in an earlier 
breakup and has reduced the probability of jamming; however, if jams do form, the resultant water 
levels are probably higher than before regulation because of higher outflows from Bennett Dam. 
 
Downstream from the TPR, there is no significant difference in breakup timing that could be attributed 
to regulation.  
 
4.7.2.4.4 Occurrence of Secondary Consolidations  
 
Due to the more spatially simultaneous nature of freeze-up along the Peace River before regulation, 
secondary consolidation would not have been as frequent or as severe as under current regulated 
conditions. Currently, secondary consolidations pose the most serious flood threats during freeze-up, 
with very high levels periodically documented at the TPR, Dunvegan and Sunny Valley. Secondary 
consolidations at the TPR have produced water levels close to the crest of the dike on two occasions 
since 1980, and local flooding has occurred at Dunvegan also on at least two unrelated occasions 
within that same time period. Secondary consolidations are caused by rapidly changing flows or sudden 
melting of the newly formed ice cover, but they are relatively difficult to simulate. This topic is 
addressed in greater detail in Section 4.7.5.2.6.1. 
. 
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4.7.3 Potential Interactions, Issues and Concerns 
 
Interactions of the Project with the ice formation and breakup VEC will occur during the construction 
and operations phases of the Project, and possibly as a result of malfunctions, accidents and 
unplanned events, such as failure of the headworks. Construction-related interactions will be restricted 
to the winter that occurs between years 3 and 4 of construction and will be similar to operations 
interactions. For this reason, construction-related effects are discussed with operations-related ones. 
Table 4.7-4 summarizes the interactions. The Project will potentially affect the ice regime on the 
Peace River, the water levels below the headworks, operation of the Shaftesbury Ferry and ice bridge, 
and fog development at the Dunvegan Bridge. These interactions and the concerns associated with 
them are discussed below. The baseline case addressed the effects of existing and approved projects, 
including the effects of regulation by Bennett Dam, as discussed above. The only future project that the 
Project’s effects on ice formation and breakup may interact with in a cumulative manner is the 
development of BC Hydro’s Site C; however the effects of Site C cannot be assessed because design 
information is unavailable. The effects assessment of the Project on ice formation and breakup is 
restricted to the operations and malfunction activities of the Application Case. 
 
Table 4.7-4: Project Environmental Effects Interaction Matrix: Ice Formation and Breakup 

 

Ice 
Conditions 

in the 
Headpond 

Ice 
Conditions 

Downstream 
from 

Headworks 

Ice  
Conditions 

Town of 
Peace 
River 

Ice 
Conditions 

Downstream 
from Town 
of Peace 

River 

Ice Bridges 
and 

Shaftesbury 
Ferry 

Ice 
Conditions 
Upstream  

of the 
Headworks 

Effects on  
BC Hydro 

Operations 

Project Activities and Physical Works 

Operations 

Presence of the 
headworks X X X X X X X 

Malfunctions, Accidents and Unplanned Events 

Failure of the 
headworks X X X X X X X 

Other Past and Present Projects 

Cattle grazing        

Agricultural land 
clearing        

Borrow pits        

Dunvegan Historic 
Site  X      

Water-based 
recreation X X  X  X  

Canfor Forest 
Management Area        

Devon Energy 
Corp. oil and gas 
lease 

       

Bennett Dam      X X 
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Table 4.7-4: Project Environmental Effects Interaction Matrix: Ice Formation and Breakup 

 

Ice 
Conditions 

in the 
Headpond 

Ice 
Conditions 

Downstream 
from 

Headworks 

Ice  
Conditions 

Town of 
Peace 
River 

Ice 
Conditions 

Downstream 
from Town 
of Peace 

River 

Ice Bridges 
and 

Shaftesbury 
Ferry 

Ice 
Conditions 
Upstream  

of the 
Headworks 

Effects on  
BC Hydro 

Operations 

Project Activities and Physical Works 

Transportation and 
utilities corridors    X X   

Dunvegan Bridge  X  X    

Devon Energy 
Corp. and Pembina 
Pipeline Corp. 
pipeline crossing 
Peace River at 
Dunvegan 

       

Water intake pipe 
at Fairview  X      

Dunvegan West 
Wildland Park        

Likely Future Projects 

New borrow pits        

Expansion of 
Dunvegan Historic 
Site 

 X      

New or upgraded 
transportation and 
utility corridors 

 X X X X X  

BC Hydro Site at 
Taylor      X X 

 
During the regulatory review of the 2000 EIA and applications, as well as subsequent consultation 
activities through to 2006, a number of concerns were raised about the potential effects that the Project 
may have on the ice regime. The issues fall into three categories:  
 
1. potential effects on the ice regime 

2. potential effects on residents (such as those that use the Shaftesbury Crossing), water users (i.e., 
BC Hydro) and on the flood susceptibility of the TPR  

3. the interaction between the ice and the low head structure 
 
These issues are summarized in the following sections. 
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4.7.3.1 Potential Effects on the Ice Regime 
 
Dramatic changes in the ice regime may affect understanding of ice processes and require 
intensive monitoring to re-establish forecasting confidence  

Regulation at Bennett Dam has had a major impact on the ice processes at both freeze-up and 
breakup, particularly at the TPR. It has taken a considerable effort to gain a sufficient understanding of 
the ice processes to provide confident forecasts of ice jam related flood potential. If the Project changes 
the ice regime significantly, there could be a need to invest additional effort into relearning the system 
so that new forecasting procedures can be developed. 
 
4.7.3.2 Potential Effects on Residents, Water Users and Existing Facilities along the 

River 

Changes in ice floe characteristics downstream from the project site may alter the fundamental 
ice formation characteristics, thereby exacerbating existing freeze-up concerns 

Presently, an ice cover forms at the TPR by the accumulation of surface ice and the deposition of frazil 
that is carried in suspension. Given the distance of the town from the point of initial ice generation, most 
of the ice is on the surface and composed of ice floes with a solid crust to which is attached a volume of 
porous frazil. The solid crust forms when an ice floe travels on the surface from about Taylor to the 
TPR, a distance of some 300 km. If the start of the ice production is moved downstream to the project 
site (about 100 km upstream from town) the solid crusts may not have time to form more of the ice 
arriving at the ice front could be in suspension; and deposition of the suspended ice could cause the ice 
cover to thicken beyond what is currently experienced. This increased ice thickness could lead to 
higher water levels during winter and potentially exacerbate groundwater levels in lower West Peace. 
Other concerns include the possibility that the head of the ice front may be positioned not far upstream 
from the TPR for protracted periods over the winter, which would increase the risk of a major collapse 
of the ice cover and cause flooding at town.  
 
Frequency of ice cover development at Taylor  

Currently, the ice cover seldom advances as far upstream as the Town of Taylor, British Columbia. 
However, when it does, the steep slope of the river results in the formation of very thick ice covers. 
Flooding of adjacent gravel bars, back channels and low areas can be a problem. BC Hydro has 
reduced its releases from the Bennett Dam during these periods.  
 
Effects on water supply at Taylor and other water intakes in British Columbia  

Taylor takes its water from wells on an island in the Peace River. If the ice cover advances to Taylor on 
a more frequent basis, access to the wells could be limited for prolonged periods. This could be 
problematic, as there is limited off-stream storage available to compensate for loss of production from 
the wells. In addition, there are a number of industrial water intakes in British Columbia that may be 
more frequently affected by ice conditions after the Project is constructed.  
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Effects on power generation at Bennett Dam and Peace Canyon  

Mitigating high ice-related water levels along the Peace River (especially during freeze-up and breakup 
at the TPR) by imposing flow controls is a substantial cost to BC Hydro. Reduced outflows at Bennett 
Dam during those periods means that replacement power must be purchased, potentially at a higher 
cost. BC Hydro could see economic losses if the duration of flow controls is increased at Bennett Dam.  
 
Frazil generation downstream from the project site at the Fairview water intake  

There are a number of water users with intakes on the Peace River downstream from the project site. 
One of the largest intakes is operated by the Town of Fairview. There is concern that an open water 
reach downstream of the Project could cause the Fairview intake to be within the active frazil 
generation zone and experience frazil blockages. This could lead to water withdrawal problems and 
water shortages during the winter.  
 
Duration of open water downstream from the structure and effect on the frequency of ice fog at 
the Dunvegan Bridge 

Currently, ice fog develops on occasion at the Dunvegan Bridge before the formation of an ice cover, 
due to excessive evaporation from the near 0°C water in the Peace River. There is a concern that the 
Project may produce open water conditions at the bridge for the entire winter and increase the 
frequency of ice fog. 
 
Breakup timing and severity at the Town of Peace River and downstream 

Currently, breakup at the TPR results from either a thermal breakup from ice cover melting as its 
leading edge recedes past the town, or a mechanical breakup of the ice cover due to runoff from the 
Smoky River or Upper Peace River basins. The latter process tends to produce ice jams and very high 
water levels, whereas the former is quite benign. The concern is that the Project may delay the melting 
processes at the TPR either because of a thicker ice cover upstream from Town, or the need to melt 
more ice upstream from the project site. A delay in thermal breakup would increase the tendency 
towards a mechanical type breakup, and consequently increase the risk of ice jam flooding at, and 
downstream from the TPR.  
 
Effects of changed freeze-up on ice bridges 

The ferry and ice bridge at Shaftesbury Crossing (Shaftesbury) are the closest crossing point on the 
Peace River for residents in the Tangent area. There is concern that running ice floes or an unstable 
ice front near Shaftesbury might limit ferry operations and delay or prevent the construction of an ice 
bridge in winter. The effects of the Project on the integrity of ice bridge and ferry at Tompkins Landing 
are also of interest. Similarly, there is a possibility that adverse ice conditions (e.g., delay of freeze-up 
or early breakup) during the four-year construction period may affect ferry operations or the 
construction of an ice bridge at Shaftesbury Crossing.  
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4.7.3.3 Interaction between the Facility and the Ice Regime 
  
Ice conditions near the Project  

There are concerns about how the local ice regime will react to the proposed low head structure. Many 
of the questions centre on whether the ice would (1) lodge in the headpond or (2) pass over the weir or 
through the turbines. Should the latter occur, there could be some potential for the cover to progress 
upstream to the base of the headworks, stage over the structure, and perhaps cause flooding at the 
Dunvegan Settlement while making the Project inoperative for a large part of the winter. A concern has 
also been raised about secondary consolidations of the ice front upstream from the project site 
producing a surge of water that could destabilize a newly formed ice cover at the TPR. 
 
Winter tailwater levels below the Project causing loss of generation and flooding at Dunvegan 

The amount of power generated depends on the difference in water level between the tailrace and the 
headpond. Typically, to produce stable ice covers at Dunvegan, the pack must be very thick which 
causes a substantial increase in water levels. If an ice cover advances upstream close to the 
headworks, the increased water levels could reduce power production. In that case, there would be 
negative ice-related effects at the project site, and power production would be reduced during the 
winter period. 
 
Lodgement mechanisms in the headpond, and the possible need to enhance lodgement by 
auxiliary structures  

Should lodgement not occur in the headpond, large quantities of frazil would have to pass through the 
turbines or over the weir for extended periods of time, which could damage the structure. Should 
lodgement occur very close to the structure, the collapse of the cover and the attendant water surges 
could generate significant forces on the spillway and the powerhouse. One proposed method of 
mitigation could be to install an ice boom upstream of the structure to facilitate lodgement and carry 
part of the ice load.  
 
Deposition of frazil in the headpond  

The concern has been raised that should the headpond fill with frazil, transport of frazil ice through the 
powerhouse could damage the turbines. 
  

4.7.4 Residual Environmental Effects Evaluation Criteria 
 
A significant environmental effect on the ice formation and breakup VEC is one where a change in ice 
regime results in a significant effect on any one of the biological, heritage resource or human VECs. 
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4.7.5 Effects Analysis, Mitigation and Residual Effects Prediction 
 
To address concerns raised by local stakeholders, Glacier Power has spent three years and several 
million dollars participating in the development of the state-of-the-art river ice model and ensuring it was 
applicable to the Peace River. This process has resulted in positive collaboration among stakeholders 
on the Peace River and international ice experts, and has greatly increased the general understanding 
of ice formation and breakup processes on the Peace River.  
 
4.7.5.1 Ice Modelling 

Glacier’s strategy to assess the effects of the Project on the ice regime of the Peace River (and the 
subsequent concerns of the various stakeholders) was to use an ice process model to numerically 
simulate freeze-up and breakup under regulated flow conditions with and without the Project. The 
Peace River ice regime has been the focus of ice study and modelling for many years. Because of the 
systematic way that current regulation has affected ice formation and breakup processes, the 
Peace River ice regime lends itself well to modelling. Assessment of the effects of the Project on the 
Peace River ice regime was initiated with an ice modelling program during the 2000 EIA and application 
process, and continued through to the 2002 public hearings. Numerical modelling of the ice regime is 
the most effective method to understand the present regulated ice regime and to simulate the effects of 
the Project.  
 
During the 2000 application process, two models were applied to the Peace River: the 
Trillium Engineering ICE Model of the Peace River (TRICEP) and the River ICE (RICE) Model 
developed by Dr H.T. Shen (Li and Shen 2002) of Clarkson University in New York. A detailed 
discussion of the functionality and limitations of both models is provided in Northwest Hydraulic 
Consultants (2006a). Generally, RICE was used to check the results of TRICEP which, although less 
computationally sophisticated, was well calibrated to historical observations and measurements on the 
Peace River. The RICE model was developed for the St. Lawrence and Niagara Rivers, and was not 
well calibrated to the Peace River. As such, it did not necessarily correlate with, nor improve, the ice 
cover simulation of TRICEP. To rigorously model the ice regime of the Peace River, a new model, the 
Peace River ICE (PRICE) was developed from 2003 to 2006 using the RICE computational framework. 
The PRICE model was then calibrated to detailed observations and measurements of ice processes on 
the Peace River. As such, the PRICE model represents the combined strengths of each of the two 
previous models.  
 
Whereas the one-dimensional PRICE model was used to simulate the ice regime along the entire study 
area from Fort Vermilion to Peace Canyon, to give full consideration to all stakeholder concerns, the 
two dimensional DYNARICE model was also used in an exploratory way to examine aspects of 
lodgement in the headpond. The majority of stakeholder concerns related to the post-project ice regime 
have been addressed using PRICE. Both models are briefly described below.  
  
4.7.5.1.1 DYNARICE Model  
 
Given the backwater levels produced by the headworks structure and the capacity of the turbines to 
take all the river flow that might occur during freeze-up, lodgement of ice in the headpond is inevitable. 
Nevertheless, to demonstrate the efficacy of the headpond to promote lodgement, a number of very 
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conservative scenarios were simulated using DYNARICE, a two-dimensional finite element model. 
These simulations provide a quantitative description of the process and demonstrate the movement of  
 
4.7.5.1.2 PRICE Model  
 
The PRICE model is a sophisticated fully dynamic river ice model developed by Dr. Hung Tao Shen at 
Clarkson University in New York State. PRICE is a one dimensional model that simulates unsteady 
state hydraulics and associated ice conditions (Shen, Wang, and Lal 1995). The model simulates the 
complex interactions between hydrodynamic, thermal, and mechanical processes, including heat 
transfer at the water surface and the evolution of water temperatures under unsteady meteorological 
conditions, and the formation, evolution, transport, accumulation, and deterioration of various forms of 
ice. The various algorithms in the model that reflect these salient river ice processes have been 
conceptualized and quantified over a period of twenty years. As such, PRICE represents the 
culmination of this work, is the most current model available, and it is the state of the art in simulating 
unsteady ice processes in rivers.  
 
The PRICE model provides a calibrated and quantitative method to examine the effects of the Project 
on water temperatures, ice generation processes, ice and water discharges, open water and ice-related 
water levels, freeze-up processes and thermal deterioration of the ice cover. It can be used to 
determine dates of freeze-up and breakup and subsequent water levels along the entire river for any 
combination of meteorological and hydrologic conditions.  
 
Calibration of the PRICE model for the Peace River was scrutinized by several ice experts, 
representatives of government agencies and stakeholders in a series of five technical workshops held 
by Glacier Power. The purpose of the workshops was to increase insight and understanding of the 
model and the calibration process in an open and transparent forum. The goal of the workshops was to 
gain consensus on the ability of the PRICE model to simulate the existing ice regime of the Peace 
River, and the model’s ability to simulate post-project ice conditions. The technical workshops were 
attended by: 
 
• Alberta Environment, Environmental Assessment Branch 

• Alberta Environment, River Engineering Branch 

• Alberta Infrastructure and Transportation (AIT) 

• Dr. Faye Hicks from the University of Alberta Faculty of Engineering (on behalf of Alberta 
Environment and AIT) 

• Town of Peace River (Councillor Gordon Troup) 

• BC Hydro (Mr. Martin Jasek and Mr. Dan Nixon) 

• Concerned Residents for Ongoing Service at Shaftesbury (CROSS) (Ms. Carolyn Chenard, 
Mr. Roy Callioux, and Mr. Rick Carson, P. Eng., principal of the KGS Group of consultants in 
Winnipeg) 

• Environment Canada (Mr. Vir Khanna, attended one workshop) 

• Fisheries and Oceans Canada (Mr. Chris Katopodis attended one workshop) 
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Within this group were several experts in the specific field of river ice engineering and modelling. In the 
end, all ice experts agreed that PRICE was the most sophisticated ice model they had worked with and 
that it would be a suitable analogue of the Peace River for the purpose of simulation and assessment of 
pre- and post-project ice conditions. 
 
The calibration of the model is based on extensive measurements of ice conditions on the Peace River 
during the winters of 2002 to 2003 and 2003 to 2004 (Trillium Engineering and Hydrographics Inc, 
2004). The calibration procedures basically follow the sequential order of the ice-related processes, 
from the establishment of open water hydraulic conditions for flows before freeze-up, to the formation of 
ice, the transport of ice in the ice generation reaches, the development of an ice cover and ice-related 
water levels, the transport, deposition, and redistribution of frazil under the ice cover, the growth of 
thermal ice, the thermal recession of the ice cover, and the onset of dynamic breakup. Each of these 
processes is simulated in a specific subroutine (or subroutines) and the calibration of the various 
parameters used in the definition of these processes can be undertaken independently within that 
subroutine(s). Once a parameter is calibrated in a particular subroutine and for a particular process, the 
value of that parameter is used in all other processes. The calibration is process-based, and all the 
individual processes are ultimately aggregated so that the spatial extent and thickness of the ice, along 
with attendant water levels, are properly simulated without invoking either a statistical or black box 
methodology. 
 
Detail on the calibration of PRICE is provided in Appendix A of Northwest Hydraulic Consultants 
(2006a).  
 
4.7.5.1.3 Model Verification  
 
Following model calibration, 23 years of record between 1980 and 2004 was simulated holding the 
calibrated model parameters constant but changing the boundary conditions to reflect the climate, flow 
and water temperatures at Peace Canyon, and the date of freeze-up at Fort Vermilion in each of the 
individual years. Figure 4.7-6 compares observed and simulated ice front locations for selected winters 
(cold, normal and warm). The model does a reasonable job of simulating the position of the ice front 
over the entire five month winter period; however, in cases where secondary consolidations have 
occurred, or the model misrepresents a day of juxtaposition, the position of the ice front is not precisely 
reproduced. Nevertheless, for the most part, the rates of ice front advance and recession are close to 
those observed and the model represents the entire ice regime along the 800 km domain reasonably 
well.  
 
With respect to simulations of the ice-related water levels, the performance of the model was assessed 
from comparisons of measured and simulated base freeze-up levels at the TPR. The average deviation 
between the measured and calculated values is 0.43 m, about 10 percent of the typical stage increase 
associated with freeze-up. On the whole, the initial freeze-up water levels are well represented with the 
scatter being no more than what is evident in the measured data. The nominal rise and fall of water 
levels associated with changing flows and accumulation thickness are reasonably well 
reproduced by the model, attesting both its treatment of the ice processes and its simulation of the 
unsteady flows. However because PRICE does not explicitly treat secondary consolidations the peak 
freeze-up levels associated with these events may not be well represented. 
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4.7.5.1.4 Model Accuracy  
 
The question of model accuracy is a somewhat complicated issue and the way in which it is considered 
depends both upon the intended use of a model and the inherent natural variability of the system that is 
being simulated. If a model is to be used as a predictive tool in a day to day operational sense, one 
might want the model to provide a forecast of the ice front location on any given day to within plus or 
minus a given distance. Alternatively, the expectation might be that the model should be able to predict 
the location of the leading edge of the ice cover to within plus or minus a given number of days. A 
further consideration may be that a model is being used to assess systematic changes in the ice regime 
due to a change to the system, the accuracy or applicability of the model will likely be viewed within the 
context of how well it may define the probability of a certain event occurring, e.g., what is the annual 
risk of the ice front advancing upstream past a certain point, how does the change to the system affect 
the likelihood of experiencing a given ice condition at a given location, or how might the duration of the 
cover change at any given location. 
 
The obvious intention of the modelling described here is to assess the effects of a systematic change 
on the ice regime caused by the proposed Project. Thus, the main criteria of assessing the accuracy of 
a model would be to demonstrate that the modelled results reflect accurately the observed results when 
viewed from a probability or risk perspective.  
 
The natural variability inherent in the present system is high (note the wide range of ice front location at 
any time in the winter in Figure 4.7-4). Much of the ice front location variability early in the ice season is 
due to the year to year variation in how the ice cover progresses over Vermilion Chutes and/or lodges 
in the vicinity of Fort Vermilion. After that, the ice front can progress upstream anywhere from 5 to 
30 km/day because of the sequence of juxtaposition and consolidation. Ice front observations are made 
every few days around mid-day, but in some cases the observed mid-day position may not be final 
position of the ice front on that day because of a subsequent collapse of the juxtaposed ice cover 
following the observation. Thus, the error in the ice front location due to measurement difficulties alone 
can be as much as 20 km. It should be noted however, as the frequency of observations increases, the 
adopted observed positions of the ice front become more reliable. 
 
The accuracy of the model can be determined in a coarse fashion by comparing measured and 
calculated ice front locations over the entire year, and calculating the statistical characteristics of the 
deviations. For the twenty-three years that were simulated, the average error in simulating the ice front 
position was 4 km, with a standard deviation of 24 km. For individual years, the average error ranged 
from -14.7 km to +27 km (1.8 percent and 3.4 percent of the domain length, respectively) and the 
standard deviation of the errors ranged from 11.7 km to 42.9 km (1.5 and 5.4 percent of the domain 
length, respectively). Because the ice front can advance or recede between 5 and 20 km/day, these 
errors amount to 1 to 5 days time difference in forecasting ice cover arrival or departure at a given 
point. From a statistical perspective, the ice front will be simulated within plus or minus 20 km of its 
actual location 68 percent of the time and within ±40 km 95 percent of the time. 
 
If the statistical characteristics of both the observed and simulated data sets of a given variable or 
parameter were more or less similar over the 23-year simulation period, the model was deemed to be 
accurate enough to be used to assess the systematic changes in the ice regime. Furthermore, if that 
requirement was met, it would also indicate that the model was verified on the basis of data sets 
independent of the calibration data sets (which were the 2002–03 and 2003-04 winter years). 
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Figures 4.7-7, 4.7-8 and 4.7-9 show comparisons of the ensemble statistics for various salient variables 
including freeze-up and breakup dates at various locations, freeze-up water levels at the TPR, 
maximum upstream position of the ice front, and ice durations at various locations. The calibrated 
model is a good analogue of the ice regime of the Peace River in all of these cases with the measured 
and simulated pre-project frequency curves virtually coinciding. 
 
4.7.5.1.5 Knowledge Gaps and Effects of Reliability of Simulations  
 
4.7.5.1.5.1 Mechanical Breakup and Secondary Consolidation 
 
The PRICE model does not adequately simulate dynamic ice conditions associated with breakup of an 
ice cover and subsequent ice run and ice-release water wave, either during breakup or freeze-up. 
These processes are important in producing high ice-related water levels, and not properly simulating 
them can produce errors in calculated ice front locations and peak water levels.  
 
With respect to breakup, the Project will not change the pattern of flows that drives the breakup 
mechanisms (as discussed in Section 4.7.5.2.2). If there is no significant change in the date of breakup 
as the ice cover recedes in the spring through reaches where breakup flooding is an issue, there should 
be no exacerbation of spring ice jamming. Therefore, inability to quantify mechanical breakup, and jam 
release waves is not considered to be a serious flaw of the model and its ability to assess post-project 
breakup-related concerns.  
 
With respect to freeze-up, there will be no change in river flows due to the Project. However, the ice 
advance rate will be reduced significantly, and the rate of growth of thermal ice within the ice cover 
relative to the rate at which the ice cover is advancing will be substantially greater than at present (this 
is discussed in greater detail in Sections 4.7.5.2.5, and 4.7.5.2.6). Therefore the conditions that are 
expected to contribute to the occurrence of secondary consolidations will be considerably less severe, 
reducing the likelihood of secondary consolidations. If the model can demonstrate that secondary 
consolidations (should they occur) are not more severe than at present, there should be no need for 
PRICE to explicitly reproduce known secondary consolidation events in order to examine the effects of 
the Project on freeze-up water levels and secondary consolidations risks at salient locations 
downstream from the project site.  
 
4.7.5.1.5.2 Redistribution of Frazil under the Ice Cover 
 
PRICE is a one dimensional model and cannot explicitly deal with two-dimensional effects such as the 
redistribution of accumulated frazil across a cross section from shallow to deep zones. This process 
generally reduces water levels. The model approximates these two dimensional effects by incorporating 
an ice roughness reduction over the winter period, whereby water levels gradually reduce (as is evident 
from observations) in response to a smoothening of the underside of the ice accumulation. The plots of 
water levels at the TPR, where water levels are of most concern, show that the winter water level 
changes are reasonably simulated by PRICE in spite of its one dimensional computational capability.  
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4.7.5.1.5.3 Anchor ice 
 
There is evidence that anchor ice forms periodically in the river in the early stages of ice generation. 
Currently (pre-project) the zone of anchor ice development shifts in response to day to day changes in 
flows and air temperature, and systematic changes to Peace Canyon water temperatures over the 
winter. However, the zone of anchor ice formation tends to move upstream ahead of the advancing ice 
front and is usually found in the vicinity of the zero degree isotherm. The amount of anchor ice that 
forms is very small compared with the amount of ice in suspension or on the river surface. Furthermore, 
the anchor ice periodically lifts off the river bed as its buoyancy becomes larger than the weight of the 
bed material to which it is attached and thus it is never lost from the system.  
 
The PRICE algorithms that deal with the formation of anchor ice are fundamentally sound, but the 
appropriate values of the coefficients are not well understood. Therefore, because anchor ice 
constitutes a small portion of the total ice volume, it was not included in the pre-project PRICE 
simulations.  
 
The development of post-project anchor ice could occur downstream from the project site tailrace. 
However, anchor ice does not constitute a significant portion of the overall ice volume even over time 
period as short as one day. Again, this process was not included in the post-project PRICE modelling. 
However, some discussion of the formation of anchor ice and its effects on ice conditions in the vicinity 
of the structure is presented in Section 4.7.5.2.4.3.  
 
4.7.5.1.5.4 Shore (Border) Ice Growth 
 
The PRICE model was calibrated without using the model subroutines for shore ice growth. 
Observations indicate that due to the high average velocity and the rather uniform channel shape over 
much of the length of the Peace River, very little shore ice actually develops except in low-velocity 
areas such as in the lea of islands, in back channels, and in shallow areas with a high concentration of 
bars. Simplification of actual cross sections to produce sections that are acceptable to the model 
required that many non-effective back channels and shallow flow areas over large bars be discounted. 
This procedure produced a narrower channel in some areas where significant islands are present and 
thus eliminated many locations where shore ice is most likely to develop.  
 
To offset these simplifications, a shore ice width equal to 10 percent of the channel width was 
prescribed in the model, and this width was kept constant throughout the entire winter simulation 
period. Although this is appropriate for the pre-project condition, a concern was raised that it might not 
be for the post-project condition, specifically in the area between the TPR and the project site due to 
the expected prolonged duration of open water. If the width of the shore ice is underestimated for this 
condition, both the rate of ice generation and the advance of the post-project ice cover would be 
overestimated. 
 
The PRICE model uses a shore ice growth algorithm in which the growth of the shore ice can be 
simulated over any time period, and is directly proportional to accumulated heat loss from the water, 
inversely proportional to local velocity, and directly proportional to the surface ice concentrations. Thus, 
cold temperatures, low velocities, and high ice concentrations all contribute to high shore ice growth 
rates. The main calibration parameter is the reference velocity by which the velocity effect is scaled. In 
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the PRICE algorithm, the reference velocity can be set to a value between 0.4 and 1.2 m/s, and is 
chosen by calibration to site-specific observations. Based on Peace River shore ice widths observed in 
1991 to 1992 in the reach between the TPR and Dunvegan, a value of 1.0 m/s was found to provide 
good agreement between the calculated and measured shore ice widths.  
 
Analysis using a reference velocity of 1.0 m/s demonstrated that shore ice width of 10 percent of the 
channel width is not an unreasonable assumption even for a very cold winter such as 1995 to 1996, 
and that the shore ice width changes very little over the freeze-up period regardless of winter severity. 
Furthermore, from consideration of pre- and post-project surface ice concentrations, it was found that 
despite the longer period of open water post-project, the potential growth of the shore ice was offset by 
the reduced surface ice concentrations that would be evident between the project site and the TPR. 
Overall, the strategy for the treatment of shore ice in both the pre- and post-project modelling is 
reasonable and does not jeopardize the overall simulation of the pre- or post-project ice regimes. 
 
4.7.5.2 Effects of the Project on Ice Conditions 
 
4.7.5.2.1 Effects Assessment Strategy  
 
The calibration of PRICE and the subsequent verification of the model for 23 years of post-Bennett 
Dam (pre-project) regulated conditions define an explicit modelled ice regime. Although the modelled 
regime is not exactly like the measured one because of variations in model performance it still 
represents a reasonable analogue of the measured regime and provides a well defined baseline 
against which to compare the effects of the Project.  
 
To evaluate the effects of the Project, PRICE was run for 23 years of ice front observations using the 
same climate, the same flows and water temperatures at Peace Canyon, and the same model 
parameters derived in the calibration phase. The big difference between the pre- and post-project runs 
was that in post-project runs an internal boundary was inserted into the model at the location of the 
headworks. This internal boundary was essentially transparent to water flow and temperature because 
the headpond has a relatively small volume. The flow does not significantly attenuate as it passes 
through the headpond and neither does the slightly longer travel time through the headpond (relative to 
the natural case) contribute to any significant change in water temperatures.  
 
However, all ice produced in and upstream from the headpond would accumulate in the headpond and 
the ice front would advance upstream from that point. Furthermore, as the water exiting the headpond 
would be essentially at 0°C, ice production would begin anew downstream, supplying suspended frazil 
and surface ice floes to a second ice front advancing upstream from Fort Vermilion towards Dunvegan. 
The development of this two-front system would be the most fundamental effect of the Project on the 
ice regime. 
 
Because the Project will not change the fundamental ice formation and breakup processes, PRICE 
should represent the post-project ice regime as effectively as it represents the pre-project one. 
Although some post-project ice processes may become more important than they were pre-project, it is 
assumed that the basic physical ice processes will not change and that the model’s representation of 
them will not change. On this basis, comparisons of pre- and post-project modeled ice regimes should 
provide a good framework on which to quantify the effects of the Project.  
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Given the large domain and long time periods associated with running PRICE over the entire winter 
period, it proved too onerous to apply the model to site-specific processes such as jam release waves, 
headpond sedimentation, and frazil deposition in the project tailrace. In these instances, off-the-shelf 
models such as HECRAS or CGD1-D were used to examine in detail processes that required smaller 
distance steps than could be reasonably achieved using PRICE. 
 
4.7.5.2.2 General Summary of Results  
 
Expected changes in the timing of the formation of an ice cover between Fort Vermilion and Taylor due 
to the Project were simulated for 23 years. Figures 4.7-10, 4.7-11a, and 4.7-11b illustrate a typical 
warm year (1991-92), a normal year (1994-95), and a cold year (1995-96) respectively. These figures 
compare the simulated location of the ice front (freeze-up and breakup dates) for pre- and post-project 
conditions.  
 
On average, the timing of freeze-up does not change appreciably downstream from about the 
Notikewin River. In the 271 km distance between there and Dunvegan, the rate at which the ice front 
advances is reduced considerably post-Project due to interception of ice in the headpond. At the TPR 
and Shaftesbury, the formation of the ice cover is delayed. In the most severe cold winters the ice cover 
advances to within about 20 km from the project site. There is no significant difference in the timing of 
breakup downstream from the project site. 
 
Post-project freeze-up within the headpond occurs much earlier in the year, whereas breakup occurs 
later, substantially lengthening the ice season upstream from the project site. The ice cover tends to 
advance farther into British Columbia because of its earlier appearance at the project site. Ice cover is 
uniform at the British Columbia–Alberta border in cold years; however, in warmer than normal years, 
the cover develops earlier and last longer. Breakup post-project due to thermal recession of the ice 
front upstream from the project site will generally be delayed, relative to pre-project.  
 
There are five locations where the Project potentially will affect the ice regime to the extent that there 
might be environmental or socio-economic concerns. These locations are: 
 
• in the headpond 

• downstream from the headworks 

• Town of Peace River 

• Shaftesbury Crossing 

• upstream from the headpond at Taylor, British Columbia 
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4.7.5.2.3 Ice Conditions in the Headpond  
 
4.7.5.2.3.1 Lodgement 
 
The DYNARICE model demonstrated that lodgement will occur post-project as soon as ice appears in 
the headpond. In the unlikely event that flows exceed the capacity of the Project to pass them through 
turbines and bypasses, and flow is diverted over the weir, ice will nonetheless lodge in the headpond 
due to congestion, possibly delaying lodgement by a few days at most. There will be no long periods of 
ice flow over the weir.  
 
Table 4.7-5 compares the simulated freeze-up dates for the pre- and post-project periods. Post-project, 
the ice cover in the headpond would typically form in late November in a normal winter, in early 
November in a cold winter and as late as late December in a warm winter. Comparing the pre- and 
post-project freeze-up dates; in cold and normal winters the ice cover near the project site would form 
six to seven weeks earlier than it does now, whereas in warm winters it would form eight to ten weeks 
earlier. 
 
Freeze-up dates in colder than average winters, and perhaps in normal winters, would be similar to 
those in the pre-Bennett Dam period. However, in warmer than average winters the formation of the ice 
cover would still be delayed (relative to the pre-Bennett Dam conditions) because of over-riding effects 
of the warm outflows from the Bennett Dam.  
 
Table 4.7-5: Simulated Freeze-Up Pre- and Post-Project Dates near Headpond 

Annual Probability of an  
Earlier Freeze-Up (%)  

Pre-Project  
Freeze-Up Date 

Post-Project  
Freeze-Up Date 

10 (very cold) December 25 November 12 

20 (cold) January 4 November 20 

50 (normal) January 27 December 10 

80 (warm) February 18 December 25 

90 (very warm) March 5 January 1 

 
4.7.5.2.3.2 Need for Auxiliary Structures 
 
The lodgement analysis was carried out with the most advanced model available. Given the benign 
hydraulic conditions in the headpond, and that essentially all the flow will go through the turbines every 
year, it is clear that lodgement will occur in the headpond even under the most conservative lodgement 
assumptions. Thus, it is extremely unlikely an auxiliary lodgement structure such as an ice boom will be 
needed. 
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4.7.5.2.3.3 Ice Accumulation and Frazil Transport through Headpond 
 
Initial ice accumulation profiles at lodgement were calculated using HECRAS for three flow (discharge) 
conditions. A value of 1640 m3/s represents the mean winter discharge; a value of 1800 m3/s 
represents the maximum discharge though the power house; and a value of 2085 m3/s represents an 
extreme freeze-up discharge. At a typical winter flow of 1640 m3/s, the thickness of the accumulation 
will be about 1.0 m next to the structure and 1.4 m at a point about 500 m upstream from the structure. 
The accumulation thickness will tend to the pre-project thickness of 3.0 m about 12 km upstream from 
the structure, where backwater effects are reduced. The freeze-up discharge does not significantly 
affect the initial frazil accumulation. The extreme discharge produces an ice accumulation only 0.3 m 
thicker and water levels only 1.0 m higher than the mean discharge. 
 
Backwater effects from the Project would affect the ice thickness in the lower 10 km of the headpond, 
producing a thinner accumulation (typically 1.3 to 2 m) than currently experienced. The ice thickness 
upstream would be similar to what is occurring now. 
 
Once the surface ice cover forms in and upstream from the headpond, the deposited frazil slush will be 
swept under the ice cover and transported downstream as cover load. Most of this frazil will be 
deposited in the headpond because the transport capacity will be greatly reduced by the backwater 
effects from the structure. Once the reservoir storage capacity for frazil is filled (which would occur in 
about 40 days at an average winter flow around 1600 m3/s), about 450 m3/day/m width of the river 
(2.1 m3/s) of frazil will have to move through the powerhouse or it will rapidly accumulate and plug the 
intakes. 
 
4.7.5.2.3.4 Effects of Headpond on Surges from Secondary Consolidations Upstream 

from the project site 
 
A concern was raised by BC Hydro regarding (1) the effect that the headpond may have on the 
transmission of an ice jam surge from a secondary consolidation upstream from the Project and (2) the 
effect of this surge on the stability of an ice cover just forming near the TPR.  
 
Ice cover advance on the Peace River is not always continuous. Increases in discharge can destabilize 
the newly formed ice cover, causing it to collapse for some distance downstream before it begins to 
advance upstream again. The water held in storage under the consolidating ice cover is released and 
produces a wave which travels downstream under the intact cover. The timing of lodgement in the 
headpond (and the subsequent ice cover advance) could create a situation where the ice advancing 
upstream from the headpond could collapse at the same time as the ice front forming downstream from 
the project site passes near the TPR. If this occurred, a water wave generated at the ice front upstream 
from the headpond could travel downstream and destabilize the downstream ice front. Simulations 
suggest that over the range of climate conditions, the upstream ice front would be between 20 and 
100 km upstream from the project site when the downstream ice front is at the TPR (Table 4.7-6). Thus, 
for a water wave arising out of a secondary consolidation to reach town, it would have to travel up to 
75 km under an ice cover, through the 25 km long headpond and 100 km of open water between the 
project sites of the town. Attenuation of the wave could occur in all three reaches. 
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The characteristics of the flood wave were modelled using CGD1-D, a one dimensional unsteady flow 
model used routinely in hydraulic engineering. The resulting flood wave characteristics were evaluated 
at the TPR for an assumed secondary consolidation event. The effectiveness of the model was tested 
for a 2000–01 consolidation event that occurred between Dunvegan and Peace River.  
 
Table 4.7-6: Ice Front Location Upstream from the Project during Freeze-Up at the Town of 

Peace River 
Annual Probability 

of Earlier  
Freeze-Up(%)  

Approximate Date of 
Freeze-Up at the Town 

of Peace River 

Corresponding 
Year 

Location of Upstream  
Ice Front  

(km ) 

Travel Distance  
Under Ice Cover  

(km)  

10 (very cold) December 21 1983–84 222 71 

20 (cold) January 5 1985–86 273 20 

50 (normal) January 15 1989–90 246 47 

80 (warm) February 7 1987–88 196 97 

90 (very warm) February 12 1986–87 246 47 

 
As a hypothetical collapse scenario post-project, it was assumed that (1) a similar secondary 
consolidation event to the one recorded in 2001 occurred upstream from Dunvegan, (2) the water wave 
would travel approximately 50 km under the ice cover into the headpond before being attenuated by 
storage in the headpond and (3) the attenuated wave would travel through 100 km of open water 
downstream from the TPR. The results of the modelling exercise are summarized below; the reader is 
referred to Northwest Hydraulic Consultants (2006a) for further detail.  
 
A 2500 m3/s discharge increase (perturbation) due to a 15-km ice cover consolidation would attenuate 
to about 390 m3/s as it travels 50 km under the ice to the headpond. Storage in the headpond would 
further attenuate the perturbation to only about 80 m3/s. Additional attenuation in the 100 km of open 
water between the project site and the TPR would reduce the perturbation to about 70 m3/s above the 
background steady state flow. This is only four percent greater than the steady state discharge and 
would only increase the water level about 0.06 m, something highly unlikely to trigger a collapse of the 
ice cover at the TPR. Although the assumption of 100 km of open water between the project site and 
the town is not a worst case scenario, it is evident that most of the wave attenuation occurs upstream 
from the project site and in the headpond. Any alternative combination of open water and ice cover 
lengths between the TPR and the project site would not exacerbate the effects of the flood wave. 
Furthermore, the mild slope of the wave front is such that if it reached an ice cover between the town 
and the project site, the local increase in water level would be so slight that bending stresses in the ice 
cover would be insufficient to cause failure.  
 
It is thus evident that secondary consolidations upstream from the project site do not have any potential 
to destabilize the ice cover at the TPR even if larger secondary consolidations were to occur upstream 
from the headpond.  
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4.7.5.2.3.5 Breakup Dates and Duration of Ice Cover 
 
Breakup upstream from the project site would occur thermally every year because of the few significant 
tributaries between Taylor and Dunvegan. Table 4.7-7) summarizes the breakup dates and the duration 
of the ice cover for some selected probabilities.  
 
Table 4.7-7: Breakup Dates and Ice Cover Durations in the Headpond 

Annual Probability of Later  
Breakup Date and Longer  

Ice Cover Duration  
(%) 

Pre-Project Breakup Date and 
Ice Cover Duration  

(days) 

Post-Project Breakup Date and 
Ice Cover Duration  

(days) 

10 (very cold) April 22 (103) April 19 (155) 

20 (cold) April 14 (90) April 14 (140) 

50 (normal) April 3 (62) April 7 (120) 

80 (warm) March 20 (35) March 28 (100) 

90 (very warm) March 12 (20) March 24 (88) 

 
There will be an increase of one to two months in the annual ice duration in and immediately upstream 
from the headpond post-project (mostly due to the earlier freeze-up) regardless of the severity of the 
winter. The ice cover duration will approach that of pre-Bennett Dam. Because of relatively low water 
temperatures at Bennett Dam in late winter and early spring, there is no significant heat source to 
accelerate melting of the ice front. Breakup will typically occur during late March or April, again more 
typical of pre-Bennett Dam conditions.  
 
At present, the initial ice accumulation near Dunvegan is usually quite thick. Within that accumulation, 
the maximum solid ice thickness at the end of the winter varies from about 1.2 m in very cold winters to 
about 0.4 m in warm winters. The initial thickness of the post-project accumulation in the headpond 
near the structure would be less (equivalent to at least one ice floe thickness), but the ultimate solid ice 
thickness would range between 1.2 m for the cold winters and 0.8 m for the warm winters because of 
the longer ice duration. The post-project solid ice thickness would be close to range of the pre-Bennett 
Dam solid ice thickness.  
 
4.7.5.2.4 Ice Conditions Downstream from Headworks  
 
4.7.5.2.4.1 Proximity of Ice Front to Headworks Structure 
 
In a warmer than average year the ice front advances upstream just past Shaftesbury Crossing, to 
within 60 km of the structure. In a normal year, the ice cover would advance to within 40 km of the 
structure, whereas in a colder than average year it could advance to within 20 km. These locations are 
shown in Figure 4.7.12 (Figure 44 in the Technical Ice Report). Table 4.7-8 summarizes the simulated 
proximity of the ice front for a range of winters. The milder the winter, the less time the ice front 
maintains its farthest upstream location. 
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Table 4.7-8: Post-Project Proximity of Ice Front to the Control Structure 

Annual Probability of Ice Front  
Being Closer Than Given Distance  

(%)  

Minimum Proximity of  
Ice Front  

(km) 

Approximate Duration of Close 
Proximity Conditions  

(days) 

10 (very cold) 12 30 

20 (cold) 20 25 

50 (normal) 40 20 

80 (warm) 60 20 

90 (very warm) 70 15 

 
In about 20 percent of the years the ice front would advance to within 20 km of the tailrace and likely 
produce some backwater effects in the tailrace. On average, the ice front would advance to within 
40 km of the tailrace, whereas in 20 percent of the years it would get no farther than 60 km downstream 
from the tailrace.  
 
The typical freeze-up stages at Dunvegan are about 5 m above the open water levels associated with 
the flow at which an ice cover forms. With the ice front more than about 20 km downstream from the 
project site, the effects of the ice cover would not be felt at the tailrace; at a flow of 1500 m3/s, the 
backwater effects would come to within 5 km of the tailrace. However, backwater effects at the tailrace 
would become apparent in years when the ice front advances to within about 15 km of the project site. 
The models suggest that the water level increase associated with these backwater effects will be about 
1 to 2 m. 
 
4.7.5.2.4.2 Ice Concentrations 
 
Given that water coming out of the headpond will be more or less free of ice and possibly supercooled, 
active frazil will be generated downstream from the project site in open water upstream from the ice 
front. Some of this ice will remain suspended, while most of the remainder will rise to the surface and 
produce ice floes. The ice concentrations on any given day will be a function of the discharge and the 
air temperature, as is the case under present conditions.  
 
Within the approximately 30 km of concern downstream from Dunvegan, within which the Fairview 
water intake is found, both suspended and surface ice concentrations will be low. For typical winter air 
temperatures the model indicates that the ice floes will occupy between 0 and 30 percent of the surface 
width and that the concentration of the suspended ice will range between 0 and 0.3 percent of the water 
flow volume.  
 
It is understood that the Fairview intake was designed to withdraw water from near the river bed to 
prevent ingestion of suspended ice and to prevent the blockage of the intake ports by ice deposited 
along the bank. In that case, no exacerbation of the current operating conditions should be expected. 
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4.7.5.2.4.3 Anchor Ice Formation 
 
This section addresses a concern raised by Mr. Rick Carson, acting on behalf of CROSS, during the 
technical workshop series.  
 
Anchor ice will begin to form once active frazil begins to develop downstream from the structure. The 
active frazil is transported down to the bottom of the channel by turbulence where it sticks to larger 
stones projecting up from the bed. The anchor ice accumulates on these stones until there is enough 
ice to produce positive buoyancy, at which point the ice and stones will lift from the bed. However, if the 
stones are large and the flow is shallow, significant deposits of anchor ice may form. Frazil deposition 
rates appear to be a function of the Froude number (Froude number represents the ratio of the flow 
velocity to the flow depth: high velocities and low depths associated with steep river gradients produce 
high Froude numbers.) At Froude numbers of less than 0.1, very little anchor ice will form (Doering et 
al. 2001) and maximum deposition appears to occur at a Froude number of about 0.27. The Froude 
number in the channel downstream from the structure ranges from 0.17 to 0.39 at typical winter 
discharges, so it is expected that anchor ice will form on the bed. 
 
The deposition of anchor ice was simulated for two years to get a sense of how much anchor ice could 
form in the area downstream from the tailrace. As described in Section 4.7.5.1.5.3, the modelling 
approach used in PRICE was adopted to provide a consistent modelling methodology. This approach is 
described in detail in Northwest Hydraulic Consultants (2006a). 
 
The results of simulations of post-project anchor ice thickness downstream from the tailrace for two 
years (1991–92, a so-called warm year; and 1995–96, a very cold year) show that the anchor ice 
deposits vary throughout the winter and over some 30 km with width-averaged maximum 
accumulations of about 0.2 m in 1991–92 and 0.3 m in 1995–96. The average rate at which frazil would 
be lost from the ice production reach due to anchor ice formation would be about 0.5 m3/s. This is a 
small percentage of both the suspended frazil ice discharge (typically about 15 m3/s) and the surface 
frazil discharge (typically about 30 m3/s). 
 
Backwater effects from the downstream ice cover will limit anchor ice formation near the ice front due to 
the reduction in the intensity of the turbulence in the backwater reach. In addition, significant amounts 
of solar radiation and/or changes in air temperatures to above freezing will cause the anchor ice to lift 
free and leave the accumulation zone as surface ice. Gravel and cobble on the river bed downstream 
from the structure will likely release from the bed once sufficient anchor ice buoyancy develops. Due to 
the difference in density, about 20 times the volume of ice is needed to neutralize the weight of rock. 
The median size of the bed material in this portion of the river is about 50 mm, thus the maximum upper 
limit of the anchor ice thickness would be about 0.70 m, substantially greater than would be the limit set 
by temperature-related processes. 
 
Overall, it is concluded that anchor ice will not play a significant role in the post-project ice regime, and 
its exclusion from the list of salient ice processes simulated by PRICE will not substantially affect the 
overall simulation of the post-project ice regime.  
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4.7.5.2.4.4 Potential for Fog Development 
 
An important issue raised by local residents and AIT is the potential development of fog or ice fog at the 
Dunvegan Bridge due to open water below the bridge through the winter.  
 
Ice fog is a common occurrence in many cold regions when there is a supply of moisture (water vapour) 
and vertical mixing is limited. The supply of vapour in this instance is evaporation from the surface of 
the river, and the limited vertical mixing usually results from calm conditions at the water surface. An ice 
fog develops when the relative humidity approaches or exceeds 100 percent, either due to limited 
vertical mixing and a evaporation rate that exceeds the upward vapour diffusion rate, or when the air 
temperature drops below the dew point temperature. If the temperature reduction in the column of air is 
due to the release of long wave radiation to the upper atmosphere the fog is termed radiation fog. If fog 
formation is not due to a temperature reduction, but is caused by the advection of warm moist air into 
colder ambient air, it is termed evaporation fog. It is difficult to differentiate between the two in a field 
situation.  
 
If fog occurs at the project site as a direct result of open water at the bridge, there should be an 
increase in the frequency of days with fog in some months post-project, because there will be open 
water at the bridge for the entire winter. Table 4.7-9 summarizes the pre- and post-project days with 
open water for each winter month.  
 
 
Table 4.7-9: Pre- and Post-Project Days with Open Water at Dunvegan Bridge  

November December January February March Probability of Ice 
Conditions Becoming 

More Severe  
(%) Pre Post Pre Post Pre Post Pre Post Pre Post 

10 (very cold) 30 30 31 31 0 31 0 28 0 31 

20 (cold) 30 30 31 31 2 31 0 28 0 31 

50 (normal)  30 30 31 31 26 31 0 28 0 31 

80 (warm) 30 30 31 31 31 31 10 28 16 31 

90 (very warm) 30 30 31 31 31 31 28 28 20 31 

 
There will be no changes to the fog potential in November and December. A potential to increase the 
likelihood of fog will occur in about 50 percent the years in January and about 80 percent of the years in 
February. If climate conditions are conducive to producing fog in March, there will also be a greater 
potential to produce fog in that month, also in about 80 percent of the years. The translation of the 
increased number of days with open water into the likelihood of fog occurrence is addressed in 
Section 4.4 and 4.11. 
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4.7.5.2.5 Ice Conditions at the Town of Peace River  
 
4.7.5.2.5.1 Timing of Freeze-Up 
 
Figure 4.7-13 compares the pre- and post-project simulated freeze-up dates at the TPR in terms of 
days after November 1. Table 4.7-10 summarizes the pre- and post-project freeze-up dates for a range 
of frequencies that more or less represent a range of climate conditions in the basin. On average, the 
Project will delay freeze-up at town by about 10 days. For cold winters, the delay would be somewhat 
less, about 5 to 10 days, whereas in warm winters the delay would be about 10 to 15 days. 
 
Table 4.7-10: Pre- and Post-Project Modelled Freeze-Up Dates at the Town of Peace River  

Annual Probability of an Earlier  
Freeze-Up Date (%) 

Pre-Project 
Freeze-Up Date 

Post-Project  
Freeze-Up Date 

10 (very cold) Dec 10 Dec 21 

20 (cold) Dec 20 Jan 1 

50 (normal) Jan 5 Jan 16 

80 (warm) Jan 21 Feb 2 

90 (very warm) Jan 29 Feb 10 

 
4.7.5.2.5.2 Effects of Frazil Deposition on Freeze-Up Water Levels 
 
Because the downstream post-project ice front will be advancing at a much slower rate, and because 
there will be a somewhat greater concentration of suspended frazil at the ice front due to the proximity 
of the TPR to the upstream end of the ice generation reach, it is likely that more frazil will deposit under 
the slowly advancing ice front. This will ultimately create a slightly thicker accumulation which will 
slightly raise base freeze-up levels.  
 
The difference in the thickness of the ice accumulation pre- and post-project varies throughout the 
reach between the TPR and the project site. There is no increase at some locations because the ice 
thickness is limited by the transport of frazil. In other locations there is about 1 m of additional 
thickness, likely in areas where the velocity is low and the accumulation of the frazil is not limited by the 
cover load.  
 
On average, post-project freeze-up levels will be about 0.2 m higher than pre-project levels for a range 
of flows that would have been evident at freeze-up in each of the 23 years of simulations. However, in 
some years the freeze-up level could be up to 0.4 m higher. Note that this comparison is skewed 
somewhat by the variation in flows between pre- and post-project that would have existed at TPR 
during freeze-up under control flows. (The timing of the control flows in some years in pre-project likely 
would not represent the timing of control flows in post-project.) Nevertheless a stage increase of 0.5 m 
has been adopted as a conservative estimate for evaluation purposes. This higher freeze-up level may 
have an impact on the potential for basement flooding in lower West Peace because of the connectivity 
between river levels and groundwater levels in the floodplain. However, it is unlikely that the average 
water level increase at freeze-up would significantly increase the risks of the dike at the TPR being 
overtopped due to high ice-related water levels.  
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Figure 4.7-14 shows the range of ice-related flood levels that have been experienced at the TPR. Note 
the high freeze-up levels associated with secondary consolidations, and the high breakup levels 
associated with mechanical breakup and the formation of ice jams at the town. Both high freeze-up and 
breakup events have produced water levels within 0.5 m of the current top of the dike. At town, there is 
no connection between high freeze-up levels and high breakup levels. The two are independent.  
 
4.7.5.2.5.3 Timing of Breakup 
 
Breakup at the TPR occurs either thermally when the ice front recedes downstream from the town 
before the Smoky River breaks up, or mechanically, when the Smoky River breaks up first. Typically in 
warm, low-snowpack years, the thermal mode dominates. In colder than normal years when there is a 
significant snowpack, the reverse is true. 
 
All other variables being equal, the potential for a mechanical breakup is increased the later the 
receding ice front passes the TPR. Under the existing regulated regime, the ice front recedes at a rate 
of between 5 to 10 km/day. In post-project, the recession rate will vary from the current 5 to 10 km/day 
to less than half that in some of years. However, because the post-project starting position of the ice 
front will be closer to town, when the rate of thermal recession becomes significant, the front arrival at 
the town will not be delayed. Therefore, the risk of a mechanical breakup related to the Smoky River 
breakup is no greater post- than pre-project. Table 4.7-11 summarizes the differences in the thermal 
breakup date in the analogue years for the pre- and post-project periods. 
 
Table 4.7-11: Pre- and Post-Project Thermal Breakup Dates at Peace River  

Annual Probability of Thermal Breakup 
Occurring Earlier (%) 

Pre-Project Thermal  
Breakup Date 

Post-Project Thermal  
Breakup Date 

10 (very cold) April 25 April 25 

20 (cold) April 19 April 19 

50 (normal) April 6 April 6 

80 (warm) March 25 March 25 

90 (very warm) March 15 March 15 

 
4.7.5.2.5.4 Duration of Ice Cover 
 
Table 4.7-12 compares pre- and post-project ice cover durations at the TPR. The difference in the 
duration of the ice cover is entirely due to later post-project freeze-up dates. Regardless of the severity 
of the winter, the ice cover duration would be one to two weeks shorter post-project.  
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Table 4.7-12: Pre- and Post-Project Ice Cover Durations at the Town of Peace River 

Annual Probability of a Longer  
Ice Cover Duration (%) 

Pre-Project 
Ice Cover Duration (days) 

Post-Project I  
Ice Cover Duration (days)

10 (very cold) 120 130 

20 (cold) 105 115 

50 (normal) 80 90 

80 (warm) 55 65 

90 (very warm) 40 50 

 
4.7.5.2.6 Ice-related Flood Risk at the Town of Peace River  
 
4.7.5.2.6.1 Description of Secondary Consolidations 
 
Under the existing regulated regime, secondary consolidations pose the most serious flood threat to the 
TPR during freeze-up. These events are caused by instabilities at the head of the ice cover due to 
changes in flow or a loss in cover strength due to melting. A local collapse at the head of the ice cover 
releases water from channel storage (water contained in the extra depth under the ice cover due to 
increased resistance to flow that results from the ice cover) and causes a surge of ice and water to 
move downstream, temporarily increasing the flows and permanently thickening the cover. The result 
can be stage increases above the base freeze-up level of 2 to 5 m. If a secondary consolidation occurs 
after the ice cover has advanced upstream from town, high water levels could occur at town.  
 
The potential for secondary consolidations has caused limits to be placed on the flexibility of 
hydropower production during and immediately after freeze-up at the TPR. When the effects of 
secondary consolidations are included in the historical record, they increase the flood risk at the town, 
both at freeze-up and annually. For example, in the five winters since 1970 when extreme ice-related 
water levels occurred at the TPR (1972–73, 1978–79, 1981–82, 1991–92 and 1996–97), two events 
were due to secondary consolidations (1981–82 and 1991–92).  
 
The current practice for preventing serious flooding at the TPR is to limit the base water level at freeze-
up. By doing so, sufficient freeboard between the base freeze-up level and the top of the town’s dikes is 
provided to contain the stage increases produced by secondary consolidations. The amount of 
freeboard is based on the criterion that the risk of dike overtopping due to secondary consolidations 
should be about equal to the risk of flooding during open water floods. The present approach to 
providing sufficient freeboard is to set a target base freeze-up level by limiting flows from Bennett Dam 
to between 1500 and 1600 m3/s during the period when the TPR may be at risk from secondary 
consolidations.  
 
A question of what effects the Project will have on the potential for secondary consolidation to occur 
has been raised. In general, it is expected that secondary consolidation occurrences will decrease in 
post-project, thus reducing significantly the flood threat to the TPR during freeze-up.  
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4.7.5.2.6.2 Causes of Secondary Consolidations 
 
The explicit triggering of secondary consolidations is not well understood, but there is consensus 
among experts about the conditions that can lead to secondary consolidations. Some of these 
conditions include: 
 
• very rapid advance of the ice cover leading to a large increase in the hydraulic forces on the cover 

without much growth of thermal ice at its surface; 

• sudden increases in discharge that disturb the previously established equilibrium conditions; and 

• sudden rise in temperatures that can deteriorate the thermal ice on the surface of the ice cover. 
 
Observations indicate that when a secondary consolidation occurs: 
 
• the cover fails somewhere downstream from the ice front; 

• the front moves downstream in response; 

• water is extracted from channel storage (adding to the flow in the river); and 

• the additional flow increases the forces on the ice cover, thereby adding to the instability.  

 
This unraveling of the ice cover can have dramatic effects on water levels and ultimate ice thicknesses 
as was demonstrated at the TPR in 1981–82. Numerical models are not yet available to predict the 
transient discharges and water level fluctuations within a secondary consolidation. 
 
4.7.5.2.6.3 Observations of Secondary Consolidation Events 
 
Routine freeze-up observations (mainly ice front locations) have been carried out at the TPR since 
about 1980, providing 25 years of data from which some empirical understanding can be gained about 
secondary consolidations. Table 4.7-13 summarizes the freeze-up characteristics relevant to ice cover 
stability and secondary consolidation potential between the TPR and the project site for those 25 years.  
 
For each year, the table summarizes: 

•  the period over which the observations were made 

• the average celerity of the ice front (rate of upstream advance) 

• the mean daily temperature at the TPR over the 25-year period 

• the discharge at Hudson’s Hope 
 
Some inflow occurs between Hudson’s Hope and the TPR, but this is less than about six percent of the 
flow at Hudson’s Hope. The table also notes if a consolidation occurred anywhere in the reach. 
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Table 4.7-13: Summary of Post-Bennett Dam Ice Front Celerity and Secondary Consolidation 

Events over a 25-year period 

Year Start Date 
of Period End Date  

Average 
Discharge at 

Hudson’s 
Hope  
(m3/s) 

Average Air 
Temperature at 

the Town of 
Peace River  

(°C) 

Average 
Ice Front 
Celerity 

(m/s) 

Comments 

1975–76 12-Dec 16-Dec 1316 -30.3 0.28  
1979–80 24-Dec 28-Dec 454 -5.0 0.13 secondary consolidation 
1981–82 31-Dec 6-Jan 1358 -33.8 0.30 secondary consolidation 
1982–83 4-Jan 6-Jan 1273 -15.6 0.11  
1983–84 14-Dec 23-Dec 1450 -26.6 0.14  
1984–85 21-Dec 24-Dec 1533 -30.6 0.19  
1985–86 2-Dec 6-Dec 1698 -15.4 0.10  
1986–87 20-Jan 30-Jan 1681 -9.0 0.03  
1987–88 29-Jan 8-Feb 1793 -28.5 0.20  
1988–89 29-Dec 12-Jan 1265 -18.1 0.12 secondary consolidation 
1989–90 9-Jan 19-Jan 1630 -8.8 0.02  
1990–91 20-Dec 28-Dec 1847 -25.7 0.13  
1991–92 18-Feb 23-Feb 1795 -18.6 0.07 secondary consolidation 
1992–93 29-Dec 31-Dec 1563 -41.2 0.67 secondary consolidation 
1993–94 12-Jan 14-Jan 1553 -24.5 0.18  
1994–95 3-Jan 13-Jan 1879 -17.8 0.01  
1995–96 10-Dec 15-Dec 1731 -20.6 0.14  
1996–97 20-Dec 26-Dec 1399 -30.3 0.29  
1997–98 12-Jan 16-Jan 1642 -25.5 0.21  
1998–99 4-Jan 15-Jan 1578 -19.1 0.11  
1999–00 14-Jan 17-Jan 1450 -23.4 0.16  
2000–01 27-Feb 28-Feb 1600 -24.0 0.12 secondary consolidation 
2001–02 18-Jan 01-Feb 1550 -20.0 0.14  
2002–03 21-Jan 29-Jan 1600 -20.7 0.17  
2003–04 23-Jan 29-Jan 1600 -30.0 0.46 secondary consolidation 

 
Under the current regulated regime, the celerity of the ice front between the town and Dunvegan has 
ranged from 0.02 m/s (1.4 km/day) to 0.67 m/s (57 km/day). The highest value occurred in one extreme 
case, but typically the celerity has varied from 0.06 to 0.23 m/s (5 and 20 km/day). The celerity of the 
ice front between the town and Dunvegan is almost linearly proportional to temperature (for discharges 
ranging from 1300 to 1800 m3/s), with the celerity increasing as the air temperature drops. The ice front 
celerity in the reach approaches zero when temperatures are above -10 0C.  
 
Secondary consolidations were apparent in 7 of the 25 years for which observations are available. 
Secondary consolidations occurred over the entire range of measured ice front celerity, owing to the 
convergence of other contributing factors. For example, a secondary consolidation occurred in 1981-82 
due to a discharge increase of about 60 percent following a period of rapid upstream advance of the ice 
cover. On the other hand, in 1991–92 a secondary consolidation occurred during a brief but severe 
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warm spell that followed a more or less benign freeze-up at lower than average celerities. The warming 
was enough to melt the thermal ice crust within the cover and also to generate runoff upstream from the 
TPR. Also, in 1979–80 a secondary consolidation occurred when discharges at Hudson’s Hope 
increased to over 1500 m3/s from a freeze-up discharge of about 450 m3/s. 
 
In 1992–93 the ice cover consolidated near Dunvegan without any apparent perturbation in either 
discharge or temperature, except that the cover had advanced upstream at a very rapid rate just 
previously. This consolidation was related to a failure of a juxtaposed ice cover that had formed near 
Dunvegan. The 1988–89 consolidation was preceded by about a 20 percent increase in discharge 
combined with a slight warming trend. Consolidation in 2001–02 appeared to be precipitated by a rapid 
warming with only a moderate advance rate, whereas the 2003–04 consolidation was preceded by a 
rapid advance ice cover rate, followed by only a moderate increase in temperature. Overall, after 
accounting for the effects of flow fluctuations at Bennett, secondary consolidations are more likely to 
occur when the ice front advances at a rapid rate. Any reduction in the advance rate should reduce the 
likelihood of secondary consolidations.  
 
4.7.5.2.6.4 Post-Project Cover Formation and Stability 
 
The post-project ice forming upstream from the project site will not contribute to the formation of the ice 
cover downstream from Dunvegan, at the TPR. This will reduce the rate at which ice is supplied to the 
downstream ice front and substantially reduce its celerity. As shown in Figure 4.7-15, it is expected that 
the post-project celerity in the vicinity of the TPR will range between 0.023 m/s (2 km/day) and 0.07 m/s 
(6 km/day). This represents a 50 percent reduction in current low advance rates when secondary 
consolidations are unlikely to occur and a 65 percent reduction at the higher advance rates when a 
secondary consolidation is more likely to occur.  
 
Furthermore, due to the proximity of the ice production reach (between Dunvegan and the TPR) to the 
ice front, there will be no interval between ice generation and thermal growth of the ice crust on the 
surface of the cover under rapidly changing air temperatures. That is, there will be a one-to-one 
relationship between the rate of ice accumulation and the freezing of the cover. On very cold days 
when the ice discharge at the front will be relatively high and forces on the ice cover will rapidly 
increase, the strength of the cover due to thermal growth of a surface crust will also increase rapidly. 
On warm days, when the rate of thermal ice growth is reduced, the ice discharge will be less and the 
forces on the ice cover will not increase rapidly. 
 
Once a consolidated ice cover has formed at any location, it should remain stable at that location as 
long as the discharge does not change, regardless of the length of the ice cover upstream and in spite 
of warming air temperatures. Gravity and drag forces are transmitted to the banks by the internal 
strength of the ice cover and hence there should be no net force transmitted downstream. Freezing at 
the surface of the cover should not be needed to maintain stability, but it would substantially increase 
stability. In the absence of surface freezing any small increase in discharge could potentially mobilize 
the cover and cause a secondary consolidation.  
 
For any given perturbation to the ice cover, its stability can be assessed within the context of its thermal 
ice thickness and the length of ice cover upstream from the point of potential instability. As both the 
thermal ice thickness and the length of the ice cover that could fail are related at any time to the air 
temperature, and only a finite perturbation can be produced (either from changing release patterns or  
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from local inflow), for a given growth of thermal ice, the tendency for a secondary consolidation to form 
would increase at higher ice cover advance rates because a longer ice cover would result in a larger 
increase in hydraulic forces than a shorter cover.  
 
Figure 4.7-16 compares the annual simulated maximum ratio of the length of the ice cover (L) upstream 
from its corresponding thermal or solid ice thickness (hm) for the reach between the TPR and 
Dunvegan, as the ice cover is advancing upstream. Due to the reduced rate of ice advance the ratio 
L/hm is substantially less post-project, by a factor of about two at the longer return periods. From a risk 
perspective, the post-project ratio associated with 5 percent exceedance probability (20-year return 
period) is equivalent to a pre-project ratio with 50 percent exceedance probability (2-year return period). 
This suggests that the likelihood of secondary consolidations post-project would be substantially less 
than pre-project. 
 
4.7.5.2.6.5 Post-Project Water Levels at the Town of Peace River due to a Secondary 

Consolidation 
 
The other component of the risk discussion the question of the relative severities of the secondary 
consolidations (should they occur) pre- and post-project. Notwithstanding the implications of the slightly 
higher freeze-up levels expected to occur post-project, the severity of the surge that would develop 
from a secondary consolidation should be a function of the length of the consolidating ice cover and its 
height. The latter value depends on the thickness of the ice cover and the roughness of its underside. 
Typically in post-project conditions the length of the ice cover upstream from the TPR would be shorter, 
thus tending to a lower surge discharge. On the other hand, the ice covers in post-project are expected 
to be slightly thicker due to more deposition of suspended frazil, thus tending to a higher surge 
discharge.  
 
This concept was evaluated for pre- and post-project conditions. The PRICE model was used to 
simulate the failure of ice covers of varying lengths formed at a river discharge of 1600 m3/s and an air 
temperature of -20°C in the reach between the TPR and Dunvegan. The cover was allowed to form in 
its usual manner and then forced to collapse as far downstream as the TPR by sending a surge of 
water to the head of the cover. The PRICE model does not differentiate between volumes of ice and 
water during such a collapse, but simply routes the entire volume (treated conservatively as water) 
downstream from where the collapse occurs. Thus, the simulated flood wave at the TPR represents the 
effects of both cover length and thickness. Flow depth under the ice cover post-project is not expected 
to be different from pre-project, as the roughness of the ice underside is not expected to change. 
 
The relationship between the simulated length of the collapsed ice cover and the simulated peak 
discharge of ice and water at the TPR for pre- and post-project conditions is shown in Figure 4.7-17. 
The two data sets exhibit no clear differences, thus indicating that there would be no distinct differences 
in the severity of a pre- or post-project surge. In fact, because of the systematically shorter length of ice 
cover in post-project, there will tend to be a reduction in the average severity of the surges should they 
occur in post-project.  
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4.7.5.2.6.6 Summary of Post-Project Secondary Consolidation Risks at the Town of 
Peace River 

 
In summary, it is expected that the frequency of post-project secondary consolidations will be 
significantly reduced for the following reasons. 
 
1. Rapid advances of the ice cover that might lead to large increase in the forces on the ice cover will 

not occur without the attendant growth of thermal ice at its surface. 

2. Although sudden increases in discharge or temperature that violate previously established 
equilibrium conditions may still occur, any foreseeable increases will not be great enough to 
destabilize the ice cover as often as in pre-project due to reason (1) above.  

3. There will be no decoupling of ice production and thermal thickening. This means that during post-
project the likelihood of developing a significant force on the ice cover will be lower while at the 
same time melting or deteriorating the thermal ice at its surface. 

 
If a secondary consolidation should occur post-project, the severity of the surge will be no greater than 
under current conditions, in spite of a somewhat thicker ice cover, due to the reduced length of the 
cover. 
 
4.7.5.2.6.7 Effects of the Project on Breakup Water Levels at the Town of Peace River 
 
Breakup water levels the TPR relate to a number of factors. The most benign breakup condition occurs 
during a thermal breakup when the ice front recedes downstream past the TPR before there is 
significant snowmelt runoff in the Smoky River or Upper Peace River. A mechanical breakup occurs 
when the ice breaks up under hydraulic forces and a moving ice run is produced, either by an influx of 
ice and water from the Smoky River, or from the Upper Peace River basin (historically inflow from the 
Smoky River has been dominant). This condition occurs during approximately 80 percent of the years 
at the TPR, and may or may not lead to a stable ice-jam condition. Should a stable jam form, the peak 
water level would be a function the flow in the river and the ice jam characteristics. Neither of these 
factors will be changed by the Project; therefore, should a post-project jam form, there is no reason why 
the subsequent water levels would be any higher than pre-project conditions.  
 
The likelihood of a mechanical breakup will not increase post-project because the thermal recession of 
the ice front will not be delayed. In fact, PRICE suggests that in some years the thermal breakup at the 
TPR will occur earlier post-project, thus possibly contributing to an overall lower risk of mechanical 
breakup. The shorter duration of the ice cover at town will not produce thicker post-project thermal ice 
at the town. Thus, if the potential of a jam forming can be ostensibly related to thermal ice thickness, 
the potential for a jam forming, given a mechanical type of breakup, will not be higher post-project. 
Finally, because there will be no post-project changes to the river flows, should a jam form, the 
subsequent water levels should not be any higher than what is currently being experienced. All the 
analysis suggests that at worst, the Project will be neutral with respect to the likelihood of ice-related 
flooding during breakup at the TPR. 
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4.7.5.2.6.8 Overall Changes to Flood Risk at the Town of Peace River 
 
Based on these discussions, it appears likely that post-project there will be a reduction in the frequency 
of high freeze-up levels caused by secondary consolidations. No increase in breakup water levels in 
post-project is anticipated, so on balance it is expected that there will be a decrease in high ice-related 
water levels on an annual basis.  
 
It also appears that there may be an increase in the base freeze-up levels of up to about 0.5 m due to 
deposition of suspended frazil. Although this will have little effect on the risks of high post-freeze-up 
levels developing, it may affect groundwater levels in lower West Peace after freeze-up. Mitigation of 
effects on groundwater levels in lower West Peace is addressed in detail in Section 4.7.5.2.10.5.  
 
4.7.5.2.7 Ice Conditions at Shaftesbury Ferry  
 
The ice conditions at Shaftesbury Crossing are of interest because of the potential effects of the Project 
on the operation of the ferry in the early winter under flowing ice conditions and the construction of an 
ice bridge during the mid-winter period. The ferry has always been operated by AIT, and the 
construction and operation of the ice bridge has alternated between local private concerns and AIT over 
the last 20 or so years. As of 2006, both are operated by AIT.  
 
4.7.5.2.7.1 Duration of ice cover 
 
Figures 4.7-18 and 4.7-19 compare the frequency curves of simulated freeze-up and breakup dates at 
Shaftesbury Ferry for the 23 years of simulated pre- and post-project conditions. Post-project breakup 
dates do not change significantly from pre-project conditions. The freeze-up date would be delayed by 
about 10 days in cold winters, about 20 days in a normal winter and about 30 days in warm winters. On 
average, the freeze-up delay would be 20 days. In pre-project conditions, freeze-up has occurred as 
late as February 5 in two of the 23 years, resulting in ice duration of less than 30 days at 
Shaftesbury Ferry. In post-project conditions those would have been two years when the ice cover 
would not have advanced to Shaftesbury Ferry. 
 
Figure 4.7-20 compares pre- and post-project frequency curves of simulated ice cover duration at 
Shaftesbury Ferry. Table 4.7-14 summarizes these results. The calculated pre-project length of the ice 
season (hence the length of time over which an ice bridge can be contemplated) varies from 50 or more 
days in 90 percent of the years to 120 or more days in 10 percent of the years. In 50 percent of the 
years there would be at least 86 days of ice cover. The post-project duration would be reduced from 
23 days in 90 percent of the years to 108 or more days in 10 percent of the years. In 50 percent of the 
years there would be at least about 65 days or of ice cover. So, although the Project will have a greater 
impact on the duration of the ice season in warm winters than in cold winters with pre-project durations 
being shorter by between 7 to 40 days in individual years, on the average the ice season will be 
20 days shorter. 
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Table 4.7-14: Duration of Ice Cover at Shaftesbury Ferry, Pre- and Post-Project 

Annual Probability of Experiencing a 
Longer Ice Cover Duration  

(%)  

Pre-Project 
Ice Cover Duration  

(days) 

Post-Project 
Ice Cover Duration  

(days) 

10 (very cold) 124 108 

20 (cold) 110 93 

50 (normal) 86 65 

80 (warm) 62 37 

90 (very warm) 50 23 

 
4.7.5.2.7.2 Effects on Ferry Operations 
 
With almost no change in breakup dates at Shaftesbury Ferry, the Project would have no impact on 
when the ferry would be put into service each spring. The ferry could run all summer long without 
interruption, provided that the prevailing flow conditions were appropriate and the ferry is in good 
working condition. As the Project will have no effect on open water flows and water levels, it should 
have no effect on summer operations.  
 
Anecdotal information from AIT staff indicates that the annual decision to end the ferry service each 
year is based on a number of factors, including the concentration of running surface ice, the weather 
forecast, and concerns about public safety and operability of lifeboats at very low temperatures 
(Bill Gish, AIT, pers. comm.; Pete van de Ligt, AIT, pers. comm.). As the Project is most likely to affect 
surface ice floe concentrations, analysis is focused on this parameter. Once any significant amount of 
running ice appears in the river, the ability of the ferry to steer is impaired. This is because the design of 
the current ferry, as a tug and barge system, is such that ice becomes trapped in between the pontoons 
of the barge, creating forces above those which the tug can effectively manoeuvre. Generally AIT tries 
to remove the ferry before concerns about ferry operability are realized; however they acknowledge a 
need to weigh these concerns against pressure from ferry users to keep it operating as long as 
possible.  
 
The main effect of the Project on ferry operations will be during freeze-up, under protracted periods of 
running ice in the river. Figure 4.7-21 shows the relationship between the historical dates of ferry 
closure and the calculated ice floe concentration (as a fraction of water surface area) on those dates. It 
appears that the surface ice concentration is generally about 0.30 (30 percent water surface coverage) 
when the ferry is removed, however photos of surface ice concentrations suggest that there is not great 
difference in ice conditions for surface concentrations between 20 and 40 percent. 
 
Regardless of the critical ice floe concentration for ferry operations, there is not a large time interval 
between when surface ice appears on the river and when it reaches a concentration of 20 percent or 
more. Figure 4.7-21 shows that the timing of the occurrence of the 1 and 20 percent ice floe 
concentrations is only a matter of a couple of days. The 20 percent surface ice criterion is likely 
conservative as a critical ice concentration in terms of ferry operability. 
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As there is no difference in the timing of breakup and there is no difference in the timing of when the 
20 percent ice concentration is achieved, the Project should not have any effect on the duration of ferry 
operations.  
 
Should there be a desire to attempt to extend the ferry service into periods with higher ice 
concentrations and perhaps lengthen the ferry season, it would be important to understand the kind of 
post-project ice conditions in which the ferry would operate. Data extracted from PRICE indicate that 
the typical maximum surface concentration would be about 40 percent. The maximum thickness of the 
ice floes would be about 0.5 m, and the maximum thickness of the thermal ice in the floe would be 
about 0.12 m. The latter thickness would be the portion of the ice floe that would likely produce the 
largest forces on the hull(s) of the ferry. This ice would be relatively strong (say about 1200 kPa) and be 
at a temperature of about 0°C. 
 
4.7.5.2.7.3 Effects on Ice Bridge Operations 
 
Because of the intermittent nature of ice bridge operations and of the history of its construction and 
operation, historical operational information on the ice bridge is very limited. Using information based 
on the diary entries from local residents (courtesy Ms. Carolyn Chenard, 2005), the dates when the ice 
bridge went into and out of service have been assembled for the last couple of decades. However, this 
information does not provide a verifiable statistical basis for comparing periods of pre- and post-project 
operations, because it is includes several uncertainties related to the inconsistency of the parties 
responsible for construction of the bridge, and associated inconsistencies in construction design criteria 
and methods, and criteria for when it was considered safe to cross. A more systematic method is 
desirable to quantitatively assess the effects of the Project on the ice bridge, particularly given AIT’s 
current quantitative, safety-based approach to construction of the bridge.  
 
Under current operations, AIT refers to the Alberta Occupational Health and Safety (AOHS) document 
Travelling and Working on Ice Requires Extreme Caution for guidance on ice thicknesses considered 
safe for working and travelling. Under the current AIT-managed operating regime, it is likely that access 
to the ice to begin construction of an ice bridge would first occur at an ice thickness of 0.10 m and that 
public crossing would likely first occur when a thermal ice thickness of 0.23 m had been developed 
(Pete van de Light, pers. comm.). These criteria have been adopted herein in order to compare the 
duration of safe ice crossing conditions at Shaftesbury under pre- and post-project conditions. 
 
Although the ferry would be removed more or less on the same date, it would take somewhat longer 
post-project to form a solid ice cover after the ferry is removed. It is during this period at freeze-up that 
the ability to cross the river would be most affected. To evaluate the delay in ice bridge construction, it 
was assumed that construction of the ice bridge would commence when a thermal ice thickness of 
0.10 m was achieved by natural growth. After that point, the time to achieve the safe travel would be 
more or less the same pre- and post-project because it would depend on ice bridge construction 
operations and air temperature. Therefore, the annual reduction in crossing duration can be assumed 
as the difference in time to develop 0.10 m of thermal ice at the crossing location. Figure 4.7-22 shows 
this difference using frequency curves of reported first crossing date, the simulated date when an ice 
thickness of 0.10 m would be achieved pre-project, and the simulated date when it would be achieved 
in post-project. The observed and simulated pre-project data plot close together, thus verifying the 
modelling; the post-project dates are delayed by about two to three weeks. 
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There will be no significant change to the dates of ice bridge closure because the timing of breakup will 
not change substantially. Frequency plots of the simulated dates when the last safe crossing ice 
criterion (0.23 m ice thickness as per the AOHS guidelines) would be encountered are shown in 
Figure 4.7-23. The curves for the three conditions—pre-project observed, pre-project simulated and 
post-project simulated—plot close to each other, thus indicating little post-project change.  
 
Thus, the analysis suggests that the net annual reduction in crossing days for both the ferry and the ice 
bridge would be about two to three weeks (14 to 21 days) for a wide range of recent climate conditions.  
 
It is worth noting that over the last 25 years, annual operating days of the ferry have ranged from 
approximately 195 to 275, and although official data are not available for the ice bridge, anecdotal 
information from local residents and results from the PRICE model indicate that annual operating days 
for the ice bridge have ranged from 0 to 120 days. Therefore, the two- to three-week service reduction 
falls within the apparent range of current variability in availability of the crossing.  
 
4.7.5.2.7.4 Effects During Project Construction 
 
The facility will be constructed over four years, with work scheduled for the summer months only (April 
to October). The Project is not expected to have any effect on the ice regime until after year three, at 
which point the river flow will be sufficiently constricted by the headworks components being built out 
from either bank of the river that it is highly probable that lodgement in the headpond will occur, and set 
up the two-ice front scenario that will prevail during Project operations  
 
It is therefore likely that there will be an effect on Shaftesbury Crossing in the winter following year 
three of construction. The severity of the effect will depend on the severity of the winter, and the risk of 
experiencing an ice condition for a given winter climate scenario can be evaluated using the same 
analysis procedure that has been developed for the post-project conditions. After year four of 
construction the Project will be completed and operational. Lodgement will occur in the headpond and 
the post-project ice regime will be established. 
 
4.7.5.2.8 Ice Conditions Downstream from the Town of Peace River 
 
Generally, freeze-up in the lower reaches of the Peace River occurs in early to mid-November when 
temperatures are low enough to produce ice despite relatively high water temperatures at Bennett 
Dam. During freeze-up in the lower reaches, the zero degree isotherm (and therefore the ice-
generating reach of the river) always occurs downstream from Dunvegan, regardless of air 
temperature. Accordingly, all the ice that contributes to the formation of the ice cover downstream from 
Fort Vermilion forms downstream from Dunvegan. Therefore, the Project would have no effect on the 
freeze-up characteristics at and downstream from Fort Vermilion. No impacts would be evident at 
Vermilion Chutes, Fox Lake or anywhere in the Peace–Athabasca Delta or the Slave River system.  
 
The ice cover will advance upstream from Fort Vermilion at the same rate pre- and post-project as long 
as the entire ice generation reach is downstream from the project site. Once the post-project water 
temperature at Bennett Dam drops low enough for the zero degree isotherm to occur upstream from 
Dunvegan, ice will start to be trapped in the headpond at the project site. At that point, the ice supply to 
the downstream ice front will be reduced and the rate of the ice front advance will also be reduced. The 
characteristics of the ice cover will not change.  
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In summary, the only effects on the ice regime downstream from the TPR during freeze-up would be 
related to the timing of freeze-up, which will occur only after ice begins to accumulate in significant 
quantities in the project headpond. On the average, this would occur when the ice front is near km 540, 
about 25 km upstream from the Notikewin River. Over the 23 simulated years, the farthest downstream 
distance at which the effects would have been initiated was km 570 (5 km downstream from the 
Notikewin River) and the farthest upstream location would have been at km 460, near the 
Whitemud River.  
 
With respect to some important locations downstream from the TPR, of the Project would not affect ice 
conditions at Fort Vermilion, Tompkins Landing, Carcajou or any locality downstream from the 
Notikewin River. Freeze-up would be delayed slightly at Sunny Valley in about 85 percent of the years, 
but only by a couple of days. A short delay in the freeze-up would occur every year at locations 
upstream from the Whitemud River. 
 
Because the Project will not influence the date on which thermal breakup would occur at the TPR, there 
will be no effects on the expected dates of thermal breakup downstream from the town. In addition, the 
Project will not change the severity of breakup downstream from the town (see the discussion in 
Sections 4.7.5.2.5.3, and 4.7.5.2.6.7).  
 
4.7.5.2.9 Ice Conditions Upstream from the Project  
 

4.7.5.2.9.1 Overview of Upstream Ice Conditions 
 
Currently, it takes a substantial part of the winter for the ice cover to progress upstream from the project 
site. The ice front is upstream from the project site for about 100 days in the coldest winters (exceeded 
only in 10 percent of the years) and about 30 days in the warmer winters (exceeded in about 80 percent 
of the years). Post-project, regardless of the severity of the winter, the ice front will be upstream from 
the project site for about 60 days longer than at present.  
 
The Project will increase the likelihood of the ice front advancing farther upstream. Table 4.7-15 
summarizes the effects of the Project on the maximum upstream ice front position for a range of winter 
conditions. Post-project, the ice front will be able to advance upstream quite far even in warm winters 
because of the lodgement of ice in the headpond and the earlier start of the ice front advance from 
there. The effects of the Project on the farthest upstream position of the ice front will be more 
pronounced in mild and normal winters than in cold winters. In cold winters the ice front will advance 
only some 30 km farther upstream, but in warm winters the ice front will advance about 80 to 90 km 
farther upstream than at present because the earlier formation of a cover in the headpond would tend 
to offset the effects of a milder winter. 
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Table 4.7-15: Maximum Advance of Ice Front Relative to Bennett Dam, Pre- and Post-Project 

Annual Probability of the Ice Front 
Advancing Closer to Bennett Dam  

(%) 

Pre-Project 
Maximum Upstream Ice Front Position 
(km Downstream from Bennett Dam) 

Post-Project 
Maximum Upstream Ice Front Position 
(km Downstream from Bennett Dam) 

10 (very cold) 130 100 

20 (cold) 150 120 

50 (normal) 200 150 

80 (warm) 250 170 

90 (very warm) 270 180 

 
Under current regulated conditions, the ice cover advances upstream into British Columbia only in 
colder than normal winters (about 30 percent of the years), and then it only stays in British Columbia for 
between 10 and 60 days. Post-project, the ice front will advance into British Columbia in about 
70 percent of the years and remain there for between 5 and 85 days. Based on the range of normal to 
cold winters on record, the post-project ice front will be in British Columbia for about 30 days longer 
than it is currently.  
 
As the Project will not change the characteristics of the cover or increase ice-related water levels, but 
only the duration of the cover, the effects of the Project should be constrained within the boundaries 
historically affected by ice. 
 
With respect to water intakes upstream from the Alberta–British Columbia border, consultation 
undertaken by Glacier Power has confirmed that there are only a few intakes that operate on a routine 
basis in the winter, and most of these appear not to be affected historically by ice conditions in the river. 
The one exception may be the water supply wells operated by the District of Taylor, discussed in further 
detail below. 
 
4.7.5.2.9.2 Ice Conditions at District of Taylor 
 
Under existing regulation, the ice front advances to near Taylor in less than 20 percent of the years, but 
stays in the vicinity for a very short time, less than about 5 days on average. When this occurs, the ice 
cover affects access to the water supply intakes in the river floodplain. However the duration of this 
inconvenience is short and manageable.  
 
Post-project, the ice front will advance to Taylor in about 35 percent of the years and remain near 
Taylor for about 15 to 40 days, or 25 days on the average. Table 4.7-16 summarizes the simulated pre- 
and post-project ice cover durations at Taylor. The characteristics of the ice cover will not change. Ice 
thickness and water levels will be about the same as under present conditions. 
 
Breakup at Taylor and in the reaches downstream occurs in a thermal mode. The stretch of open water 
between Bennett Dam and Taylor absorbs energy, thereby melting the ice front in advance of any 
spring runoff that might cause mechanical breakup. There will be no fundamental change in this 
process due to the Project. However, because the ice front will tend to advance upstream sooner in the 
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post-project period than it does now, the ice cover will be in place longer. This will result in a greater 
pre-breakup solid ice thickness which will tend to reduce the recession rate because of the need to melt 
greater volumes of ice. 
 
Table 4.7-16: Duration of Ice Conditions at Taylor  

Annual Probability of Longer  
Ice Duration  

(%)  

Pre-Project 
Ice Cover Duration  

(days) 

Post-Project 
Ice Cover Duration  

(days) 

10 (very cold) 0 35 

20 (cold) 0 25 

50 (normal) 0 0 

80 (warm) 0 0 

90 (very warm) 0 0 

 
4.7.5.2.9.3 District of Taylor Water Supply 
 
Much of the information on the Taylor water intake system was provided by Gordon Davies of the 
District of Taylor during the 2000 EIA and Application process. A brief summary is provided here; more 
detail can be found in Northwest Hydraulic Consultants (2006a). 
 
The water intake system at Taylor is along the left bank of the Peace River, opposite the mouth of the 
Pine River (121 km downstream from Bennett Dam). The system consists of four wells positioned at the 
downstream end of a low island. The water supply depends on percolation of river water down through 
river gravels into the wells, and as such is virtually assured as long as the well screens do not plug or 
the pumping system does not fail. Sedimentation within the gravel bar and loss of communication with 
the river water has not been a problem, although the maintenance of either a motor or a pump is 
needed about once every two months. This requires access to the well heads.  
 
The well heads are on a relatively high gravel bar that would appear quite stable under the normal 
regulated flow regime. The wells would only be submerged at open water discharges in excess of 
2500 m3/s. During the years in which the ice front advances to Taylor, the water level at freeze-up 
increases by about 4 to 5 m, thereby submerging the gravel bar on which the wells are found.  
 
The duration of the current ice cover, in the years that it forms, varies from about 5 to 30 days. On 
average, access to the well heads during the winter would not be possible under current conditions for 
about 25 days once every five years. Post-project, this would increase to an average of 40 days once 
every three years.  
 
The Project will not adversely affect the performance of the water intake system at Taylor. Although 
both the annual frequency and duration of an ice cover at the wells will increase post-project, the water 
levels and ice conditions that will be experienced will not be any different than those that are now being 
experienced. It is understood that no difficulties have been encountered in the past during periods when 
the ice cover has developed at the site, and hence none are expected post-project. However, there will 
be reduced access to the wells post-project, because it currently is not possible to access the wells 
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when an ice cover exists at the site, and in post-project conditions the annual frequency and duration of 
an ice cover at the wells will increase. It will be important to plan maintenance during the late fall before 
the arrival of the ice front because it will be more likely that winter access could be reduced post-
project. 
 
4.7.5.2.10 Control Flows and Effects on BC Hydro 
 
This section provides an assessment of the effects of the Project on the duration of flow controls that 
would be applied to BC Hydro while the ice cover is advancing through the TPR. Flow controls are 
managed by the Joint Task Force on Peace Ice (JTF), a group consisting of representatives of Alberta 
Environment, TPR, the BC Ministry of Environment and BC Hydro.  
 
The basic objectives of the flow controls are to allow the existing the TPR dike system to (1) provide the 
same flood protection in winter as in summer and (2) limit the groundwater flooding at lower West 
Peace where high groundwater levels are linked to high river levels. Because discharge at freeze-up 
affects both the thickness of the ice cover and the flow depth under it, water levels at freeze-up are 
mostly a function of discharge. As discharge at town during freeze-up is determined predominantly by 
releases at Bennett Dam, controls on releases at Bennett Dam have been found necessary to prevent 
the occurrence of unacceptably high water levels.  
 
4.7.5.2.10.1 Start of Freeze-up Flow Controls 
 
Presently, the purpose of defining a start date for flow controls is to provide sufficient lead time for flow 
changes at Bennett Dam to be felt at the TPR before the ice cover forms there. It typically takes about 
two days for flow changes at Bennett Dam to be transmitted downstream to the TPR. The current 
practice identifies a rendezvous point about 16 km downstream from the TPR, which is defined as the 
point at which the control flow from Bennett Dam should meet the advancing ice cover. The rendezvous 
point does not appear related to any physical feature on the river, rather it simply provides a safety 
margin in protecting the TPR in the event of an unexpectedly rapid ice front advance. To ensure the 
meeting of the control flow and the ice cover at the rendezvous point, it is necessary to define a control 
point some distance downstream from the rendezvous point, equivalent to the distance the ice front 
would advance over a period of two days (the time it takes for a flow adjustment at Bennett Dam to 
reach the rendezvous point).  
 
Flow controls are initiated once the advancing ice cover reaches the control point. The control point 
varies from year to year and is set by the JTF on the basis of the rate at which the ice front is 
advancing, so that the ice cover forms at the rendezvous point under the control discharge. The faster 
the ice front advances, the farther downstream from the TPR the control will be.  
 
 
Under current conditions, the ice front advance rate generally varies between 4 and 20 km/day. Thus, 
in order to allow two days travel time up to the rendezvous point, the control point would vary between 
8 and 40 km downstream from the rendezvous point, or about 25 to 55 km downstream from the TPR. 
Given the range of ice front advance rates that has been experienced, the current guideline provides 
between three and six days of lead time between when flow is adjusted at Bennett Dam and when the 
ice front reaches the TPR. 
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4.7.5.2.10.2 Target Freeze-up Levels at the Town of Peace River 
 
The target base freeze-up level at the TPR has been set with the idea to provide sufficient freeboard 
between the expected base freeze-up level and the top of the dike to contain the secondary 
consolidations. The actual target base freeze-up elevation has changed somewhat over time as 
attempts were made to optimize the discharge to base-freeze-up-elevation relationship. The 1997 
Trillium report (Trillium Engineering and Hydrographics Inc, 1997) recommended a target base freeze-
up level of 314.7 m elevation, corresponding to a freeze-up discharge of about 1500 m3/s. At that 
freeze-up discharge, the dikes provide sufficient freeboard to contain a 100-year secondary 
consolidation event with 0.5 m of freeboard.  
 
4.7.5.2.10.3 Removal of Freeze-up Controls 
 
Under present conditions when the ice front advances upstream from the TPR, the town is at risk from 
the effects of secondary consolidations. The longer the flow controls are in place, the less the risk to the 
town. On the other hand, BC Hydro would prefer to minimize the duration of flow controls and resume 
normal winter operations at Bennett Dam as soon as possible to maximize power production. The 
criterion for the removal of flow controls has undergone considerable changes over the past twenty 
years. There were no controls early in the post-Bennett Dam period. After experiencing a couple of 
severe freeze-up ice conditions at the TPR, a rather severe criterion was established: normal 
operations at the dam could not resume until 10 to 14 days after the ice front had advanced upstream 
past the project site. In some years this criterion was never realized, and BC Hydro was on control flow 
for the rest of the winter.  
 
Implementation of flow controls based on the criterion means that flow controls must be in place for a 
significant length of time each winter. The control period described above would have varied 
considerably over the history of the existing regulated regime if this criterion had been strictly applied. 
The range would have been a minimum of about 20 days to a maximum of 75 days. Most of the 
variability would have owed to the fact that in years when the ice front never advanced upstream from 
Dunvegan the flow controls would have been in place for the entire winter after freeze-up at the TPR. 
The average yearly duration of flow controls would have been 36 days.  
 
The concept of changing this somewhat arbitrary criterion to be more process-based was initially 
suggested by Glacier Power during the review of the 2000 EIA and application for the proposed Project. 
Based on the outcome of the winter ice data collection program from 2002 through 2004, and a 
rationale presented by BC Hydro (Jasek 2005) to the JTF, the JTF agreed to revise the criterion. The 
new criterion adopted on a trial basis in 2005 by the JTF is that flow controls shall be in place until a 
10 km long reach of river upstream from McLeod Cairn (at km 387, about 3 km upstream from the TPR) 
develops 0.40 m of thermal (solid) ice. The rationale behind this criterion is that should a secondary 
consolidation occur due to the resumption of normal flows at Bennett, the 0.40 m thick solid ice will be 
sufficient to prevent its passage beyond McLeod Cairn. Should the McLeod Cairn criterion be adopted 
permanently, it would reduce the duration of flow control compared within the previous criteria 
(Dunvegan plus 10 to 14 days).  
 
 
 

 Jacques Whitford © 2006 PROJECT ABC50541 October 2006 4-186 

 



4.7.5.2.10.4 Flow Control Duration in Post-Project 
 
The time taken for the post-project ice cover to advance upstream from the rendezvous point to 
McLeod Cairn will be longer than pre-project due to the slower advance rate. However, the slower 
advance rate will be somewhat more predictable, and therefore the application of the same safety 
factor to the definition of the rendezvous point downstream from the TPR will not be required. In fact, 
due to the rather benign advance rate, it is recommended that post-project flow controls be applied 
when the ice front is two days travel time (Bennett Dam release to rendezvous point) downstream from 
the TPR. It is also recommended that the 2005 McLeod Cairn criterion be adopted for removing flow 
controls for post-project operations. Table 4.7-17 summarizes these proposed criteria for the post-
project period and compares them to the 2005 McLeod Cairn criteria. As noted, the limiting control flow 
discharge (as it may affect the base freeze-up elevation) would not change, although a case could be 
made to increase it in post-project.  
 
Table 4.7-17: Proposed and Existing Flow Control Criteria, Pre- and Post-Project 

Criterion Existing, Pre-Project Proposed, Post-Project 

Start of flow controls  
Date when ice front is two days travel time 
downstream from rendezvous point at 
km 411 1

Date when ice front is two days travel time 
downstream from the Town of Peace 
River  

Maximum discharge at the 
Town of Peace River during 
control period (m3/s) 

1500 to 1600 1500 to 1600  

Removal of flow controls 
Date when thermal ice thickness exceeds 
0.4 m for 10 km upstream from McLeod 
Cairn 

Date when thermal ice thickness exceeds 
0.4 m for 10 km upstream from McLeod 
Cairn 

1 This point is 16 km downstream from the Town of Peace River, referenced to the Dunvegan Bridge.  

 
Using the criteria as outlined in Table 4.7-17, the durations of flow controls for pre- and post-project in 
each of the 23 years simulated with the PRICE model are summarized in Table 4.7-18. For the pre-
project conditions, the start date for control flows was defined as when the simulated ice front reached 
a point 16 km downstream from the TPR (i.e., the rendezvous point). The end date was defined as 
when the model indicated that the McLeod Cairn ice thickness criterion was met. The total duration of 
control flows was determined by adding two days to the difference between the end and start dates, to 
account for the time that it would take for flow adjustments at Bennett Dam to reach the rendezvous 
point. The post-project start date was defined as when the model indicated that the ice front arrived at 
the TPR. The end date and the total duration for flow controls were then defined the same way as for 
the pre-project case.  
 
The data in Table 4.7-18 suggest that by using the McLeod Cairn criterion with a modified post-project 
rendezvous point, there would be no real systematic difference in the durations of flow controls pre- and 
post-project, despite a slower advance rate of he ice front post-project. There is an increase in the 
duration of flow controls in about 50 percent of the years, and in about 25 percent of the years the 
increase would be greater than 10 days. In three years the increase would be as much as 18 days. 
Alternatively in half the years when there would be a decrease, it would be typically less than 10 days; 
however, in one year the decrease would be more than 40 days. Over the 23 simulated years, the 
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Project would, on average, contribute to an annual increase in the duration of flow controls of about 
one day, with the standard deviation of the difference over the simulated period being about 13 days.  
 
Table 4.7-18: Annual Durations of Flow Controls 

Pre-Project Post-Project 
Year 

Start Date  End Date Duration 1 Start Date  End Date Duration 1

1981-82 2-Jan-1982 8-Jan-1982 8 10-Jan-1982 19-Jan-1982 11 

1982-83 26-Dec-1982 11-Jan-1983 18 14-Jan-1983 24-Jan-1983 12 

1983-84 12-Dec-1983 20-Dec-1983 10 22-Dec-1983 30-Dec-1983 10 

1984-85 17-Dec-1984 24-Dec-1984 9 27-Dec-1984 9-Jan-1985 15 

1985-86 29-Nov-1985 10-Dec-1985 13 6-Jan-1986 4-Feb-1986 31 

1986-87 16-Jan-1987 3-Feb-1987 20 13-Feb-1987 10-Mar-1987 27 

1987-88 19-Jan-1988 3-Feb-1988 17 8-Feb-1988 7-Mar-1988 30 

1988-89 30-Dec-1988 8-Jan-1989 11 15-Jan-1989 3-Feb-1989 21 

1989-90 5-Jan-1990 24-Jan-1990 21 16-Jan-1990 30-Jan-1990 16 

1991-92 13-Dec-1990 23-Dec-1990 12 27-Dec-1990 2-Jan-1991 8 

1992-93 10-Feb-1992 24-Feb-1992 16 21-Feb-1992 28-Feb-1992 9 

1993-94 26-Dec-1992 31-Dec-1992 7 7-Jan-1993 14-Jan-1993 9 

1994-95 10-Jan-1994 20-Jan-1994 12 28-Jan-1994 8-Feb-1994 13 

1995-96 5-Jan-1995 13-Jan-1995 10 17-Jan-1995 2-Feb-1995 18 

1996-97 7-Dec-1995 15-Dec-1995 10 17-Dec-1995 12-Jan-1996 28 

1997-98 17-Dec-1996 25-Dec-1996 10 25-Dec-1996 31-Dec-1996 8 

1998-99 12-Jan-1998 18-Jan-1998 8 26-Jan-1998 19-Feb-1998 26 

1999-00 2-Jan-1999 21-Jan-1999 21 13-Jan-1999 25-Jan-1999 14 

2000-01 13-Jan-2000 19-Jan-2000 8 28-Jan-2000 16-Feb-2000 21 

2001-02 28-Dec-2000 20-Feb-2001 56 13-Feb-2001 25-Feb-2001 14 

2002-03 3-Jan-2002 24-Jan-2002 23 22-Jan-2002 28-Jan-2002 8 

2004-05 26-Jan-2003 15-Feb-2003 22 18-Feb-2003 3-Mar-2003 15 
1 Total duration determined by calculating time difference between start date and end date and adding two days to account for time required to 
allow Bennett Dam flow adjustment to reach the Town of Peace River. 
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Table 4.7-19 summarizes the expected differences. Note that this data is based on simulated results for 
both cases.  
 
Table 4.7-19: Annual Increase in Flow Control Durations, Post-Project  
Annual Probability of Experiencing a Longer Flow 

Control Period  
(%) 

Increase1 in Duration of Flow Controls in Post-Project 
(days) 

10 20 

20 12 

50 1 

80 -10 

90 -16 
1 A negative increase indicates that the flow duration period is shorter in post-project. 
 
Decisions regarding the criteria used to define flow controls are the responsibility of the JTF, of which 
Glacier Power is not a member. Although post-project changes to the rendezvous point criteria may be 
recommended by Glacier Power or other parties, their approval is at the discretion of the JTF. Should 
the proposed post-project revision to the rendezvous point not be accepted by the JTF, the Project 
would consistently increase the duration of flow controls over the 2005 trial McLeod Cairn criteria. 
However, given the sound science and rationale behind a proposal to change the rendezvous point 
criteria, it is expected that the JTF would give consideration to the changes suggested herein.  
 
4.7.5.2.10.5 West Peace Flow Controls 
 
The maximum discharge during freeze-up at the TPR is set so that regardless of the initial base freeze-
up level, water levels at the WSC gauge are maintained at an elevation of about 315 m. In years when 
freeze-up produces thicker ice covers that cause that elevation to be exceeded, flows may be reduced 
at Bennett Dam to compensate for the higher water levels.  
 
In post-project conditions, the effects of frazil deposition will lead to a general stage increase at freeze-
up that would average about 0.5 m. It should be noted that the increased thickness of the accumulation 
due to the deposition of suspended frazil is not significant and in fact may be somewhat equivocal in 
actual post-project experience. This increase in cover thickness would be equivalent to a discharge 
increase of about 120 m3/s, so it is conceivable that flows at Bennett Dam may have to be scaled back 
by that amount if no other mitigation options are available to address groundwater issues in lower West 
Peace. However, one of two focal points in Glacier’s agreement with the TPR to study and fund flood-
related infrastructure improvements is the groundwater issue in lower West Peace. Preliminary 
engineering studies of potential solutions to the problem have been done in the past, and feasible 
options exist. It will be at the town’s discretion to select and implement the most appropriate 
engineering solution.  
 
4.7.5.2.10.6 Flow Controls at Breakup 
 
Given that there is no significant difference in the expected pre- and post-project timing of thermal 
breakup at the TPR, there will be no need to change the flow control criteria for breakup.  
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4.7.5.2.11 Effects of Climate Change 
 
An attempt was made to assess the effects of a changing climate on the ice regimes for both current 
regulation and the post-project period. The main impact of a warming climate on the Peace River ice 
regime will be to change (1) the rate at which the ice front advances and recedes; thereby changing the 
freeze-up and breakup dates and the duration of an ice cover at most locations, and (2) the rate of 
thermal ice growth and its ultimate thickness before breakup. The overall thickness of the ice cover will 
not change because it is a function of the local channel geometry and the flow in the river. It is 
understood from informal discussions with BC Hydro that a warmer winter climate is not expected to 
affect the releases at Bennett Dam in a substantial way.  
 
The evaluation of the effects of climate change on the Peace River has been limited to an assessment 
based on changes in air temperature, as forecasted changes to precipitation and snowfall are open to 
debate, and their translation into potential effects on thermal ice thickness would be quite speculative.  
 
Monthly temperature offsets (relative to the 1960–1989 base period) were obtained from the Canadian 
(CGCM1) and UK (HadCM2) general circulation models for the years 2010–2030, 2030–2060, and 
2060–2090, denoted herein as the 2020, 2050 and 2080 climate scenarios. In the near future, winter 
monthly air temperatures are predicted to warm by about 1 to 2°C, and in the far future by 3 to 5°C. It 
appears that most of the changes will occur in December, January and February. Table 4.7-20 
summarizes the potential climate changes to the climate in the 21st century. 
 
Table 4.7-20: Potential Winter Climate to 2080 

Winter Severity 
(°C-days freezing) Probability of Greater Degree-Days 

of Freezing (%) Current Climate  2020 2050 2080 

5% colder 2500 2250 2100 1700 

10% colder  2350 2150 1950 1700 

20% colder 2200 2000 1700 1550 

50% colder or warmer 1850 1700 1500 1200 

20% warmer 1550 1350 1200 900 

10% warmer 1400 1200 1050 750 

5% warmer 1250 1100 900 600 

 
Consideration was given to evaluating the effects of climate change by transforming the pre-and post-
project ice regime, as evaluated for the current climate, into 21st century scenarios. For example, a 
normal (50 percent chance of being colder) year now, would be a year that would have about a 
15 percent chance of being colder in 2050, and a four percent chance of being colder in 2080. More 
detail on this approach is provided in Northwest Hydraulic Consultants (2006a), however because 
existing analogues do not exist for the warm and very warm conditions that might develop this century, 
an alternative but complementary approach was adopted. To evaluate the characteristics of the pre- 
and post-project ice regime for the two most severely changed climates (2050 and 2080), PRICE was 
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used to simulate the pre- and post-project ice front locations for a range of analogue years from the 
climate in the last century. The year 2002–03 is considered warm; 1994–95 is considered normal; and 
1995–96 is considered cold. 
 
For a warmer 21st century climate, assuming no Project, the model indicated that the duration of ice at 
the TPR and Shaftesbury will be shorter by about 30 days in a warm year, by about 60 days in a normal 
year, and by between 90 and 100 days in a cold year. Furthermore, the ice cover will advance into 
British Columbia only once in every 10 years or so, and it would be unlikely that Taylor will ever 
experience an ice cover.  
 
With the Project, it appears that the effects of climate change would not be as dramatic as for no 
project. Generally the differential in ice front locations for the three climate scenarios over a range of 
winter severities is not as large as it is for the no project case. Furthermore, there would be little 
difference in the overall ice regime for very cold winters regardless of what climate scenario is adopted. 
Notwithstanding the extent of the effects of the Project on the ice regime, it appears that the Project 
would tend to limit the magnitude of the changes to the ice regime that might be realized compared with 
present day conditions, should climate change become a reality. 
 
The following post-project impacts of climate change (relative to current pre-project conditions) are 
indicated by the analysis. 
 
Lodgement in Headpond 

Under the climate change scenarios, regardless of the severity of the winter, a sustained lodgement 
would not occur in the headpond until after January 1, even in the coldest winters. This timing is similar 
to the current timing of the advance of the ice front past Dunvegan.  
 
Ice Front Proximity to the Project 

In warm and warmer-than-normal years, the ice front would advance to within 60 to 100 km of the 
project site. In cold years, it would advance to within about 20 to 30 km of the project site. It appears 
that the climate change will not have as big an impact on ice front advance in colder than normal 
winters, but it would not advance as far upstream as under the current climate regime. 
 
Freeze-up, Breakup, and Ice Durations at Town of Peace River 

In warm and normal years under the 2050 climate scenario, freeze-up at the TPR would not occur until 
late February or early March. The duration of the ice cover would range between 20 and 45 days, with 
breakup occurring late March. In cold years, the freeze-up would occur in early January and the ice 
cover would remain for about three months before breaking up in early April. For the 2080 climate 
scenario, an ice cover would not form at the TPR in warm and normal years, but in cold years it would 
be in place from in mid-January and last until early April, not much different than under the current 
climate regime. 
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Ice-related Flood Risks at Town of Peace River  

Ice-related flood risks at the TPR are related to the severity of freeze-up and to the timing of high runoff 
from the Smoky River basin. Under the climate change scenario, an ice cover will form less frequently 
at the TPR, thus reducing the flood risk at freeze-up. Also, due to the earlier breakup it is possible that 
the flood risk would be reduced at breakup, although that would be contingent upon the timing of 
snowmelt runoff which also would likely occur somewhat earlier in the spring. As a first order estimate, 
it is likely that the warmer climate would have a bigger effect on the timing of breakup relative to the 
timing of snowmelt runoff, thus there should be a reduced risk of mechanical breakup at the TPR and 
subsequent high ice-related water levels.  
 
On the other hand, if winter precipitation increases, and winter temperatures increase to a point that 
mid-winter breakup becomes more common, it is possible that ice jams could develop more frequently 
and be somewhat more severe. Under the warmer climate scenarios this could be the case with or 
without the Project. Overall, it is difficult to quantify the effects of the Project on ice-related flood 
frequencies within the context of a warmer climate. However, no fundamental changes in the 
characteristics of the ice cover are expected as a result of the Project, so there should be no changes 
to the ice-related flood potential from that perspective.  
 
Freeze-up, Breakup and Ice Durations at Shaftesbury Crossing: 

Under these climate change scenarios, it is highly unlikely that a competent ice cover will form at 
Shaftesbury Ferry except in cold years, with or without the Project. The ice cover would form in mid-
January and last until only early April every 10 years or so. In these circumstances, it is unlikely that a 
sanctioned ice bridge construction program could be justified. The Project would further shorten the ice 
season at Shaftesbury Crossing, but that season would already be so short that the incremental impact 
would be of little consequence.  
 
The ferry would likely be able to operate somewhat longer into the winter season, but it would likely 
encounter the same daily ice conditions. It is doubtful that longer ferry operations could offset the 
negative impacts of climate change on the ice bridge, given the current ferry configuration.  
 
Freeze-up, Breakup and Ice Durations at Taylor: 

Under climate change scenarios, Taylor would likely not experience any ice during the mid to late 
21st century either pre- or post-project. This would improve winter access to the wells that supply the 
District of Taylor with potable water. The Project would have no impact on ice conditions at Taylor if the 
expected warming occurs.  
 
4.7.5.3 Analysis of Effects of the Project on Ice Regimes and Residual Effects 

Prediction 
 
Table 4.7-21 is an environmental effects assessment matrix for the ice formation and breakup VEC. 
The results of the modelling and effects assessment provide the following analyses of the issues and 
concerns identified. 
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Table 4.7-21: Environmental Effects Assessment Matrix: Ice Formation and Breakup 

Evaluation Criteria for Assessing 
Environmental Effects 

Project Activity 
or Facility 

Potential Positive (P) or 
Adverse (A) Environmental 

Effect 
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Changes in the ice conditions 
at the project site (A) 

− None proposed 1 3 2/6 R 2 

Increased frequency and 
duration of ice cover in BC, 
and specifically at Taylor (A) 

− None required  1 2 2/2 R 2 

 
Increased water levels during 
freeze-up at Town of Peace 
River and effects on 
groundwater levels in lower 
West Peace (A) 

− Glacier’s agreement with 
Town of Peace River 
provides for study and 
funding of engineering 
solutions to mitigate 
groundwater flooding 

1 1 2/6 R N/A 

Delay of ice breakup and 
increased breakup severity at 
Town of Peace River (A) 

− None required 3 3 2/6 R 2 

Increase in the duration of 
flow constraints from the 
Bennett Dam to control ice 
jams at Town of Peace River 
(A) 

− Rationale for altered flow 
control criteria provided. 
Adoption at the discretion of 
the JTF. 

3 4 2/6 R 2 

Creation of open water 
downstream from the 
headworks during winter (A) 

− Installation of warning 
signage that meets the 
specifications of AIT.  

2 3 2/6 R 2 

Decrease in operational times 
for the ice bridge at 
Shaftesbury (A) 

− Partnership with AIT to 
advance the replacement 
and improvement of the Ferry 
to increasing its annual 
operating season.  

2 2 2/6 R 2 

Operations 
Phase 
(Presence of 
Headworks) 

Effects of frazil formation on 
downstream water intakes (A)

− None required 2 3 2/2 I 2 

Accidents and 
malfunctions 

Failure of the headworks 
during ice cover conditions 
would result in flooding 
downstream (A) 

− None proposed but project 
design makes headworks 
failure unlikely. 

3 4 1/1 I 2 
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Table 4.7-21: Environmental Effects Assessment Matrix: Ice Formation and Breakup 
Evaluation Criteria for Assessing 

Environmental Effects 

Project Activity 
or Facility 

Potential Positive (P) or 
Adverse (A) Environmental 

Effect 
Mitigation 

M
ag

ni
tu

de
 

G
eo

gr
ap

hi
c 

Ex
te

nt
 

D
ur

at
io

n/
Fr

eq
ue

nc
y 

R
ev

er
si

bi
lit

y 

Ec
ol

og
ic

al
/S

oc
io

-
C

ul
tu

ra
l a

nd
 E

co
no

m
ic

 
C

on
te

xt
 

KEY: 
 
Magnitude: 
 
1 = Low: e.g., a few persons, species and/or 

habitats affected. 
 
2 =  Medium: e.g., a moderate 

percentage/number of persons, species 
and/or habitats affected within the study 
area. 

 
3 = High: e.g., a large percentage/ number of 

persons, species and/or habitats within the 
study area affected. 

 
 

 
 
Geographic Extent: 
 
1 = <1 km² 
2 = 1-10 km² 
3 = 11-100 km² 
4 = 101-1000 km² 
5 = 1001-10,000 km² 
6 = >10,000 km² 
 
 
Duration: 
1 = < 1 month 
2 = 1-7 months 
3 = 8-36 months 
4 = 37-72 months 
5 = > 72 months 

 
 
Frequency: 
 
1 = < 11 events/year 
2 = 11-50 events/year 
3 = 51-100 
events/year 
4 = 101-200 
events/year 
5 = >200 events/year 
6 = continuous during 
November to May 
 
Reversibility: 
 
R = Reversible 
I = Irreversible 
 

 
 
Ecological/Socio-cultural and 
Economic Context: 
 
1 = Relatively pristine area or 

area not adversely 
affected by human 
activity. 

 
2 = Evidence of adverse 

effects. 
 
N/A = Not Applicable 

 
4.7.5.3.1 Changes in the Ice Regime 
 
The most dramatic effect of the Project is the conversion of the Peace River from a one-front system to 
a two-front system due to the trapping of ice in the headpond. As such, on average, freeze-up will occur 
earlier in the headpond and the upstream ice cover will advance from there earlier and farther upstream 
into British Columbia. The timing of the advance of the downstream ice front will not change 
downstream from the Notikewin River. However, between there and the project site it will advance more 
slowly and arrive later in the winter. In the coldest of years the downstream ice front will advance to 
within 20 km of the project site, but in the warmer years to within 60 or 70 km. Very little difference is 
expected in the characteristics of the ice covers pre- and post-project.  
 
Dramatic changes in ice regime may affect understanding of ice processes and require 
intensive monitoring to re-establish ice forecasting confidence.  
 
Although the timing of freeze-up and breakup will change, there will not be a fundamental change in the 
ice processes. The fundamental rules that are currently being used to quantify the relationships 
between meteorological, hydraulic, and ice conditions will not be changed by the Project. For example, 
freeze-up processes at the TPR will be fundamentally similar post-project to what they are pre-project. 
The breakup issues considered pre-project (ice front recession rates and breakup sequences involving 
the Smoky River) will require the same consideration post-project. 
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The level of understanding of the basic ice processes on the Peace River has been much advanced 
since Glacier’s initial applications for the Project, as a result of multi-party efforts in field data collection 
and collaborative improvement of numerical modeling of the Peace River. The measurement of actual 
secondary consolidation events, for example, has greatly increased the understanding of the forces and 
factors involved in arresting those events. This understanding can now be applied to basic process-
related ice-risk forecasting and management on the Peace River, both with and without the Project. The 
effects of the Project on the understanding of ice processes on the Peace River are rated as not 
significant to positive.  
  
4.7.5.3.2 Potential Effects on Residents, Water Users and Existing Facilities along 

the River 
 
Changes in ice floe characteristics downstream from the project site may alter the fundamental 
ice formation characteristics, thereby exacerbating existing freeze-up concerns. 
 
Due to the slower advance rate of the ice front and the relatively proximity of the TPR to the upstream 
end of the ice generation reach, it is likely that more frazil ice will deposit under the advancing ice front. 
This will create a slightly thicker accumulation which is expected to raise freeze-up water levels by 
0.2 m. To be conservative for the purposes of effects assessment, consideration of an increase of 
0.5 m is recommended. Although this will have little effect on exacerbating high water levels related to 
secondary consolidations, it may increase groundwater levels in lower West Peace after freeze-up. To 
mitigate this effect, Glacier has entered into an agreement with the TPR to study and fund the 
implementation of a permanent engineered solution to the lower West Peace groundwater issue.  
 
Because of a post-project reduction in the occurrence of key factors that are known to precede 
secondary consolidations (such as a rapid advance of the ice cover), it is expected that a reduction the 
frequency of secondary consolidations will occur. The size and severity of the water surge that would 
accompany a post-project secondary consolidation, should one occur, would be no greater than pre-
project. Therefore a reduction in the frequency of high freeze-up levels caused by secondary 
consolidations is expected. The effects of the Project on freeze-up concerns at the TPR are rated as 
not significant to slightly positive.  
 
Frequency of ice cover development at Taylor 

The ice cover will advance into British Columbia on a more frequent basis and remain in place for a 
longer period than it does currently. However, the ice cover thickness and corresponding ice-related 
water levels will not change. There will be no negative effects in the area due to high ice levels that 
have not already been experienced and accommodated. The effects of the Project on ice conditions in 
the vicinity of Taylor are rated as not significant.  
 
Effects on water supply at Taylor and other water intakes in British Columbia 

The main ice-related concern at Taylor is access to the water supply wells in the Peace River. The 
Project will increase the frequency with which an ice cover forms at Taylor. The presence of an ice 
cover is not expected to affect the performance of the wells, although it will reduce access to the wells 
during the winter period. The upstream advance of the ice cover will occur in a systematic way and its 
potential date of arrival will be known in advance. Any potential negative effects of a more frequent ice 
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cover on accessibility of the wells can be mitigated by more systematic maintenance of the wells in late 
fall or early winter before the development of an ice cover.  
 
An increased frequency and duration of ice cover in British Columbia is not expected to effect other 
water intakes in British Columbia, based on discussions with the water licence holders, as these intakes 
have been designed to work under ice conditions and have experienced ice covers in the past without 
problems. The effects of the Project on District of Taylor water intake and other water intakes in British 
Columbia are rated as not significant.  
 
Effects on Power Generation at Bennett Dam and Peace Canyon 

The main effect of the Project on BC Hydro operations is related to efforts that to limit the ice-related 
flood risks at the TPR. A new physically-based flow control criterion to be applied while the ice cover is 
forming at the TPR was recently adopted on a trial basis. Allowing for future modifications to the freeze-
up criterion to reflect the slower and more stable ice advance rate at the TPR results in post-project 
flow control periods that would be only one day longer on the average than what would be experienced 
under the current regime.  
 
The Project will have no effect on flow controls on breakup. The mitigation proposed to address 
groundwater levels in lower West Peace will address the possible slight (0.5 m) increase in freeze-up 
levels. The effects of the Project on flow controls at the TPR are rated as not significant.  
 
Frazil generation downstream from the project site at the Fairview water intake  

The Project will result in a zone of active frazil generation in a reach between about 5 km downstream 
from the project site and the leading edge of the downstream ice front. This zone of active frazil 
generation will be established for the entire winter as opposed to the few weeks it does pre-project, 
however low frazil concentrations are expected at the Fairview intake because its close proximity to the 
Project the amount of frazil that may be produced. Given the design and operational pattern of this 
intake, is unlikely that it will encounter any problems. The effects of the Project on the efficacy of the 
Fairview water intake are rated as not significant.  
 
Duration of open water downstream from structure and effect on the frequency of ice fog at the 
Dunvegan Bridge 

There will be open water for at least 10 to 20 km downstream from the project site for the duration of 
the winter every year. The analysis suggests that there will be an increased potential for ice fog in the 
months of January, February, and perhaps March. The effects of the increased frequency of ice fog can 
be mitigated by appropriate signage, and lighting that will be implemented in cooperation with AIT (see 
Section 4.11). Given the proposed mitigation, the effects of the Project on ice fog at the 
Dunvegan Bridge are rated as not significant.  
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Breakup timing and severity at the Town of Peace River and downstream  

There will be no systematic difference in the timing of thermal breakup dates for the TPR; therefore, 
there would be no increase in the likelihood of a mechanical breakup due to the Project. The thermal 
thickness of the ice will not be systematically greater post-project, thus should a mechanical breakup 
occur, the potential for a stable jam to form will not be greater. Finally, should a stable jam form, 
because peak water levels are related to discharge and because the Project will not affect river flows, 
jam-related water levels should not be any different than those currently experienced. The effects of the 
Project on breakup-related ice jam risks at the TPR and downstream are rated as not significant.  
 
Effects of changed freeze-up processes on ice bridges  

There are only two ice bridges officially operating on the Peace River, at Tompkins Landing and 
Shaftesbury Crossing. The Project will not affect the ice regime at Tompkins Landing or any location 
downstream from the Notikewin River. There will likely be a delay in freeze-up at Sunny Valley in 
85 percent of years, but only by a couple of days.  
 
At Shaftesbury Ferry, the net annual average reduction in crossing days for both the ferry and the ice 
bridge would be about two to three weeks for a wide range of current climate conditions. Mitigation 
related to improved ferry infrastructure at Shaftesbury Ferry has been proposed to offset this two to 
three week reduction. During construction, delayed freeze-up at Shaftesbury may become apparent 
after year three of construction. The amount of the delay that year would depend on the severity of the 
winter, but would be within the range of effects discussed for the operational post-project period. The 
effect of the Project on the operations of the Shaftesbury Ferry and ice bridge is rated as not significant. 
This effect is considered from the perspective of the transportation and socioeconomic VECs in 
Sections 4.11 and 4.16, respectively. 
 
4.7.5.3.3 Interaction between the Facility and the Ice Regime 
 
Ice conditions near the project site 

Ice will lodge naturally in the Project headpond. This will result in the formation of an ice cover in the 
headpond earlier than it presently forms, but closer to the time when it typically formed prior to the 
Bennett Dam. Ice-related freeze-up levels will be no higher than pre-project levels. The headpond will 
trap and cut off the supply of ice downstream from the project site. In very cold winters, the head of the 
downstream ice cover will advance to within about 10 to 20 km of the structures. Open water will exist 
all winter downstream from the structure. Secondary consolidations of the upstream ice front will have 
little to no effect on the stability of the downstream ice front. Flow perturbations produced by secondary 
consolidations of the upstream front would be attenuated significantly by the upstream cover and 
storage in the headpond before they would reach the downstream ice front. Effects of the Project on ice 
conditions near the project site are rated as not significant. 
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Winter tailwater levels below the project site causing loss of generation and flooding at 
Dunvegan  

In the coldest 10 percent of the winters the ice front will advance to within 10 to 20 km of the project 
site. The resulting backwater from the downstream ice cover will raise water levels in the tailrace by 
between 1 and 2 m for periods of 30 to 60 days. This is not expected to alter the economics of the 
Project. Due to the persistence of the active frazil generation reach downstream from the project site 
throughout the winter, anchor ice may form downstream from the tailrace more frequently than under 
pre-project conditions, and accumulate up to an average thickness of about 0.3 m for periods 
throughout the winter. This may result in additional short term head losses. High ice-related water 
levels will be eliminated through the reach 20 to 60 km downstream from the project site and will be 
more benign in the 10 km reach below the project site. The effects of tailwater levels on generation and 
flooding are rated as not significant.  
 
Lodgement in the headpond and the possible need to enhance lodgement by auxiliary 
structures  
 
Lodgment in the headpond will occur immediately after ice floes form. The ice cover will juxtapose 
against the powerhouse and advance upstream. There will be no need for an auxiliary structure to 
assist with lodgment, as no auxiliary structure could provide better hydraulic conditions for lodgment 
than those created by the headworks itself.  
 
Deposition of frazil in the headpond  
 
Frazil will be deposited in the headpond, and will also be transported through the headpond as cover 
load. The turbines will be engineered to accommodate the transport of frazil, and as such the effects of 
frazil in the headpond on the Project are rated as not significant. 
 
4.7.5.3.4 Accidents and Malfunctions 
 
One issue identified by stakeholders relates to the effects of structural failure on the stability of the ice 
cover. That is, what would happen if the structure was to collapse and release water and ice from the 
headpond. It is highly unlikely that the structure would collapse, given the conservative assessment of 
the potential ice forces on the powerhouse and the spillway. However, the following describes what 
may occur in case of such an event. 
 
If the structure collapses when lodgement is occurring in the headpond, any ice that has accumulated 
in the headpond will wash downstream with the water that would be released from storage behind the 
structure. This wave of ice and water would move downstream, attenuating slightly, until it arrived at the 
downstream ice front, likely in the vicinity of the Notikewin River. The water wave would fracture the ice 
cover and cause it to reconsolidate to a greater thickness. The resulting higher water levels (due to the 
thick ice accumulation and the high flow) may cause overbank flooding. Although it would be possible 
to simulate the water wave and determine its characteristics at the Notikewin River, no techniques are 
available to calculate the effects of the wave on the ice cover.  
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If the structure were to collapse after an ice cover formed in the headpond, it is likely that the lower 
10 to 15 km of ice in the headpond would become dislodged and that part of the headpond would 
release water and ice from storage. The ice cover in that part of the headpond would be within the zone 
of backwater from the structure, the ice cover would be thin, and with the rapid reduction in water levels 
it is unlikely that the thin cover could remain stable. The outflow of ice and water would destabilize the 
downstream ice cover, causing its breakup and likely cause flooding downstream of the ice front.  
 
The ice in the 10 to 15 km long upper end of the headpond would likely remain intact. In this part of the 
headpond, the ice cover forms outside the backwater zone and the hydraulic conditions during the 
formation of the ice cover would cause it to thicken to about 3 m (essentially the pre-project thickness). 
Upon release of the downstream ice, the downstream end of the remaining ice cover would likely be 
drawn down somewhat in response to the reduced water level downstream, but it is likely that this 
would be only a local effect. Since the water levels at the upper end of the headpond are due to the 
thickness and roughness of the ice cover, there would be only minor reduction in water levels within the 
remaining cover, and thus no mechanism to destabilize it. The effects of a failure of the headworks on 
ice breakup would be significant but are unlikely to occur.  
 
4.7.5.4 Cumulative Environmental Effects 
 
The future projects identified in the Cumulative Effects Assessment Case include the opening of new 
borrow pits, the expansion of the Dunvegan Historic Site, the expansion of transportation and utilities 
corridors, and the development of BC Hydro’s Site C at Taylor. As stated in Section 4.7.3, the only 
potential development to which the Project’s effects may add cumulatively is BC Hydro’s Site C at 
Taylor. Since there is not sufficient project detail on the Site C development, the Project’s contribution 
to the cumulative effects of proposed development could not be assessed. 
 
4.7.5.5 Residual Effects Prediction 
 
Table 4.7-22 is a residual environmental effects summary matrix for the ice formation and breakup 
VEC. Residual adverse environmental effects are predicted to be not significant for all normal 
operations but significant in the unlikely event of a failure of the headworks.. 

 Jacques Whitford © 2006 PROJECT ABC50541 October 2006 4-199 

 



 
Table 4.7-22: Residual Environmental Effects Summary Matrix: Ice Formation and Breakup 

Likelihood of Significant 
Effects 

Phase 
Residual Environmental Effects 

Rating, Including Cumulative 
Environmental Effects* 

Level of 
Confidence Probability of 

Occurrence 
Scientific 
Certainty 

Construction NS 3   

Operations P/NS 3   

Decommissioning NS 3   

Malfunctions, Accidents and 
Unplanned Events 

S 3 1 3 

Project Overall NS 3   
Key: 
 
Residual environmental Effect Rating: 
S  = Significant Adverse Environmental Effect 
NS = Not significant Adverse Environmental Effect 
P = Positive Environmental Effect 
 
Level of Confidence 
1 = Low Level of Confidence 
2 = Medium Level of Confidence 
3 = High Level of Confidence 

 
 
Probability of Occurrence: based on professional judgement 
1 = Low Probability of Occurrence 
2 = Medium Probability of Occurrence 
3 = High Probability of Occurrence  
 
Scientific Certainty: based on scientific information and statistical 
analysis or professional judgement 
1 = Low Level of Confidence 
2 = Medium Level of Confidence 
3 = High Level of Confidence 
 
N/A = Not Applicable 

*As determined in consideration of established residual environmental effects rating criteria. 
 

4.7.6 Monitoring 
 
Ice monitoring along Peace River is currently carried out by BC Hydro and Alberta Environment, and 
Glacier Power. Glacier Power does not plan to carry out any specific ice monitoring programs for the 
Project, but plans to continue with the collaborative monitoring program, and will work with BC Hydro 
and Alberta Environment to provide specific information from the project site, if required. 
 

4.7.7 Summary 
 
The Project will affect the ice regime on the Peace River between Taylor and the Notikewin River. 
Changes will not significantly affect biological, historic resources and human VECs. The outcome of 
modelling using the state-of-the-art PRICE model showed that there will be no significant ice-related 
effects of the Project that cannot be mitigated. While the ice regime will undoubtedly change, of all the 
stakeholder concerns, only two may require mitigation: a two-to-three week reduction in the time that an 
ice bridge can be used at Shaftesbury Crossing; and an expected increase of 0.5 m in base freeze-up 
water levels at the TPR that may affect groundwater levels in lower West Peace. Mitigation is available 
to address both concerns, and they are therefore rated as not significant.  
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Because of a post-project reduction in the occurrence of key factors that are known to precede 
secondary consolidations, a reduction in the frequency of high freeze-up levels caused by secondary 
consolidations is expected at the TPR. No increase in breakup water levels in post-project is 
anticipated, so overall it is expected that post-Project there will be a decrease in high ice-related water 
levels on an annual basis. The effects of the Project on freeze-up concerns at the TPR are rated as not 
significant to slightly positive.  
 
Allowing for future modifications to flow control criteria to reflect the slower and more stable ice 
advance rate at the TPR results in post-project flow control periods that would be only one day longer 
one the average than would be experienced under the current regulated regime. With the proposed 
changes to freeze-up control flows, there would be no effects on BC Hydro operations at the Bennett 
Dam. Finally, effects on upstream and downstream water users, including the District of Taylor, are not 
significant. 
 
In the unlikely event of a failure of the headworks during a period of ice cover, the resultant effect of the 
movement of ice downstream could cause flooding and have a significant effect on residents near the 
river. As stated, such an event is unlikely.  
 
Research and development carried out to assess the effects of the Project with the PRICE model has 
had a positive effect on understanding of the Peace River ice regime, and has resulted in the creation 
of a state-of-the-art model with potential future applications related to ice management on the Peace 
River.  
 
In summary, normal project effects on the ice regime were assessed as not significant to positive. 
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