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Northwest Hydraulic Consultants (NHC) is pleased to provide the following 
report detailing the hydrology assessment for the Grizzly Oil Sands Algar 
Lake SAGD Project. The report contains an assessment of the baseline 
climate and streamflow characteristics, provides a brief summary of the 
characteristics of the development, assesses the potential impacts of 
development, and identifies reasonable and effective mitigation measures to 
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1 INTRODUCTION 

Grizzly Oil Sands is proposing to develop a 10,000 to 12,000 barrel per day Stream Assisted 
Gravity Drainage (SAGD) Project on their Algar Lake lease. This report presents the 
baseline surface water hydrology in the vicinity of the Project and addresses the impacts of 
the project on the hydrologic regime. Included in this evaluation is an assessment of the 
regional meteorological and hydrologic characteristics, a brief description of the 
development plan, and an assessment of the impacts of the development and the associated 
facilities on both the hydrology and channel characteristics of the watersheds within the 
development area. 
 

2 BASELINE SETTING 

2.1 LOCATION AND PHYSIOGRAPHY 

The Algar Lake Project is located about 45 km southwest of Fort McMurray in Twp 84-85, 
Rge 11-12, west of the 4th Meridian. Figure 1 shows the location of the Algar Lake Project 
Area; the locations of hydrometric and climate stations in the region; and drainage basin 
boundaries for the hydrometric stations. The Project is located in the watershed of Little 
Horse Creek, a major tributary of the Horse River, about 30 km east of Algar Lake. 
 
The Project lies within the Central Mixedwood Subregion of the Boreal Forest Natural 
Region in northern Alberta. This low-relief plain is relatively poorly drained, and organic 
soils are dominant in the region. Well drained areas consist of mixed-wood forests of 
deciduous and coniferous species. The most abundant trees are trembling aspen and balsam 
poplar with white spruce, black spruce, and balsam fir also occurring. Poorly drained areas 
consist of wetlands including bogs, fens, swamps and marshes which contain tamarack and 
black spruce. 
 
The Regional Study Area (RSA) for surface water hydrology is defined as the watershed of 
Little Horse Creek. The boundary of the RSA is shown in Figure 2. The RSA is limited to 
this watershed because potential impacts to the larger watershed downstream are expected to 
be negligible due to the much greater drainage area. 
 
The Local Study Area (LSA) for surface water hydrology is defined as the Project Area as 
well as areas of watersheds where drainage may be directly affected by activity in the 
Project Area and the right of ways for associated facilities such as the access road, water 
pipeline, and water supply wells. The boundary of the LSA is shown in Figure 3. 
 
2.2 CLIMATE 

Climate influences many hydrologic characteristics. Over the long term, the climate and 
local surficial geology determine the vegetation in the area. Climate, surficial geology and 
vegetation affect the runoff coefficients and evapotranspiration rates in the area. On a shorter 
time scale, the magnitude of the winter snowpack and severity of summer rain events affect 
the severity of spring and summer runoff events. 
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Environment Canada (EC) reports climate data for a site in the vicinity of the Algar Lake 
Project. This site, the Algar LO station (3060110), is located 30 km south of the Project. The 
location of this station is shown in Figure 1. This station reports air temperatures and 
precipitation from 1959 to present for the period from May to September. The elevation of 
this station of 780 m is greater than the mean elevation of the LSA of 520 m.  
 
A long term climate station operated by EC is located at Fort McMurray Airport (3062693) 
about 45 km northeast of the Project (Figure 1) at an elevation of 369 m. This station 
provides a long term continuous climate record for the area, reporting measurements as far 
back as 1944. This station reports air temperatures and precipitation, as well as rainfall 
intensity, wind speed and direction, atmospheric pressure, hours of bright sunshine, and 
humidity. 
 
2.2.1 AIR TEMPERATURE 

Air temperature is a significant climatic variable in the hydrologic cycle because it 
determines the relative proportion of rain and snow within the total annual precipitation and 
the start and severity of snowmelt runoff in the spring. The monthly maximum, mean, and 
minimum temperatures at Algar LO and Fort McMurray A for the climate normal period 
between 1961 and 1990 are shown in Figure 4 and summarized in Table 1. This period was 
selected for comparison because the more recent climate normals from 1971 to 2000 are not 
available for Algar LO. The normal air temperatures at Fort McMurray for the 1971 to 2000 
period are typically within 1°C of the 1961 to 1999 temperatures. 
 
At Fort McMurray, the mean monthly temperature ranges from 17°C in July to -20°C in 
January. The extreme monthly temperatures range from 23°C in July to -25°C in January. 
The mean daily air temperature drops below freezing in November and rises above freezing 
in April.   
 
Summer air temperatures at Algar LO station are generally lower than those of Fort 
McMurray. Maximum monthly temperatures are lower by about 3°C and mean monthly 
temperatures are lower by 2°C; however, there is little difference in minimum temperatures. 
The lower temperatures at Algar LO are likely due to the higher elevation of the site. 
 
2.2.2 PRECIPITATION 

Precipitation is the most important climate variable that affects the hydrologic cycle. Winter 
snowfall influences the magnitude and duration of the spring snowmelt flows, while summer 
rain events produce summer peak flows. In general, the annual total precipitation helps 
determine both the degree of saturation in the near-surface zone of the watersheds and the 
subsequent annual runoff volume into the streams. 
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Table 1 Summary of monthly temperature characteristics 

Month Monthly Average Temperatures 

Fort McMurray A Algar LO 

Max 
(°C) 

Mean 
(°C) 

Min 
(°C) 

Max 
(°C) 

Mean 
(°C) 

Min 
(°C) 

Jan -15 -20 -25    

Feb -9 -15 -21    

Mar -1 -8 -15    

Apr 9 3 -4    

May 17 10 3 14 8 3 

Jun 22 15 8 18 13 8 

Jul 23 17 10 20 15 10 

Aug 22 15 9 19 14 8 

Sep 15 9 3    

Oct 8 3 -2    

Nov -5 -9 -14    

Dec -13 -17 -22    

Annual 6 0 -6    

 
 
The winter snowfall at Fort McMurray is relatively constant from month to month, 
averaging about 20 cm (Figure 5). Generally all the precipitation between November and 
March falls as snow due to the below freezing air temperatures during this period. This 
precipitation is stored on the ground until April and May, when the snow melts and 
snowmelt runoff is produced. 
 
Summer precipitation records are also available for Algar LO. The average monthly 
precipitation for the two stations for the climate normal period from 1961-1990 is shown in 
Figure 5 and listed in Table 2. Algar LO has just over 20% more precipitation than the Fort 
McMurray station over the May to August period. The greatest monthly precipitation occurs 
in July, averaging about 79 mm at Fort McMurray and 103 mm at Algar LO.  
 
Annual precipitation and winter snowfall for the Fort McMurray period of record are shown 
in Figure 6. Fort McMurray experienced a maximum winter snowfall of 297 mm in 1972 
and a minimum winter snowfall of 46 mm in 1949. The maximum annual precipitation of 
675 mm occurred in 1973, while the minimum annual precipitation of 242 mm occurred in 
1998. 
 
Table 2 also summarizes the extreme daily precipitation data for both stations for the climate 
normal period from 1961-1990. The extreme daily precipitation of 95 mm for Fort 
McMurray is the greater than the value of 89 mm at Algar LO. Both these values occurred in 
August. Rainfall intensity curves provided by Environment Canada for Fort McMurray 
indicate than the 24 hour 10-year rainfall is 64.1 mm. 
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Table 2 Summary of precipitation characteristics 

Month Monthly Mean Precipitation Daily Extreme Precipitation 
Fort  

McMurray A 
(mm) 

Algar 
LO 

(mm) 

Fort McMurray 
A 

(mm) 

Algar 
LO 

(mm) 
Jan 20  16  

Feb 16  13  

Mar 17  30  

Apr 23  27 24 

May 41 49 39 53 

Jun 64 82 46 45 

Jul 79 103 52 82 

Aug 72 79 95 89 

Sep 51 69 61 58 

Oct 32  29 22 

Nov 26  16 2 

Dec 23  23  

Annual 465    

 
 
2.2.3 EVAPORATION 

Evaporation causes lake levels and soil moisture levels to drop during the open water season. 
Evaporation can be measured by evaporation pans or estimated by changes in lake levels. 
Lake evaporation tends to be about 70% of the measured pan or potential evaporation due to 
the higher humidity over the lake, although this percentage varies substantially with location 
(Linsley, et al, 1982). Evaporation from small ponds may be higher than lake evaporation 
and may approach the potential evaporation measured by evaporation pans. 
 
Lake evaporation can be calculated from consideration of air temperatures, solar radiation, 
atmospheric pressure, and humidity; however, the first two parameters are most significant, 
especially in shallow lakes. Bothe (1981) calculated lake evaporation for Fort McMurray 
from 1972 to 1980.  The average annual lake evaporation for this period was 570 mm. 
 
Evapotranspiration, the combination of evaporation and transpiration from vegetated land, 
tends to be lower than lake evaporation due to the limitation of soil moisture availability. 
The median annual evapotranspiration from the vegetated land in the LSA is estimated to be 
about 325 mm, based on the method of estimating evapotranspiration from potential and lake 
evaporation proposed by Morton (1983). 

2.3 STREAMFLOW 

Evaluating the magnitude and variability of stream flows is a major component of a 
hydrologic assessment. This streamflow assessment will include a regional analysis of 
annual runoff and peak flows and an assessment of the local hydrography and channel 
characteristics. 
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2.3.1 REGIONAL FLOW CHARACTERISTICS 

Water Survey of Canada (WSC) maintains a number of streamflow gauges in the region. The 
locations of these gauges are shown in Figure 1 and a summary of their characteristics is 
given in Table 3. The gauges listed in Table 3 provide a record of discharges for streams 
with drainage areas ranging from 165 km2 for the Beaver River above Syncrude (07DA018) 
to 5570 km2 for the MacKay River near Fort MacKay (07DB001).  
 

Table 3 Summary of WSC gauges in the region 

Stream Location Gauge 
Number 

Gauge 
Type 

Period 
of 

Record 

Drainage 
Area 
(km2) 

Mean 
Annual 
Flow 
(m3/s) 

Median 
Annual 
Runoff 

Coefficient 

Beaver 
River 

Syncrude 07DA018 Seasonal1 
1975- 
2008 

165 0.50 0.20 

Pony 
Creek 

Chard 07CE003 Seasonal 
1982-
2008 

278 0.80 0.16 

Logan 
River 

mouth 07CA012 Seasonal 
1984-
2008 

425 1.35 0.20 

House 
River 

Hwy 63 07CB002 Seasonal 
1982-
2008 

781 2.78 0.24 

Hanging- 
stone River 

Fort 
McMurray 

07CD004 Seasonal2 
1965-
2008 

959 3.39 0.23 

Wandering 
River 

Wandering 
River 

07CA006 Seasonal3 
1971-
2008 

1120 2.95 0.16 

Christina 
River 

Chard 07CE002 Seasonal 
1982-
2008 

4863 13.8 0.18 

MacKay 
River 

Fort 
McMurray 

07DB001 Seasonal4 
1988-
2008 

5570 13.4 0.15 

1guage operated annually from 1975 to 1987 
2gauge operated annually from 1970 to 1987 
3gauge operated annually from 1971 to 1996 
4gauge operated annually from 1972 to 1987 
 
 
The longest period of record available is 44 years for the Hangingstone River at Fort 
McMurray (07JD002) from 1965 to 2008. The shortest period of record, 25 years, is from 
1984 to 2008 for the Logan River near mouth (07CA012). All eight gauges listed in Table 3 
are currently operated seasonally from March to October with discharge data published to 
the end of 2008. However, four of the gauges were previously operated annually so some 
historical winter data is available for these sites. The Hangingstone River at Fort McMurray 
(07JD002) was operated annually for 18 years from 1970-1987; the Wandering River near 
Wandering River (07CA006) was operated annually for 26 years from 1971-1996; the 
Beaver River above Syncrude (07DA018) was operated annually for 13 years from 
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1975-1987; and the Mackay River near Fort Mackay (07DB001) was operated annually for 
16 years from 1972-1987. 
 
Mean annual flows calculated for each of the eight WSC basins are listed in Table 3. The 
mean annual flow ranged from 0.50 m3/s for Beaver River to 13.6 m3/s for Mackay River. 
The trend of mean annual flow with drainage area shown in Figure 7 indicates that mean 
annual flow is directly proportional to drainage area. 
 
Annual runoff coefficients were calculated for each of the drainage basins listed in Table 3.  
Runoff coefficients define the fraction of precipitation which leaves the basin as streamflow. 
To provide a meaningful comparison of runoff from the various basins, the median annual 
runoff from each basin was calculated from the streamflow for the period from March to 
October, since winter flow data in only available for portions of the periods of record at 
some of the gauges. When winter streamflow data is available it is generally about 5% of the 
total annual flow so the real annual runoff coefficients may be up to 5% greater than the 
values provided in Table 3. 
 
As presented in Section 2.2.2, annual precipitation records are available for Fort McMurray 
while at Algar LO precipitation records are only available for May through September. 
Therefore, a composite precipitation was developed for the runoff analysis from the Fort 
McMurray record, modified with the average of the two records where both are available. 
The annual runoff coefficients were calculated from annual precipitation calculated from 
November to October to associate the accumulated winter snowfall with the runoff in the 
following spring and summer. 
 
The median annual runoff coefficients for the region range from 0.15 for MacKay River near 
Fort MacKay to 0.24 at House River, with an average of 0.19. Since the WSC gauge stations 
are relatively evenly distributed around the LSA, the average value is expected to provide a 
reasonable estimate of local runoff. There is no significant trend in the magnitude of the 
runoff coefficient with drainage area. 
 
Extreme flows from the historical records of the eight WSC gauges were also evaluated. 
These flows are summarized in Table 4. Mean annual peak flows ranged from 9.2 m3/s for 
Pony Creek to 122 m3/s for the Mackay River. The mean annual peak flows tend to increase 
log-linearly with drainage area as shown in Figure 7. Peak flows for 10-year, 25-year and 
100-year return periods are also presented in Table 4 for each of the gauges. 
 
Flow frequency distributions of the annual peak flows from the gauges normalized by mean 
annual peak flow are shown in Figure 8. An adopted regional log-normal distribution which 
fits the general trend of the data is also shown in this figure. 
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Table 4 Summary of regional flows 

Stream Location 
 

Drainage 
Area 
(km2) 

Mean 
Annual 
Peak 
Flow 
(m3/s) 

10-Year
Peak 
Flow 
(m3/s) 

25-Year
Peak 
Flow 
(m3/s) 

100-Year 
Peak 
Flow 
(m3/s) 

Average 
Minimum 
Monthly 

Flow1 
(m3/s) 

Beaver 
River 

Syncrude 165 9.80 21.9 33.7 57.3 0.044 

Pony 
Creek 

Chard 278 9.06 16.9 22.9 33.2 0.038 

Logan 
River 

mouth 425 14.4 28.4 43.8 74.4 0.47 

House 
River 

Hwy 63 781 18.5 35.0 46.7 66.4 0.53 

Hanging- 
stone River 

Fort 
McMurray 

959 44.7 84.4 114 166 0.21 

Wandering 
River 

Wandering 
River 

1,120 28.0 60.8 89.7 145 0.13 

Christina 
River 

Chard 4,863 81.6 160 219 321 3.0 

MacKay 
River 

Fort 
McMurray 

5,570 122 258 377 598 0.47 

1winter flow records incomplete 

 
Average minimum monthly flows are also listed in Table 4 for the eight WSC gauges. These 
minimum monthly flows include winter flows where available. Minimum flows typically 
occur during the winter months but can also occur during summer dry periods. The 
relationship of these minimum flows with drainage area is shown in Figure 7. 
 
2.3.2 LOCAL HYDROGRAPHY 

Figure 9 shows the hydrography in the vicinity of the Algar Lake Project. Observations in 
the LSA and at other sites in the region indicate that the stream network obtained from 
1:50,000 scale National Topographic Service (NTS) maps provides a reasonable indication 
of where streams with defined channels occur. The streams with defined channels shown in 
Figure 9 were derived from these NTS maps with some minor modifications to maintain 
consistency with Digital Elevation Model (DEM) data obtained from the Geobase database. 
Additional hydrography obtained from 1:20,000 scale Alberta Sustainable Resource 
Development (ASRD) maps were defined as drainages without defined channels. Watershed 
boundaries were determined from this hydrography and the DEM data. 
 
The LSA lies within the watershed of Little Horse Creek which has a drainage area of 
879 km2. Little Horse Creek is a major tributary of the Horse River. The WSC operated a 
gauge on the Horse River at Abasand Park in 1930-31 and in 1976-79; however, the period 



Hydrology Assessment for Grizzly Oil Sands Algar Lake SAGD Project  
Project 17038 – Jan, 2010  8 

of record on this gauge was too short to include the flow data in the analysis of regional flow 
characteristics. The drainage area reported for the WSC gauge is 2130 km2 but evaluation of 
the available drainage data indicated the drainage area is actually about 2,300 km2. 
 
The main stem of Little Horse Creek flows northward through the Project Area, draining an 
area of 443 km2 upstream of the Project Area as well as 10.9 km2 of undefined drainage 
within the Project Area. Horse Creek, a tributary of Little Horse Creek, flows northward 
along the east side of the Project Area draining an area of 68.9 km2. Smaller tributaries T1 
and T3 drain the northeast portion of the Project Area. The west side of the Project Area is 
drained by tributary T2, while the tributaries T4 and T5 are located in the central portion of 
the Project Area. Tributaries T6, T7 and T8 drain the southern portion of the Project Area. 
The drainage areas of these watersheds are listed in Table 5. 
 

Table 5 Summary of drainage areas and flow rates for local watersheds 

Stream 
 

Location Drainage 
Area 
(km2) 

 

Mean 
Annual 
Flow 

 (m3/s) 

Mean 
Annual 
Peak 
Flow 

 (m3/s)

10-
Year 
Peak 
Flow 

(m3/s) 

25-
Year 
Peak 
Flow 
(m3/s) 

100-
Year 
Peak 
Flow 
(m3/s) 

Average 
Minimum
Monthly 

Flow 
(m3/s) 

Little Horse Cr. Mouth 879 2.4 27 53 76 118 0.27 

Little Horse Cr. u/s boundary 443 1.2 16 32 46 71 0.14 

Little Horse Cr. d/s boundary 491 1.3 17 35 50 77 0.15 

Horse Cr. Mouth 68.9 0.19 4.0 8.1 12 18 0.021 

T1 Mouth 17.7 0.048 1.5 3.0 4.3 6.6 0.005 

T2 Mouth 29.6 0.081 2.2 4.4 6.2 9.6 0.009 

T3 Mouth 2.82 0.008 0.38 0.77 1.1 1.7 0.001 

T4 Mouth 2.66 0.007 0.36 0.73 1.0 1.6 0.001 

T5 Mouth 0.434 0.001 0.10 0.19 0.27 0.42 0.000 

T6 Mouth 31.2 0.086 2.3 4.5 6.5 10 0.010 

T7 Mouth 1.43 0.004 0.23 0.46 0.66 1.0 0.000 

T8 Mouth 5.51 0.015 0.62 1.3 1.8 2.8 0.002 

A1 Mouth 0.526 0.001 0.11 0.22 0.32 0.49 0.000 

A2 Mouth 0.461 0.001 0.10 0.20 0.29 0.44 0.000 

A3 Mouth 1.92 0.005 0.29 0.58 0.82 1.3 0.001 

A4 Mouth 1.18 0.003 0.20 0.40 0.57 0.89 0.000 

A5 Mouth 4.87 0.013 0.57 1.1 1.6 2.5 0.002 

A6 Mouth 1.56 0.004 0.25 0.49 0.71 1.1 0.000 

A7 Mouth 0.937 0.003 0.17 0.34 0.48 0.75 0.000 

A8 Mouth 1.40 0.004 0.23 0.45 0.65 1.0 0.000 

A9 Mouth 1.20 0.003 0.20 0.41 0.58 0.90 0.000 

A10 Mouth 0.218 0.001 0.057 0.12 0.16 0.25 0.000 
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The right of way for the associated facilities crosses the watersheds of ten drainages without 
defined channels (A1-A10). The locations of these watersheds are shown in Figure 9 and 
their drainage areas are listed in Table 5. 
 
Lake L1, with a surface area of 8.4 ha, and Lake L2, with a surface area of 11.2 ha, are the 
only significant lakes within the Project Area (Figure 9). Lake L2 is drained by Tributary T2 
however the drainage from Lake L1 is not as distinct. The 1:50,000 scale NTS map indicates 
that Lake L1 drains to the east through Tributary T5, however, the 1:20,000 ASRD map and 
digital elevation model (DEM) data indicate that Lake L1 drains north into Tributary T4. 
Photographs of the lake drainage shown in Figure 10 indicate that there is no defined 
channel providing an outlet to the lake but the largest drainage path drains toward Tributary 
T4. Lake L1 is, therefore, shown draining toward Tributary T4 in Figure 9. 
 
The mean and extreme flows for these local watersheds are summarized in Table 5. The 
mean annual flows and average minimum monthly flows for the watersheds were estimated 
on the basis of the relationships shown in Figure 7. The log-normal distribution adopted 
from the analysis of regional flow frequencies shown in Figure 8 was used to estimate the 
expected flood peaks in the local watersheds for various return periods. 
 
2.3.3 LOCAL CHANNEL CHARACTERISTICS 

Local channel characteristics were assessed at three sites within the Project Area during site 
inspections carried out on Oct 2-3, 2007. Site 1 was located on Tributary T6 just upstream of 
a beaver pond while Sites 2 and 3 were located on Little Horse Creek. Site 2 is located near 
the center of the Project Area while Site 3 is located near the northern boundary of the 
Project Area. The locations of these sites are shown in Figure 9. A summary of the channel 
characteristics observed at the sites is given in Table 6. 
 

Table 6  Summary of channel characteristics on Oct 2-3, 2007 

Site  
  

Stream Easting 
(m) 

Northing 
(m) 

Drainage 
Area 
(km2) 

Top 
Width 

(m) 

Mean 
Velocity 

(m/s) 

Discharge 
(m3/s) 

1 T6 450,615 6,244,443 21.4 1.7 0.070 0.06 

2 Little Horse Cr. 451,041 6,248,074 481 11 0.33 1.4 

3 Little Horse Cr. 450,475 6,251,049 488 10.7 0.45 1.9 

 
 
The drainage areas for the three sites are also summarised in Table 6. The measured 
discharges in Tributary T6 and in Little Horse Creek are slightly greater than the mean 
annual flows estimated at these locations based on the relationship between mean annual 
flow and drainage area shown in Figure 7. Thus, the flow characteristics observed during the 
site inspections appear to be typical for these streams. 
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Photographs of Site 1 are shown in Figure 11. The site is located on Tributary T6 just 
upstream of a beaver pond near the southern boundary of the Project Area. The 1.7 m wide 
channel was near bankfull, even in mid-autumn when flows are expected to be low. This is 
likely due to backwater from the downstream beaver pond. A cross section was not surveyed 
because the channel was too deep to wade across. A discharge of 0.06 m3/s was estimated 
from a mean velocity of 0.07 m/s estimated from surface velocity measurements, a top width 
of 1.7 m and assuming the mean depth was one-half of the measured mid-channel depth of 
1.02 m. 
 
Photographs of Site 2 are shown in Figure 12. This site is located on Little Horse Creek near 
the center of the Project Area. The channel width at the water surface was 11 m. The channel 
was too deep to obtain a cross section by wading but depths up to 0.60 m were measured 
near the left bank where the water appeared to be the deepest. A mean velocity of 0.33 m/s 
was estimated from surface velocity measurements obtained using the float method. A 
discharge of 1.4 m3/s was estimated based on an assumed mean depth of 0.3 m. An ice scar 
was observed at the bankfull elevation, 1.8 m above the observed water level. 
 
Site 3 photographs and cross section are shown in Figure 13. This site is located on Little 
Horse Creek near the northern boundary of the Project Area. The 10.7 m wide channel 
meanders through a 200 m wide flood plain vegetated with grass and trees at this location. 
The flow was shallow so a cross section was obtained by wading across the channel. A 
discharge of 1.9 m3/s was calculated from a mean velocity of 0.45 m/s estimated from 
surface velocity measurements, a measured top width of 10.7 m and a mean depth of 0.22 m. 
Hydraulic analysis indicates that a Manning roughness of 0.021 is required to match the 
observed water level, assuming the map slope of about 0.0007 is representative of the local 
slope. A high water mark and ice scar were observed 1.6 and 1.7 m above the water surface 
while the top of bank was 3 m above the water surface. 
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3 ASSESSMENT OF SAGD PROJECT IMPACTS 

This section of the report describes the assessment of potential hydrologic impacts of the 
SAGD project on the local environment. The project footprint is described, the potential 
impacts identified and their severity assessed. The impacts of the access road and other 
associated facilities will be addressed separately in Section 4. 

3.1 PROJECT FOOTPRINT 

The development of the proposed SAGD project will produce surface disturbances as well as 
potential stream disturbances. Surface water runoff may also be used as part of the water 
supply for the project. Figure 14 shows the layout of the SAGD project. The project 
development is located in Section 11, 13, 14, 23 and 24 of Twp 85, Rge 12, W4M. 

3.1.1 SURFACE DISTURBANCES 

Surface disturbances will occur from the construction of the plant site, four well pads, 
Borrow Pit S1, a camp and access and pipeline corridors. The areas of these disturbances are 
summarized in Table 7. The total disturbed area due to the SAGD project is 43.2 ha.  
 

Table 7 Summary of disturbed areas due to SAGD Project 

Disturbance Type Total Area 
(ha) 

Plant Site 10.8 

Pad A 3.5 

Pad B 3.6 

Pad C 3.6 

Pad D 3.6 

Borrow Pit S1 11.3 

Access 2 

Camp 1.1 

Pipeline 3.7 

Total 43.2 

 

All of the SAGD project disturbances will be located in the drainage area of Little Horse 
Creek where three local watersheds will be affected. Surface disturbances are located in the 
watersheds of Tributary T5 and T6 and in the area between these two watersheds which 
drains directly into Little Horse Creek. Table 8 summarizes the extent of the spatial 
disturbances within the individual watersheds. 
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Table 8 Summary of spatial extent of disturbances due to SAGD Project 

Watershed 
 

Drainage 
Area 
(ha) 

Disturbance Areas Percent
of Area

(%) Plant 
Site 
(ha) 

Well 
Pads 
(ha) 

Borrow
Pit 
(ha) 

Access
(ha) 

Camp
(ha) 

Pipe-
line 
(ha) 

Total 
(ha) 

Tributary T5 43.4  0.5     0.5 1.2 

Tributary T6 3,120 10.8 2.7 0.7 0.8 1.1 1.7 17.8 0.57 

Direct Drainage 1,090  11.1 10.6 1.2  2 24.9 2.3 

Little Horse Creek 87,900 10.8 14.3 11.3 2.0 1.1 3.7 43.2 0.049 

 

Most of the disturbance will occur in the direct drainage between the watersheds of 
tributaries T5 and T6. This disturbance area is 2.3% of the direct drainage within the Project 
Area. If the entire Little Horse Creek watershed is considered, the disturbance area decreases 
to about 0.05% of the drainage area. It would be very difficult to quantify the effect of this 
scale of development on any hydrologic parameter. 

3.1.1.1 Plant Site 

The plant site will be located in Section 10 and 11 of Twp 85, Rge 12 W4M. The plant site is 
located on high ground which drains into the watershed of Tributary T6. The runoff from the 
plant site may be poorer in quality than the runoff from natural areas so it will be collected 
and stored, and will either be used for process water or be discharged after it has been 
determined to meet water quality guidelines. The effective runoff coefficient will be 0.0 if 
the runoff is utilized but may be as much as 0.6 if discharged after being treated because any 
runoff leaving the plant site will reach the stream network as surface runoff due to the steep 
slopes between the plant site and the Tributary T6. The interception of this runoff will 
contribute to a decrease in annual runoff from the affected watersheds. 

3.1.1.2 Borrow Pit 

Borrow Pit S1, which has a surface area of 11.3 ha, will be located mainly in the watershed 
of the direct drainage to Little Horse Creek; however, a small area will be within the 
watershed of Tributary T6. This borrow pit will be used to supply material for construction 
so the bottom of the pit will be lower in elevation than the surrounding land. Any 
precipitation falling on the borrow pit area will be contained in the borrow pit where it will 
either evaporate or seep into the ground. No runoff will be generated from this area.  

3.1.1.3 Well Pads 

As shown in Figure 14, Well Pads B and D will be located entirely in the direct watershed of 
Little Horse Creek while parts of Well Pads A and C will also be in the watersheds of 
Tributaries T5 and T6 respectively. The well pads will likely be constructed of gravel so the 
runoff coefficient for the well pads is expected to be about 0.60. This is substantially higher 
than the natural annual runoff coefficient of 0.19. The water quality of the runoff from the 
well pads is not expected to be substantially different from the runoff from the undisturbed 
site. However, the surface runoff from the well pads will still be collected and stored away 
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from the working area and will either evaporate or be discharged after it has been 
determined to meet water quality guidelines. Little of this water will reach the stream 
network. Thus, the well pads will contribute to a reduction in runoff from the watershed in 
which they are located. 

3.1.1.4 Access Corridor 

The location of the access corridor is shown in Figure 14. This linear feature will have a 
total length of 1.0 km, with a right-of-way width of 20 m. The total disturbed area of this 
utility corridor is 2.0 ha. Most of the access corridor is located in the direct drainage of Little 
Horse Creek however 0.8 ha is located in the watershed of Tributary T6. 
 
The runoff coefficient from the graveled road surfaces is expected to be the same as the well 
pads, or about 0.60. The runoff from the road surface will flow into the ditches where some 
of the runoff will be stored. The remaining surface of the access corridor right-of-way will 
be non-forested vegetation with a runoff coefficient of about 0.25, slightly higher than the 
undisturbed value of 0.19. Thus, it is estimated that about 40% of the precipitation (an 
effective runoff coefficient of 0.40) will find its way into the stream system from the access 
corridor.  

3.1.1.5 Camp 

As shown in Figure 14, the camp will be located entirely in the watershed of Tributary T6. 
The camp area will likely be constructed of gravel so the runoff coefficient for the area is 
expected to be about 0.60. This is substantially higher than the natural annual runoff 
coefficient of 0.19. The water quality of the runoff from the camp is not expected to be 
substantially different from the runoff from the undisturbed site so the runoff will not be 
contained. Thus, the camp will contribute to an increase in runoff. 

3.1.1.6 Pipeline Corridor 

The location of the pipeline corridor is shown in Figure 14. This linear feature will have a 
total disturbed area of 3.7 ha. The majority of the pipeline corridor is located in the direct 
watershed of Little Horse Creek however 1.7 ha is located in the watershed of Tributary T6. 
 
The runoff coefficient from the non-forested vegetation in the pipeline corridor will have a 
runoff coefficient slightly higher than the undisturbed value of 0.19 because the larger 
vegetation will be removed and the soil compacted. It is estimated that the runoff coefficient 
for this area is 0.25.  

3.1.2 STREAM DISTURBANCES 

The access and pipeline corridors do not cross any streams which have defined channels so 
no stream disturbances are anticipated. As well, the plant site, borrow pit, camp and well 
pads are located where they do not disturb any streams with defined channels. 
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3.1.3 WATER SUPPLY 

The main use of water by the project is for production of steam that will be injected into the 
oil bearing formation. This process water will be re-circulated and reused as much as 
possible. However, some of the water will be lost in the formation and some of the water 
will be taken up in disposing of unwanted byproducts. This lost water must be replaced from 
an external supply. It is anticipated that local deep groundwater supplies will be used to 
provide most of the water for the project; however, runoff from the plant site may also be 
utilized so there may be some diversion of surface water runoff. The annual runoff volume 
generated on the plant site from the median annual precipitation of 456 mm with a runoff 
coefficient of 0.6 is estimated to be about 30,000 m3. 
 
Runoff from the plant site will be collected in a storm water pond. The required storage for 
the 10.8 ha area of the plant site is estimated to be about 4,200 m3 for a 10-year 24-hour 
rainfall of 64.1 mm. This runoff volume will be stored in a storm water pond contained on 
the plant site which may be used for process water. The average flow rate produced by this 
10-year 24-hour steady rainfall is about 0.05 m3/s. This flow can easily be accommodated by 
a typical small ditch.  

3.2 HYDROLOGIC IMPACTS 

The potential affects of the SAGD Project on surface water within the LSA include the 
following: 
 

 Changes to the surface runoff characteristics due to changes to the surface of the 
landscape and diversion of surface water for plant processes. 

 Increased sediment concentrations in the local streams due to the effects of 
stream channel crossings and changes in surface runoff characteristics. 

 

3.2.1 SURFACE RUNOFF 

Project disturbances have the potential to cause changes to the surface runoff characteristics. 
Changes in surface drainage patterns or changes in the runoff coefficients may affect the 
flow volumes, flow rates, and timing of peak flows in the local streams. Water levels in lakes 
and wetlands may also be affected. If these changes are significant they may in turn produce 
changes in the channel regime of the local streams. 
 
To minimize the impacts on surface runoff, there will be no significant changes in the 
surface drainage patterns due to SAGD Project. Drainage around the development is shown 
in Figure 15. Appropriate drainage will be provided at crossings of any significant drainage 
courses and there will be no transfer of water from one watershed to another along ditches 
and road right-of-ways. There will be no effects on water levels in wetlands since drainage 
patterns will be maintained. 
 
The effect of development on runoff volumes in each individual watershed depends on the 
proportion of the areas that are used for the plant site, borrow pits, well pads, camp and 
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access and pipeline corridors. The plant site, borrow pits, and well pads will reduce the 
runoff volumes and flood peaks if runoff water is contained within these areas. Access and 
pipeline corridor and camp areas will increase both runoff volumes and flood peaks due to 
the reduction in vegetation and the addition of less permeable surfaces. 
 
The changes in land use and the runoff coefficients described in Section 3.1 will produce 
changes in runoff volumes and peak flows. The changes in runoff volume are summarized in 
Table 9. The greatest change in runoff volume will be in the direct drainage to Little Horse 
Creek which will likely see a small decrease in annual runoff volumes due to the presence of 
the borrow pit and a portion of the plant site in this watershed. Tributaries T5 and T6 are 
also expected to see small decreases in runoff volume. The overall change to runoff in Little 
Horse Creek will be negligible.  
 

Table 9 Summary of changes in runoff volume due to project disturbances 

Watershed Natural 
Drainage 

 Area  
(ha) 

Mean Annual 
 Flow1 
(m3/s) 

Change in 
Annual Runoff 

Volume 
 (%) 

Change in 
Mean Annual 

Flow 
(m3/s)  

Tributary T5 43.4 0.001 -1.2 -0.00001 

Tributary T6 3,120 0.085 -0.33 -0.00029 

Direct drainage 1,090 0.030 -1.8 -0.00054 

Little Horse Creek 87,900 2.41 -0.035 -0.00084 
1 March to Oct flows only 

 
Changes to runoff volumes are easier to determine than changes to flood peaks because the 
volume of runoff is independent of the timing of the runoff, while the effect of the timing is 
very important in determining the flood peaks. Changes in the timing are difficult to 
determine because of a lack of data at sufficiently small spatial scales that represent the 
scales of the disturbance. Never the less, changes in the flood peaks would probably be of 
similar magnitude to, or less than, the changes in the runoff volumes. Thus, the possibility of 
any significant changes to the regime of any of the streams in the area is very remote.  
 
In summary, the surface disturbances associated with the project will produce some minor 
changes in runoff volumes and peak flows in the local watersheds. However, at the mouth of 
Little Horse Creek, the annual changes in runoff due to the total surface disturbance are 
expected to be less than -0.04% of the annual runoff volumes. Changes in the peak flows are 
expected to be even less than this.  
 
The SAGD project footprint does not directly affect any lakes within the watershed. As well, 
lake levels are not generally expected to be affected by small changes in runoff which will 
occur due to the project disturbances.  
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3.2.2 SEDIMENT CONCENTRATIONS 

Sediment concentrations in streams have the potential to increase due to increases in 
streamflow or from sediment introduced to the stream from disturbances. Sediment 
concentrations in the streams are not expected to increase due to changes in the surface 
runoff characteristics. The projected changes in the flow regime due to surface disturbances 
are small so they will not impact the sediment concentrations significantly. There are no 
stream crossings in the project footprint so no sediment inputs will occur from local 
disturbances. 
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4 ASSESSMENT OF IMPACTS OF ASSOCIATED FACILITIES 

This section of the report describes the assessment of potential hydrologic impacts of the 
associated facilities of the development on the local environment. The associated facilities 
include the access road and borrow pits, the gas pipeline and water pipeline and the water 
supply well pads. The footprint of the associated facilities are described, impacts identified 
and their severity assessed. 

4.1 FOOTPRINT OF ASSOCIATED FACILITIES 

The development of the proposed associated facilities will produce surface disturbances as 
well as potential stream disturbances. The layout of these facilities is shown in Figure 14. 
They will be located in Sections 19, 20, 30 and 31 of Twp 84, Rge 11, W4M; Section 6 of 
Twp 86, Rge 11, W4M; and Sections 1 and 11 - 14 of Twp 85, Rge 12, W4M. 

4.1.1 SURFACE DISTURBANCES 

The surface disturbances due to the construction of the associated facilities are summarized 
in Table 10. The total disturbed area due to the access road is 75.8 ha.  

Table 10 Summary of disturbed areas due to access road 

Disturbance Type Total 
Area 
(ha) 

Access Road 40.2 

Borrow Pits 6.0 

Gas Line 5.3 

Waterline 22.0 

Water Supply Wells (WSW) 2.3 

Total 75.8 

 
The associated facilities will be located in ten watersheds draining into Horse Creek and 
Little Horse Creek. The distribution of the facilities areas within the individual watersheds is 
summarized in Table 11. The largest percentage of surface area of these small watersheds 
that is disturbed is in the order of 11%; however, if the entire Little Horse Creek watershed 
is considered, the disturbance decreases to about 0.1%. It would be very difficult to quantify 
the effect of this scale of development on any hydrologic parameter. 

4.1.1.1 Access Road 

The location of the access road is shown in Figure 14. The total disturbed area of this access 
road is 40.2 ha. The access road will follow the existing power line corridor and will cross 
the watersheds of drainages A1 to A8. 
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Table 11 Summary of spatial extent of access road disturbances  

Watershed Drainage 
Area 
(ha) 

Disturbance Areas Percent 
of Area 

(ha) 
Access 
Road 
(ha) 

Borrow 
Pits 
(ha) 

Gas 
Line 
(ha) 

Water 
Line 
(ha) 

WSW 
Pads 
(ha) 

Total 
(ha) 

Tributary T6 3,120 0.3  1.6 0.7  2.6 0.083 

Direct Drainage 1,090 10.5  3.7 4.2  18.4 1.7 

Watershed A1 52.6 3.3 1.0  1.7  6.0 11.4 

Watershed A2 46.1 2.8 0.0  1.4  4.2 9.1 

Watershed A3 192 2.6 1.0  1.3  4.9 2.5 

Watershed A4 118 6.3 0.8  3.2  10.3 8.7 

Watershed A5 487.4 3.7 0.4  1.8  5.9 1.2 

Watershed A6 156.4 4.8 1.8  2.4  9.0 5.8 

Watershed A7 93.7 2.3 1.0  1.2  4.5 4.8 

Watershed A8 140 3.6   2.1  5.7 4.1 

Watershed A9 120    1.9 1.7 3.6 3.0 

Watershed A10 21.8    0.1 0.6 0.7 3.2 

Little Horse Creek 87,900 40.2 6.0 5.3 22.0 2.3 75.8 0.086 

 
 
The runoff coefficient from the graveled road surfaces is expected to be about 0.60. The 
runoff from the road surface will flow into the ditches where some of the runoff will be 
stored. The remaining surface of the access road right-of-way will be non-forested 
vegetation with a runoff coefficient of about 0.25, slightly greater than the undisturbed value 
of 0.19. Thus, it is estimated that about 40% of the precipitation (an effective runoff 
coefficient of 0.40) will find its way into the stream system from the access road right-of-
way.  

4.1.1.2 Borrow Pits 

As shown in Figure 14, six borrow pits with a total surface area of 6.0 ha will be located in 
watersheds A3 to A8. These borrow pits will be used to supply material for the construction 
of the access roads so the bottoms of the pits will be lower in elevation than the surrounding 
land. Any precipitation falling on the borrow pit areas will be contained in the borrow pits 
where it will either evaporate or seep into the ground. No runoff will be generated from 
these areas. 

4.1.1.3  Pipeline Corridors 

The locations of the corridors for the gas and water pipelines are shown in Figure 14. These 
linear features will have total disturbed areas of 5.3 and 22.0 ha respectively. Most of the gas 
pipeline corridor is located in the direct watershed of Little Horse Creek; however, 1.6 ha is 
located in the watershed of Tributary T6. The water pipeline corridor will follow the existing 
power line corridor north from the Water Supply Wells then will follow the gas pipeline 
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corridor west to the plant site. The areas of the water pipeline corridor located in each of the 
watersheds are listed in Table 11.  
 
The runoff coefficient from the non-forested vegetation in the pipeline corridors will have a 
runoff coefficient slightly higher than the undisturbed value of 0.19 because the larger 
vegetation will be removed and the soil compacted. It is estimated that the runoff coefficient 
for this area is 0.25. 

4.1.1.4  Water Supply Well Pads 

As shown in Figure 14, three Water Supply Well (WSW) Pads will be located at the south 
end of the access road, two in Watershed A9 and one in Watershed A10. These WSW pads 
will be 70 m by 90 m each and will have a total area of 2.3 ha including access roads to the 
pads. The pads will likely be constructed of gravel so the runoff coefficient for the well pads 
is expected to be about 0.60. This is substantially higher than the natural annual runoff 
coefficient of 0.19. The water quality of the runoff from the well pads is not expected to be 
substantially different from the runoff from the undisturbed site so the runoff will not be 
contained. Thus, the WSW pads will contribute to an increase in runoff from the watersheds 
in which they are located. 

4.1.2 STREAM DISTURBANCES 

Stream disturbances may occur where the access road and pipeline corridors cross streams 
with defined channels. These disturbances usually occur during construction, but the effects 
may potentially continue indefinitely unless the initial disturbance is properly mitigated. 
 
The access road crosses one stream, Little Horse Creek, which has a well defined channel. 
Potential impacts may occur from ditch drainage into the creek and from disturbances during 
the construction of the bridge. 
 
The pipeline corridors also cross Little Horse Creek. Potential impacts may occur from 
drainage down the valley sides in the pipeline right of way and from disturbances during the 
construction of the pipeline crossings. The waterline must be buried so that that the water 
does not freeze in the pipe therefore the pipeline cannot be suspended over the creek but 
must be buried under the creek. These types of pipeline crossings can be constructed using 
directional drilling or by open cut across the channel. Directional drilling does not impact 
the stream channel but is more costly and its use may be constrained by the local geology. 
The pipelines may also be placed using an open cut technique, the impact of which can be 
limited if appropriate sediment controls are implemented during construction. 
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4.2 HYDROLOGIC IMPACTS 

The potential affects of the associated facilities on surface water within the LSA include the 
following. 
 

 Changes to the surface runoff characteristics due to changes to the surface of the 
landscape. 

 Increased sediment concentrations in the local streams due to the effects of 
stream channel crossings and changes in surface runoff characteristics. 

 

4.2.1 SURFACE RUNOFF 

Project disturbances have the potential to cause changes to the surface runoff characteristics. 
Changes in surface drainage patterns or changes in the runoff coefficients may affect the 
flow volumes, flow rates, and timing of peak flows in the local streams. Water levels in lakes 
and wetlands may also be affected. If these changes are significant they may in turn produce 
changes in the channel regime of the local streams. 
 
To minimize the impacts on surface runoff, there will be no changes in the surface drainage 
patterns due to access road and pipeline corridor construction (Figure 15). Appropriate 
drainage will be provided at crossings of any significant drainage courses. There will be no 
transfer of water from one watershed to another along ditches and road right-of-ways. There 
will be no effects on water levels in wetlands since drainage patterns will be maintained. 
Estimates of flow rates at the access road crossings are given in Table 12. 
 

Table 12 Summary of drainage areas and flow rates at access road crossing 
locations 

Crossing Drainage 
Area 
(km2) 

 

Mean 
Annual 
Flow 

 (m3/s) 

Mean 
Annual 

Peak Flow
 (m3/s) 

10-Year 
Peak Flow

(m3/s) 

25-Year 
Peak Flow 

(m3/s) 

100-Year 
Peak Flow

(m3/s) 

Little Horse Cr. 476 1.3 17 34 49 75 

A1 0.13 0.000 0.039 0.078 0.11 0.17 

A2 0.054 0.000 0.020 0.041 0.058 0.090 

A3 1.81 0.005 0.27 0.55 0.79 1.2 

A4 0.72 0.002 0.14 0.28 0.40 0.62 

A5 4.48 0.012 0.54 1.1 1.5 2.4 

A6 0.87 0.002 0.16 0.32 0.46 0.71 

A7 0.54 0.001 0.11 0.23 0.32 0.50 

A8 0.73 0.002 0.14 0.28 0.40 0.62 
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The effects of development on runoff volumes in each individual watershed depends on the 
proportion of the areas that are used for borrow pits, water supply wells and road and 
pipeline right-of-ways. Borrow pits will reduce the runoff volumes and flood peaks because 
runoff water will be contained within these areas. Water supply wells and road and pipeline 
right-of-ways will increase both runoff volumes and flood peaks due to the reduction in 
vegetation and the addition of less permeable surfaces. 
 
The changes in land use and the runoff coefficients described in Section 4.1 will produce 
changes in runoff volumes and peak flows. The changes in runoff volume are summarized in 
Table 13. All of the affected watersheds are expected to have some increase in runoff 
volume. The greatest change in runoff volume will be in Watershed A2. This small 
watershed may see an increase of about 8% in annual runoff volumes due to the presence of 
the access road and waterline corridor. The overall change to runoff in Little Horse Creek 
will be very small and will offset the changes in runoff due to the SAGD project itself. 
 
Changes to runoff volumes are easier to determine than changes to flood peaks because the 
volume of runoff is independent of the timing of the runoff, while the effect of the timing is 
very important in determining the flood peaks. Changes in the timing of flood peaks are 
difficult to determine because of a lack of data at sufficiently small spatial scales that 
represent the scales of the disturbance. Never the less, changes in the flood peaks would 
probably be of the same magnitude as, or less than, the changes in the runoff volumes. The 
possibility of any significant changes to the regime of any of the streams in the area is very 
remote.  

Table 13 Summary of changes in runoff volume due to disturbances from 
associated facilities 

Watershed Natural 
Drainage 

 Area  
(ha) 

Mean Annual 
 Flow1 
(m3/s) 

Change in 
Annual Runoff 

Volume 
 (%) 

Change in 
Mean Annual 

Flow 
(m3/s)  

Tributary T6 3,120 0.085 0.033 0.00003 

Direct Drainage 1,090 0.030 1.3 0.00039 

Watershed A1 53 0.001 6.1 0.00009 

Watershed A2 46 0.001 7.7 0.00010 

Watershed A3 192 0.005 1.2 0.00006 

Watershed A4 118 0.003 6.1 0.00020 

Watershed A5 487 0.013 0.87 0.00012 

Watershed A6 156 0.004 2.7 0.00012 

Watershed A7 94 0.003 2.1 0.00005 

Watershed A8 140 0.004 3.3 0.00013 

Watershed A9 120 0.003 3.6 0.00012 

Watershed A10 22 0.001 6.1 0.00004 

Little Horse Creek Total 87,900 2.41 0.059 0.00142 
1 March to Oct flows only 
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In summary, the surface disturbances associated with the associated facilities will produce 
some minor changes in runoff volumes and peak flows in the local watershed. However, at 
the mouth of Little Horse Creek, the annual changes in runoff due to the total surface 
disturbance are expected to be less than 0.06% of the annual runoff volumes. Changes in the 
peak flows are expected to be even less than this value. 
 
Lake levels are not generally expected to be affected by the project disturbances due to the 
small changes in runoff which will occur. The footprint of the associated facilities does not 
directly affect any lakes within the watershed. 

4.2.2 SEDIMENT CONCENTRATIONS 

Sediment concentrations in streams and lakes have the potential to increase due to increases 
in streamflow or from sediment introduced to the water body from disturbances. Sediment 
concentrations in the streams are not expected to increase due to changes in the surface 
runoff characteristics caused by the associated facilities. The projected changes in the flow 
regime due to surface disturbances are small so they will not impact the sediment 
concentrations significantly. 
 
The access road crosses one stream, Little Horse Creek, which has a well defined channel. 
The crossing will be designed and constructed to minimize impact on the channel according 
to code of practice for watercourse crossings (Alberta Environment, 2006a). Appropriate 
sediment control will be implemented during construction of the crossing to minimize the 
effects of the disturbance. Appropriate sediment control will also be implemented at the 
intersection of the stream and the access corridor ditches. 

The pipeline corridors also cross Little Horse Creek. The water pipeline must be buried so 
that that the water does not freeze in the pipe therefore the pipeline cannot be suspended 
across the creek but must be buried under the creek. If the pipelines are be placed under the 
creek using an open cut technique, the construction will carried out according to code of 
practice for pipeline crossings (Alberta Environment, 2006b) to minimize the impact on the 
channel. The construction will be isolated from the stream flow and sediment will be 
contained within the construction site.  
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5.0 MONITORING AND MITIGATION 
 
The assessments of impacts in the previous sections have identified two potential issues: 
stream flows and sediment concentrations. Both of these potential impacts were determined 
to be insignificant if appropriate design and construction procedures are followed.  
 
Impacts on stream flows can be minimized by ensuring that natural drainage paths are not 
interrupted by the development. This can be achieved by providing appropriate culverts and 
drainage ditches for the access corridors and providing flow pathways around the plant site 
and well pads. 
 
Increases in sediment concentrations in the stream channels can be minimized by ensuring 
that sediment generated by the project does not enter the channels. This can be achieved by 
applying proper sediment management techniques during the construction of stream 
crossings. As well, runoff from the plant site and well pads can be controlled so that poor 
quality runoff does not enter the streams. Sediment concentrations in the streams will be 
monitored during construction. If unforeseen excessive sediment concentrations are detected 
in the main channels due to project disturbances, steps will be taken to improve the 
containment of runoff and the filtering of releases from the developed areas. 
 
When the project is complete the disturbed areas will be reclaimed. The landscape will be 
restored so that surface runoff will be similar to the pre-existing conditions. 
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6.0 SUMMARY OF CONCLUSIONS 
 
An assessment of the hydrology in the region of the project was carried out to evaluate the 
baseline hydrology and to assess the impacts of the project on the local hydrology. The 
evaluation of baseline hydrology included an assessment of climate and runoff 
characteristics. The regional climate characteristics can be represented reasonably well by 
the data from the long term meteorological station at Fort McMurray and a local station at 
Algar LO. Data on the hydrologic characteristics of the small streams in the LSA are scarce. 
A regional analysis approach was used to determine seasonal and annual runoff coefficients 
and runoff volumes.  
 
The hydrologic impacts of the project were classified into two categories: surface 
disturbances and stream disturbances. The impacts of surface disturbances caused by the 
development of the project on the hydrology in the area were investigated and found to be 
small. The surface disturbances associated with the project will produce some minor changes 
in runoff volumes and peak flows but these changes are expected to be undetectable in the 
larger basins. Runoff from the well pads will be contained, and allowed to evaporate or 
treated and released into the natural drainage system once water quality objectives have been 
met. Runoff from the plant site will be contained as well and may be utilized to supplement 
the process water supply from groundwater. 
 
Disturbances to the streams will also be insignificant. Two stream crossings of Little Horse 
Creek are planned, a bridge crossing for the access road and a buried crossing for the water 
pipeline and gas pipeline. The design and construction of these stream crossings will be 
carried out in a way so as to minimize the duration and magnitude of any in-stream 
disturbances.  
 
In summary, the impacts of disturbances caused by the development of the project on the 
hydrology were investigated and found to be insignificant. Where impacts could potentially 
occur, the project will be designed to minimize the effects of the impacts. 
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