
 

Suite 208 4207 – 98 Street  Edmonton AB Canada T6E 5R7    Tel: 780.496.9048    Fax: 780.496.9049    Email: info@mems.ca  
www.mems.ca 

 
 
 
 

Algar Lake SAGD Project 
Hydrogeology Assessment 

 
 
 
 
 
 
 
 
 

Prepared for: 
Grizzly Oil Sands ULC 

 
 
 
 
 
 
 

Prepared by: 
Millennium EMS Solutions Ltd. 

#208, 4207 – 98 St 
Edmonton, Alberta 

T6E 5R7 
 
 
 
 

January 2010 
File # 07-099 



 Grizzly Oil Sands ULC 
 Algar Lake SAGD Project 
Millennium EMS Solutions Ltd. January 2010 
 

 Page i 07-099 

Table of Contents 
 Page 

Table of Contents ................................................................................................................................... i 

List of Tables ..........................................................................................................................................ii 

List of Appendices ..................................................................................................................................ii 
 

1.0  INTRODUCTION ........................................................................................................................ 1 

2.0  METHODOLOGY ....................................................................................................................... 1 

3.0  BASELINE SETTING ................................................................................................................. 2 

3.1  Physiography and Climate ...................................................................................................... 2 

3.2  Geology ................................................................................................................................... 2 

3.2.1  Quaternary ...................................................................................................................... 3 

3.2.2  Cretaceous ...................................................................................................................... 3 

3.2.3  Devonian ......................................................................................................................... 4 

3.3  Hydrogeology .......................................................................................................................... 5 

3.3.1  Quaternary ...................................................................................................................... 5 

3.3.2  Cretaceous ...................................................................................................................... 8 

3.3.3  Devonian ......................................................................................................................... 9 

3.3.4  Summary ....................................................................................................................... 10 

3.4  Local Groundwater Users ..................................................................................................... 10 

4.0  ENVIRONMENTAL ASSESSMENT ......................................................................................... 11 

4.1  Potential Effects of the Water Supply Wells on Groundwater Quantity ................................ 11 

4.1.1  Description of Potential Effects ..................................................................................... 11 

4.1.2  Effects Analysis ............................................................................................................. 12 

4.1.3  Mitigation ....................................................................................................................... 13 

4.2  Potential Effects of the Surface Facilities on Groundwater Quality ....................................... 13 

4.2.1  Description of Potential Effects ..................................................................................... 13 

4.2.2  Effects Analysis ............................................................................................................. 14 

4.2.3  Mitigation ....................................................................................................................... 14 

4.3  Potential Effects of the SAGD Wells and Operations on Groundwater Quality .................... 14 

4.3.1  Description of Potential Effects ..................................................................................... 14 

4.3.2  Effects Analysis ............................................................................................................. 16 

4.3.3  Mitigation ....................................................................................................................... 16 

4.4  Effects of the Disposal Wells on Groundwater Quality ......................................................... 16 

4.4.1  Description of Potential Effects ..................................................................................... 16 

4.4.2  Effects Analysis ............................................................................................................. 17 

4.4.3  Mitigation ....................................................................................................................... 17 

4.5  Groundwater Monitoring Program ......................................................................................... 17 

4.5.1  Facility Groundwater Monitoring Program ..................................................................... 18 

4.5.2  Water Supply ................................................................................................................. 18 

5.0  REFERENCES ......................................................................................................................... 19 



 Grizzly Oil Sands ULC 
 Algar Lake SAGD Project 
Millennium EMS Solutions Ltd. January 2010 
 

 Page ii 07-099 

 

List of Tables 
Page 

Table 3.1  Stratigraphy of Project Area ................................................................................................. 2 

Table 3.2  Summary of Shallow Monitor Wells ..................................................................................... 5 

Table 3.3  Summary of Shallow Groundwater Inorganic Chemistry at Algar Lake SAGD Project. ....... 7 

Table 3.4  Summary of Regional lower Grand Rapids Hydrogeological Properties ............................. 8 

Table 3.5  Summary of Regional Clearwater Properties ....................................................................... 9 

Table 3.6  Summary of Hydrostratigraphic Units and Properties within the Project Area ................... 10 

Table 4.1  Water Volume Requirements of the Algar Project ............................................................. 12 

 

 

List of Figures 
(All figures are in Appendix A) 

 

 

List of Appendices 
Appendix A 

 Figure 1.1 Project Location 

 Figure 2.1 Study Area, Topography and Drainage 

 Figure 3.1 Bedrock Topography 

 Figure 3.2 Grand Rapids Formation Surface Elevation 

 Figure 3.3 Grand Rapids Formation Isopach 

 Figure 3.4 Clearwater Formation Surface Elevation 

 Figure 3.5 McMurray Formation Surface Elevation 

 Figure 3.6 McMurray Formation Isopach 

 Figure 3.7 Paleozoic Surface Elevation 

 Figure 3.8 Water Wells Located within 10 km of the Project Footprint 

 

Appendix B Summary of Water Wells within 10 km of the Project Footprint and Water Well Records 

Appendix C Authentication 

 

 

 



 Grizzly Oil Sands ULC 
 Algar Lake SAGD Project 
Millennium EMS Solutions Ltd. January 2010 
 

 Page 1 07-099 

1.0 INTRODUCTION 

The proposed Algar Lake SAGD Project (the Project) will utilize in-situ Steam Assisted Gravity 
Drainage (SAGD) technology to recover heavy oil at 10,000 to 12,000 barrels per day for over 30 
years.  The first stage of the Project, which is the subject of the current application, includes four well 
pads, 40 well pairs, a central processing facility and associated facilities.  The processing facility will 
include inlet separation, oil treating, wastewater treatment, make-up water treatment, and steam 
generation facilities.  

The Project (Figure 1.1) is located approximately 45 km southwest of Fort McMurray in Township 85 
Range 12 west of the 4th meridian (W4M).  The first stage of project development is located within 
Sections 10, 11, 14, and 15 of Township 85, Range 12 W4M.  The Project Area includes a portion of 
Township 85, Range 12, W4M, as shown on Figure 1.1.  All land location references in this document 
will be west of the fourth meridian. 

The objective of this hydrogeological assessment is to provide a summary and interpretation of 
baseline groundwater conditions relevant to the Algar Lake SAGD Project and, from that assessment, 
evaluate potential changes to groundwater conditions from the proposed Project. 

2.0 METHODOLOGY 

The baseline study was completed based on a review of available information and field investigations.  
Key information sources for the baseline study include the following: 

 Geological mapping in the area of the Project completed by Grizzly; 

 Groundwater supply evaluations undertaken for the Project include; 

 Desktop study (Westwater 2008), which summarizes relevant information from other 
projects in the region; and  

 Field investigation of the Grand Rapids (Waterline 2008) and Clearwater Formations 
(Westwater 2009). 

 Alberta Research Council and  Alberta Geological Survey reports on regional geology and  
hydrogeology, including a regional Quaternary Geology report (Andriashek, 2003); and 

 Water well drilling reports and groundwater chemical analysis reports were obtained from 
Alberta Environment’s Groundwater Information System database. 

In addition, information was also available from a shallow groundwater monitoring network installed in 
2008 by Millennium EMS Solutions Ltd. 
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3.0 BASELINE SETTING 

3.1 Physiography and Climate 

The physiography of the general area is shown on Figure 2.1.  The Project Area lies in the Wabasca 
Lowland, on the Algar Plain (Andriashek 2003).  The land surface lies at an elevation of approximately 
500 to 540 m and slopes generally to the north northwest. 

The Little Horse Creek trends roughly northwards through the Project Area (Figure 2.1) and drains 
north towards the Athabasca River. 

The mean monthly temperature ranges from approximately -20°C in January to 17°C in July and the 
mean annual precipitation is approximately 465 mm (NHC, 2010). 

3.2 Geology 

The geology of the Project Area and region includes drift deposits that unconformably overlie 
Cretaceous sediments.  The Cretaceous units in turn unconformably overlie Devonian age carbonate 
sediments.  Heavy oil deposits within the Cretaceous McMurray Formation are the focus of SAGD 
recovery for this project.  The following sections provide a description of the regional and site 
geological setting.  A stratigraphy for the site is provided in Table 3.1.  Additional description of the 
Project Area geology is provided in Section 2 of the Grizzly Algar Lake SAGD Project Application 
(Grizzly, 2010). 

Table 3.1 Stratigraphy of Project Area 

Period Group Formation(s) Description Thickness (m)1 

Quaternary 
Tertiary 

 Drift Clay till with intervals of sand or silt 25 (approx) 

Cretaceous 

Colorado Labiche, 
Viking and 
Joli Fou 

Marine shale 30 (approx.) 

Mannville 

Grand 
Rapids 

Coarsening upward sand sequences 
separated by thin marine shale  

54 (upper) 

44 (lower) 

Clearwater Muddy siltstone and sandstone 
overlying mudstone and marine shale  

64 

(incl. 9 m 
Wabiskaw shale) 

McMurray Bitumen saturated fluvial sands to 
estuarine and marine sands and shale 

30 

Devonian Beaverhill 
Lake 

 Argillaceous limestone and mudstone  

1 – Unit thicknesses based on 01-15-85-12-W4M 
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3.2.1 Quaternary  

The elevation of the bedrock surface within the Project Area ranges from approximately 490 to 510 m 
(Figure 3.1).  This area was characterized by Andriashek (2003) as being along the boundary 
between the Hangingstone Plains bedrock physiographic area to the south and the Gordon Lowlands 
to the north.  The relative bedrock highs of the Leismer Uplands (west) lie 10 to 20 km southeast of 
the Project Area. 

Approximately 21 m of glacial drift sediments overlying the bedrock surface were encountered at 
04-24-085-12 (Waterline 2008).  A shallow groundwater monitor well borehole at 16-10-85-12, near 
the vicinity of the plant site, encountered glacial deposits of clayey, silty, sandy till to a depth of 5 m 
then clayey sand to a depth of 6.1 m.  Elsewhere in the Project Area, boreholes encountered 
predominantly clayey, silty and sometimes sandy till with some intervals of silt or sand to a maximum 
depth of 10.7 m.  Weathered shale was encountered in three boreholes at depths of 4.3 to 5.3 m.  
Intervals of sands were generally less than 1.5 m thick, although in two boreholes the vertical profile 
of sands encountered near the bottom of the borehole was not identified. 

Mapping of Quaternary deposits by Andriashek (2003) indicates that part of the Leismer Buried 
Channel is located to the southeast of the Project Area in Townships 83 to 84, and Ranges 10 to 11 
(Figure  3.1).  The Empress Formation has been identified within the Leismer Channel and the sands 
form the Empress Channel Aquifer.  The northern limb of the Leismer Channel is approximately 10 km 
southeast from the Project Area.  Mapping within the Project Area does not indicate the presence of 
any tributary buried channels; Cretaceous deposits are found within 20 to 35 m of the surface across 
the Project Area. 

3.2.2 Cretaceous 

The uppermost bedrock strata are the Upper Cretaceous La Biche and Viking Formations, and the 
Lower Cretaceous Joli Fou, Grand Rapids, Clearwater and McMurray Formations.   

The La Biche strata include predominantly shales while the underlying Viking Formation is composed 
mainly of fine to coarse grained sandstones.  No correlation of these units has been undertaken 
across the Project Area.  The Joli Fou Formation is composed of tight marine shale.  

The surface of the Grand Rapids Formation is in the range of 466 to 474 m above sea level (asl) in 
the Project Area (Figure 3.2) and the total thickness (isopach) is approximately 96 m (Figure 3.3).  
Within the Project Area, the Grand Rapids has been subdivided into an upper and lower portion.  The 
upper Grand Rapids consists of a sequence of coarsening upwards sands each separated by thin 
intervals of shale.  A permeable water-saturated sand near the top of the lower Grand Rapids is 
typically 2 to 12 m thick within the Project Area.  Mapping by Westwater identified bifurcation of this 
lower Grand Rapids sand (Westwater 2008).  Only the upper portion of this sand was present within 
the Project Area, whereas to the south in Township 83 Ranges 10 to 12 an upper and lower interval of 
sand within the lower Grand Rapids were identified resulting in a total sand thickness of 15 to 30 m for 
this area. 
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Within the Project Area, the elevation of surface of the Clearwater Formation lies at approximately 
from 372 to 376 m asl (Figure 3.4) and the total thickness (isopach) is approximately 64 m from the 
log of well 01-15-085-12.  The Clearwater Formation consists mainly of marine shale with intervals of 
muddy siltstone and sandstone within its upper portion.  The Wabiskaw Member, at the base of the 
Clearwater Formation, is not identified as containing any permeable zones within the Project Area.  
No permeable sandstone intervals within the Clearwater Formation have been identified in the Project 
Area, but mapping by Westwater (2008) indicates the Clearwater A Sand Unit is present with a 
thickness of 0 to 15 m at the south end of the Grizzly leases and thickens to the southeast.  The north 
edge of this unit falls along the south boundary of Township 85 within Range 12.  The northern, up-dip 
portion of this unit is anticipated to contain gas, with water saturated areas further to the south 
(Westwater 2008).  

The elevation of the McMurray Formation surface is approximately from 300 to 310 m in the Project 
Area (Figure 3.5) and the thickness (isopach) is in the range of 24 to 40 m (Figure 3.6).  Within the 
Project Area the McMurray units identified include (from oldest to youngest), the McMurray C channel, 
McMurray B and (Clearwater Formation) Wabiskaw C units.  The McMurray C is dominated by very 
fine to fine sands with upwardly increasing shale content and degree of bioturbation corresponding in 
a transition from a fluvial environment to point bar/tidal deposits.  The McMurray B sand sequence is a 
coarsening upwards sequence from muds to silty sands.  The Wabiskaw C is characterized by muddy 
glauconitic sand.  The sands of the McMurray C are bitumen saturated and a 3 to 4 m thick wet to 
lean sand is identified in the upper McMurray B.  The basal McMurray water sand was encountered at 
only two locations in the Project Area with thicknesses of less than 4 m.  The basal McMurray appears 
to be present only in localized areas within the Project Area.  Mapping indicates more extensive areas 
of the basal McMurray can be found approximately 50 km to the east and south (Westwater 2008). 

3.2.3 Devonian  

The elevation of the surface of the Paleozoic (Top of Devonian) ranges from 270 to 282 m 
(Figure 3.7).  The uppermost Devonian strata are the Waterways Formation of the Beaverhill Lake 
Group, which are characterized by argillaceous limestones and mudstones. 

The profile of Devonian units underlying the Project Area has not been investigated, but is anticipated 
to include the Upper and Lower Elk Point Group underlying the Beaverhill Lake Group.  Within these, 
the Keg River (Winnipegosis or Methy) Formation of the Upper Elk Point Group can contain good 
porosity within reefal, vuggy dolomites and biothermal facies of the dolostone, if present.  Arkosic and 
conglomeritic sandstones of the LaLoche Formation (Granite Wash) within the Lower Elk Point Group 
are deposited unconformably on the Precambrian surface; therefore the distribution is controlled by 
the topography of the Precambrian surface.  Good porosity can be found within some intervals of this 
unit.  
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3.3 Hydrogeology 

3.3.1 Quaternary 

The drift deposits appear to include predominantly clay-rich materials with some thin zones of sand; 
the extent of these permeable zones is unknown.  No potential aquifers were identified during drilling 
through the glacial drift at LSD 04-24-085-12-W4M (Waterline, 2008).  Intervals of sand, generally 
less than 1.5 m thick, were identified in several of the monitor well boreholes advanced to a maximum 
depth of 10.7 m.  

Rising-head conductivity tests (Table 3.2) indicate a similar hydraulic conductivity for the clay till and 
underlying weathered shale of 2.0 x 10-8 and 2.6 x 10-8 m/s, respectively.  Only one well screened 
across a sand interval was tested giving a hydraulic conductivity of 1 x 10-6 m/s.  

Table 3.2 Summary of Shallow Monitor Wells 

Monitor Well 

Screen 
Depth 

(m) 

Geologic Unit 

Hydraulic 
Conductivity

(m/sec) 

Water Level 

(m asl) (m bgl) 

04-24-085-12 9.1 -10.7 Weathered shale 1.0 X 10-8 528.88 1.86 

04-24-085-12 2.1 - 5.1 
Silty clay till and weathered 
shale 

2.7 X 10-8 530.56 0.18 

12-24-085-12 3.0 - 6.1 Silty clay till ND ND ND 

12-26-085-12 3.0 - 6.1 Silty sandy clay till 1.4 X 10-8 511.41 0.96 

02-26-085-12 2.0 - 5.0 Sand 1.0 X 10-5 516.82 0.31 

04-23-085-12 3.0 - 6.1 Silty clay till & weathered shale 3.4 X 10-8 523.79 0.37 

08-22-085-12 3.0 - 6.1 
Silty sandy clay till & weathered 
shale 

1.7 X 10-8 520.46 0.38 

10-13-085-12 2.9 - 6.0 Silt & clay till 3.1 X 10-8 528.99 0.27 

14-27-085-12 3.0 - 6.1 Silty clay till 4.1 X 10-8 505.71 0.09 

16-10-085-12 3.0 - 6.1 Clayey sand ND 525.17 5.57 

m asl – meters above sea level 
m bgl – meters below ground level 
ND – Not determined 

Shallow groundwater elevations within the undifferentiated drift (Table 3.2) are consistent with the 
topography demonstrating a hydraulic gradient of roughly 0.007 m/m to the north northwest with 
locally higher gradients in the vicinity of Little Horse Creek.  The water table is shallow; generally 
within 1 m of the ground surface (Table 3.2).  The monitor well near the proposed plant site is an 
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exception and shows a deeper water table at this location; it is possible that the water level had not 
fully recovered at the time of measurement.  A downward hydraulic gradient of 0.4 m/m is indicated at 
the one nested monitor well location (4-24-84-12)  

Groundwater samples were collected from the shallow monitor wells in 2008.  Chemistry data is 
summarized in Table 3.3.  The shallow groundwater within the Project Area is characterized as 
calcium-magnesium bicarbonate with a total dissolved solids (TDS) concentration of 312 to 680 mg/L. 
Groundwater from the deeper monitor well completed only in weathered shale had a TDS of over 
2000 mg/L and higher sulphate concentration (over 1,000 mg/L).  No hydrocarbons were detected in 
one sample from the deeper monitor well at 4-24-84-12.   
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Table 3.3 Summary of Shallow Groundwater Inorganic Chemistry at Algar Lake SAGD Project. 

Parameter Unit 04-24-084-12 04-24-084-12 12-26-084-12 02-26-084-12 04-23-084-12 07-22-84-12 10-13-085-12 14-27-084-12 16-10-085-12 

Depth m 9.1 -10.7 2.1 - 5.1 3.0 - 6.1 2.0 - 5.0 3.0 - 6.1 3.0 - 6.1 2.9 - 6.0 3.0 - 6.1 3.0 - 6.1 

Geologic Unit  Weathered Shale 
Silty clay till 

& shale 
Silty sandy

clay till 
Sand 

Silty clay till 
& shale 

Silty sandy
clay till & 

shale 

Silt & clay 
till 

Silty clay till 
Clayey 
sand 

Analysis Date  22-Feb-08 13-Jun-08 22-Feb-08 22-Feb-08 22-Feb-08 22-Feb-08 22-Feb-08 13-Jun-08 13-Jun-08 13-Jun-08 

General Chemistry              

Total Dissolved Solids mg/L 2040 2410 676 683 426 347 421 312 641 364 

Hardness mg/L 471 550 332 91 372 312 366 151 174 369 

T-Alkalinity mg/L 499 534 472 583 413 291 383 269 624 389 

pH  8.24 7.61 7.99 8.31 7.7 8.11 7.76 7.57 7.58 7.78 

Electrical Conductivity µS/cm at 25 C 2700 3040 1030 1090 703 520 718 499 998 641 

Carbonate mg/L <6 <6 <6 <6 <6 <6 <6 <6 <6 <6 

Bicarbonate mg/L 608 651 575 711 504 354 467 328 761 474 

Nitrate - N mg/L 2.15 <0.05 0.56 0.16 0.2 0.01 0.38 <0.01 <0.01 0.02 

Nitrite - N mg/L <0.02 <0.02 0.008 0.006 0.006 <0.005 0.01 <0.005 <0.005 <0.005 

Nitrate & Nitrite - N mg/L 2.15 <0.07 0.57 0.17 0.2 0.01 0.39 <0.01 <0.01 0.02 

Sulphate mg/L 1000 1250 123 44.7 20 10 27 27 15 10 

Chloride mg/L 7.9 4.4 4.2 6.5 2.5 2.6 5.5 0.8 1.4 0.9 

Fluoride mg/L 0.4 N/A 0.44 0.42 0.23 0.17 0.23 N/A N/A N/A 

Manganese mg/L 0.372 0.53 0.412 0.105 1.19 0.342 0.318 0.255 0.311 0.009 

Iron mg/L 1.93 <0.1 0.15 0.38 3.15 2.21 0.12 0.04 0.02 <0.01 

Sodium mg/L 554 631 144 241 21.9 43 18.3 66 186 6 

Potassium mg/L 13.8 11 6.9 7.9 1.8 4.8 9.9 3.4 3 0.8 

Magnesium  mg/L 41 52 27.1 6.7 27.1 19.4 24.3 11 13.1 54.6 

Calcium mg/L 121 133 88.3 25.4 104 93.1 106 42.4 48.3 57.9 

N/A = Not Applicable 
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3.3.2 Cretaceous 

Groundwater supply investigations for the Project have focused on Cretaceous standstones, which 
include the lower Grand Rapids (Waterline 2008) and, outside the Project Area, the Clearwater A 
Aquifer (Westwater 2009). 

3.3.2.1 Viking 

Site specific or regional information on hydraulic properties is not available for the Viking Formation.  
In general, potential groundwater yields from this unit are considered limited due to the limited 
available head expected due to its shallow depth (Waterline 2008).  Groundwater from the Viking 
Formation is expected to be non-saline.   

3.3.2.2 Lower Grand Rapids 

The lower Grand Rapids was tested within the Project Area at 04-24-85-12 at a rate of 20 m3/day for 6 
hours and determined to have a transmissivity of 2 m2/day (Waterline 2008).  The storativity was 
estimated as 0.000007.  Gas production interfered with the test and may have biased the results 
lower than actual values.  An upper limit of 30 m3/day was estimated for the long-term yield of a well in 
this unit.   

A summary of lower Grand Rapids properties determined from other projects in the region is provided 
in Table 3.4 (Westwater 2008).  Based on the current information, it appears that the lower Grand 
Rapids does not have the same production potential within the Project Area as elsewhere to the south 
and east.  

Table 3.4 Summary of Regional lower Grand Rapids Hydrogeological Properties 

Project Location(s) 
Transmissivity 

(m2/day) 
Test Rate (m3/day) 

and Duration 
TDS 

Suncor Meadow Creek 15-27-84-09 

05-27-84-09 
130 502, 14 days 1,340 

Connacher Great 
Divide 

02-17-82-12  518, step test 1,860 to 1,910 

Sources: Westwater 2006, Westwater 2008 

Groundwater from the lower Grand Rapids from 04-24-85-12 was found to be of sodium 
bicarbonate/chloride type with a TDS of 1,600 mg/L, which is non-saline (Waterline 2008).  No 
elevated concentrations of dissolved metals were identified (Waterline 2008).  Trace concentrations of 
toluene were identified, but no other hydrocarbons were detected.  These results are consistent with 
groundwater quality from the lower Grand Rapids identified at the Suncor Meadow Creek and 
Connacher Great Divide Projects (Westwater 2008).  The wells at Connacher contained low 
concentrations of benzene and toluene. 
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3.3.2.3 Clearwater 

The Clearwater Formation is generally considered an aquitard (Bachu et al. 1993); however 
sandstones within the upper portion can have sufficient permeability to provide useable yields.  A 
summary of properties for the Clearwater Formation determined from other projects in the region is 
provided in Table 3.5.   

The Clearwater A Aquifer (corresponding to the Clearwater A sand unit) was tested at 04-02-84-11, 
which is approximately 15 km southeast of the Project Area (Westwater 2009).  The transmissivity 
was estimated as 8.6 m2/day based on 2 hours of recovery data following development by airlifting.  
This corresponds to a conductivity of 6.4 x 10-6 m/s (Westwater 2009).  The storativity was not 
determined, as no observation well was available.  The long-term yield of this well was calculated as 
130 m3/day.   

Groundwater samples from the 4-2 well indicate water of a sodium/chloride-bicarbonate type with a 
TDS of 3,200 mg/L and thus the water is non-saline (Westwater 2009).  No hydrocarbons were 
detected in the groundwater samples.  This groundwater quality is similar to that identified at the 
Connacher Great Divide Project, although low concentrations of hydrocarbons were detected in 
groundwater from Great Divide.  Elevated concentrations of dissolved aluminum, iron and manganese 
are noted, but no other elevated concentrations of dissolved metals are identified (Westwater 2009). 

Table 3.5 Summary of Regional Clearwater Properties 

Project Location 
Vertical Hydraulic 
Conductivity (m/s) 

Horizontal 
Hydraulic 

Conductivity (m/s) 
Storativity TDS (mg/L) 

Suncor Meadow 
Creek 

 1.0 x 10-10 1.0 x 10-9 3.0 x 10-5  

Connacher Great 
Divide 

9-28-82-12 ND ND ND 3,580 

Sources: Petro Canada 2001, Westwater 2006  

3.3.3 Devonian 

Potential Devonian units that could be aquifers in the vicinity of the Project Area include the Keg River 
(Winnipegosis or Methy) Formation and La Loche (Granite Wash) Formation.  

The Keg River was tested at 03-31-84-08 for the Suncor Meadow Lake Project and identified as 
potential disposal zone (Westwater 2008).  Testing at 15-14-84-11 for the JACOS Hangingstone 
Project indicated only limited injectivity potential, which was insufficient for using the Keg River as a 
disposal zone (Westwater 2008).  
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The LaLoche Formation was tested at 16-36-84-09 for the Suncor Meadow Lake Project and 
identified as potential disposal zone (Westwater 2008).  

Groundwater within all of the Devonian units is expected to be saline (i.e. having a TDS of more than 
4,000 mg/L).  Chemistry from the Suncor Meadow Lake Project indicates a TDS of 235,000 mg/L for 
the LaLoche Formation (Westwater 2008). 

3.3.4 Summary 

Information regarding the Quaternary and Cretaceous hydrostratigraphic units within the Project Area 
are summarized in Table 3.6.  Devonian aquifer units that could be present within the Project Area 
include the Keg River and LaLoche Formations. 

Table 3.6 Summary of Hydrostratigraphic Units and Properties within the Project Area 

Hydrostratigraphic Unit Hydraulic Conductivity (m/s) 
Total Dissolved Solids 
Concentration (mg/L) 

Undifferentiated drift 
aquifer/aquitard 

2 x 10-8 to 1 x 10-5 300 to 700 

Labiche aquitard 2 x 10-8 2,000 to 2,500 

Viking aquifer ND ND 

Joli Fou aquitard ND ND 

Lower Grand Rapids aquifer 2 x 10-6 1,600 

Clearwater aquitard ND ND 

McMurray aquifer* ND ND 

* Limited to no water  
  ND – No data 

Several aquifers present elsewhere in the region are not identified within the Project Area.  These 
include; the Tertiary Empress Aquifer (10 km southeast), the Clearwater A Aquifer (2 km south) and 
the McMurray basal water sand (50 km south or east).  In addition, the lower Grand Rapids appears 
to have poor hydrogeological characteristics and limited production potential within the Project Area. 

3.4 Local Groundwater Users 

A search of well information from Alberta Environment’s water well database was completed for a 
10 km radius of the proposed Algar Lake SAGD Project and associated facilities including the 
proposed water source wells in Sections 19 and 20 of Township 84 Range 11.  A search of approvals 
under the Water Act for the same area was also completed.  Results of the well search are 
summarized in Appendix B and well locations are shown on Figure 3.8. 
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A total of 23 wells were identified by the search.  The following observations provide a breakdown of 
the wells identified: 

 The JACOS Hangingstone Project has seven wells in Sections 11, 12 and 13 of 84-11.  Two of 
these are production wells completed in the Empress Channel Aquifer and the remaining wells 
are for observation either in the Empress Channel or overlying Quaternary deposits.  There is 
no current license for the production wells. 

 There are a total of twelve wells owned by Suncor (Petro-Canada) scattered across 34-83-11, 
and Sections 3, 22, 26, 27, 34 and 35 of 84-11.  All of these wells, except one, are completed 
in shallow Quaternary sands (8.5 to 23.2 m depth).  One well appears to be completed in the 
lower Grand Rapids (16-27-84-11) and was tested at a rate of 27.5 m3/day.  None of these 
wells are licensed for groundwater withdrawals. 

 Two well records contain very little information and are listed for chemistry purposes for the 
owner Richfield Oil Corp.  It is quite likely that these records relate to drill stem tests and no 
wells were ever installed at these locations. 

 Two well records correspond to the Grizzly wells completed in the Clearwater A Aquifer at 
4-2-84-11 and the lower Grand Rapids at 4-24-85-12. 

4.0 ENVIRONMENTAL ASSESSMENT 

The potential effects of the Project on groundwater resources are discussed and evaluated in this 
section.  These effects include: 

 the water supply wells on groundwater quantity; 

 the surface facilities on groundwater quality; 

 the SAGD wells and operations on groundwater quality; and 

 the disposal wells on groundwater quality. 

4.1 Potential Effects of the Water Supply Wells on Groundwater Quantity 

4.1.1 Description of Potential Effects 

Details of the water production rates and volumes are presented in Section 2.7 of the Algar Lake 
SAGD Project Application (Grizzly, 2010).  Required water volumes for the Algar Lake Project are 
summarized in Table 4.1.  The Project includes recycling for steam generation and anticipates a 
produced water recycle rate of 97%. 
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Table 4.1 Water Volume Requirements of the Algar Project 

Water Requirement Annual Volume (m3)  
Daily Rate 
(m3/day) 

Start-up (12 months) 547,500  1,500 

Normal Operation 260,610  714 

 

Most of the project water demand is likely to be met by a well network within one or both of the lower 
Grand Rapids and/or Clearwater Aquifer.  Potable water will likely be trucked in.  The Project currently 
includes infrastructure to tie-in three wells planned within Sections 19 and 20 of 84-11.   

Pumping of a supply well will cause a decrease in formation pressure.  The pressure decrease will 
spread outwards radially from the supply well as pumping progresses creating a hydraulic cone of 
depression in the aquifer.  This reduction in formation pressure could reduce available production for 
other supply wells completed in the same formation and could induce seepage from any hydraulically 
connected surface water bodies or other aquifers. 

The Water Conservation and Allocation Guideline for Oilfield Injection (Alberta Environment, 2006) 
requires the investigation of alternative sources to non saline groundwater supplies for enhanced 
recovery projects.  Saline groundwater is typically considered the most feasible alternative to non-
saline groundwater use in this region where other alternatives (produced water pipelines, municipal 
wastewater etc) are generally absent.  Both the lower Grand Rapids and Clearwater A Aquifer are 
non-saline within the area of the Project.  The Devonian Keg River or LaLoche Formations are 
anticipated to be highly saline and would require substantial treatment before use to generate steam.  
The basal McMurray water sands represent a suitable saline source, however this unit is only found in 
small pockets near the Project Area and these are unlikely to provide a sustainable source.  
Continuous basal McMurray water sands are mapped as roughly 50 km to the east of the Project Area 
(Waterline 2008). 

4.1.2 Effects Analysis 

Once the water supply source is established, an evaluation will be submitted to Alberta Environment 
to support the application for a licence under the Water Act for diversion of groundwater and as 
required in the Water Conservation and Allocation Guideline for Oilfield Injection (Alberta Environment 
2006). 

No active groundwater production was identified within a 10 km radius of the Algar Lake SAGD 
Project and associated facilities.  The closest withdrawals of groundwater from the lower Grand 
Rapids are at the Connacher Great Divide and Algar Projects, which are over 15 km to the south of 
the proposed Project well field location.  No active use of groundwater from the Clearwater A Aquifer 
was identified, although the Statoil Hydro Hangingstone Project has proposed using this aquifer as a 
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water supply; this project is located almost 20 km to the southeast of the proposed Project well field 
location.  Given the separation between the Project and other groundwater users, impacts to other 
users are not anticipated.  A detailed assessment of potential impacts to other groundwater users will 
be included, as required by regulations, in the report supporting the Water Act application. 

4.1.3 Mitigation 

Mitigation is unlikely to be necessary, but could include the adjustment of production rates or locating 
alternative water sources, if required. 

4.2 Potential Effects of the Surface Facilities on Groundwater Quality 

4.2.1 Description of Potential Effects 

Details on the Project infrastructure and facilities that relate to chemical or waste handling are 
summarized in the following and provided in Section 2 of the Grizzly Algar Lake SAGD Project 
Application (Grizzly 2010). 

 The infrastructure will include the central processing facility, the field facilities, the water 
source wells, pipelines and roads.  The field facility will consist of well pads with horizontal well 
pairs (injector and producer).  Pipelines will include steam and product-return lines between 
the processing facility and wells pads. 

 The site will be graded to direct surface water runoff to a stormwater pond.  This water will be 
treated and used as make-up water or tested and released.  Run-on and runoff controls will be 
established on the well pads.  

 The facilities or locations where fluids are handled, transferred or stored include the heads of 
the production wells, the blowdown tank, glycol coolers, the tank farm and the oil/water 
separation equipment. 

 Secondary containment will be provided for all storage tanks containing hydrocarbons, 
chemicals, produced and treated water.  

 Selected wastewater streams, including produced water generated during the water treatment 
start-up, will be disposed of into deep wells. 

 A waste management plan for the Project will be designed to effectively control waste by 
minimizing waste generation and the waste disposal required.  The over-riding principles of the 
plan are to reduce, reuse or recycle. 

 Waste materials from the processing facility, including evaporator blowdown and slop oil, will 
be hauled offsite for third party disposal. 

 Sewage from the various buildings will be piped to a collection sump and water recovered from 
separation will be drained by gravity into a septic field.  

 Domestic garbage will be taken from the plant site by a contractor for recycling or disposal at 
an approved waste facility.   
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 Oily rags and other waste will be placed in containers and emptied as needed by a commercial 
disposal company for off-site disposal at an approved landfill. 

All wastes will be disposed of in compliance with all appropriate regulations and guidelines, and in 
accordance with any requirements specified in the operating approval conditions.  As a result of best 
management practices and material handling methods, there should be no possibility for potential 
impacts to shallow groundwater quality, except through accidental leaks or spills.  These accidental 
releases may allow fluids to seep into the ground where they could impact shallow groundwater 
quality.  These fluids include bitumen, produced water and minor amounts of various process-related 
organic chemicals such as glycol, lubricants, etc. 

4.2.2 Effects Analysis 

The plant site is located in an area that is expected to have about 20 m of undifferentiated drift 
overlying bedrock deposits.  The undifferentiated drift includes predominantly clay-rich till with some 
thin intervals of sand.  Groundwater flow within the clay till is anticipated to be very slow and the 
extent of sand intervals, where present, is not known. 

There are no groundwater users within 10 km downgradient of the plant site or SAGD facilities and 
therefore no impacts to other groundwater users are anticipated.  The Little Horse Creek is situated 
more than 200 m downgradient of the plant and well pads.   

The material handling methods described in Section 4.2.1 should be effective in preventing or 
minimizing any fluids from adversely affecting the shallow groundwater.  Groundwater monitoring will 
be undertaken to enable early detection of any impacts to groundwater quality near the plant site 
(Section 4.5.1).  The monitoring program will include a groundwater response plan that will be 
activated if an impact to groundwater quality is detected.  The response plan will outline actions that 
could include determining the magnitude of the groundwater impact and undertaking remediation or 
risk assessment.  The groundwater monitoring program will be effective at avoiding a significant effect 
on groundwater quality and preventing impacted groundwater from reaching surface water bodies.  As 
a result, potential impacts to groundwater quality and surface water resources resulting from operation 
of the surface facilities is considered low. 

4.2.3 Mitigation 

Mitigation measures for minimizing or preventing adverse impacts on shallow groundwater quality due 
to spills or leaks include industry-standard operating practices, preparedness for upset conditions and 
appropriate management of upset conditions. 

4.3 Potential Effects of the SAGD Wells and Operations on Groundwater Quality 

4.3.1 Description of Potential Effects 

The main areas of concern with respect to the SAGD wells and operations are: 
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 the integrity of the production/injection wells and potential for well bore fluids to penetrate non-
saline aquifers;  

 the potential for failure of the cap rock and fluids associated with the steam chamber to be 
mobilized into adjacent non-saline aquifers; and 

 thermal effects along the well bores that could cause mobilization of metals within 
groundwater. 

The planned drilling, completion and operational details for the production and injection wells are 
found in Section 2.4 of the Algar Lake SAGD Project Application (Grizzly 2010) and summarized 
briefly in the following: 

 The production and injection wells will be completed with surface casing set below to an 
approximate depth of 42 m, which is below the base of the Quaternary deposits.  

 The intermediate hole will be advanced to a total vertical depth of 250 m, which is below all 
non saline aquifers.  The intermediate casing will be installed using standard casing and 
cementing practices. 

 The intermediate casing strings will not be subjected to abnormal pressures because tubing is 
used to conduct fluids into or out of these wells  

 A gas blanket is planned for the annulus outside the injection string, which will serve as an 
early warning of any potential casing leak.   

 The formation fracture pressure has been conservatively estimated as 4,000 to 4,500 Kpa and 
the maximum bottom hole pressure is planned as 2,250 KPa.  Bottom hole steam pressure 
readings will be monitored and alarmed with automatic shutdown controls. 

 The cap rock (Clearwater Formation and Wabiskaw Member) is 64 to 68 m thick.  Laboratory 
cap rock tests indicated acceptable permeability and containment characteristics (Section 
2.2.4.5). 

 Operational conditions will be monitored to supervise casing integrity. 

Based on these design and operational practices, there is little probability that fracturing of the 
reservoir or overlying cap rock could occur and allow fluids to be introduced into overlying non-saline 
aquifers such as the Grand Rapids.  The construction and operational monitoring of the SAGD wells 
will minimize the potential for damage to casing integrity. 

Any groundwater associated with the McMurray Formation is anticipated to be saline and therefore 
SAGD production does not present a risk to any directly associated non saline aquifers. 

Thermal changes along the well bore of the SAGD wells have the potential to locally alter 
groundwater chemistry in non-saline aquifers due to the response of geological materials to the 
change in temperature conditions.  Such changes have been observed in SAGD operations in the 
Cold Lake area where elevated concentrations of arsenic in groundwater have been observed 
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downgradient of wells used for cyclic steaming. These effects have not been reported for SAGD 
operations in the Athabasca Oil Sands Area.  The lifetime of each well pair is anticipated to be several 
years, following which time temperature conditions would return to baseline. 

4.3.2 Effects Analysis 

In view of these design and operational factors, the operation of the production and injection wells 
should not have any effect on the chemical quality of the groundwater in the non-saline aquifers due 
to failure of the cap rock or well casing integrity.  Operational monitoring would identify any upset 
conditions at which time a groundwater response plan could be implemented if potential risks to non-
saline aquifers were identified. 

The changes in temperature along the well bore are expected to be localized, as would any changes 
in groundwater chemistry due to the potential dissolution of minerals – if it occurs at all.  Groundwater 
monitoring will be implemented to enable detection of any impacts to groundwater quality in non-
saline aquifers (Section 4.5.1).   

4.3.3 Mitigation 

The design measures and operational monitoring noted above and described in the Algar Lake SAGD 
Project Application should be effective at preventing adverse impacts to groundwater quality in non-
saline aquifers. 

4.4 Effects of the Disposal Wells on Groundwater Quality  

4.4.1 Description of Potential Effects 

Produced water during start-up of the water treatment as well as selected process wastewater 
streams will be initially trucked off site but if appropriate disposal zones are identified may be injected 
into subsurface formations for disposal.  The disposal zone has not been identified yet, but potential 
zones include the basal McMurray or Devonian Methy (Keg River) Formation. 

The ERCB process for approval of disposal wells will be a separate process that will take place only 
after any approval is issued under this current application. 

Wastewater disposal wells are common in Alberta and the ERCB has a rigorous application process 
along with guidelines on operation.  Typically the process is as follows: 

 Drill through the drift deposits to bedrock. 

 Land surface casing to the base of groundwater protection. 

 Drill a testhole and determine a prospective zone through logging and drill stem testing. 

 Land and cement main string casing through the prospective zone and perforate the casing 
within the zone. 
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 Conduct injectivity test(s) to confirm the capacity of the zone. 

 Apply for ERCB approval. 

 Run tubing with packer(s) into the main string casing isolating the disposal zone. 

 Put rust-inhibiting liquid in annulus above the upper packer between the tubing and the main 
string. 

 Inject through the tubing into the disposal zone. 

Operating requirements are likely to specify that: 

 Injection pressure is not to exceed a specified amount to avoid fracturing the rock in the 
injection zone. 

 Monitoring the annulus pressure to warn of packer or tubing failure. 

Grizzly plans to complete annual packer isolation tests to ensure that the casing string is intact. 

4.4.2 Effects Analysis 

The probability of an adverse effect of injection is minimal.  The reasons for this are as follows: 

 Injection pressures are limited to below rock fracture pressure therefore the probability of 
escape of liquids through this mechanism is very low. 

 If the packer or tubing should fail the injection pressures will be transferred into the casing 
annulus.  Regular monitoring of the casing annulus pressure will observe this quickly after it 
occurs and the well will be shut in.   

 Since the main string casing above the tubing packer is not subject to internal injection 
pressures and contains rust inhibiting liquid, the probability of it having a leak is minimal. 

 An additional level of protection is the surface casing, which lies outside the main string 
casing, to the depth of groundwater protection.  This provides additional protection against 
leaks into non-saline groundwater resources. 

The probability is low that wastewater injection will have an impact on non-saline groundwater. 

4.4.3 Mitigation 

Appropriate mitigation will be worked out with regulators if a leak or other incident occurs. 

4.5 Groundwater Monitoring Program 

This assessment has demonstrated the absence of non-saline aquifers in contact with the SAGD 
zone.  Therefore, the (draft) Policy for Assessment and Management of non-saline Groundwater in 
Direct Contact with Bitumen for In Situ Oil Sands Operations does not apply to this project. 
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Groundwater monitoring program for the Algar Lake SAGD Project will have the following main 
purposes: 

 to detect any impacts on the shallow groundwater quality resulting from spills or leaks from 
surface facilities at the plant site;  

 to identify any changes in groundwater chemistry in the shallow groundwater zones associated 
with the steam injection wells; and 

 to evaluate the performance of any water supply well(s). 

The details of the monitoring programs for this Project will be the subject of: 

 The Environmental Protection and Enhancement Act (EPEA) Approval as a result of this 
application; and 

 The Water Act (in the case of the supply wells). 

This section outlines the principles of the proposed monitoring programs.  Grizzly understands that a 
plan will be submitted to Alberta Environment under the conditions of an EPEA Approval, which will 
outline the details of the facility groundwater monitoring program.   

4.5.1 Facility Groundwater Monitoring Program 

A groundwater monitoring network will be installed at the central processing facility.  Currently one 
shallow well exists at the proposed Plant site.  The groundwater monitoring network will focus on the 
near surface, more permeable zones within the drift deposits.  Monitoring wells will be located mainly 
downgradient of potential sources of accidental releases with at least one upgradient location to 
provide ongoing background for the facility.  At least one location will include a deeper monitoring well 
to provide better vertical delineation of the geology and hydrogeology.  

Existing wells, and new wells (when available), will be used to establish baseline groundwater 
conditions prior to the initiation of steaming.  Monitoring will be undertaken on a regular basis during 
operations.  Both baseline and operational monitoring will be undertaken for groundwater levels and 
groundwater chemistry.  Baseline monitoring parameters will include routine chemistry, hydrocarbons, 
dissolved metals and selected organics; operational monitoring could include a subset of these 
parameters. 

4.5.2 Water Supply 

The Algar Lake SAGD Project will undertake monitoring of any source well(s) and observation well(s), 
in accordance with the Water Act licence(s).  Monitoring is anticipated to include water production 
volumes from each water supply well and water levels in observation well(s).  Results from monitoring 
will be reviewed and analysed to evaluate the aquifer performance and provide recommendations for 
responsible management of the groundwater supply.  These results would be reported to AENV on an 
annual basis. 
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APPENDIX B:  SUMMARY OF WATER WELLS WITHIN 10 KM OF THE  
PROJECT FOOTPRINT AND WATER WELL RECORDS 
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AUTHENTICATION 
Form: MEMS-APEGGA-BS 

 
 

 
 
The Engineering, Geological and Geophysical Professions Act (the Act) of Alberta requires that 
engineering, geological or geophysical work be authenticated by the application of: 
 

 The professional seal or stamp of the individual member responsible for preparing the work 
and 

 The corporate permit number or stamp of the company employing the responsible individual 
member.  

 
This section identifies those portions of this report that fall under the Act and will be authenticated in 
compliance with the Act. 
 
 
The report entitled: 

 Algar Lake SAGD Project 
Hydrogeology Assessment 

 
meets the definition of engineering or geology within the Act and is authenticated with APEGGA 
Permit to Practice Number P07002 and the professional stamp applied below: 
 
 

      
Millennium EMS Solutions Ltd. provides the same level of quality assurance to our clients throughout 
this report. 
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