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7 Groundwater 

7.1 Introduction 
This assessment addresses the interaction between upgrader construction, operations and 
decommissioning and groundwater resources. The assessment addresses the groundwater 
information requirements of the Terms of Reference (ToR) issued by 
Alberta Environment to TOTAL (AENV 2007). 

7.2 Setting 
The regional geology in the Fort Saskatchewan area, where the project development area 
(PDA) is located, has been influenced by preglacial, glacial and postglacial events. The 
Beverly Channel is a major preglacial valley in the area that consists of buried sand and 
gravel deposits on top of bedrock. The channel is roughly coincident with the present-day 
North Saskatchewan River Valley and the buried sand and gravel deposits form an 
important regional aquifer. 

Clay till is present above the Beverly Channel sands and gravels and clay overlies the 
clay till. The clay and clay till units provide an effective protection for the 
Beverly Channel. Overlying the clay unit there is a saturated, surficial sand unit. 

The North Saskatchewan River is a discharge feature for groundwater in both the bedrock 
and the Beverly Channel. Water wells in the Fort Saskatchewan area are completed in the 
surficial sand deposits, the sand and gravel deposits of the Beverly Channel, and the 
bedrock. 

A regional study of the groundwater quality in the Beverly Channel in the 
Fort Saskatchewan area is currently being done for the Northeast Capital Industrial 
Association (NCIA). TOTAL, as a member of NCIA, is an active participant and 
contributor to this study. Phase II of the study, which is complete, provides the geological 
and hydrogeological framework for the Beverly Channel in the Fort Saskatchewan Area 
(Stantec 2006). 

7.3 Assessment Focus 
The assessment focus was on  key issues related to project effects on groundwater, based 
on expected interactions between the upgrader and the groundwater resource. These 
 issues are shown in Table 7.3-1. 

For a description of the upgrader water source and wastewater disposal method and other 
aspects of the project that could affect groundwater quantity and quality, see Volume 1, 
Section 3: Project Description. 
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Table 7.3-1 Key Issues for Groundwater 
Project Stage Key Issue Terms of Reference Relevance to Project 

Construction Effects of dewatering 
activities on local 
groundwater levels, flow 
regimes, surface waterbody 
levels and vegetation 

AENV TOR, 
Section 5.3.2 [A]  
and  
Section 5.3.2 [B] 

Groundwater dewatering might be 
necessary in localized areas during 
construction of foundations and ponds and 
installation of underground utilities. This 
activity might affect the local water table. 

Effects of dewatering on 
local groundwater users 

Groundwater dewatering could also affect 
groundwater use by owners of local water 
wells. 

Operations Effects of leaks, surface 
spills and pond seepage on 
shallow groundwater quality 

AENV TOR, 
Section 5.3.2 [B] 

Shallow groundwater quality could be 
affected by accidental spills or leaks of 
liquids containing chemicals or 
hydrocarbons, or seepage from ponds, 
which could affect underlying bedrock 
aquifers and eventually the North 
Saskatchewan River.  

Effects of leaks, surface 
spills and pond seepage on 
the groundwater quality of 
the Beverly Channel Aquifer 

The quality of the groundwater in the 
Beverly Channel could be affected if the 
quality of the surficial aquifers are 
compromised and if the clay and clay till 
units, which provide natural protection, are 
thin or absent. 

Effects of leaks, surface 
spills and pond seepage on 
local groundwater users 

Groundwater contamination could affect 
the potability of the shallow groundwater 
used by local water well owners. It could 
also potentially affect the groundwater 
quality in the Beverly Channel in areas 
where natural protection might be limited. 

Decommissioning Effects of dewatering 
activities on local 
groundwater levels, flow 
regimes, surface waterbody 
levels and vegetation 

  Groundwater dewatering might be 
necessary in localized places to remove 
foundations or subsurface utilities. This 
activity could affect the water table 

7.4 Study Area 

7.4.1 Local Study Area 
The local study area (LSA) consists of the project development area (PDA) (see 
Figure 7.4-1). The LSA was selected to characterize groundwater conditions beneath the 
upgrader site and account for any potential local effects on groundwater from upgrader 
development. 
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7.4.2 Regional Study Area 
The regional study area (RSA) was used to identify the area in which groundwater might 
potentially be affected by upgrader construction or operations. This includes the area 
within a 3.2-km radius of the LSA and covers approximately two sections of land around 
the PDA. To the west, the RSA is limited by the North Saskatchewan River, which is a 
regional discharge feature for groundwater. 

An area larger than the RSA (approximately 10 x 20 km, beginning in the City of 
Fort Saskatchewan and extending 20 km to the north) was used to provide a perspective 
on the regional geology and hydrogeology and provide context for the effects 
characterization in the RSA. This area is similar to the area of the groundwater study of 
the Beverly Channel in the Fort Saskatchewan area (Stantec 2006). 

7.5 Methods 

7.5.1 Effects Characterization 
Effects characterization was not done for groundwater as the consequences of changes in 
groundwater are most meaningfully characterized by corresponding changes in biological 
receptors, including humans. However, to the extent possible and applicable, published 
numerical thresholds, such as government guidelines, were referenced to compare with 
assessment results. 

7.5.2 General Approach 
The analytical approach included reviewing available information, characterizing 
groundwater baseline conditions, and identifying issues of concern and potential impacts 
and mitigation measures. Effects on groundwater levels and quality were assessed as 
follows: 

• Effects on water table levels due to dewatering activities were assessed based on 
site-specific field data, groundwater modelling and results from dewatering activities 
at adjacent facilities. 

• Effects on groundwater quality were assessed based on site-specific data, proposed 
engineered mitigation measures and proposed spill-response procedures. 

• Effects on water well users were assessed based on site-specific data and information 
from a field-verified water well survey. 

Analytical hydrogeologic models (e.g., Darcy Equation and Theis Method) were used to 
assess effects of the upgrader on groundwater. In addition, numerical modelling of the 
local groundwater flow system was done to assess effects of dewatering on extensive, 
thick, saturated surficial sand units present in the PDA. For more information on the 
numerical model, see Appendix 7A. 

7.6 Baseline Conditions 
Baseline conditions are summarized in the sections following. For more information on 
the geological and hydrogeological baseline conditions in the LSA and RSA, see 
Environmental Baseline Study: Groundwater on CD. 
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7.6.1 Regional Geology 
The regional geology consists of a sequence of Quaternary deposits overlying bedrock of 
Cretaceous age. The uppermost bedrock in the study area is the Belly River Formation, 
which contains sandstone aquifers. The Lea Park Formation underlying the Belly River 
Formation consists primarily of shale and is not considered an aquifer. 

The preglacial Beverly Channel is located east of the North Saskatchewan River, 
approximately follows the present alignment of the North Saskatchewan River and trends 
southwest–northeast in the study area. The Beverly Channel has been partially infilled 
with sands and gravels of the Empress Formation, glacial till and lacustrine clay. 

7.6.2 Local Geology 
The general geology in the LSA, from the ground surface down, consists of: 

• surficial deposits: 

• topsoil and organics 
• surficial sand unit (primarily sand with some clay layers) 
• clay unit 
• glacial till unit  
• preglacial sand unit  
• preglacial sand and gravel unit 

• bedrock deposits: shales/sandstones/siltstones 

Topsoil and Organics 
Topsoil was generally thin with thickness ranging from less than 0.1 m to 0.5 m. In 24 of 
the 42 borehole locations, topsoil was either absent or only formed a thin, surface veneer. 
For additional information on the distribution of peat and organics in the LSA, see 
Section 11: Terrain and Soils. 

Surficial Sand Unit 
The surficial sand unit was present in all boreholes drilled except at P06-10-6, P06-11-6 
and BH07-24 in the southeastern part of the LSA, and P07-15-20 in the southern part of 
the LSA (see Section 7.8). Clay layers interspersed in the surficial sand unit were up to 
2.8 m thick at BH07-03. Where present, surficial sand unit thicknesses ranged from about 
0.7 to 16.9 m in the boreholes drilled. 

Clay Unit 
Where present, the clay unit lies below the surficial sand unit. Clay was present at the 
ground surface in boreholes drilled at P06-10-6, P06-11-6, BH07-12, BH07-18 and 
BH07-24 in the eastern portion of the LSA, and at P07-15-20 in the southern portion of 
the LSA. The clay unit was not present at P06-12-05, P07-13-04, BH07-14, BH07-16 and 
BH07-25. Where present, the overall thickness of the clay unit varies from 0.3 m in 
P06-07-19 to 12.4 m in BH07-13. At nearby borehole TH-07, the thickness of the clay 
unit reached 16 m. 
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Clay Till Unit 
The clay till unit generally underlies the clay unit. Clay till was encountered in all but two 
(BH07-17 and BH07-27) deep boreholes drilled at the LSA, at depths that ranged from 
5.75 to 19.1 m below ground surface (bgs). At the nearby monitoring wells and test holes 
surrounding the LSA, which reached the sand unit of the Beverly Channel, total till 
thickness ranged from about 5 m to about 20 m. Till thickness in the LSA ranged from 
0.5 to 15.7 m at boreholes that reached the sand unit of the Beverly Channel. 

Combined Thickness of the Clay and Clay Till Units 
For wells and test holes nearby the LSA that reached the Beverly Channel, the combined 
thickness of the clay and clay till units ranged from 15.1 to 25.7 m. The combined 
thickness in the LSA ranged from about 5 m (5.05 m at BH07-05; 5.20 m at BH07-11) to 
21.6 m at BH07-23. 

Preglacial Sand Unit 
In the LSA, the preglacial sand unit underlies the clay till unit (when present) or the clay 
unit. The preglacial sand unit was present in five regional boreholes adjacent to the LSA 
and was identified in 16 boreholes in the LSA. Sand thickness ranged from 0.6 m at 
MW-07 to 13.4 m at MW-06 in the vicinity of the LSA. 

Preglacial Sand and Gravel Unit 
The preglacial sand and gravel unit overlies bedrock in the LSA and ranged in thickness 
from 3.3 m at MW-08 to 9.7 m at MW-09. 

Top of Bedrock 
Depth to bedrock ranged from 34.1 to 44.1 m, and top of bedrock elevations ranged from 
585.06 m above sea level (masl) at MW-09 (north of the LSA) to 591.77 masl at MW-8 
(northeast of the LSA). In general, the top of the bedrock across the LSA is relatively flat. 

7.6.3 Regional Hydrogeology 
Regionally, groundwater flows toward, and discharges to, the North Saskatchewan River. 
On the east side of the river, regional groundwater flow is toward the preglacial sands and 
gravels of the Beverly Channel and eventually discharges to the river. 

Aquifers can be found in bedrock (the Belly River Formation), the Beverly Channel and 
sand lenses in the till and surficial sand deposits, and all have variable yields: 

• yields from wells completed in upper Belly River Formation sandstones near the 
RSA ranged from 32 m3/d at Mundare to about 100 m3/d west of Bruderheim 

• where sufficiently thick, the preglacial sand and gravel deposits can yield from 160 to 
650 m3/d (Stein 1976). The Beverly Channel deposits are in direct hydraulic 
connection with the North Saskatchewan River. 

• sand and gravel lenses in the glacial till could potentially yield from 5 to 30 m3/d. 
Dunes in aeolian sand can form local aquifers if the deposits are saturated and 
sufficiently thick. They can yield from 30 to 160 m3/d (Stein 1976). 

Groundwater quality varies based on aquifer and location. Stein (1976) reported that total 
dissolved solids (TDS) in bedrock groundwater usually ranged from 1000 to 2000 mg/L. 
However, groundwater quality in the surficial deposits above bedrock is more variable, 
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with TDS ranging from less than 500 mg/L to more than 3000 mg/L, and locally 
exceeding 6000 mg/L (Stein 1976). TDS in the Beverly Channel normally ranged from 
less than 500 mg/L to 1000 mg/L (Stantec 2006). 

7.6.4 Local Hydrogeology 

7.6.4.1 Shallow Groundwater Flow 
In the LSA, the general groundwater flow direction is eastward, toward Astotin Creek. 
The horizontal hydraulic gradient ranged from 0.0004 to 0.002 m/m, with an average of 
0.00072 m/m. 

7.6.4.2 Groundwater Flow in the Beverly Channel 
Groundwater flow in the Beverly Channel was generally northwestward across the LSA 
and RSA. Hydraulic gradients ranged from 0.00042 m/m to 0.0014 m/m, with an average 
of 0.00068 m/m beneath the LSA. 

7.6.4.3 Vertical Hydraulic Gradients 
In May 2007, the vertical hydraulic gradients ranged from 0.19 to 0.79 m/m in a 
downward direction across the clay and clay till units. In July 2007, vertical gradients 
ranged from 0.12 to 0.32 m/m, also in a downward direction across the clay and clay till 
units. 

7.6.4.4 Hydraulic Conductivity 
A summary of the hydraulic conductivity per geological unit is as follows: 

Sand Unit: The hydraulic conductivity for the surficial sand unit ranged 
from 2 x 10-6 to 5.6 x 10-5 m/s, with a geometric mean of 
1.7 x 10-5 m/s. 

Clay Unit: Three hydraulic conductivity values were estimated for the clay 
unit: 1.1 x 10-7 m/s, 1.3 x 10-7 m/s and 1.1 x 10-6 m/s, with a 
geometric mean of 2.5 x 10-7 m/s. 

Clay Till Unit: For the clay till unit, the hydraulic conductivity ranged from 
2.1 x 10-10 to 1.0 x 10-8 m/s, with a geometric mean of 
7.5 x 10-10 m/s. 

Sand and Gravel Unit: The hydraulic conductivity at four Beverly Channel monitoring 
wells in the vicinity of the LSA, as reported by Stantec (2006), 
ranged from 1.5 x 10-4 to 9.5 x 10-4 m/s, with a geometric mean 
of 4.8 x 10-4 m/s. These hydraulic conductivity values are in 
agreement with the expected range for sand and gravel deposits 
reported by Freeze and Cherry (1979). 

7.6.4.5 Average Linear Groundwater Velocity 
The average linear groundwater velocity for the surficial sand unit was estimated to be in 
the order of 1.5 m/a based on a geometric mean hydraulic conductivity of 1.7 x 10-5 m/s, 
an average hydraulic gradient of 0.00072 m/m and an assumed effective porosity of 0.25. 
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The average linear groundwater velocity for the Beverly Channel beneath the LSA was 
estimated to be in the order of 70 m/a, based on a geometric mean hydraulic conductivity 
of 4.8 x 10-4 m/s, an average hydraulic gradient of 0.00068 m/m beneath the LSA and an 
assumed effective porosity of 0.15. 

7.6.5 Regional Groundwater Quality for Water Wells in the Regional Study 
Area 

Regional groundwater quality in the RSA was determined from 107 separate groundwater 
analyses from 82 water wells on file with Alberta Environment (AENV 2007, Internet 
site). For a summary of available analyses for key indicator parameters, see Table 7.6-1. 

Table 7.6-1 Regional Groundwater Quality in the Regional Study Area 
Aquifer and 

Groundwater Type 
 

Number of 
Analyses 

 
Parameter 

 
Range 
(mg/L) 

Median 
(mg/L) 

Surficial Deposits (High TDS) 
(calcium-magnesium-
bicarbonate-sulphate) 

9 TDS 1180–5250 2183 
9 Sulphate 525–3198 1203 
7 Chloride 11–124 67 
6 Sodium 33–190 97 

Surficial Deposits (Low TDS) 
(calcium-magnesium- 
sulphate-bicarbonate) 

36 TDS 60–977 299 
32 Sulphate 8–395 38 
35 Chloride 1–73 7 
24 Sodium 3–142 7 

Surficial Deposits (All) 13 Nitrate-Nitrogen 0.3–51 3.2 

Beverly Channel 
(calcium-magnesium-
bicarbonate-sulphate) 

1 

TDS 931 – 
Sulphate 310 – 
Chloride 13 – 
Sodium 190 – 

Bedrock 
(sodium-calcium- 
bicarbonate-sulphate) 

39 TDS 194–3295 1105 
34 Sulphate 8–1689 320 
37 Chloride 2–1963  100  
28 Sodium 20–1080 370 

Unknown Aquifer 

23 TDS 248–3381 941 
23 Sulphate 31–1399 344 
22 Chloride 2–170 5 
16 Sodium 8–197 156 

SOURCE: AENV (2007, Internet site) 

7.6.6 Local Groundwater Quality 
For a summary of results of the groundwater chemical analyses for the surficial sand, 
clay, clay till and Beverly Channel units, see Table 7.6-2. For analytical results, see 
Environmental Baseline Study: Groundwater, Appendix A on CD. Because land use at or 
near the PDA has consisted only of agricultural activity, the groundwater chemistry 
concentrations measured during the sampling events are considered to be baseline and to 
represent natural conditions. 
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Table 7.6-2 Groundwater Quality of Surficial Sand, Clay, Clay Till and Beverly Channel Units in or Near the 
Local Study Area 

Parameter Units Guideline 

Surficial Sand Clay Clay Till Beverly Channel 

Observed 
Minimum 

Observed 
Maximum 

Observed 
Minimum 

Observed 
Maximum 

Observed 
Minimum 

Observed 
Maximum 

Observed 
Minimum 

Observed 
Maximum 

pH (Field) pH units 6.5 – 8.5 5.86 8.46 6.51 7.64 6.91 7.91 n/a n/a 
pH (Lab) pH units  6.2 8.1 7.4 7.8 7.5 8.1 7.5 8.1 
EC (Field) μS/cm – 106 1,704 974 3,470 923 4,840 n/a n/a 
EC (Lab) μS/cm – 99 1,680 1,030 3,510 1,030 4,850 1,310 2,680 
Total Dissolved Solids mg/L 500 (AO) 59 1,210 658 3,220 651 4,120 862 2,150 
Total Hardness (as CaCO3) mg/L  42 985 574 2,400 339 1,660 286 1,130 
Sulphate mg/L 500 (AO) 2.3 626 120 2,080 221 2,440 300 1,130 
Nitrate + Nitrite as N mg/L-N 10 (MAC) <0.1 34.5 0.1 28.6 <0.1 12.5 <0.1 0.1 
Chloride mg/L 250 (AO) 2 59 4 17 6 187 3 16 
Sodium mg/L 200 (AO) 3 57 23 161 107 702 112 287 
Total Kjeldahl Nitrogen mg/L  0.3 17 0.4 3.0 0.6 34.4 n/a n/a 
Dissolved Organic Carbon mg/L  2 37 10 18 11 162 5 8 
Phenols mg/L  <0.001 0.035 <0.001 0.002 <0.001 0.025 <0.001 <0.001 
Benzene mg/L 0.005 (MAC) <0.0005 0.00058 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 
Toluene mg/L 0.024 (MAC) <0.0005 0.0213 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 
Ethylbenzene mg/L 0.0024 (MAC) <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 
Xylenes, Total mg/L 0.3 (MAC) <0.0005 0.00094 <0.0005 <0.001 <0.0005 <0.0005 <0.0005 <0.0005 
F1 (C6-C10)-BTEX mg/L 4.6 <0.1 0.4 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
F2 (C11-C16) mg/L 2.1 <0.05 0.11 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Groundwater Type   calcium-bicarbonate calcium-magnesium-
sulphate sodium-calcium-sulphate calcium-sodium-

bicarbonate 

NOTES: 
Surficial Sand, Clay and Clay Till Units – Sampled in January, April/May and July 2007. 
Beverly Channel – Sampled in spring and fall 2005 (Stantec 2006). 
Observed minimums and maximums are from all available sampling events. 
Guideline: all but F1 and F2, Health Canada (2007).  AO = aesthetic objective; MAC = maximum acceptable concentration 
Guideline:  F1 and F2, Alberta Environment (2001) 
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7.6.7 Groundwater Users in the Regional Study Area 
A field-verified survey of existing water wells was conducted within a 3.2-km area 
around the PDA. For locations of surveyed water wells or residences–businesses in the 
RSA, see Figure 7.6-1. For information on the water wells, including location, water use 
and possible completion aquifer, see Environmental Baseline Study: Groundwater on CD. 

Of the six water wells in the LSA, R30a and R30b are completed in bedrock and 13a, 
13b, R32a and R32b are completed in the shallow sand unit. Before development in the 
PDA, all six water wells will be decommissioned in accordance with Alberta Water Act 
requirements. Locations R13 and R14, in the PDA, refer to two separate businesses that 
do not have water wells. 

Location R33 immediately north of the PDA and locations R26 and R27 immediately 
west of the PDA refer to former residences that have been demolished; therefore, there 
are no users of groundwater at these locations. 

Six water wells in NE17 (1a, 1b, 1c, 1d, 1e, 1f) are the closest water wells to the LSA, 
located 600 m to 1000 m from the LSA boundary. Water wells 1d and 1e, completed in 
bedrock, are currently not in use. The other four water wells, three completed in bedrock 
and one in the Beverly Channel, are used for livestock purposes. City water is used for 
drinking purposes. There are no shallow wells completed in the surficial sand at these 
locations. 

Water Well 3, located in NE17 approximately 1000 m from the LSA, is the next-closest 
well to the LSA. This water well is completed in bedrock. 

All other existing water wells are located farther than 1000 m from the LSA: 

• 6 water wells completed in the surficial unit (water table): 4a (discontinued), R08a 
(used for domestic and drinking purposes), R08c (dry), R10 (dry), R12 (used for 
domestic and drinking purposes) and R31b (not in use) 

• 1 water well apparently completed in the Beverly Channel aquifer: R08b 

• 10 water wells completed in bedrock: 4b, 5 (not in use), 6 (not in use), 7a, 7b (not in 
use), 9, 11, R31a (not in use), R40, R41 

Residences 2, 8, 10, 12, R09, R11, R23, R43 and R48 do not have water wells. 
Location R44 is unoccupied and it was not possible to confirm whether a water well is 
present at that location. 

7.7 Effects Management – Project Design and 
Mitigation Measures 

Project mitigation measures that are relevant to groundwater are described in the 
following sections. For the proposed groundwater monitoring program, see Section 7.10. 

7.7.1 Construction 
During site construction, excavations into the shallow subsoil are required for 
construction of foundations for above-ground structures, installation of utilities and 
construction of ponds. Excavations that extend below the water table have the potential to 
collect groundwater and dewatering systems might be required depending on the type of 
soils. Dewatering is generally a temporary activity associated with facility construction. 
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Groundwater from dewatering activities will be conveyed to a temporary onsite holding 
pond or the stormwater management pond. The dewatered groundwater will be tested for 
compliance with EPEA discharge standards before release (see Volume 1, Section 6.6). 

Temporary fuel storage tanks for construction equipment will be provided with secondary 
containment and leak-detection system and a catch basin around the fuel pumps to 
prevent spilled product from reaching the soil (see Volume 1, Section 6.6.5). 

7.7.2 Operations 
During plant operations, effects on groundwater are commonly traced to leaking tanks, 
seepage from ponds, damaged pipelines and incidental spillage. To prevent such effects, 
engineered protection measures will be a fundamental part of the plant design. These 
measures will be complemented by a groundwater monitoring network and rapid 
response if a release were to occur (see Volume 1, Section 6.6.5). 

Engineered protection measures, spill-response procedures and other management 
procedures to prevent effects on groundwater (see Volume 1, Section 6.6.5) are briefly 
described in the following sections. 

7.7.2.1 Secondary Containment for Storage Tanks 
Diluted bitumen, synthetic crude oil and diluent will be stored onsite in appropriate 
storage tanks (see Volume 1, Section 6.6.5). 

Secondary containment will be built around hydrocarbon storage tanks and other product 
and chemical storage tanks. This containment will be built according to Alberta Energy 
and Utilities Board (EUB) Directive 55: Storage Requirements for the Upstream 
Petroleum Industry (EUB 2001). Secondary containment will consist of an impervious 
liner (high-density polyethylene or alternative material with similar spill- and 
leak-retention competency), leak detection capability, and regular visual inspections. 

7.7.2.2 Process Line Containment 
It is planned that, in the PDA, pipelines that distribute feedstock (i.e., diluted bitumen) 
and processed products (e.g., synthetic crude, diluent), as well as process lines, will be 
installed above ground on pipe racks to facilitate visual inspections and maintenance. 

7.7.2.3 Containment Measures for Process and Storage Facilities  
All process units, sulphur management areas, coke management facilities and chemical 
storage facilities will be built on concrete pads that will be sloped toward catch basins 
and contained to prevent any spilled material from leaving the pads. These facilities will 
be designed to prevent releases to the environment. Precipitation runoff or inadvertent 
spills from these facilities will be conveyed to a designated, separate process water 
stormwater pond. 

Coke, sulphur and hazardous chemicals and catalysts will have additional safety 
measures applied to their handling, storage and transport, as required by regulations (see 
Volume 1, Section 6.7.2). 

All loading and unloading facilities will be paved with concrete and curbed to contain 
spills and facilitate cleanup. 
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7.7.2.4 Wastewater Treatment, Recycling and Secondary Containment 
Wastewater streams will generally be treated and recycled back into production, where 
possible. Wastewater that cannot be recycled will be treated to the appropriate level and 
discharged back to the North Saskatchewan River. Any storage tanks for wastewater will 
be built according to EUB Directive 55.  

7.7.2.5 Stormwater Runoff 
Surface runoff will be segregated. Stormwater from paved process areas, rail loading 
and petroleum coke storage areas will be collected, tested and treated as required. 
Uncontaminated stormwater will be directed to the non-process stormwater pond and 
contaminated material will be processed in the WWT facilities (see Volume 1, 
Section 6.6.3) 

7.7.2.6 Spill Response Procedures 
TOTAL will prepare a spill contingency plan for the upgrader before the start of 
construction. This plan will define the responsibilities, roles and general procedures 
applicable to a spill incident (see Volume 1, Section 6.8 and 6.9). 

7.7.3 Decommissioning  
Decommissioning of the upgrader will include removing all equipment and process units, 
storage facilities and infrastructure including buildings, foundations, paved areas and 
subsurface utilities. During decommissioning, potential effects on groundwater would be 
associated with: 

• localized dewatering of shallow groundwater to facilitate the removal of foundations 
and subsurface utilities 

• spills or releases of raw materials, products or chemicals still present in pipelines, 
process lines storage tanks or pads, and sumps 

Measures to prevent effects on groundwater are described in the sections following. 

7.7.3.1 Decommissioning Plan 
A decommissioning plan will be prepared to progressively decommission the upgrader. 
This plan will include identifying all environmental aspects of the upgrader and 
associated measures to prevent impacts on the environment, including the groundwater. 
The decommissioning plan will also include schedules for removing liquid or solid 
products from the process units, equipment and storage tanks, and appropriate 
spill-response procedures. 

7.7.3.2 Water Treatment and Stormwater Ponds 
The water treatment facility, stormwater ponds and isolation ditches and berms will be 
operational throughout decommissioning to allow retention and treatment of surface 
runoff. 

Should dewatering of the surficial sand unit be required to remove foundations and 
subsurface utilities, the dewatered groundwater will be directed to the stormwater 
management pond. The dewatering water will be tested for compliance with EPEA 
discharge standards before release (see Volume 1, Section 6.6). 
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7.7.3.3 Assessment of Potential Contamination and Remediation 
Once all infrastructure has been removed, soil and groundwater will be assessed for 
potential contamination. Affected areas will be delineated and remediated to meet 
applicable remediation or risk management criteria. Following remediation, an 
assessment will be done to ensure that criteria are met. 

7.8 Project Residual Effects 

7.8.1 Effects of Groundwater Dewatering 

7.8.1.1 Analysis 
The amount of groundwater that could enter an excavation will depend on the size and 
depth of the excavation below the water table, the ability of the soil to transmit water and 
the length of time the excavation is left open. 

Surficial sand is present over most of the PDA. Where present, the thickness of the sand 
ranges from about 0.7 to 16.9 m in the boreholes drilled. The distribution of the sand 
thickness is not uniform; with apparently alternating areas of thick and thin sand. 

For the interpreted distribution of saturated sand thickness in the PDA, see Figure 7.8-1. 
Saturated sand thickness generally ranged from about 2 m to about 14 m. In E½19 and 
NW18, the saturated thickness was generally between 8 and 10 m, whereas in W½19 it 
was generally between 4 and 8 m. The saturated thickness was thicker, up to 14 m, in the 
northwest portion of W½20. In the eastern and southeastern portions of W½20, the 
surficial sand was generally absent. 

Numerical modelling was done to quantify the magnitude and extent of effects of 
short-term dewatering activities during construction on groundwater in the surficial sand 
unit in the LSA. The model used was the USGS MODFLOW (McDonald and Harbaugh 
1988), which is an industry standard for groundwater flow modelling. For more 
information on the numerical model, see Appendix 7A. 

For the three scenarios used to simulate the sizes of potential excavations and the 
timeframe required for completion of dewatering, see Table 7.8-1. Maximum drawdown 
required at the excavation was assumed to be 3 m, 5 m and 7 m. It was further assumed, 
conservatively, that the sand unit had a uniform saturated thickness of 15 m. 

Table 7.8-1 Summary of Dewatering Scenarios 
Scenarios Dimensions of Dewatering Area Timeframe for Construction 

Scenario 1 2 m x 100 m 5 weeks (35 days) 
Scenario 2 30 m x 150 m 10 weeks (70 days) 
Scenario 3 50 x 70 m 17 weeks (119 days) 
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To account for the uncertainty in the distribution of hydraulic conductivity and specific 
yield for the surficial sand unit, the simulations included a sensitivity analysis for the 
hydraulic conductivity and the specific yield. For each scenario, three hydraulic 
conductivity values were used: 1 x 10-5 m/s, 5 x 10-5 m/s and 2.5 x 10-4 m/s; these values 
represent the mean and the mean plus/minus one standard deviation, based on a 
log-normal distribution for the available hydraulic conductivity for the surficial sand unit 
(see Appendix 7A). The values for the specific yield were based on the literature and 
included the following range: 0.1, 0.15 and 0.25. 

Effects of dewatering were characterized in terms of the areal extent of the induced 
drawdown at the end of the dewatering period. Two cases were considered for a 
representative distance of influence: 

1. Distance from the excavation to where drawdown was 0.6 m (L0.6); for distances 
greater than L0.6, drawdown will be lower than 0.6 m and will be less than the 
expected seasonal variation in the water table levels. 

2. Distance from the excavation to where drawdown was 0.1 m (L0.1); for distances 
greater than L0.1, drawdown will be less than 0.1 m and will be considered negligible. 

7.8.1.2 Predicted Effects 

Dewatering Effects on Groundwater 
For a summary of the extent of drawdown (distance of influence) obtained from the 
model simulations, see Table 7.8-2. The best estimate is representative of the expected 
average conditions: maximum drawdown of 5 m at the excavation and a geometric mean 
hydraulic conductivity of 5.0 x 10-5 m/s for the surficial sand unit; the specific yield, 
however, was simulated for all the three values. The possible range accounts for the other 
cases where maximum drawdown at the excavation is 3 m and 7 m, hydraulic 
conductivity is 1 x 10-5 m/s and 2.5 x 10-4 m/s and the specific yield is 0.1, 0.15 and 0.25. 

Table 7.8-2 Predicted Extent of Dewatering Effects 

Scenarios 

Distance from Excavation 
to where drawdown is 0.1 m (L0.1) 

(m) 

Distance from Excavation  
to where drawdown is 0.6 m (L0.6) 

(m) 
Best Estimate Possible Range Best Estimate Possible Range 

Scenario 1 260–390 117–850 150–220 65–470 
Scenario 2 370–570 168–1220 220–320 95–690 
Scenario 3 450–680 197–1501 250–360 102–799 
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Results of the dewatering simulations for the three excavation scenarios led to the 
following conclusions: 

• Under average conditions, it is expected that the extent of measurable dewatering 
effects, i.e. drawdown greater than 0.1 m, will be less than 680 m from the 
excavations. This is consistent with observed effects at the Shell Scotford site, where 
the extent of measurable dewatering effects was less than 600 m (Shell 2005, 2007). 

• Under average conditions, it is expected that drawdown in the order of the seasonal 
fluctuation in water table levels (0.6 m) will occur at distances of about 360 m or less 
from the excavations. This is also consistent with observed effects at the 
Shell Scotford site, where drawdown was in the order of 0.6 m at distances of about 
350 m or less from the excavations (Shell 2005, 2007). 

For an estimate of average dewatering rates, see Table 7.8-3. These rates were obtained 
by dividing the total cumulative dewatered volume at the end of the dewatering period by 
the number of dewatering weeks in the period. Dewatering rates will be higher than the 
average in the beginning of the period and lower than the average toward the end of the 
period. 

Table 7.8-3 Predicted Average Dewatering Rates 

Scenarios 

Average Dewatering Rates  
(m3/week) 

Best Estimate Possible Range 
Scenario 1 6630–8490 1350–36260 
Scenario 2 7970–10650 1750–42875 
Scenario 3 5800–7300 1150–32270 

For the best-estimate scenario, which considers average conditions, expected average 
dewatering rates would be in the range of 5800 to 10650 m3/week, to maintain drawdown 
of about 5 m at the excavation. 

For comparison, Shell (2005) reported that average dewatering rates for the Shell 
Scotford Upgrader Project, which also has surficial sand deposits, were in the range of 
1609 to 5693 m3/week, for drawdown of about 3.5 m at the excavations. Lower average 
dewatering rates of 472 to 2694 m3/week were reported for other areas in the Shell 
Scotford Upgrader Project. 

Sensitivity analysis (see Appendix 7A) suggests that dewatering rates for excavations 
within the LSA in areas where the saturated sand thickness is about 9 m would likely be 
similar to those rates observed at the Shell Scotford Upgrader. 

Dewatering Effects on Water Table and Well Users 
Dewatering effects on water table and well users were assessed based on the following 
considerations: 
• Excavation depths are expected to be generally between 5 to 7 m. Based on an 

average depth to groundwater of about 2 m, drawdown of 3 to 5 m would be required 
at the excavations. 

• Based on the work by Gomez-Hernandez and Gorelick (1989), effects of dewatering 
from a sand unit with spatially variable hydraulic conductivity is properly represented 
by using the geometric mean hydraulic conductivity. 
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Therefore, the best-estimate scenario provides an adequate assessment of dewatering 
effects. 

Effects of dewatering on the water table are predicted to extend up to 680 m, or less, from 
the excavations. Beyond 680 m, the dewatering effects will be negligible. Between 360 m 
and 680 m, the dewatering effects are predicted to be of the same order of magnitude as 
the seasonal fluctuations in the water table levels (0.15 m to 1.24 m; median of 0.58 m); 
therefore these effects are considered not significant. Within 360 m, or less, from the 
excavations, the water table will be lowered by 0.60 to about 5 m for a short period, 
generally 5 to 17 weeks. 

Dewatered groundwater will be directed to a temporary onsite holding pond, or the 
stormwater pond and tested before it is released to the North Saskatchewan River. Based 
on the groundwater quality at monitoring wells completed in the surficial sand units, TDS 
for dewatered water is generally expected to be less than 500 mg/L, but locally could be 
as high as 1210 mg/L (P07-14-05, P07-13-04). 

As described in Section 7.6.7 four water wells in the PDA were completed in the 
surficial sand units. These wells, however, are no longer in use and will be 
decommissioned before construction starts. Outside the PDA boundary, there are no 
water table wells within 1000 m of the PDA. The closest active water wells completed in 
the surficial deposits are R08a and R12, located at distances of 3.2 km and 2 km from the 
PDA. Therefore, no water wells will be affected by dewatering in the PDA. 

No residual effects are expected from dewatering of groundwater. Once dewatering stops, 
groundwater levels will return to natural water levels in a time frame similar to the period 
of dewatering. It is not expected that localized, temporary dewatering will affect 
Astotin Creek. 

The upgrader is not expected to contribute to cumulative effects on the water table, 
because dewatering at the adjacent Shell Scotford site will likely not occur at the same 
time. 

The upgrader will not contribute to cumulative effects on groundwater users. 

Negligible effects are predicted on potential groundwater users at the time of 
decommissioning. 

7.8.2 Effects of Leaks, Surface Spills and Pond Seepage on Groundwater 
Quality and Well Users 

7.8.2.1 Analysis 
The implications of leaks, spills or seepage on groundwater will depend on a number of 
factors, including the location of the spill, the horizontal and vertical hydraulic 
conductivity of the geologic unit affected by the spill and the protective measures 
installed for the project. For a qualitative discussion of potential effects on groundwater 
quality and groundwater users, see the sections following. 
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7.8.2.2 Predicted Effects 

Effects of Spills and Pond Seepage on Shallow Groundwater Quality and 
Well Users 
Most of the PDA is underlain by surficial sand which presents a higher vulnerability to 
potential effects on groundwater. To protect groundwater, engineered protection 
measures will be implemented, as described in Section 7.6. These engineered protection 
measures will be a fundamental part of the plant design. These measures will be further 
complemented by a groundwater monitoring network and rapid response if a release were 
to occur.  

Horizontal groundwater velocity in the surficial sand unit was estimated at 1.5 m/a. This 
relatively slow groundwater velocity provides sufficient time for detection and 
remediation of groundwater effects before potentially contaminated groundwater reaches 
the site boundaries. 

Based on the mitigation measures and spill-response procedures proposed by TOTAL, it 
is considered unlikely that a surface contaminant spill or leak would reach shallow 
groundwater. Such release would be contained on the concrete pads or secondary 
containment systems and prevented from reaching the soil. 

In the unlikely event that a spill or leak did reach the ground or subsurface, measures to 
recover the spilled product, identify the extent of effects and remediate the soil and 
groundwater to acceptable levels will be implemented. In the event of a leak or spill 
outside the protected process areas, the relatively slow groundwater velocity provides 
sufficient time for detection and remediation of groundwater effects before potentially 
contaminated groundwater reaches the site boundaries or offsite users. After remediation, 
the effects of surface spills or leaks on groundwater quality will meet acceptable criteria 
and will have negligible environmental consequence. 

The engineered mitigation measures and operational measures that will be implemented 
are considered to provide adequate protection to groundwater and no effects are expected 
to the shallow groundwater quality or to the water wells. During decommissioning, the 
proposed mitigation measures are also considered to provide adequate protection to 
groundwater and no effects on shallow groundwater quality are expected. 

The upgrader will not contribute to cumulative effects on groundwater quality. 

Effects on Groundwater Quality in the Beverly Channel Aquifer 
Protection of the Beverly Channel is provided by the clay and clay till units present 
beneath the surficial sand. The combined thickness of the clay and clay till units exceeds 
5 m and in places reaches up to 23.4 m. Over most of the PDA, the combined thickness 
of the clay and clay till exceeds 10 m (see Figure 7.8.2). 

The geometric mean horizontal hydraulic conductivity was estimated as 2.5 x 10-7 m/s for 
the clay and 7.5 x 10-10 m/s for the clay till. Since the vertical hydraulic conductivity is 
generally at least one order of magnitude lower than the horizontal hydraulic 
conductivity, expected vertical hydraulic conductivities would be 2.5 x 10-8 m/s for the 
clay and 7.5 x 10-11 m/s for the clay till. The thickness and the low vertical hydraulic 
conductivity for the clay and clay till units make these units an effective barrier for the 
vertical migration of potential contaminants to the Beverly Channel. Therefore, no 
contaminant effects on the Beverly Channel are expected. 
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7.9 Cumulative Effects Assessment 
No cumulative effects are anticipated on shallow groundwater levels or quality. 

Although effects of shallow groundwater dewatering have the potential to extend beyond 
the PDA boundary, it is unlikely that dewatering in areas outside the PDA would occur at 
the same time as dewatering in the PDA. Projects within 680 m of the PDA include: 

• the proposed Shell Scotford Upgrader 2 north of the PDA 
• Gulf Chemicals (currently under construction) northeast of the PDA 
• the Canadian National railyard (currently under construction) east of the PDA 
• Dow Chemical southwest of the PDA 

There are currently no known plans for construction in Dow Chemical’s Section 13 land. 
Therefore, only Shell Scotford Upgrader 2 would have the potential for cumulative 
effects of dewatering during construction, but it is unlikely that dewatering at both 
facilities would occur at the same time. 

Although there is potential that a contaminant plume originating from the PDA could be 
further compounded if a spill that happened at either Shell or Gulf Chemicals facilities 
reached the groundwater, it is considered unlikely that spills, leaks or seepage from ponds 
in the PDA would contribute to cumulative contamination of shallow groundwater. This 
conclusion is based on the following: 

• proposed engineered mitigation measures and operations measures will be adequate 
to protect groundwater 

• TOTAL’s spill-response and remediation practice will ensure prompt identification 
of the extent of effects and implementation of mitigation and remediation measures 

• a groundwater monitoring program will be implemented in the PDA to provide early 
warning of potential effects on groundwater and to allow prompt assessment, control 
and mitigation of unacceptable effects 

Therefore, no offsite effects on shallow groundwater quality are expected and, 
consequently, there are no contributions to cumulative effects. 

7.10 Prediction Confidence 
The level of confidence in the prediction of potential effects of dewatering on the water 
table and groundwater users is high. There is high confidence in the geological data and 
the groundwater modelling techniques used to estimate dewatering effects. There is also 
high confidence in the historical data reported for the dewatering activities at the 
Shell Scotford Complex. 

Confidence in the prediction of potential effects of surface spills, leaks or seepage from 
ponds on groundwater quality is high. There is high confidence in the baseline data, the 
proposed engineered mitigation measures and the operation measures, including the 
spill-response and remediation plans. 
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7.11 Climate Change Effects 
Shallow groundwater flow systems are susceptible to climate change and would show a 
response to climate change through alterations in the water table levels in shallow 
unconfined aquifers. A decrease or increase in the water table levels over the life of the 
project due to climate change will not affect the upgrader. 

7.11.1 Change in Mitigation 
Climate change is not expected to affect effectiveness of mitigation measures. 

7.11.2 Change in Effects 
There will be no use or withdrawal of groundwater during upgrader operations. 
Consequently, potential climate change effects on groundwater will not affect the project. 

7.12 Management and Monitoring 

7.12.1 Groundwater Monitoring During Construction 
A groundwater dewatering program will be required in specific areas during construction. 
As part of this program, monitoring wells will be installed to monitor the performance of 
the dewatering activities and the extent of effects. In general, monitoring wells will be 
installed at the centre and perimeter of the proposed excavation area to monitor water 
levels and confirm that the water table has been lowered to below the bottom of the 
excavation. Additional monitoring wells might also be installed at a distance from the 
excavation (100 m to 300 m) to identify the extent of dewatering effects and confirm that 
the water table has returned to seasonal levels once dewatering is completed. 

7.12.2 Groundwater Monitoring During Operations 
The requirement for a groundwater monitoring program is expected to be a condition of 
the anticipated EPEA approval. It will provide early detection of possible effects on the 
shallow groundwater due to upgrader operations and allow for prompt assessment, 
control and mitigation of impacts. 

Elements of the monitoring program will include monitoring wells installed as part of the 
baseline study, if possible, and additional monitoring wells to target specific process 
areas within the site where spills or contaminant releases could potentially occur. 

Target areas will include hydrocarbon storage tanks, sulphur storage tanks and pads, 
treated discharge water ponds, process stormwater ponds, coke storage, and loading and 
unloading facilities. Monitoring wells will be installed across the water table (typical 
depths of 5 m) and deeper (about 10 m) where the surficial sand unit is thick. For 
proposed monitoring well locations, see Figure 7.12-1. 

For the first two years after installation, groundwater samples will be collected twice per 
year (spring and fall) to identify baseline conditions for each monitoring well. 

After the first two years, groundwater will be sampled twice a year (spring and fall) and 
analyzed for indicator parameters. 
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The groundwater monitoring data, groundwater levels and quality, will be summarized, 
interpreted to identify possible trends and effects on groundwater, and reported annually 
to Alberta Environment. Should the groundwater monitoring program indicate possible 
effects on groundwater, steps will include: 

• confirming that the groundwater quality at specific locations has been affected above 
background conditions 

• identifying possible sources for the effects 

• assessing and delineating the extent of effects 

• identifying and implementing mitigation and remediation measures 

• monitoring to confirm performance of mitigation and remediation measures 

In addition to removing the source of contamination, remediation measures might include 
groundwater interceptors, recovery wells, pump and treat, bioremediation, biosparging, 
reactive barriers, containment curtains or barriers, and monitored natural attenuation. 
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7A.1 Groundwater Modelling Approach 
Numerical modelling was done to quantify the magnitude and extent of effects of 
short-term dewatering activities during construction on groundwater in the surficial sand 
unit in the LSA. As the actual locations, depths and size of the excavations are not 
defined at this time, the approach adopted was to do a sensitivity analysis, based on the 
expected type of excavations, the geological information available for the surficial sand 
unit and the expected variability on the aquifer parameters. The following sections 
describe the numerical model implementation and results. 

7A.2 Dewatering Scenarios 
For the three dewatering scenarios used to simulate the sizes of potential excavations and 
the timeframe required for completion of the dewatering, see Table 7A-1. These 
scenarios are considered to be representative of general excavations and associated 
timeframes for dewatering, based on previous experience at other facilities. 

The sensitivity analysis considered three possible depths for the excavations, 5 m, 7 m 
and 9 m, which led to required drawdown at the excavations of 3 m, 5 m and 7 m, 
respectively, based on a depth to the water table of about 2 m. 

Table 7A-1 Summary of Dewatering Scenarios 
Scenarios Dimensions of Dewatering Area Timeframe for Dewatering 

Scenario 1 2 m x 100 m 5 weeks (35 days) 
Scenario 2 30 m x 150 m 10 weeks (70 days) 
Scenario 3 50 x 70 m 17 weeks (119 days) 

7A.3 Hydrostratigraphic Framework 
Surficial sand is present over most of the PDA. Where present, the thickness of the sand 
ranges from about 0.7 to 16.9 m in the boreholes drilled. The distribution of the sand 
thickness is not uniform; with apparently alternating areas of thick and thin sand. In 
E½19 and NW18, the saturated thickness was generally between 8 and 10 m, whereas in 
W½19 it was generally between 4 and 8 m. The saturated thickness was thicker, up to 
14 m, in the northwest portion of W½20. In the eastern and southeastern parts of W½20, 
the surficial sand was generally absent. 

In this numerical model, the surficial sand unit was treated as a single, homogeneous, 
isotropic, unconfined stratigraphic unit. It was assumed, conservatively, that the saturated 
sand unit had a uniform saturated sand thickness of 15 m, which represents the upper 
range of the observed saturated sand thickness for this LSA (generally ranging from 
about 2 m to about 14 m, see Figure 7.8-1). This unit was treated as isolated from the 
underlying clay/clay till aquitard. 

For a discussion of the range of values in measured hydraulic conductivity in the area and 
the values assumed for modelling purposes, see Section 7A.5. The range of specific yield 
assumed is also discussed in this section. For a discussion of recharge conditions, see 
Section 7A.6. 
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7A.4 Code Selection 
The numerical code used for model analysis was the USGS three-dimensional 
groundwater flow code MODFLOW (McDonald and Harbough 1988). This code is a 
well-documented industry standard for groundwater flow modelling. The modelling 
environment Groundwater Vistas, Version 4 (Environmental Simulations 2004) was used 
for pre- and post-processing of model inputs and results. 

7A.5 Model Limits, Grid and Layers 
The model limits varied depending on the dewatering scenario, the objective drawdown 
and the simulated aquifer properties. Each model run was designed such that the limits of 
both the 0.6 m and 0.1 m drawdown could be simulated without interference by model 
boundaries. The model extent varied from a minimum 3480 m by 3480 m region to a 
maximum 13,430 m by 13,430 m region. The maximum grid size on the outer edges of 
each model run was 50 by 50 m and the minimum grid size, used for refinement at the 
location of dewatering activity in the centre of the model, was 1 m by 1 m. The surficial 
sand unit was simulated by one layer, 16 m thick. Because the assumed saturated 
thickness was 15 m, 1 m of model space above the simulated phreatic surface was used to 
represent unconfined conditions. 

7A.6 Hydrogeological Parameters and Uncertainty Analysis 
Hydraulic conductivity and specific yield were the two hydrogeological parameters 
required for the model. Three representative values were determined for each of these 
two parameters, as described in the following sections. 

7A.6.1 Hydraulic Conductivity 
Hydraulic conductivity was estimated, based on slug test results, for each of the 12 wells 
completed in the surficial sand unit in the LSA. Additional hydraulic conductivity data in 
the surficial sand unit were gathered from neighbouring wells in the Shell Scotford 
Complex (Shell 2007). For hydraulic conductivity data (46 measurements), see 
Table 7A-2. The resulting histogram can be represented by a log–normal distribution (see 
Figure 7A-1). The mean of log (K) is –4.39 and the standard deviation of log (K) is 0.78. 

Table 7A-2 Hydraulic Conductivity for the Surficial Sand Unit 
Well 

Name 
 

Plant 
 

Lithology 
 

Hydraulic 
Conductivity (K) 

(m/s) 
Log(K) 

Log(m/s) 
Reference 

 
P06-01-6 TOTAL Upgrader Sand 4.1 E-05 -4.39 Current EIA 
P06-02-6 TOTAL Upgrader Sand 5.4 E-05 -4.27 Current EIA 
P06-03-7 TOTAL Upgrader Sand/Silt 5.6 E-05 -4.25 Current EIA 
P06-04-3 TOTAL Upgrader Clayey Sand/Silty Sand/Silty 

Clay 
2.5 E-05 -4.60 Current EIA 

P06-05-4 TOTAL Upgrader Clayey Sand/Sand/Silty Clay 2.0 E-06 -5.70 Current EIA 
P06-06-5 TOTAL Upgrader Clayey Sand/Sand/Clay 3.1 E-06 -5.51 Current EIA 
P06-07-5 TOTAL Upgrader Sand 1.7 E-05 -4.77 Current EIA 
P06-08-7 TOTAL Upgrader Sand 2.1 E-05 -4.68 Current EIA 
P06-09-6 TOTAL Upgrader Clay/Silty Sand 4.4 E-06 -5.36 Current EIA 
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Table 7A-2 Hydraulic Conductivity for the Surficial Sand Unit (cont’d) 
Well 

Name 
 

Plant 
 

Lithology 
 

Hydraulic 
Conductivity (K)  

(m/s) 
Log(K) 

Log(m/s) 
Reference 

 
P06-12-5 TOTAL Upgrader Silty Clay Till/Clayey 

Sand/Sand/Silt 
3.6 E-05 -4.44 Current EIA 

P07-13-4 TOTAL Upgrader Sand/Silty Sand 4.5 E-05 -4.35 Current EIA 
P07-14-5 TOTAL Upgrader Silty Clay/Clayey Sand/Sand 1.0 E-05 -5.00 Current EIA 
UG06-14 Scotford Upgrader Coarse Sand 4.0 E-04 -3.40 Shell 2007 
UG06-15 Scotford Upgrader Medium Sand 4.4 E-05 -4.36 Shell 2007 
UG06-16 Scotford Upgrader Silty Sand 4.2 E-05 -4.38 Shell 2007 
UG06-17 Scotford Upgrader Fine Sand 6.3 E-05 -4.20 Shell 2007 
UG06-18 Scotford Upgrader Coarse Sand 5.9 E-05 -4.23 Shell 2007 
UG06-21 Scotford Upgrader Medium Sand 8.4 E-06 -5.08 Shell 2007 
UG06-22 Scotford Upgrader Medium Sand 5.9 E-06 -5.23 Shell 2007 
UG06-25 Scotford Upgrader Silty Sand 6.2 E-07 -6.21 Shell 2007 
UG06-26 Scotford Upgrader Coarse Sand 1.3 E-04 -3.89 Shell 2007 
UG06-27 Scotford Upgrader Coarse Sand 1.0 E-04 -4.00 Shell 2007 
UG06-32 Scotford Upgrader Medium Sand 5.4 E-04 -3.27 Shell 2007 
UG06-33 Scotford Upgrader Coarse Sand 1.4 E-04 -3.85 Shell 2007 
97-1A Shell Styrene Sand 8.3 E-06 -5.08 Komex 1997 
97-2A Shell Styrene Sand and Clay 5.4 E-07 -6.27 Komex 1997 
97-3A Shell Styrene Sand and Silt 3.6 E-06 -5.44 Komex 1997 
97-4A Shell Styrene Sand 1.8 E-05 -4.74 Komex 1997 
97-5B Shell Styrene Sand 1.7 E-05 -4.77 Komex 1997 
04-1-5 Scotford Refinery Sand 1.6 E-03 -2.80 Stantec 2004 
04-2-6 Scotford Refinery Sand 2.7 E-04 -3.57 Stantec 2004 
04-3-4 Scotford Refinery Sand 2.3 E-05 -4.64 Stantec 2004 
04-5-4 Scotford Refinery Clay Till and Sand 3.7 E-05 -4.43 Stantec 2004 
04-8-5 Scotford Refinery Sand 8.4 E-04 -3.08 Stantec 2004 
R25-B Scotford Refinery Sand 4.7 E-04 -3.33 MLM 1993 
R25-C Scotford Refinery Sand 2.4 E-04 -3.62 MLM 1993 
R29-B Scotford Refinery Sand and Clay 2.2 E-04 -3.66 MLM 1993 
R29-C Scotford Refinery Sand 4.3 E-05 -4.37 MLM 1993  
R31 Scotford Refinery Sand and Clay 7.44 E-05 -4.13 Kaizen 1995 
R32 Scotford Refinery Sand 2.14 E-05 -4.67 Kaizen 1995 
R33 Scotford Refinery Sand 1.68 E-04 -3.77 Kaizen 1995 
R34 Scotford Refinery Sand 1.36 E-05 -4.87 Kaizen 1995 
R35 Scotford Refinery Sand 5.86 E-04 -3.23 Kaizen 1995 
R36 Scotford Refinery Sand 1.11 E-04 -3.95 Kaizen 1995 
R37 Scotford Refinery Sand 1.68 E-04 -3.77 Kaizen 1995 
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Table 7A-2 Hydraulic Conductivity for the Surficial Sand Unit (cont’d) 
Well 

Name 
 

Plant 
 

Lithology 
 

Hydraulic 
Conductivity (K) 

(m/s) 
Log(K) 

Log(m/s) 
Reference 

 
R39 Scotford Refinery Sand 5.58 E-05 -4.25 Kaizen 1995 
  Minimum 5.4 E-07 -6.27  
  Maximum 1.6 E-03 -2.80  
  Median 4.4 E-05 -4.36  
  Arithmetic Mean 1.5 E-04 -4.39  
  Geometric Mean 4.1 E-05 ---  
  Harmonic Mean 7.6 E-06 ---  
  Standard Deviation of log(K) --- 0.78  
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Figure 7A-1 Histogram of Hydraulic Conductivity [log (K)] – Surficial Sand Unit 
 

To account for the uncertainty in the distribution of hydraulic conductivity in the RSA, a 
representative range of hydraulic conductivity values was approximately defined by the 
mean plus/minus one standard deviation of the log (K) distribution. For the probability 
distribution shown in Figure 7A-1, the mean is 4.1 x 10-5 m/s, while the mean minus one 
standard deviation is 6.8 x 10-6 m/s and the mean plus one standard deviation is  
2.5 x 10-4 m/s. For the purposes of the sensitivity analysis, three hydraulic conductivity 
values were adopted: 1.0 x 10-5, 5.0 x 10-5 and 2.5 x 10-4 m/s. 
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According to Gomez-Hernandez and Gorelick (1989), in an aquifer with significant 
pumping centres (dewatering), the best effective hydraulic conductivity for a 
two-dimensional unconfined flow system, where the hydraulic conductivity varies 
spatially, is most likely between the geometric and the harmonic mean. Since the 
geometric mean of hydraulic conductivity is greater than the harmonic mean (see 
Table 7A-2), the more conservative geometric mean was assumed as representative of the 
effective hydraulic conductivity for the three dewatering scenarios (for a log-normal 
distribution, the harmonic mean is lower than the geometric mean, which in turn is lower 
than the arithmetic mean). 

7A.6.2 Specific Yield 
Because the aquifer is unconfined, the specific yield is the parameter that describes the 
amount of water that can be drained by gravity from storage in the pore space. Three 
representative values of specific yield were used in the analysis: 0.10, 0.15 and 0.25. 
These values are within the expected range for fine sand according to Spitz and 
Moreno (1996), and for sand according to Driscoll (1986). 

7A.7 Boundary Conditions 
A general head boundary was used to represent the north and south edges of each model 
scenario, with a simulated phreatic surface 15 m above the layer bottom (resulting in a 
saturated thickness of 15 m). The hydraulic conductivity of this boundary condition for 
each simulation was equal to the hydraulic conductivity of the model space. 

A drain region, located in the centre of the model, with outer dimensions as listed in 
Table 7A-1, was used to represent each of the dewatering scenarios. The drain 
characteristics were specified such that the model results were insensitive to the 
conductance of the drain bed. For each of the three dewatering scenarios, three maximum 
drawdown levels at the excavation (drain region) were simulated: 3 m, 5 m and 7 m. 

Groundwater recharge was neglected in the numerical model, resulting in a conservative 
estimate for the extent and magnitude of drawdown. It should be noted, however, that this 
approximation could result in an underestimation of the total volume pumped. 

7A.8 Results 

7A.8.1 Predicted Drawdown 
The effects on shallow groundwater in the surficial sand unit due to short-term 
dewatering in the LSA were characterized in terms of the areal extent of the induced 
drawdown at the end of the dewatering period for each scenario and set of parameter 
variables. Two cases were considered for a representative distance of influence: 

1. The distance from the excavation to where drawdown was 0.6 m (L0.6); for distances 
greater than L0.6, the drawdown will be lower than 0.6 m and will be less than the 
expected seasonal variation in the water table levels. 

2. The distance from the excavation to where drawdown was 0.1 m (L0.1); for distances 
greater than L0.1, the drawdown will be less than 0.1 m and will be considered 
negligible. 
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The best estimate for each scenario is representative of the expected dewatering effects 
under average conditions: maximum drawdown of 5 m at the excavation and a geometric 
mean hydraulic conductivity of 5 x 10-5 m/s; the range of values under the best estimate is 
due to the simulation of all three values for the specific yield. The “possible range” 
accounts for the other cases where maximum drawdown at the excavation is 3 m and 7 m, 
hydraulic conductivity is 1 x 10-5 m/s and 2.5 x 10-4 m/s, and the specific yield is 0.1, 0.15 
and 0.25. For definitions of the terms best estimate and possible range and the associated 
modelling parameters, see Table 7A-3. For a summary of the extent of drawdown 
(distance of influence) obtained from the model simulations, see Table 7A-4. 

Table 7A-3 Definition of Best Estimate and Possible Range for 
Modelling Scenarios 

Parameter Best Estimate Possible Range 
Hydraulic conductivity (m/s) 5 E-05 1 E-05–2.5 E-04 
Specific Yield 0.10 – 0.25 0.10 – 0.25 
Required Drawdown (m) 5 3–7 

Table 7A-4 Predicted Extent of Dewatering Effects 

Scenarios 

Distance (m) from excavation 
to where drawdown is 0.1 m (L0.1) 

Distance (m) from excavation  
to where drawdown is 0.6 m (L0.6) 

Best Estimate Possible Range Best Estimate Possible Range 
Scenario 1 260–390 117–850 150–220 65–470 
Scenario 2 370–570 168–1220 220–320 95–690 
Scenario 3 450–680 197–1501 250–360 102–799 

Under average conditions, it is expected that the extent of measurable dewatering effects, 
drawdown greater than 0.1 m, will be less than 680 m from the excavations. Drawdown 
in the order of the seasonal fluctuation in water table levels (0.6 m) will occur at 
distances of about 360 m or less from the excavations. These results are consistent with 
observed effects at the Shell Scotford site, where the extent of substantial dewatering 
effects was less than 600 m, and the extent of drawdown in the order of 0.6 m occurred at 
distances of about 350 m or less from the excavations (Shell 2005, 2007). For all 
scenarios and all model runs, the mass balance at the end of each dewatering period was 
better than 1%. 

For the representative distances for all scenarios and all hydrogeologic parameter ranges, 
see Figure 7A-2 to Figure 7A-4. 

For the contours of induced drawdown for the best-estimate results of Dewatering 
Scenario 3 (the largest potential excavation area examined, for a specific yield of 0.15), 
see Figure 7A-5. 

Beyond a distance of 100 m, the contours become essentially circular, indicating that the 
shape of the excavation area is not of significance for the areal distribution of drawdown 
at relatively large distances from the excavation. Also, it is important to note that these 
contours are shown for a hypothetical excavation in the area where the surficial sand 
thickness is the thickest (see Figure 7.8-1). 
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Figure 7A-2 Dewatering Scenario 1: Extent of Drawdown Greater Than or 

Equal to 0.6 m and 0.1 m 
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Figure 7A-3 Dewatering Scenario 2: Extent of Drawdown Greater Than or 
Equal to 0.6 m and 0.1 m 
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Figure 7A-4 Dewatering Scenario 3: Extent of Drawdown Greater Than or 
Equal to 0.6 m and 0.1 m 
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7A.8.2 Predicted Dewatered Volumes 
For estimates of the cumulative outflow volumes at the end of each dewatering period (all 
three scenarios), see Figure 7A-6 to Figure 7A-8. This value represents the total volume 
of groundwater that could potentially be dewatered under the conditions considered. For 
average dewatering rates for each scenario, estimated by dividing the total cumulative 
dewatered volume at the end of the dewatering period by the number of dewatering days, 
see Table 7A-5. Dewatering rates will be higher than the average in the beginning of the 
period and lower than average toward the end of the period. 

Table 7A-5 Predicted Average Dewatering Rates 

Scenarios 

Average Dewatering Rates  
(m3/week) 

Best Estimate Possible Range 
Scenario 1 6630–8490 1350–36260 
Scenario 2 7970–10650 1750–42875 
Scenario 3 5800–7300 1150–32270 

 

For the best-estimate case, which considers average conditions, expected average 
dewatering rates would be in the range of 5800 to 10650 m3/week, to maintain drawdown 
of about 5 m at the excavation. For comparison, Shell (2007) reported that average 
dewatering rates for the Shell Scotford Upgrader Project were in the range of 1609 to 
5693 m3/week, for drawdown at the excavations in the order of 3.5 m. Lower average 
dewatering rates of 472 to 2694 m3/week were reported for other areas in the Shell 
Scotford Upgrader. The excavation areas for which these dewatering rates were reported 
were between 20 m by 20 m and 70 m by 50 m (Shell 2007). 

The difference in average dewatering rates predicted through modelling and those 
observed at the Shell Scotford Upgrader relate to differences in the size and depth of the 
excavations and conservative assumptions used in the model. These include: 

1. A required drawdown of 5 m at the excavation rather than 3.5 m generally needed at 
the Shell Scotford Upgrader. 

2. A saturated thickness of 15 m, which represents an upper estimate of saturated sand 
thickness observed in the LSA. 

3. Use of the geometric mean to represent effective hydraulic conductivity when the 
closest estimate would range somewhere between the harmonic mean and the 
geometric mean (Gomez-Hernandez and Gorelick 1989). 

The effects of reduced saturated thickness on dewatered volumes were verified through a 
simulation of Scenario 3, with hydraulic conductivity of 5 x 10-5 m/s, specific yield of 
0.15 and saturated sand thickness of 9 m. The average dewatering rate for this simulation 
was 3866 m3/week compared to the estimated 6365 m3/week when the saturated sand 
thickness was 15 m. A 40% decrease in saturated thickness resulted in a decrease in 
dewatering rate of about 40%, resulting in a dewatering rate within the range that was 
observed at the Shell Scotford Upgrader. These results suggest that dewatering rates for 
excavations within the LSA in areas where the saturated sand thickness is about 9 m 
would likely be similar to those rates observed at the Shell Scotford Upgrader. 



TOTAL Upgrader Project  Volume 2: Environmental Impact Assessment
Appendix 7A: Groundwater Numerical Model  
 

December 2007  TOTAL E&P Canada Ltd.
Page 7A-14  
 

Sy = 0.25 

Sy = 0.25

Sy = 0.25

Sy = 0.15 

K=2.5E-4

Sy = 0.10

K=5E-5

Sy = 0.15
Sy = 0.10

Sy = 0.15
K=1E-5

Sy = 0.10

0

20000

40000

60000

80000

100000

120000

140000

160000

180000

200000

2 3 4 5 6 7 8

Required Drawdown at Excavation (m below static level)

Vo
lu

m
e 

D
ew

at
er

ed
 (m

3 )

K = hydraulic conductivity
Sy = specific yield

 

Figure 7A-6 Model Scenario 1: Cumulative Volume Removed at 
End of Five-Week Simulation Period 
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Figure 7A-7 Model Scenario 2: Cumulative Volume Removed at End of 
10-Week Simulation Period 
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Figure 7A-8 Model Scenario 3: Cumulative Volume Removed at 
End of 17-Week Simulation Period 
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