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Abstract 

This study developed a screening level methodology for surveillance of oil sands process-

affected water that had potentially migrated to groundwater in the oil sands development area of 

northern Alberta, Canada. We pilot a forensic surveillance methodology to investigate the 

hyporheic zone of the Athabasca River adjacent to Suncor’s Pond 8a. A key step in the method is 

the use of a drive-point piezometer to probe for elevated conductivity in an area of active 

hyporheic upwelling to Athabasca River bottom. Fieldwork produced high conductivity samples 

that resemble Oil Sands Process-Affected Water (OSPW) suggesting OSPW from at least one of 

Suncor’s tailings ponds reaches the Athabasca River. The scale and scope of the research 

methodology are within the range of stakeholder resources. 
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Introduction 

Spatial Frame 

The northern Alberta oil sands region contains an estimated 27.1 km3 of recoverable 

bitumen (Energy Resources Conservation Board, 2009, p. 3; Kannel & Gan, 2012, p. 1). All 

major open-pit bitumen-mine developments rely on variations of the Clark Hot Water Process 

(CHWP) to extract bitumen from oil sand deposits (Kannel & Gan, 2012, p. 2). The CHWP 

requires large volumes of fresh river water to achieve optimum resource extraction and water is a 

primary concern of regional stakeholders (Timoney & Lee, 2009; Sheppard, 1989). In order to 

better understand the dose of process-affected water the environment may be receiving, an expert 

panel report identified the need to investigate the degree Tailings Impoundment Areas (TIAs) 

release Oil Sands Process-Affected Water (OSPW) to groundwater (Hrudey et al., 2010, p. 122). 

A commentary refers to findings that contaminant releases to air are underreported and suggests 

a need to “incorporate this information into an exposure assessment and combined with dose-

response information to form a risk assessment” (Giesy, Anderson, & Wiseman, 2010). 

Forensic Hypothesis 

Suncor operates a number of Tailings Impoundment Areas (TIAs) along the east bank of 

the Athabasca River named South Tailings Pond, Pond 8a and Pond 8b (PONDS). The 

hypothesis is that these Project Millennium tailings system PONDS (Digel, Gibson, Wade, & 

Brown, 2003, p. 1) waste or, release significant volumes of Oil Sands Process-Affected Water 

down through the porous geology at the base of the dykes and through the impoundment areas. 

The dyke foundations and a significant fraction of the PONDS impoundment areas are located on 

a feature known as the Wood Creek Sand Channel (WCSC) (Stephens, Langton, & Bowron, 

2004, p. 3). Natural hydrogeological principles suggest process-affected groundwater likely 
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migrates near-field (Oiffer et al., 2009, p. 89) which, in this area is from the Wood Creek Sand 

Channel to the hyporheic zone of the Athabasca River (Frank et al., 2014, p. B). The PONDS are 

located upstream of other open pit mining projects which substantially rules out the possibility of 

detecting contaminants from other oil sand developments. In addition, perched 100 m above the 

Athabasca River Valley and approximately 800 m east of the Athabasca River bank 

(Hydrogeology Baseline for Project Millennium, 1998, Figure 12), OSPW in the PONDS hold 

significant head. 

 

Research Question 

To what degree are chemical signals of OSPW such as chlorides, sodium, naphthenic 

acids (NAs), and polycyclic aromatic hydrocarbons (PAHs) detectable in the hyporheic zone of 

the Athabasca River channel in the near field areas adjacent to the TIA’s 8a, 8b and South 

Tailings Pond? 

Literature Review 

Surveillance Contrasted with Monitoring Methodologies 

Potential pathways for impounded OSPW to reach the Athabasca River generated 

demand for surveillance of environmental performance (Hrudey et al., 2010; Burn et al., 2011; 

Sun et al., 2017, p. H). It is important to clarify a call for surveillance activity is equivalent to 

saying something smells fishy. It is not a call for more monitoring; here is why. The principal 

difference between monitoring programs in the oil sands development region and surveillance is 

the initial assumption. Monitoring implies industry compliance and regulatory acceptance of 

production practices. In contrast, surveillance implies enforcement activity or, in this case, 

regulatory malfeasance. 



OIL SAND TAILINGS WATER IN THE ATHABASCA RIVER  8 

Several monitoring programs such as Regional Aquatic Monitoring Program (RAMP), 

Joint Oil Sands Monitoring (JOSM), Alberta Environmental Monitoring and Reporting Agency 

(AEMERA), Cumulative Environmental Management Association (CEMA), and Wood Buffalo 

Environmental Association (WBEA), operate or operated in the region. In addition, 

organizations dedicated to collaborative environmental research like Charter for Canada’s Oil 

Sands Innovation Alliance (COSIA), and Oil Sands Research and Innovation Network (OSRIN) 

operate in Alberta. 

Generally, regional monitoring programs collect data from a limited set of parameters 

and use the data to generate reports about the degree industrial activity degrades or enhances 

natural capital. In contrast, surveillance analyses all available evidence before ruling out 

anything.  The logic of regional monitoring programs is inductive; from the specific to the 

general. In contrast, deductive reasoning drives surveillance from the general to the specific. 

Whatever series of deductions precedes the launch of a monitoring program, subsequent analysis 

of parameter and site data to generate broader conclusions is an inductive process. In contrast, a 

landscape scale example of surveillance looked at what signals of degradation stand out before 

generating a report (Timoney & Lee, 2009; Kurek et al., 2013; Boschmann, 2016). 

Contaminants of Concern Associated with Process-Affected Water 

Process-affected water discharged from the Clark Hot Water Process contains a number 

of toxic contaminants such as, “naphthenic acids (NAs), polycyclic aromatic hydrocarbons 

(PAHs), benzene, toluene, ethyl benzene, and xylenes (BTEX), phenols, heavy metals and ions” 

(Li, Fu, Stafford, Belosevic, & Gamal El-Din, 2017, p. 1786). Heavy metals detected in tailings 

include Ti, Zr, Fe, V, Mg, Mn, Al, Pb, Zn, Nb and Mo (Mikula, Kasperski, Burns, & 

MacKinnon, 1996, p. 684). “OSPW is acutely toxic to a variety of aquatic organisms” (Mahaffey 
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& Dubé, 2017, p. 98). In addition, NAs are the major source of OSPW toxicity (Rogers, 

Wickstrom, Liber, & MacKinnon, 2002, p. 348). Based on the large scale of Suncor oil sands 

mining operations, which excavated 413,698 tonnes of oil sand ore (OSO) per day in 2012  

(Suncor, 2013, p. 10) and the average content of NAs (200 mg per kg of oil sands ore) daily NAs 

release to tailings is a significant mass (Clemente & Fedorak, 2005, p. 587). NAs dissolve 

readily into the slightly alkaline oil sands process-affected water which, in 2012 resulted in 

approximately 83 tonnes of naphthenic acids discharged per day (Clemente & Fedorak, 2005, p. 

587). 

Outline of Forensic Analysis of Process-Affected Water Use and Fate 

Athabasca River water withdrawals and the fate of process-affected water used to extract 

bitumen from Oil Sands Ore (OSO) are the main lines of inquiry. Academic literature, patents, 

project application materials, corporate and government reports comprise the bulk of information 

sources. Below, an outline shows the order and significance of information suggesting the 

hypothesis is true. 

The Clark Hot Water Process requires large volumes of water to extract bitumen (Natural 

Resources Canada, 2016). Yet, during the period, 1982 to 2012, when the company engineered a 

4.5 fold increase in bitumen production it also reported that the CHWP requirement for large 

volumes of Athabasca River water reduced substantially (Bullis, 2013). Corporate sustainability 

reports and elements of the literature attribute reduced water requirements to 75% recycling of 

oil sands process-affected water (Suncor, 2013, p. 9; Suncor Energy Inc., 2012, p. 13;  Ellis, 

2018). However, multiple sources articulate significant barriers to the reuse of untreated OSPW 

in the CHWP (Behan & Vendrinsky, 1976, p. 5; Sheppard, 2005; Allen, 2008). Essentially, reuse 
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of untreated OSPW confounds profitability by reducing the amount of bitumen that will float to 

the top of a separation vessel (Sheppard, 1989). 

 In order to illustrate the tension between the corporate claim to recycle 75% of OSPW 

and the economic barriers to the reuse of OSPW, consider the difference and similarity of 

meaning in the key terms reuse and recycling. On a stewardship scale, reuse of OSPW in the 

CHWP would score high. Conversely, a recycling scheme that wasted or released untreated 

OSPW to the environment would score low. However, unspecified ‘recycling’ may describe 

either. According to the Oxford English Dictionary the definition for recycle, “return (material) 

to a previous stage in a cyclic process,” could describe release of untreated OSPW to the 

environment or reuse of OSPW in the CHWP. For example, if the scale of a cyclic process rose 

to the level of an ecological water cycle then, releasing OSPW to the environment fits the recycle 

definition. 

Unspecified claims to recycle 75% of OSPW do not describe how recycling works or, 

what is recycled (Suncor Energy Inc., 2012, p. 13). In contrast, elements of publically available 

information rule out large scale reuse of OSPW in the Clark Hot Water Process (Sheppard, 1989; 

Canada National Energy Board, 2006). This part of the review focusses on specific technical 

problems that present economic barriers to reuse or treatment of significant quantities of OSPW. 

The main reason it is important to understand the degree the CHWP reuses Athabasca 

River water is to understand the dose of contaminants released to the Athabasca River. In short, 

if the CHWP reuses OSPW as efficiently as claimed then, reports about substantial reductions of 

fresh, Athabasca River water use are easier to accept. On the other hand, if economic barriers to 

OSPW reuse remain unresolved then, two sources of environmental degradation are virtually 

inevitable. First, additional diversions of raw Athabasca River water to industrial use. Second, 
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additional degradation effects that result from large-scale release of untreated OSPW to the 

environment. 

The next section begins with how the Oil Sands Water Release Technical Working Group 

(OSWRTWG) generated a report about regulating the release of large quantities of toxic, 

untreated, OSPW to the Athabasca River. In light of information contained in the OSWRTWG 

report, forensic questions about OSPW release exposure pathways turned to the design of 

pervious tailings impoundment areas like the South Tailings Pond. 

The hydrodynamics of South Tailings Pond, a structure relevant to Suncor extraction 

activities circa 2012, demonstrate that design features focus primarily on dyke safety or the 

prevention of dyke failure. Information shows that in order to prevent catastrophic failure, 

OSPW must not saturate the STP dyke to the point of liquefaction. Consequently engineered 

attributes like, chimney drains, that maintain the structural integrity of the dyke also manifest as 

OSPW exposure pathways. Chimney drains direct significant volumes of OSPW downward 

where  release to the environment may occur (Stephens et al., 2004). 

A principle of groundwater flow, “Groundwater in unconfined aquifers moves from 

topographically high areas (recharge) to topographically low areas (discharge)” (Moore, 2002) 

underpins the application of Darcy’s Law to estimate the volume of OSPW discharged from the 

STP impoundment area and selection of  the hyporheic zone of the Athabasca River near the 

PONDS to test for signals of OSPW. 

If the PONDS do not discharge OSPW to the environment then, the hypothesis is false. 

Below, application materials (Project Millennium Application, 1998, p. 174), Alberta Energy and 

Utility Board (AEUB) project approvals (AEUB, 1999, p. 29; AEUB, 2004, p. 24), regulations 

(Alberta Environment, 1994, p. 2) and monitoring methods (Ayles, Dubé, & Rosenberg, 2004, p. 
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59) support the hypothesis that the PONDS release significant quantities of OSPW to the 

environment via groundwater. 

AENV Athabasca River takings compared with oil production 1982 and 2012 

Table 1and Figure 1 illustrate the Suncor claim that recycling OSPW accounts for the 

reported substantial reduction in quantities of Athabasca River water required to produce a unit 

of bitumen (Suncor Energy Inc., 2012, p. 13). In short, in the period 1982-2012, net withdrawal 

(Column 3) more than doubles, as total withdrawals decline by about half. Net withdrawal 

reflects the increased sludge production that results from increased bitumen production. Figure 1 

shows how sludge production increased with bitumen production. Column 1 of Table 1 shows 

that in 2012, Suncor reported total Athabasca River water diversions reduced to about half the 

volume reported in 1982  (Alberta Environment, 1994, p. 2; Bullis, 2013). Notably, during the 

period 1982-2012, bitumen production more than quadrupled as the reported total annual 

quantity of Athabasca River water required to extract bitumen from Oil Sand Ore (OSO) 

declined by half (D’Cruz, 1987, p. 8; Suncor, 1998, p. 76; Suncor, 2012, p. 32; Bullis, 2013). 

Figure 1 compares reported water withdrawals to bitumen production for years 1982 and 2012. 

Figure 1 shows that during the period 1982-2012 Suncor reported the ratio of Athabasca River 

water required to produce a unit of bitumen declined by a factor; from 18.3:1 in 1982 to 1.7:1 in 

2012. 
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Table 1. Alberta Environment Historical Athabasca River Withdrawals 

Year 

Suncor 
Lic. # 00038538-00-00 

Withdrawal 
(cubic metres) 

Suncor 
Lic. # 00038538-00-00 

Return 
(cubic metres) 

Suncor 

Lic. # 00038538-00-00 

Net Withdrawal 

(cubic metres) 

2012 26,611,640 171,338 26,440,302 

2011 27,741,571 2,821,039 24,920,532 

2010 35,597,405 6,683,692 28,913,713 

2009 40,578,216 3,090,183 37,488,033 

2008 45,938,525 3,950,792 41,987,733 

2007 43,603,737 11,901,665 31,702,072 

2006 50,916,599 14,761,000 36,155,599 

2005 48,034,523 7,937,056 40,097,467 

2004 56,016,196 9,304,855 46,711,341 

2003 59,157,443 4,824,382 54,333,061 

2002 67,139,347 7,758,287 59,381,060 

2001 56,418,338 23,829,369 32,588,969 

2000 42,460,000 30,326,038 12,133,962 

1999 42,125,872 36,190,358 5,935,515 

1997 47,428,611 37,748,245 9,680,366 

1992 38,204,633 27,137,834 11,066,799 

1987 41,694,154 31,950,880 9,743,273 

1982 58,518,846 45,881,824 12,637,022 

Note. Athabasca River withdrawals and returns begin significant decline circa 2001. During the 
period 2001-2012 total annual withdrawal reduced to a volume that was roughly equivalent to 
net withdrawal. Adapted from Historical Water Use by Suncor and Syncrude Oil Sands Open Pit 
Mine Projects from Athabasca River, Alberta Environment (Bullis, 2013). 
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Figure 1. Water to Bitumen ratio comparison 1982 & 2012 

Note. Adapted from Private Briefing Note to Alberta Minister of Environment and Parks, T. 
Boschmann, 2016, Historical Water Use by Suncor and Syncrude Oil Sands Open Pit Mine 
Projects from Athabasca River, Alberta Environment (Bullis, 2013) , and bitumen production 
sources: Suncor Inc., by J. D’Cruz, 1987, Suncor Annual Report, 2012 and Suncor, about-us, Oil 
Sands Story, 2018.  
 

The 1982 requirement of 5.85 x 107 m3 fresh, AR water (Bullis, 2013) to produce 

approximately 3.19 x 106 m3 bitumen (D’Cruz, 1987, p. 8;  Suncor, 1998, p. 77) aligns with 

publicly available information about the volume of water the CHWP demands. For examples, 

circa 1948, Karl Clark’s recipe (1500 ml Athabasca River water, 800 g oil sand) was 

approximately, 2:1 by weight ratio of Athabasca River water to oil sand ore (Sheppard, 2005, p. 

276). Evidence that Clark’s recipe persists is available in subsequent decades. For examples, 

1.15 L water to 500 g OSO (Takamura & Wallace, 1988, p. 99) and, 7.95 x 10 -1 m3 of OSO plus, 
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1.43 x 10 0 m3 AR water to produce one barrel of  bitumen (Mikula et al., 1996, p. 680; Allen, 

2008, p. 124). The 2:1 by weight water to ore ratio is approximately, 11:1 AR water required to 

produce one barrel of bitumen. 

Furthermore, academic literature and patent information suggest Clark’s original formula; 

2:1 AR water to OSO remains about the same today (Allen, 2008, p. 124; Nusri, Tan, Choi, & 

Liu, 2016, p. 1640; Schramm & Smith, 1993, p. 7). In more recent literature, a patented 

improvement to measure the surfactant content of oil sand ore in real time likely helps explain 

reports of reduced water use from 18:1 in 1982 (Figure 1) to 11:1 (Schramm & Smith, 1993, p. 

12). 

The information above shows that Suncor requires more than 10 units of water to produce 

1 unit of bitumen. A review of the Suncor Water License indicates the Alberta Government 

authorized Suncor to return “industrial use” water back to the Athabasca River (Alberta 

Environment, 1994, p. 2). In stark contrast, Figure 1 shows in 2012, Suncor reported less than 

two units of water required to produce 1 unit of bitumen. Furthermore, the reported, practical 

elimination of OSPW Returned to the Athabasca River suggests nearly complete reuse of OSPW 

(Table 1). The marked, large gap between public information about water requirements and the 

Alberta Environment Historical Athabasca River Withdrawals report (Table 1) stimulated 

analysis of the relevant Water Licence. 

The significance of Water License reporting parameters. 

In 1980, Alberta nearly doubled the Suncor Water License to permit annual “Gross 

Diversion” or withdrawal of up to 4.85 x 104 acre feet or, 5.98 x 107 m3. A condition of the 

expanded license required reports on six parameters of “water use by open pit mine projects from 

the Athabasca River.” Two parameters “Total annual quantity of water diverted from Athabasca 
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River” and “total annual quantity of water returned to Athabasca River” are useful here (Alberta 

Environment, 1994). 

In addition to the specified maximum withdrawal, the Water License estimated 

“Consumptive Use” and “Return Flow.” The license estimated Return Flow at 79 % of 

withdrawals (3.83 x 104 acre-feet or, 4.72 x 107 m3). Consumed water is the difference between 

the volume of water diverted from the Athabasca River and the volume reported as ‘returned’ to 

the AR. 

The quotient of Net Withdrawal and annual bitumen production approximates the volume 

of water (Yong & Sethi, 1993, p. 8) contained in sludge or Mature Fine Tailings (MFT) 

produced per unit of bitumen (Allen, 2008, p. 124). Applying the definitions and operators 

above, Figure 1 shows that according to 1982 information, the CHWP produced 3.95 units of 

MFT per unit bitumen production and required 18.3 units of AR water for each unit of bitumen 

production. 

The majority of the Water License is about conditions and reports related to tailings 

impoundment area construction and maintenance (Alberta Environment, 1994, p. 3-17). It 

follows that Water Resources Act regulators demanded specific information for prescribed water 

uses like, the impoundment of large volumes of mining sludge in tailings ponds. Presumably, net 

withdrawal implied a Suncor commitment to manage and reduce the water content of annual 

sludge production or, Consumptive Use below 1.02 x 104 acre-feet (1.26 x 107 m3) (Alberta 

Environment, 1994, p. 2). 

1982 water use and “water returned to the Athabasca River” compared to 2012. 

In 1982, Suncor reported that it returned approximately 80% of AR water diverted to 

separate bitumen from oil sand ore in the CHWP (Bullis, 2013). In 2012, Suncor reported 
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practical elimination of return flow from the CHWP process (Bullis, 2013). Notably, it is 

difficult to find specific, information to explain the reported markedly, substantial reduction of 

water consumption. Government promulgates unspecified reuse of significant volumes of OSPW 

as the explanation for this improvement (Ellis, 2018). Suncor reports unspecified recycling at 

75% of OSPW (Suncor Energy Inc., 2012, p. 13). Another explanation is that sometime between 

1982 and 2012, Water Licence reporting requirements changed from “ (d) the total annual 

quantity of water diverted from the Athabasca River;” (Alberta Environment, 1994, p. 5) to the 

quantity of water consumed in MFT which is equivalent to the volume of mining sludge 

produced.  

2009 tailings plan predictions compared to the 2012 water use report. 

A comparison of corporate and Athabasca water diversion reports (Suncor Energy Inc., 

2013, p. 10) (Suncor Energy Inc., 2012a, p. 32) and Table 1, (Bullis, 2013) suggests that in 2012, 

Suncor reported the volume of AR water ‘consumed’ in MFT not total Athabasca River diverted. 

Elements of public information support the idea that in 2012 Suncor reported MFT production as 

AR diversion and did not report OSPW returned to the AR (Suncor, 2009, p. 42 & 46). A 

comparison of two tables from a 2009, Suncor mining plan (Suncor, 2009, p. 42 & 46) and data 

reported in the 2012, Suncor Annual Report (Suncor Energy Inc., 2012a, p. 32) showed MFT 

production values similar to reported, total Athabasca River diversions (Bullis, 2013). In other 

words, a 2009, tailings management report predicted 2012 MFT production volumes that were 

similar to the 2012 report of “total annual quantity of water diverted from Athabasca River” 

(Alberta Environment, 1994, p. 4). 

 A description of sludge production illustrates the process where the volume of MFT 

mining wastes becomes similar to the volume of reported “total annual quantity of water 
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diverted” (Alberta Environment, 1994, p. 4). Briefly, similar to the 2:1 water to ore ratio of raw 

material inputs, solids like sand make up approximately half of the tailings stream. The majority 

of the sand either falls out of the primary separation vessel or, settles rapidly onto the beach areas 

of TIAs (Suncor, 2009, p. 3). The remaining OSPW, which is approximately 90% water (Alberta 

Department of Energy, 1995, p 23), requires approximately 3 years to settle to 2.5 x 10-1 m3 

MFT per barrel bitumen produced (Mikula et al., 1996, p. 681; Owolagba & Azam, 2017). After 

the 3-year settling period, MFT persists at the approximately 70% by weight water content for 

decades (Mikula et al., 1996, p. 681; Owolagba & Azam, 2017). In order to manage mining 

logistics, mining operations schedule the movement and production of various materials 

(Kalantari, Ben-Awuah, & Askari-Nasab, 2013, p. 104). 

In 2009, the Alberta Energy Resources Conservation Board (ERCB), Directive 74 

required Suncor to generate a report that forecasted annual tailings production or, management 

(Mcfadyen, 2009, Appendix E 4). In 2009, the Suncor report forecast 2012 mine activity. Table 

4.1 predicted the 2012 excavation of 1.78 x 108 tonnes (Suncor, 2009, p. 23) of Oil Sands Ore 

(OSO). Two tables illustrate how the settling period factors into production and management of 

tailings. The first table, (10.1) predicts gross volumes of inputs including the volume of AR 

water required to process 1.78 x 108 tonnes of OSO (Suncor, 2009, p. 42). The second table 

(12.1) predicts the volume of tailings (Suncor, 2009, p. 46) after an approximately, 3-year 

settling period (Suncor, 2009, p. 3). Suncor identifies the 3-year settling period as the process 

where thin fine tailings consolidate to the higher density, mature fine tailings (MFT) (Suncor, 

2009, p. 3). The 2012 volume of consolidated MFT predicted for long-term storage in tailings 

impoundment areas is similar to the AR water volume Suncor reported in 2012 as total annual 

diversion. 



OIL SAND TAILINGS WATER IN THE ATHABASCA RIVER  19 

Summary Table 10.1 predicts annual tailings volumes based largely on the expected 

percentage of fine (< 44 �m) (Suncor, 2009, p. 3) mineral content of the ore bodies (Alberta 

Department of Energy, 1995, p. 51). This is because the abundance of fine particles in relation to 

larger grain particles found in the oil sands ore is a reliable predictor of two related factors. First, 

the volume of water required for process and second, the volume of sludge that will eventually 

settle out of the thin tailings discharged to tailings impoundment areas (Yong & Sethi, 1993, p. 

4; Masliyah, Zhou, Xu, Czarnecki, & Hamza, 2004, p. 632).  

In 2009, Suncor predicted that in 2012, as a by-product of bitumen production, the 

CHWP would generate 3.89 x 107 m3 gross “fluid volume” of tailings (Suncor Energy Inc. - 

Annual Tailings Management Plan, 2009, p. 42). This is prior to the years-long settling period 

and after most solids fall out of the tailings stream so, the composition of the tailings stream is 

approximately 92% OSPW. Fine particles and unrecovered bitumen comprise the 8% remainder 

(BGC Engineering Inc., 2010, p. 11). 

Now, predicted MFT production compared to reported AR water withdrawal. Table 12.1 

predicts “Sand, Fines and Water Balance” after a period of settling in TIAs. In 2009, the volume 

of AR water predicted for consumption in 2012 as Thin Fine Tailings and Mature Fine Tailings 

(TFT/MFT) is 2.93 x 107 m3 (Suncor Energy Inc. - Annual Tailings Management Plan, 2009, p. 

46) which, is similar to the volume (2.66 x 107  m3) reported to Alberta Environment as “total 

annual quantity of water diverted from Athabasca River” (Bullis, 2013). As a percentage, the 

volume of OSPW predicted for consumption within MFT is 10% greater than 2012, reported 

annual AR diversion (2.93 x 107 m3: 2.66 x 107). This similarity suggests Suncor reported MFT 

or, sludge production not, “total annual quantity of water diverted from Athabasca River.” 
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In addition, the similarity of a 2009 prediction about 2012 production activity applies to 

reports about the amount of OSO processed in the CHWP. The 2009 mass of OSO forecast for 

mining in 2012 (1.78 x 108 tonnes) (Suncor Energy Inc. - Annual Tailings Management Plan, 

2009, p. 23) was compared to mass OSO mined (1.50 x 108 tonnes) in the 2012 Suncor Annual 

Report to shareholders (Suncor, 2012, p. 32). The comparison shows a similar discount. In other 

words, in 2012, Suncor mined 19% less OSO than forecast in 2009. This similarity between 2009 

predictions and actual 2012 production of MFT and OSO processed suggests Water License 

reporting requirements changed and helps explain the 10% difference in MFT production and 

reported water diversion. 

The similarity between water volumes predicted for consumption in MFT and annual 

diversion of fresh, Athabasca River water suggests Suncor reports ‘consumed water’ or sludge 

production not, diversion. The alternative view, which assumes regulatory compliance, raises 

questions. For examples, did the requirement for water in the Clark Hot Water Process very, 

significantly reduce? Alternatively, did substantial reuse of OSPW in the CHWP eliminate most 

of the need for Athabasca River water? The next section examines information about the reuse of 

OSPW in the CHWP. 

Barriers to reuse of OSPW 

Generally, academic literature, federal government reports and patents concur that the 

formula or recipe for the quantity of water required in the CHWP remains much the same since 

1946 (Sheppard, 2005, p. 276; Takamura & Wallace, 1988, p. 99; Mikula et al., 1996, p.680; 

Allen, 2008, p. 124; Schramm & Smith, 1993, p. 7). In addition, sources agree that economic 

barriers prevent the reuse of untreated OSPW in the CHWP (Czarnecki, Radoev, Schramm, & 

Slavchev, 2005, p. 54; Kim, Liu, & El-Din, 2011, p. 418). The main economic factor preventing 
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reuse is a solution to the intractable fine clay particle problems Karl Clark identified in 1946, 

near the outset (Wang, Harbottle, Liu, & Xu, 2014, p. 115; Sheppard, 1989, p. 430). 

Clark developed a caustic, usually NaOH, hot water process to separate bituminous oil 

from mineral sands and eventually improved it to achieve extraction efficiency up to the range of 

90 to 95% (Allen, 2008, p. 124; Chalaturnyk, Scott, & Özüm, 2002, p. 1028; Glatiotis, Clogg-

Wright, & Fennell, 2009, p. 23) (Mikula, Kasperski, Burns, & MacKinnon, 1996, p. 679). 

Unfortunately, the presence of fine clay particles contained in OSO confounded profitability at 

each end of the process (Owolagba & Azam, 2017, p. 1; Wang et al., 2014, p. 114). These 

confounding factors are excessive demand for fresh water at the beginning of the separation 

(Takamura & Wallace, 1988, p. 99) phase (by Clark’s 1950 standard) and consequently, large 

volumes of tailings mixtures that demonstrated significantly delayed settling properties (Mikula 

et al., 1996, p. 679 & 680). 

The crux of the problem is that CHWP tailings contain a combination of fine mineral 

particles mixed with traces of residual bitumen and organic matter that settle very slowly (Nusri 

et al., 2016, p. 1640). Several years elapse for tailings to form into a yogurt-like tailings sludge 

or Mature Fine Tailings (MFT) (Mikula et al., 1996, p.681). Proliferate formation of yogurt-like 

tailings further confounds reuse of significant volumes of oil sands process-affected water 

(Mikula et al., 1996, p. 681). Through the period 1946 to 2016 (NRCAN, 2016, p. 2) technical 

documents describe demand for large volumes of fresh Athabasca River water to process OSO. 

Two Problems One Particle 

Economic considerations prevent reuse of untreated oil sands process-affected water and 

generate the excessive demand for fresh Athabasca River water. In 1948, Clark explained the 

process required fresh river water because reuse of process-affected water, 
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is going to reduce the yield of oil, maybe seriously, with attendant troubles of oily plant 

water and oil accumulating all over the place. Clay, real clay, is what will remain in 

suspension in the plant water and tend to build up. And it is clay in the pulp that knocks 

the yield. I feel that water going into the pulp should be fresh water. There are two 

advantages. The main one is that it will not introduce clay where clay does harm. The 

other is that it will slow down the accumulation of clay in the plant water. If it is simple 

to put in some connections so that plant water not be used in the pulp, I think it should be 

done. I feel pretty sure it will be done sooner or later of (economic) necessity” (Sheppard, 

1989, p.430) emphasis added.  

In 1964, Clark maintained his conviction that reuse of OSPW was a mistake: “the 

separation plant should be filled with raw Athabasca River water, not water that has been 

through the water treating plant” (Sheppard, 1989, p. 261). 

A simplified explanation of how fine particles confound OSPW reuse should focus on 

what happens in the primary separation vessel. This is where a heated and conditioned mixture 

comprised of two parts AR water and one part oil sands ore  pours into a 1.0 x104 tonne capacity 

vessel and sits in a quiescent state for about 45 minutes (Schramm & Smith, 1993, p. 3). Ideally, 

the bitumen, which is only slightly lighter than water (Masliyah et al., 2004, p. 636), floats to the 

top of the vessel where extraction of the bitumen rich froth occurs by skimming the surface with 

a launder. Clark and others found the presence of fine clay particles in the separation vessel 

raised the viscosity of the ‘middlings’ which ‘upset’ the delicate viscosity balance and prevented 

bitumen from floating to the top (Takamura & Wallace, 1988, p. 99; Yong & Sethi, 1993, p. 6; 

BGC Engineering Inc., 2010, p. 3). Since, flotation is the core activity of extraction, profitability 

flounders when flotation fails. 
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In 1964, Clark described the obvious remedy to prevent upsets, “The only way to offset 

the accumulation of fines in the plant water is to be continuously removing them by some 

expedient. One way, of course, is to continuously waste plant water and replace it with fresh 

make-up water” which, is what they did (Sheppard, 2005, p. 302).  

In 1976, the confounding properties of fine clay particles in process water stimulated a 

similar description in a patent application, 

However, experience has shown that only a small quantity of water in the upper surface of 

the pond is usable because the dispersed silt and clay content of the remaining pond water 

can reduce primary froth yield by increasing the viscosity of the middlings layer and 

retarding the upward flow of oil flecks…. When this occurs, the efficiency of the 

extraction process is reduced to the extent that it is no longer commercially feasible 

(Behan & Vendrinsky, 1976).  

Without demonstration otherwise, it is difficult to ignore findings that even a small 

“maximum 0.1 clay-water ratio” contribution (Yong & Sethi, 1993, p. 6) of the particle rich, 

OSPW is sufficient to confound reuse of OSPW. Therefore, unless discovery of an inexpensive 

treatment to remove excessive clay fines occurred since 1948, untreated process water is not 

likely to be any more appropriate for reuse now (Haroon, 2014, p. 9), than it was in 1948 

(Mikula et al., 1996, p. 679). For clarity, the above is still the first problem; excessive demand 

for fresh, Athabasca River water. 

The second problem, proliferation of unmanageable tailings, results in part, because of 

the long period required for fine clay particles to settle out of oil sands process-affected water. 

There is a relationship where the volume of MFT produced increases with the content of fine 

clay particles found in OSO (Kasperski & Mikula, 2011, p. 390; Kasperski & Mikula, 2011, p. 
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388). The greater the fraction of fines, the greater the volume of MFT (Mikula et al., 1996, p. 

703). The definition of fine clay particles ranges from less than 22 micrometres in diameter (< 

22�m) (Mikula et al., 1996, p. 679) to less than 44 micrometres in diameter (< 44 �m) (Suncor, 

2009, p. 3; Schramm & Smith, 1993, p. 7). The fraction of fine clay particles occurring in OSO 

ranges from 10 to 20% (Suncor, 2009, p. 3; Kasperski & Mikula, 2011, Figure 3). After 

discharge to PONDS the thin slurry requires about three years to settle into a near-liquid yogurt-

like sludge that is 70 wt% process-affected water (Nusri, Tan, Choi, & Liu, 2016, p. 1640; 

Mikula et al., 1996, p. 686; Kasperski & Mikula, 2011, p. 388).  

The stability of this loose structure traps large volumes of process-affected water in a 

mixture where an ‘economical’ treatment is long-term storage (Haroon, 2014, p. 9). There are 

several explanations of varying complexity to frame how the dispersion of fine clay particles into 

process-affected water “may hold amounts of water disproportionate to their concentration” 3-5 

years later (Mikula et al., 1996, p. 681). It is estimated the period required for sludge to de-water 

to 90% mineral fraction is 15 with full consolidation of untreated tailings estimated “to take 

thousands of years” (Mikula et al., 1996, p. 686, p. 679).  

Either of the above problems, excessive demand for fresh, Athabasca River water or 

proliferation of tailings is likely sufficient to negate the profitability of the already marginal, 

bitumen resource (Sheppard, 1989, p. 430). The above situation suggests the practice of wasting 

large volumes of tailings to the environment by impoundment across large Tailings 

Impoundment Areas (Mikula et al., 1996, p. 681) subsidized development at the expense of 

downstream communities, the environment, and the commons. 

In summary, Clark’s (1948-1964) descriptions of the CHWP include clear articulations of 

intractable, profit-killing problems related to the fine mineral particle content of OSO. The 
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particle problems present two ways. First, without treatment, process-affected water was not 

suitable for reuse. Second and consequently, refinery tailings proliferated. 

Contemporary Status of Particle Problems 

Accumulation of MFT in tailings impoundment areas (TIA) the “tailings pond problem” 

attracted attention from at least 1969 (Yong & Sethi, 1993, p. 9). The accumulation problem 

results because many years are required for the MFT to de-water. For example, after three years 

of settling, the volume of MFT produced exceeds the volume of bitumen produced (Kasperski & 

Mikula, 2011, p. 388). Specifically, the CHWP generates sludge (MFT) in a ratio where 

production of 1 barrel bitumen consumes 2-6 barrels of OSPW in sludge (Nusri et al., 2016, p. 

1640; Mikula et al., 1996, p. 680). Since 1969, MFT accumulations continue. In 2013 alone, 

industry-wide MFT production was approximately 5.40 x 108 m3 (Haroon, 2014, p. 7) or, 0.540, 

cubic kilometre. 

It is important to distinguish the specified fate of MFT accumulations from the 

unspecified fate of OSPW. After discharge to the PONDS, larger mineral sands settle out of the 

tailings mixture quickly (Alberta Department of Energy, 1995, p. 23). The remaining stream of 

thin slurry tailings comprised of approximately 90% OSPW requires a 3-year settling period to 

consolidate into MFT, which is approximately 70% water (BGC Engineering Inc., 2010, p. 1; 

Mikula et al., 1996, p. 681). In this period approximately 72% of original CHWP water inputs 

meet an unspecified fate; released or recycled (BGC Engineering Inc., 2010, p. 3; Mikula et al., 

1996, p. 680). This investigation focussed on the unspecified fate of the larger fraction 

(approximately 75%) of OSPW. 

‘Recycle water’ is an unspecified description of the larger fraction of OSPW left over 

after MFT formation (Mikula et al., 1996, p. 678). Given the 18:1 and 13:1, range of OSPW 
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required for separating one unit of bitumen, the next section examines the fate of approximately 

10 units of OSPW per unit production (Nusri et al., 2016, p. 1640). The hypothesis is that Suncor 

releases the 10 units before or during the settling period. 

Evidence of OSPW reuse in the CHWP. 

The CHWP separates bitumen out of Oil Sand Ore (OSO). At the end of the CHWP a 

froth mixture contains the separated bitumen. Prior to further refinery processes, the bitumen 

froth mixture requires treatment to separate the 10% mineral solids and 30% OSPW 

contaminants from the bitumen froth product (Shaw, Schramm, & Czarnecki, 1996, p. 653; 

Suncor, 2013, p. 9). Centrifugation separates most of the mineral (Wang et al., 2014, p.123) and 

OSPW from the bitumen froth. Centrifugation produces a relatively small volume of treated, 

supernatant OSPW as a by-product (Shaw, Schramm, & Czarnecki, 1996, p.650; Suncor, 2013, 

p. 9; Yong & Sethi, 1993, p. 7) Centrifugation separates a volume of supernatant OSPW that is 

approximately half the volume of bitumen produced (Schramm & Smith, 1993, p. 3). The small 

volume of supernatant OSPW is probably suitable for reuse. The remaining untreated OSPW 

discharges to the tailings impoundment areas (Mikula et al., 1996, p. 680; NRCAN, 2016, p. 2; 

Masliyah et al., 2004, p. 630). 

Long-term storage in PONDS may also produce a small amount of supernatant OSPW 

suitable for reuse in extraction process. Several factors confound economic efficiency of reusing 

tailings pond supernatant (Haroon, 2014, p.9; BGC Engineering Inc., 2010, p. 23). For examples, 

the vast areas of engineered dykes or dams required, the cost and logistics of transport back to 

extraction facilities and the small volumes available (Behan & Vendrinsky, 1976, p. 5; Yong & 

Sethi, 1993, p. 9-10). In relation to CHWP water demand, the treated volumes of water suitable 

for reuse are small. Therefore, neither froth treatment nor long-term storage in tailings ponds 
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should result in significant volume of OSPW reuse (Allen, 2008, p. 125). In 2006, an oil sands 

report concluded “Despite some recycling, almost all of the water withdrawn for oil sands 

operation ends up in tailings ponds” (Canada National Energy Board, 2006, p. 38). 

Bitumen froth treatment and long-term storage in PONDS are the only specified forms of 

treatment discovered in this review. With respect to tailings management, many publications 

focus on the proliferation and accumulation of MFT (Alberta Department of Energy, 1995, p. 23; 

Clemente & Fedorak, 2005, p 588; Owolagba & Azam, 2017, p. 1; McFadyen, 2009, p. 2; Wang 

et al., 2014, p. 114; Nusri et al., 2016, p. 1640). With few exceptions (Timoney & Lee, 2009, p. 

76), authors do not refer to the well-known economic barriers to reuse of OSPW. For example: 

The majority of the source water for the extraction process is originally drawn as 

freshwater from the Athabasca River. It is then recycled up to 95% for on-going 

extraction, with the balance of freshwater taken from the Athabasca River (Mahaffey & 

Dubé, 2017, p. 98). 

Consequently, public information does not reveal peer-reviewed, economically 

achievable methods to treat significant volumes of OSPW to criteria suitable for reuse (Haroon, 

2014, p. 11). It follows that the academic record does not reveal demonstrations of significant 

reuse or recycling at commercial scale (BGC Engineering Inc., 2010, p. 14). Instead, the record 

shows there are no demonstrated, economically achievable means to treat process-affected water 

or the sludge (Approaches to Oil Sands Water Release, 1996, p. 12; Mikula et al., 1996; Canada 

National Energy Board, 2006, p. 37; Allen, 2008; Nusri et al., 2016, p. 1640). 

For example, in a description of OSPW treatment, Allen confirmed sludge production 

and water demand were unchanged since Clark discovered the separation process (2008, p. 

124&126). Furthermore, In 2008, six years into a string of Suncor reports that showed 
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substantially reduced annual, Athabasca River diversion, (Table 1) questions rose about the 

potentially negative consequences of contaminant concentrations in reused OSPW (Allen, 2008, 

p. 125). In particular, concentration of contaminants would add to the unsuitability of OSPW 

reuse (Allen, 2008, p. 131-132). The review of uneconomic, treatment options clarifies the large 

fraction of OSPW remains untreated (Allen, 2008, p. 131). Notably, this Natural Resources 

Canada publication included a simplified flow diagram of the CHWP that referenced process 

water as comprised of 95% fresh, Athabasca River water (Allen, 2008, p. 126). 

Corporate recycling reports. 

Suncor reports unspecified recycling activities as a percentage with minimum 

description; “About 75% of the water used at our oil sands mining operations is recycled-,” 

(Suncor, 2010, p. 10;  Suncor Energy Inc., 2012, p. 13). Subsequent qualifications of the 

definition suggest release of untreated, OSPW to the environment. For examples, the above 

quote ends, “-including released water from tailings ponds.” and “A key benchmark of progress 

is the amount of water consumed for each barrel of oil produced. Water consumed is the quantity 

of water used and not returned to its proximate source or no longer available for use” (Suncor 

Energy Inc., 2012, p. 13). Use of the terms “released water from tailings ponds” and OSPW 

“returned to its proximate source” suggest the company routinely releases OSPW to the 

environment. 

To summarize, specific barriers suggest only small quantities of OSPW are suitable for 

reuse in the CHWP. Accordingly, the 2012, annual AR diversion report likely refers to MFT 

production. Furthermore, specific barriers to reuse of OSPW suggest the AENV, Historical 

Water Use document provided by Ken Bullis does not include routine diversion of significant 



OIL SAND TAILINGS WATER IN THE ATHABASCA RIVER  29 

quantities of Athabasca River water. Finally, specific barriers to reuse suggest Suncor routinely 

releases substantial quantities of OSPW to the environment. 

Industry and government collaborative report. 

A 1995 report suggests Suncor did not reuse OSPW at surface mining operations 

(Approaches to Oil Sands Water Release, 1996). In the summer of 1995 a Technical Working 

Group chaired by a principal of Golder Associates and comprised of Suncor, Syncrude, Alberta 

Environmental Protection (AEP), Alberta Energy, Environment Canada (EC), Department of 

Fisheries and Oceans Canada (DFO) agreed, “to look at the issue of potential water releases from 

Oil Sands operations.” The mission of the Oil Sands Water Release Technical Working Group 

(OSWRTWG) “was to outline the scope of work needed to evaluate the acceptability of releasing 

process-affected water to the environment” (Approaches to Oil Sands Water Release, 1996, p. 1). 

The OSWRTWG report proposed permitting the release of process-affected waters (OSPW) to 

the Athabasca River. 

In 1995, for parameters like water and air, regulation of the environment in Alberta relied 

on technology-based standards and ambient quality guidelines (Approaches to Oil Sands Water 

Release, 1996, p. 12). In other words, regulators encouraged developers to deploy Best Available 

Pollution Abatement Technologies (BAT). In cases where a BAT did not exist for a pollution 

source, regulators could relax ambient media quality guidelines. When issuing a permit, AEP 

preferred to “adopt the more conservative of the two” (Approaches to Oil Sands Water Release, 

1996, p. 10). 

Oil sand developers lacked an economic technology to treat OSPW (Approaches to Oil 

Sands Water Release, 1996, p. 12). As a solution to tailings proliferation, the report 

recommended release of tailings water to the Athabasca River. Oil sands developers depended on 
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“natural biodegradation assimilation processes…to minimize or eliminate potential effects” and 

recognized that OSPW releases to “surface drainage systems may show evidence of acute or 

chronic toxicity as measured by acute toxicity tests” (Approaches to Oil Sands Water Release, 

1996, p. 15). In response, OSWRTWG members recommended a “whole effluent toxicity (WET) 

approach” and “development of site specific, reach specific or basin specific ambient water 

quality guidelines” to streamline contaminant testing and relax stringency of OSPW 

contaminants released to the Athabasca River (Approaches to Oil Sands Water Release, 1996, p. 

21). 

The OSWRTWG Terms of Reference included delivery of reports about the quantity and 

quality of OSPW releases. A “review of existing information on the character, quantity and 

timing of water releases” resulted in two documents from Suncor. The first, “a review of their 

current operational, future operational and reclamation water releases” addressed OSPW 

quantities and fit the first Workshop “Water Releases and Treatment Technologies” (Approaches 

to Oil Sands Water Release, 1996, p. 9). Then, on September 25, shortly after the fourth and final 

workshop, “available members met…to review the initial results of toxicity testing on Suncor 

Dyke Drainage Water” which, addressed the quality of OSPW releases. 

In 1995, Suncor reported Return Flow of 3.17 x 107 m3 which, was approximately 73% of 

the total annual Athabasca River water withdrawal (Bullis, 2013). In light of the 75% Athabasca 

River diversions to industrial use Suncor describes as Return Flow or “recycled” (Suncor Energy 

Inc., 2012b, p. 13), the OSWRTWG report suggests three conditions that support the hypothesis 

of this investigation. First, there was no BAT for active OSPW treatment. Second, the annual 

return flow reports Suncor filed with AEP demonstrate actors and responsible authorities are 

aware the larger fraction of OSPW is toxic and released to the environment. Last, the attention 
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payed to the Suncor Dyke Drainage Water report suggests dyke drainage is a significant 

exposure pathway for OSPW. Below is a description that suggests the OSWRTWG report led to 

relaxation of regional, environmental pollution abatement practices. 

OSWRTWG outcomes. 

This section suggests actors used the report to reify provincial authority to discharge 

large quantities of toxic, OSPW to the AR. As above, the 1995, OSWRTWG report described a 

need to release OSPW to the AR. In short, the report found “background AR water 

quality….exceeded ambient guidelines for some parameters” (Approaches to Oil Sands Water 

Release, 1996, p. 14). Apparently, this unspecified finding became the main pillar of a two-prong 

approach to relax environmental pollution abatement practices. First, minimize the quality 

difference between ambient Athabasca River water and OSPW. Second, relax the protective 

standards for discharge to the receiving environment. As a result, actors claimed that in the oil 

sands region, relaxation of water quality guidelines for the Athabasca River, the receiving 

environment, made sense. 

The following suggests regulators adopted the approach described in the OSWRTWG 

report. It follows that the approach described in the OSWRTWG report underpins the release of 

large quantities of OSPW, which supports the hypothesis. 

A number of regulatory actions implemented after publication of the OSWRTWG report 

suggest regulators follow the tactics proposed in the OSWRTWG. An important element of these 

related activities is the Project Millennium Development Approval to discharge large quantities 

of OSPW to the AR (AEUB, 1999, p. 29). That approval suggests reification of an established 

practice: release of OSPW to the environment. 
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Second, regulators relaxed stringency for OSPW discharges to the lower reaches of the 

Athabasca River. In December 1995, the period between publication of the OSWRTWG report 

and the Steepbank Mine Application, Alberta Environmental Protection (AEP) promulgated a 

manual that included guidance about how to discharge acutely toxic effluent to rivers (Water 

Quality Based Effluent Limits Procedures Manual, 1995). The implementation of mixing zones 

around discharge points is the thrust of the guidance. Characterized as a “practical necessity” 

mixing zones permit exceedance of “instream guidelines” (Water Quality Based Effluent Limits 

Procedures Manual, 1995, p. 41). 

Third, the Alberta Government relaxed Ambient Water Quality Guidelines in the Lower 

Athabasca River to less stringent standards. Relaxations of water quality guidelines for specific 

reaches of the Athabasca River express several ways. For example, the water quality objective 

relaxed to “Use Protection” which allows “for some further contaminant loading” (Guidance for 

Deriving Site-Specific Water Quality Objectives for Alberta Rivers, 2012, p. i). Next, the Lower 

Athabasca Regional Plan (LARP) reduced the number of parameters monitored from several  

hundred, to 38 (Surface Water Quality Guidelines for Use in Alberta, 1999; Environmental 

Quality Guidelines for Alberta Surface Waters, 2018) (Westcott & Mckenzie, 2013, p. 10). The 

reduced parameter list excludes trace organics like benzene, PAH’s like naphthalene, pesticides 

like toxaphene and physical properties like suspended solids (Westcott & Mckenzie, 2013, p. 

10). 

Furthermore, the selection of Old Fort station, a far downstream position, to collect water 

samples ignores peer-reviewed cautions against sampling from this “single site…90 km 

downstream of current oil sands activity” because the distance obscures source or cause of 
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potential changes detected. (Ayles, Dubé, & Rosenberg, 2004, p. 26) (A. Gue, Grasby, & Mayer, 

2018, p. 76). 

The suggestion is that in the event the hypothesis is true then, the tactics developed by the 

OSWRTWG are the basis for long-term environmental outcomes. Shortly after publication of the 

OSWRTWG report Suncor advanced the OSWRTWG report to a guiding protocol. “Suncor will 

apply this protocol (to determine treatment requirements) for all waters discharged by its 

operations” (Steepbank Mine Project Application, 1996, p. 332). 

Aspects of the Steepbank Mine Application materials suggest the CHWP required the 

release of large quantities of OSPW to the environment. For example, the mine application 

included a site drainage plan (Figure 2) that indicates a wastewater outfall adjacent to the AR 

(Steepbank Mine Project Application, 1996, Fig. C3.0-24). Furthermore, a report that assessed 

OSPW releases to AR listed “seepage from tailings dykes…and refinery wastewater,” as waters 

“currently released” (Athabasca River Water Releases Impact Assessment, 1996, p. 10). The 

report includes detailed diagrams of mixed outflow scenarios that correspond to the location of 

the plant wastewater outfall, Figure 3 (Athabasca River Water Releases Impact Assessment, 

1996, Fig. 4.3-20). 
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Figure 2. Steepbank Mine Application Drainage Plan with Wastewater Outfall 

Suncor bitumen extraction facility shows Wastewater Outfall indicated in orange shading. 
Shaded area includes wastewater ponds adjacent to Athabasca River. Pond 1, Tar Island Dyke is 
south of the wastewater outfall. Reprinted from Steepbank Mine Project Application 1996, p. 
241. 
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Figure 3. Modeled Extent of Mixing Zone from Wastewater Outfall 

The position of the source of OSPW released water in this model of a low flow rate corresponds 
with the position of the wastewater outflow in Figure 2. Reprinted from Athabasca River Water 
Releases Impact Assessment, 1996, p. 226. 
 

The next mine application to the Alberta Energy and Utilities Board (AEUB) included an 

assurance that AR industrial water diversions remained a minimal impact on AR in stream flow 
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needs “because 80% of the water diverted from the Athabasca River is returned to the river” 

(Project Millennium Application, 1998, p. 174). The Application did not specify how Suncor 

returned OSPW to the AR. At the project hearing Alberta Environmental Protection did not 

submit any concern about the release of untreated OSPW to AR (AEUB, 1999, p. 29). Finally, in 

the water quantity and quality section of the Decision, the AEUB clarified it “does not believe 

any significant impacts on local or regional surface water will result directly from the Suncor 

operations” (AEUB, 1999, p. 29). 

The AEUB determination about OSPW reified the routine release of large quantities of 

OSPW to the AR because legislation to “prohibit the release of substances” applies to releases 

that “may cause a significant adverse effect” (Environmental Protection and Enhancement Act, 

2000, p. 77). Regarding the release of deleterious substances like OSPW, to the environment, it 

is easy to understand the company interpreted the AEUB finding as authority to release OSPW to 

the environment. 

There are many possible explanations for how the AEUB determined that an annual 

release of greater than 3.70 x 107 m3 of toxic OSPW to the Athabasca River would not produce 

“any significant impacts.” Likely, two aspects of evidence presented at the hearing support the 

AEUB finding. First, the lack of evidence that routine OSPW discharges to the AR since the 

1960’s, caused significant adverse impacts. Second, the Applicant’s assertion “Athabasca River 

water quality will not be impacted by the Project nor combined developments” (Project 

Millennium Application, 1998, p. 118). An alternative view is that a credulous AEUB favoured 

conclusions of the Applicant over common sense and the Precautionary Principle. 

A forensic perspective follows from the Water Licence and information about the 

limitations of the CHWP. Without an ability to discharge industrial wastewater to the Athabasca 
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River, Suncor could not operate. The objective of Steepbank and Project Millenium applications 

was to increase bitumen production rates from 80,000 barrels per day (BPD) to greater than 

210,000 BPD (Project Millennium Application, 1998, p. 78) . These applications remain cardinal 

advances in production capacity and signalled Suncor needed significantly more natural 

resources. The AEUB issued Approvals on the understanding that wastewater releases to the AR 

did not cause adverse effects, and made water quality monitoring a condition of the Approvals 

(AEUB, 1999, p. 29). 

An obvious implication is that discovery of significant adverse environmental impacts to 

Athabasca River quality could threaten permission to release OSPW back to the river. This 

situation suggests Suncor has a vested interest in preventing discovery of any significant adverse 

environmental impacts caused by OSPW releases to the AR. Below, is an argument actors grew 

the OSWRTWG scheme to prevent discovery of adverse environmental impacts. 

The OSWRTWG report recommended two policy approaches to permit the release of 

toxic, untreated, OSPW to the Athabasca River. First, minimize the differences between OSPW 

and ambient AR water quality. Second, relax ambient river quality guidelines in reaches of the 

Athabasca River that receive OSPW discharges. The Steepbank Mine application included an 

example of the first approach. 

A section of the application titled “Background Surface Water and Groundwater Quality” 

compared Naphthenic Acid concentrations from four water sources. The samples are drawn from 

an “oil sand seep adjacent to the AR”, basal aquifer water, upper Devonian limestone 

groundwater and, sediment porewater beneath the Steepbank River. Notwithstanding the section 

title, there are no surface water samples in the reference set. The oil sand seep, reported at 

“concentrations between 10 mg/L and 25 mg/L” was the only sample that was even nominally 
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surface water yet, the section concluded “these naturally-occurring waters are similar to that of 

process-affected groundwaters (sic) in the Tar Island dyke (Steepbank Mine Project Application, 

1996, p. 364-5). 

The comparison fails several ways. First, a saline seep from an oil sand slope is not likely 

to represent background river quality. Second, Athabasca River water is normally reported in the 

non-detect to 2 mg/L range (Athabasca River Water Releases Impact Assessment, 1996, p. 243) 

and “generally below 1 mg L-1 (Headley & McMartin, 2004, p. 2000). Third, without any flow 

data for the seep it is not possible to evaluate the contribution to surface water quality. A study of 

saline seeps in the AR valley found flow rates ranged from 0.02 to 15 L/s (Gue, 2012, p. 30). The 

above tactic minimized the difference between OSPW and AR water quality. 

Like above, there are links between the OSWRTWG scheme and evidence that RAMP, 

the mandated, water quality monitoring program failed to monitor properly. In 2005 and 2010, 

independent 5-year audits indicated RAMP fell far short of basic requirements and expectations. 

For examples, RAMP excluded the Athabasca River from most of the monitoring program and 

failed to provide for/select reference sites (Ayles, Dubé, & Rosenberg, 2004, p. 14 &36). The 

OSWRTWG report asserted the Athabasca River ambient water quality exceeded guidelines for 

some parameters. As described above, the Steepbank application skewed a set of water sample 

analyses to show NAs concentrations several factors greater than background and used the 

results to claim a greater concentration of NAs in AR surface water. 

Auditors flagged evidence that RAMP struggled with natural variability, “There appears 

to be confusion throughout the report and across the major sections (water, fish, benthos) on why 

and how to meet the objective of characterizing variability” (Ayles et al., 2004, p. 24). Overall 

the audits found too much attention directed toward establishing the range of natural variability 
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and not enough effort to distinguish between natural and anthropogenic influences (Dowdeswell 

et al., 2010, p. 31). 

In summary, this review of documents suggests Suncor applied for and received 

regulatory authority to discharge large quantities of OSPW to the environment. It follows the 

permeable design of STP utilizes the authority to release OSPW.  

Dyke Design and Performance 

The hypothesis of this investigation is that the PONDS release significant quantities of 

OSPW to groundwater. Briefly, numerous academic and government sources refer to a “zero-

discharge policy” that presumably, restricts the release of OSPW from tailings impoundment 

areas (Giesy et al., 2010, p. 951; Allen, 2008, p. 123; Madill, Orzechowski, Chen, Brownlee, & 

Bunce, 2001, p. 198; Martin, 2015, p. 2684; Energy Resources Conservation Board, 2012, p. 13). 

Notwithstanding the policy, publically available information illustrates examples where TIAs 

released OSPW to the environment for decades (Ferguson, Rudolph, & Barker, 2009, p. 1458; 

MacKinnon, Kampala, Marsh, Fedorak, & Guigard, 2004; Oiffer et al., 2009, p. 90). 

An examination of the apparent conflict between a conceptual, regulatory expectation: 

the zero-discharge-policy, and documented TIA OSPW releases revealed two things about fluid 

containment at STP. First, conceptual statements like ‘zero-discharge policy’ are subject to 

significant qualifications that relax the policy. Second, at STP specific exposure pathways 

suggest significant quantities of OSPW release to the environment. 

Examination of the zero-discharge-policy. 

Information suggests that the zero-discharge-policy does not apply to OSPW releases or, 

does not exist. For examples, government contributors referred to historical information that 
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suggests the policy does not apply to releases of OSPW to groundwater resources nor restrict 

release of OSPW to the environment. 

Oil sands process-affected water-release restrictions, referred to as the government of 

Alberta’s “zero-discharge policy,” are commonly interpreted as measures directed at the 

protection of natural surface waters. However, the original objective of these restrictions 

was to maximize “recycle rates of water reuse” (Martin, 2015, p. 2684). 

The Government of Alberta contributor refers to “a water-use perspective” and unspecified, 

corporate recycle claims as evidence the zero-discharge-policy succeeded. 

In addition, like Allen (2008) the contributor lists several contaminant concentration 

issues that would render untreated, OSPW particularly uneconomic for reuse. The result is a 

recognition that in the CHWP an “increased amount of freshwater (is) needed to extract a given 

amount of bitumen.” Furthermore, the section ends with a conclusion that undermines the policy 

“Over time, release restrictions become a less effective means of encouraging judicious use of 

the water resource.” Like the strategy proposed in the OSWRTWG, the Government of Alberta 

contributor named “whole-effluent toxicity limits, and biological effects monitoring” as “ample 

direction to establish limits for the release of treated OSPW” (Martin, 2015, p. 2684). Notably, 

the Government of Alberta qualifications substantially minimize the environmentally protective 

aspects implied by the zero-discharge-policy. 

Finally, 20 years after OSWRTWG publication, an original member wrote a direct 

challenge to the zero-discharge-policy. 

There is a wide-spread belief in the existence of a government policy for zero discharge 

of process-affected water from oil sands sites. Whether or not such a policy exists1, the 
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mere fact that people believe one does is potentially hindering consideration of options 

(Powter & Polet, 2015, p. 7). 

The end note states “For the record, the authors believe that there is no formal government zero-

discharge policy” (Powter & Polet, 2015, p. 7). Taken together, information suggests the zero-

discharge-policy does not restrict the release of OSPW or does not exist. 

OSPW exposure pathways at STP. 

This section illustrates the similarity between the OSWRTWG tactics and environmental 

practices at South Tailings Pond. Specific exposure pathways at STP result from two sources 

“Similar to other tailings impoundments, the primary pathways of tailings process-water release 

are through the seepage face at the downstream end of the dyke and beneath the foundation of 

the impoundment structure" (Ferguson et al., 2009, p. 1458). Descriptions of these exposure 

pathways follow. 

Unmitigated OSPW seepage through a pervious oil sand tailings dyke may compromise 

dyke stability. Generally, in order to prevent seepage from reducing dyke stability, engineered 

amendments intercept seepage partway through the dyke wall structure and direct the fluids 

downward. Dam safety is the primary safety concern for embankments constructed of coarse 

sand (H.K. Mittal & Morgenstern, 1975, p. 235). So, preventing risk of dyke ‘blow-out’ or 

“failure by liquefaction” was the main design criterion for STP construction (Alberta 

Environment, 1994). This means engineered pathways manage fluid flow to maintain tailings 

dyke stability. Therefore, containment is not the primary performance measure. 

After discharge to the South Tailings Pond, OSPW flows down gradient (migrates) from 

the impoundment area to the dyke embankments. Seepage control systems drain OSPW from 

STP embankments (AEUB, 2004, p. 8). Risk of dyke liquefaction reduces as the curve of the 
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water table within the embankment or, phreatic surface lowers (Mittal & Morgenstern, 1976, p. 

277, 290). Accordingly, features like curtain walls and chimney drains direct OSPW down to the 

dyke foundation (Steepbank Mine Project Application, 1996, p. 362; H.K. Mittal & Morgenstern, 

1975, p. 260). 

The Wood Creek Sand Channel (WCSC) is a stable, well-drained foundation for the STP. 

Explanations of these WCSC attributes illustrate the potential for dyke drainage. First, STP 

alignment on top of the WCSC a “buried Pleistocene glacial meltwater channel” comprised 

primarily of gravels and sands (Vincent-lambert, Bowron, Langton, & Stephens, 2011, p. 2), 

provided a foundation of greater shear strength (stability) than the alternatives (Stephens et al., 

2004, p. 5; 2009 / 2010 Bi-Annual Groundwater Monitoring Report, 2011, p. 568). Dyke 

stability improves where OSPW drains below ground elevation (2009 / 2010 Bi-Annual 

Groundwater Monitoring Report, 2011, p. 568; Hari K. Mittal & Morgenstern, 1976, p. 293). 

This is important because other TIA’s like Pond 1, Suncor Dyke 11A and Mildred Lake Settling 

Basin located on Clearwater clay shales suffered significant foundation movement (Stephens et 

al., 2004, p. 4) or, an unacceptable history of lateral creep (Timoney & Lee, 2009, p. 67). In the 

case of Pond 1, the foundation moved greater than one metre toward the adjacent Athabasca 

River (Morsy, Morgenstern, & Chan, 1995, p. 1008). 

The second advantage of building STP over top of the WCSC is “The relatively low 

groundwater levels in the WCSC sand” (Digel, Gibson, Wade, & Brown, 2003, p. 28). In 

muskeg, which is the dominant culture in the region, normal water levels are near the ground 

surface. However, in the WCSC which underlies Dyke 11A and approximately 50% of the STP 

impoundment area, many pre-development monitoring wells were dry to depths greater than 11 

m (Digel et al., 2003, p. 28). 
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The reason a dry foundation is important is that low groundwater levels in the WCSC 

help to reduce “artesian pressure build-up in the WCSC resulting from seepage and increasing 

head with the rise of the STP during (inundation) operations” (Vincent-lambert et al., 2011, p. 4). 

In other words, the WCSC is a well-drained sink for OSPW released from seepage control 

systems and the impoundment area. Thus seepage control systems in the STP dyke embankment 

drained OSPW until the WCSC became “process affected” (Stephens et al., 2004, p. 7; 2009 / 

2010 Bi-Annual Groundwater Monitoring Report, 2011, p. 578). Figure 4 shows the extent of the 

WCSC and piezometer well evidence of seepage. In particular, samples collected from 

piezometer STP-04-57-SS, which is greater than 1 km from the STP dyke and outside of the 

lease boundary, shows evidence of OSPW (Figures 4 & 12). 
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Figure 4. The PONDS, WCSC and Monitoring Well Locations at STP 

This aerial view of STP and Pond 8A shows the underlying Wood Creek Sand Channel in 
purple. Green dots mark the positions of monitoring wells. Text boxes point to monitoring wells 
and contain summary monitoring results. Well STP-04-57-SS shows position outside the STP 
boundary and exceedances of substances monitored for seepage control; TDS, CL, Na and F. 
  
 

“The second pathway is vertical seepage through the foundation materials into the 

WCSC, and lateral flow in the channel, which will predominantly follow current regional 

channel groundwater flow to the north” (Stephens et al., 2004, p. 7). Notably, the above 

description assumes all fluid released through the entire, impoundment area migrates laterally 

which, is mostly horizontal, along the gradual slope to the WCSC. Three geotechnical factors 
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increase the potential for the impoundment area to discharge significant quantities of OSPW to 

groundwater resources. These are (a) the extent of direct recharge area (b) evidence that WCSC 

sands connect to groundwater discharge points and (c) increased hydraulic head over the large 

area. 

First, within the 50% of the impoundment area that is underlain by the WCSC, areas 

exposed to the surface are “potential direct recharge pathways” (Stephens et al., 2004, p. 7). “At 

locations where the channel sand is very close to or at the ground surface, recharge rates can be 

expected to be relatively rapid” (Digel et al., 2003, p. 30). In addition, hydraulic conductivity in 

the lateral extensions of the WCSC “provide additional flow paths for groundwater and potential 

connections to the Athabasca River” (Vincent-lambert et al., 2011, p. 3). The second 

geotechnical factor, hydraulic conductivity, estimated at 3 x 10-4 m/s (Digel et al., 2003, p. 33) or 

18 m per day, combined with low groundwater levels in the WCSC suggests connections to “one 

or more relatively low elevation points at the ground surface” (Digel et al., 2003, p. 28; AEUB, 

2004, p. 16). Taken together, the above indicates the WCSC portion of the STP impoundment 

area is well drained (Digel et al., 2003, p. 28). The drainage characteristics of WCSC allow 

OSPW releases to groundwater resources. 

Third, the objective of the STP project where embankment walls reached 42 m, is to 

accept greater than 3.50 x 108 m3 tailings discharged onto the impoundment area (AEUB, 2004, 

p. 8; Vincent-lambert et al., 2011, p. 2). The vertical height of the tailings mass results in 

significant head (Hydrology Baseline for Project Millennium, 1998, p. A1). A model predicted 

that unmitigated, inundation elevated pore water pressures to 20 m above STP dyke ground 

surface (Stephens et al., 2004, p. 6). Intuitively, the monsoon effect of inundation increases head 

and accelerates OSPW migration downward to the underlying structures. 
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A pre-development hydrogeology report and STP performance reports provide 

information about pre and post-development flow rates in the WCSC. Intuitively, inundation 

head pressure expressed through seepage control systems should result in greater flow rates post-

development. The following description groundwater flow volume before and after inundation 

suggests OSPW escapes the “closed circuit system for process affected water” (Stephens et al., 

2004, p. 5). First, in order to reduce artesian pressure caused by the “rising STP pond” a system 

of passive, pressure relief wells along the west embankment, “drain OSPW to perimeter ditches” 

(Vincent-lambert et al., 2011, p. 6). From there, pumps return seepage collected from three 

places (a) drains installed in the STP dyke (b) pressure relief wells and (c) the dyke faces, “back 

to the pond” (Stephens et al., 2004, p. 7). The intent of the works described above was to collect 

OSPW discharged from surface and near-surface facilities then, pump it back into the 

impoundment area. 

For OSPW released to groundwater along the approximately 4 km course of the WCSC, 

the “optimum design solution” to contain OSPW reduced to a pair of installed mitigations; the 

Northwest Wellfield and the Southwest cut-off wall (Stephens et al., 2004, p. 7). The intention of 

the Northwest wellfield is to block OSPW migration beyond the northwest extent of the STP 

dyke. The Northwest wellfield pumps are located at the headwaters of McLean Creek. The stated 

intention of the Northwest Wellfield is to return OSPW back to the STP. The stated intention of 

the Southwest cut-off wall was to block OSPW from flowing southwest of the main WCSC 

channel (Vincent-lambert et al., 2011, p. 5). Collectively, the mitigations for dyke seepage are 

referred to as “closed process affected water circuit for the project” (Stephens et al., 2004, p. 5). 

A particular performance claim implies pumps in the Northwest Wellfield prevent OSPW 

in the WCSC from migrating down through porous geology. “Effective drawdown of 
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approximately 14 m below piezometric level has been created along the wellfield alignment, 

with the cone of depression extending up to two kilometres up and downstream of the well field” 

(Vincent-lambert et al., 2011, p. 8). That claim reports resolution of the key design performance 

criteria. The conceptual design criteria of the STP project is to “Maintain pore pressures of less 

than 5 m artesian head above original ground elevation and the downstream toe of the dykes 

located over the WCSC” (Vincent-lambert et al., 2011, p. 3). 

Arguments below suggest that the reported resolution of the conceptual design feature 

does little to prevent significant release of OSPW to groundwater. As reported above, a model of 

unmitigated fluid tailings deposited in STP put artesian pressure 20 m above ground elevation 

(Stephens et al., 2004, p. 6). Intuitively, STP dyke-pressure mitigations should increase flow 

rates of OSPW released from the TIA. In other words, after inundation, OSPW produced by 

drainage techniques like chimney drains and relief wells will increase the flow of OSPW in the 

WCSC above pre-disturbance flow rates. Increased flow should then present downstream at the 

position of the Northwest Wellfield. However, flow rates before and after inundation remains 

similar. Therefore, lithology and groundwater flow rates suggest significant quantities of OSPW 

migrate downward from the WCSC. 

First, the lithology shows erosional unconformities in combination with the 30–60 m 

depth of the WCSC constitute direct connections to an underlying aquifer, the McMurray 

Formation (2007/08 Groundwater Monitoring Report, 2009, p.27). The nonconforming aspect is 

that incisions from the McMurray Formation thrust upward through the Clearwater Formation to 

the base of the WCSC (Stephens et al., 2004, p. 4). The McMurray Formation was an exposure 

pathway from Suncor Pond 1 to the AR (Ferguson et al., 2009). So, the relevant aquifers 

connect. 
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Second, based on pre-construction measurements “mean annual groundwater discharge 

rate via the WCSC to McLean Creek was estimated to be in the range 15 to 20 L/s” (Digel et al., 

2003, p. 32). Inexplicably, post-inundation, the flow rates pumped by the Northwest Wellfield 

are similar “The well field is currently pumping at a combined rate of approximately 29 L/s to 

maintain the drawdown exerted on the WCSC aquifer” (Vincent-lambert et al., 2011, p. 8) 

Finally, the diversion of McLean Creek surface water around the STP should not change 

groundwater flow rate at the point where WCSC discharged to McLean Creek for two reasons. 

First, the mean groundwater flow rate discounted spring and summer peaks. Second, the 

measured discharge is groundwater not, surface water (Digel et al., 2003, p. 32). The similarity 

in flow rates measured before and after inundation raises a question. What happened to OSPW 

released to relieve the 20 m rise in hydraulic head? The suggestion is that significant quantities 

of OSPW release to the environment. 

Vertical migration through the STP impoundment area. 

The emphasis on dyke stability at STP and other TIAs in the oil sands development 

region (Stephens et al., 2004, p. 5; Ferguson et al., 2009, p. 1447) and the attention to dyke 

seepage controls may divert attention away from vertical migration through the impoundment 

area to deeper formations. Site hydrogeology indicates the Clearwater Formation, the aquitard 

underlying the surficial till and WCSC “may be sufficiently permeable to transmit water in 

quantities that are significant” (Digel et al., 2003, p. 26). 

The primarily downward groundwater flow results from the 30 m—70 m vertical 

difference between the near-ground surface hydraulic head in overlying surficial deposits and the 

deeper hydraulic head at the base of the McMurray Formation, the Basal Aquifer (Hydrogeology 

Baseline For Project Millennium, 1998, p. 64). A profile of lithology in the region of STP 



OIL SAND TAILINGS WATER IN THE ATHABASCA RIVER  49 

illustrates the vertical groundwater flow in the Clearwater aquitard and the approximately 100 m 

separation of hydraulic head boundaries from the dyke to the Athabasca River  (Hydrogeology 

Baseline For Project Millennium, 1998, Fig. 12 &14). 

Darcy’s law and site data yielded estimates of OSPW quantities released to groundwater 

from the STP impoundment area. Values selected from a range of data points produced a 

conservative and a liberal estimate. A field report of the quantity of OSPW released at Pond 1is 

available for comparison. Mean hydraulic conductivity in the Clearwater Formation 1.5 x 10-7 

m/s, is low (Hydrogeology Baseline For Project Millennium, 1998, p. 54). For simplicity, this 

calculation ignores faster hydraulic conductivities in surficial aquifer layers above the Clearwater 

Formation shales. The reason for the Darcy’s law exercise is to estimate the volume of OSPW 

discharged by distribution of a low flow rate over the large impoundment area. 

Values for the STP impoundment area vary from “tailings water area” of 8 km2 (Small, 

Cho, Hashisho, & Ulrich, 2015, p. 493) to 18 km2 for the project footprint (Vincent-lambert et 

al., 2011, p. 1). Due to the height of the STP dyke values for elevation change range from 100 m 

to 142 m. Darcy’s law states: Q = K A (dh/dl) where Q = volumetric flow, K = hydraulic 

conductivity, A = cross sectional area (impoundment area) and (dh/dl) = elevation change over 

the 2000 m distance to the Athabasca River. 

The conservative calculation is K= (8.00 x 106) (0.05). This calculation works out to 0.06 

m3/s or 5,184 m3/day. The liberal calculation is K= (18 x 106) (0.071). This works out to 0.19 

m3/s or, 16,563 m3/day. The above estimates suggest the impoundment area of STP releases 

significant quantities of OSPW to the environment. The liberal estimate amounts to 

approximately 10% of the Water Licence.  
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Compare the above estimate to field experience at Pond 1, where the 0.5 km2 tailings 

water area (Small et al., 2015, p. 493) resulted in an estimated 1700 m3/day seepage discharge 

from the impoundment area to groundwater. The set of Pond 1 discharges equal to probability 

0.1 was 730 m3/day and 4200 m3/day (Steepbank Mine Project Application, 1996, p. 366). 

Additional parameters for a comparison of STP to Pond 1 could include their positions relative to 

the Athabasca River and the different quantities of the tailings stream received. The tailings 

impoundment area of Pond 1 sits adjacent to and a few metres above the west bank of Athabasca 

River. The northwest portion of the STP dyke is elevated about 110 m above and approximately 

2 km southeast of the AR. 

By 1996, the 100 m height, Pond 1dyke (Ferguson et al., 2009, Fig. 3) reached maximum 

capacity so withdrawal of MFT preceded “receiving only a small tailings stream” (Steepbank 

Mine Project Application, 1996, p. 355). In comparison, STP dyke walls stand 42 m and since 

2006, inundation amounted to approximately, 7.20 x 107 m3 per year for 7 years (Stephens et al., 

2004, p. 1). The information above suggests it is reasonable to expect release of significant 

quantities of OSPW from the impoundment area of STP. 

There is an idea that over time, a layer of MFT forms at the bottom of the impoundment 

area and serves as a barrier to seepage (Hari K. Mittal & Morgenstern, 1976, p. 292). The idea is 

that after 15-20 years of continuous tailings discharge, fine clay particles settle into the bottom of 

the fluid containment area and present a significant barrier to vertical drainage (Ferguson et al., 

2009, p. 1458). The 15-year period required for the barrier to form suggests greater risk of 

vertical OSPW migration in newer tailings structures like, the PONDS. STP commissioned in 

2006 after the 2005 commissioning of Pond 8a & 8b (Small, Cho, Hashisho, & Ulrich, 2015, p. 

493). Further, MFT settled some 30 years prior to the seepage values reported above for Pond 1. 
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Finally, the area of the PONDS (8a, 8b, & STP) is 32 times greater than the area of Pond 1(Small 

et al., 2015, p. 493). 

Above, multiple sources describe 2 specified exposure pathways for OSPW releases to 

the environment: downward through the foundation (Hari K. Mittal & Morgenstern, 1976, p. 

292) and adjacent to TIAs (A. A. L. Oiffer et al., 2009, p. 89). These specified exposure 

pathways apply to TIAs in the oil sands region including, the PONDS and contrast with ‘zero-

discharge policy.’ 

STP Groundwater Monitoring 

In light of the specified exposure pathways identified above, the section below reviews 

the effectiveness of the STP Groundwater Monitoring Program (GMP) for the 2 specified 

exposure pathways. Review of the GMP Assessment Methodology suggests that the GMP 

focused more on broadening baseline variability values than activity to monitor the two 

substantial, OSPW exposure pathways identified above (Glatiotis et al., 2009, p. 38). Namely, 

downward migration through the foundation of the tailings impoundment area and down from 

the base of the sand dykes (Hari K. Mittal & Morgenstern, 1976, p. 292; Stephens et al., 2004, p. 

4 & 7). Put another way, depending upon how Suncor and/or regulators define key criteria for 

monitoring parameters, substantial volumes of OSPW releases to groundwater may not trigger a 

meaningful monitoring threshold. 

The environmental commitments that underpin the GMP illustrate the omission of 

downward OSPW exposure pathways. “The commitment in terms of seepage migration in 

groundwater is that there is to be no movement of contaminants across lease boundaries; and no 

uncontrolled passage of contaminated groundwater to the surface waterbodies” (Stephens et al., 

2004, p. 7). The plan is to “manage seepage flows from the STP, such that concentrations of 
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contaminants (particularly naphthenic acids) do not reach concentrations that cause an adverse 

environmental impact” (Stephens et al., 2004, p. 7). Further, at the intersection of the WCSC and 

McLean Creek “the key objective is to prevent process-affected water from escaping to McLean 

Creek during operation of the STP” (A. Oiffer et al., 2011, p. 570). In other words, the GMP is 

silent on downward migration through the foundation area of the STP tailings impoundment 

area. 

Analysis of the GMP also suggests there are no effective methods to monitor OSPW 

migration downward from the STP dyke overlying the WCSC. First, the main “engineered 

systems” designed to protect McLean Creek from contamination caused by “off lease…process-

affected water seepage,” (Vincent-lambert et al., 2011, p. 3) focus primarily on “lateral” 

(horizontal) migration of OSPW (Stephens et al., 2004, p. 7). For examples, notwithstanding that 

the designers of STP listed “vertical seepage through the foundation materials” as an exposure 

pathway, the design of the seepage management plan restricts attention to “lateral flow in the 

WCSC” (Stephens et al., 2004, p.7) which, excludes vertical migration. Furthermore, the design 

for three of the main engineered systems installed in the WCSC address lateral flows of OSPW 

from the STP footprint to points northwest and southwest. The Northwest Wellfield and the 

Wood Creek Dam may intercept or block lateral migration of OSPW up to 4.0 km from the STP 

(Stephens et al., 2004, p. 7). Similarly, the intention of Southwest cut-off wall is to block lateral 

flow perpendicular to the main dyke (Vincent-lambert et al., 2011, p. 5). The Southwest cut-off 

wall is up to 33 m deep (Vincent-lambert et al., 2011, p. 5) and approximately 250 m away from 

STP. 

The primary design function of the Northwest Wellfield is to “effect drawdown of 

approximately 14 m below original piezometric level” in the WCSC (Vincent-Lambert et al., 
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2011, p. 8). The purpose is twofold; “to meet the design criteria and regulatory (environmental) 

commitments (Vincent-Lambert et al., 2011, p. 8). In other words, the drawdown protects the 

STP dyke from liquefaction failure and meets the commitments to prevent OSPW from 

discharging to the surface at McLean Creek and otherwise cross lease boundaries. Two factors 

diminish the probability that the Northwest Wellfield effectively prevents the WCSC from 

discharging OSPW downward. First, as above, compared to pre-disturbance groundwater flow 

volumes (20 L/s) the 29 L/s water volume pumped by the wellfield is surprisingly small 

(Vincent-Lambert et al., 2011, p. 8; Digel et al., 2003, p. 32). Second, regulatory commitments 

omit restrictions on downward discharge of OSPW (Stephens et al., 2004, p. 7). 

The focus on lateral OSPW migration suggests Suncor and/or regulators discounted or 

dismissed the potential for OSPW to migrate downward through areas where “unconformities” 

connect the WCSC to the McMurray Formation, the underlying aquifer (Stephens et al., 2004, p. 

4). In contrast, earlier reports and the STP approval identify the WCSC connection to the 

McMurray Formation aquifer as a significant exposure pathway for OSPW to reach the 

Athabasca River environment via groundwater (Hydrogeology Baseline for Project Millennium, 

1998, p. ii; Vincent-Lambert et al., 2011, p. 2-3; AEUB, 2004, p. 24-25). The contrast suggests 

the GMP does not include effective methods to monitor the degree OSPW migrates downward. 

In response to the assumption that OSPW from STP will migrate to the WCSC (Stephens 

et al., 2004, p. 7; A. Oiffer et al., 2011, p. 568, 571& 578) the STP Approval contains guidance 

about designing an effective groundwater monitoring plan (AEUB, 2004, p. 25). One result is the 

environmental commitment to “manage seepage flows from the STP, such that concentrations of 

contaminants (particularly naphthenic acids) do not reach concentrations that cause an adverse 

environmental impact” (Stephens et al., 2004, p. 7). 
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However, in light of the 1999, AEUB determination that large quantities of untreated, 

OSPW discharged from the plant to the AR will not cause “any significant impacts” to surface 

water it is difficult to imagine a more stringent regulatory response for OSPW released to 

groundwater. For example, it is difficult to establish an adverse environmental impact to soils 

buried up to 50 m below ground surface in the “lower channel section” of the WCSC which “is 

the principal aquifer” (Vincent-lambert et al., 2011, p. 3; Suncor, 2004; Stephens et al., 2004, p. 

4). 

Operationalized in the GMP, the commitment to restrict groundwater contaminant 

concentrations resolved to reconnaissance for exceedances of Preliminary Screening Levels 

(PSLs) or Upper Control Limit (UCL) for indicator parameters like NAs (A. Oiffer et al., 2011, 

p. 23). Review of bi-annual GMP report sections about OSPW in the WCSC suggests ambiguity 

within criterion to classify the groundwater samples according to their hydrostratigraphic unit or 

by depth (Glatiotis et al., 2009, p. 40). The ambiguity follows from uncertainty about whether 

depth (mbgs) or hydrostratigraphic unit determines classification. The ambiguity emerges 

because in the deepest, highest hydraulic conductivity (1.2 X 10-3 m/s) sections of the WCSC, 

the depth is greater than 45 mbgs (A. Oiffer et al., 2011, p. 569 & 566). The distinction is 

important for two reasons. First, because the deeper stratigraphic units like the Basal Aquifer 

contain greater concentrations of indicator parameter concentrations (Glatiotis et al., 2009, p. 39-

40). For example, the PSL for NAs in surficial sands is “2 mg/L” whereas in depths of the 

underlying Basal Aquifer greater than 25 metres below ground surface (mbgs) the PSL is “49 

mg/L” (Glatiotis et al., 2009, p. 39-40). The GMP does not clarify whether depth or stratigraphic 

unit determines classification of groundwater samples collected from the deeper sections of the 

WCSC. 
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Second, the distinction is important because the 49 mg/L NAs PSL is indistinguishable 

from NAs concentrations found in OSPW (A. Oiffer et al., 2011, p. 573). For example, NAs 

samples collected from OSPW seepage control ditches at Syncrude contain concentrations of 

50.0 mg/L (MacKinnon et al., 2004, p. 75). Furthermore, 52 mg/L from “dyke seepage waters 

can be expected in these areas” (Holowenko, MacKinnon, & Fedorak, 2002, p. 2845). Therefore, 

if groundwater samples collected from deep sections of the WCSC are classified by depth, 

baseline values (>25 mbgs) of the basal aquifer then, baseline contaminant concentrations will be 

indistinguishable from OSPW contaminant PSLs. 

Natural principles of groundwater flow suggest sampling from the hyporheic zone of the 

AR and adjacent to the Ponds.  The reported groundwater flow in the WCSC is a NNW direction 

within the channel for an approximate 7 km distance. That pathway is parallel to the course of 

the AR (Stephens et al., 2004, p. 7). However, natural principles of groundwater flow suggest a 

perpendicular flow 100 m downgradient to the AR some 800 m west of the PONDS (2007/08 

Groundwater Monitoring Report, 2009, p.14). Natural principles indicate direction of flow “from 

areas of high head to areas of low head due to the driving force of gravity, generally conforming 

to the slope of the land surface” (Moore, 2002) . These natural principles support the selection of 

sampling locations in the AR adjacent to the PONDS (Frank et al., 2014, p. A). 

Summary of Forensic Analysis 

The object of the review is to present information so that an ordinary person may 

determine whether steps in the argument lead to a reasonable conclusion. Put another way, based 

on the information, each step in the argument is more likely true than false. 

Below are the main suggestions in brief: 
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• The CHWP process demands large quantities of fresh, Athabasca River water. 

The process demands 12-15 units of water to separate one unit of bitumen. 

• The basic formula for water required in the CHWP is unchanged since discovery. 

• Fine particles and other contaminants render process-affected water uneconomic 

to reuse. 

• Suncor discharges approximately 80% of the water diverted from the AR back to 

the environment as OSPW. 

• Suncor discharges OSPW in unspecified exposure pathways. 

• Total Athabasca River diversion scaled up to 2012 bitumen production rates 

works out to 2.09 x 108 m3 or, 3.5 times the Water License maximum. 

 

An alternative investigative view is that public knowledge lags behind Suncor discovery 

of techniques to reuse OSPW. 

Simplified Exposure Pathway 

A simplified exposure pathway expresses the forensic hypotheses. The thrust of this 

communication is a forensic examination of the probability of each step. Field investigation 

looks at the last step in the simplified exposure pathway. Tailings discharge to PONDS—OSPW 

travels along hydraulic gradients downward and to the dyke—gravity to Wood Creek Sand 

Channel and deeper formations—perpendicular hydraulic gradient results in downslope 

discharge to groundwater—slope tilted to AR—AR hyporheic zone—AR 
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Materials and Methods 

Investigation Partner 

Tony Boschmann’s law enforcement experience with Calgary Police, BC Conservation 

Service and Alberta Environment conforms to current Canadian enforcement theory and aligns 

with a forensic investigation. 

Rationale 

Two observations of the Athabasca River adjacent to the PONDS pointed to an initial 

area of interest (Figures 5 and 6). An August 2008 turbidity event preceded an area of open-

water in December 2010 (Figure 7). Both events drew attention to the confluence of Athabasca 

River and McLean Creek (Leung, MacKinnon & Smith, 2001). With limited resources, it seemed 

a challenge to detect contaminants along the area of interest, which is an approximately 1 km 

course of 300 m wide river channel. A multi-stage methodology was developed. 
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Figure 5. Area of Interest Inset within Western Canada 

 

 

 



OIL SAND TAILINGS WATER IN THE ATHABASCA RIVER  59 

 
Figure 6. Sampling Area relative to the PONDS 
Local Study Area of 25 well program in relation to nearby Tailings Impoundment Areas: Ponds 
8a, 8b and STP. Waypoint 64 marks the first drive point well to detect elevated conductivity. 
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Figure 7. Delayed Ice Formation 

December 05, 2010 –Delayed Ice formation observed over deepest channel region near east bank 
of the Athabasca River near and downstream of McLean Creek. Photo by T. Boschmann. 

 

Athabasca River fieldwork initiated in December 2010 and continued until September 

2012. Over this period, in attempts to extract pore water samples from the hyporheic zone we 

experimented with various methods using lengths of open bottom pipe. In March 2012, 

Boschmann drove an open 0.23 m diameter pipe end greater than1m into substrate and pumped 

out the hole with a bilge pump. This method returned elevated conductivity (910 micro Siemens 

per cm) at WP-64 (Figure 6). One week later, a 0.9 m water well drive-point that penetrated 

deeper into substrate was installed and sampled.  

The following summer (2012), WP-64 became the starting point for the investigation, a 

25-well program with drive-point wells comprised of a new, 0.36 m long, 19 mm diameter, 

stainless steel piezometer mounted on the end of a 6.40 m long, 19 mm diameter galvanized 

water pipe. Figure 8 shows the treatment zone area of the 20 drive-point wells sampled for major 
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ion analysis. Four drive-point wells comprised the Naphthenic Acids investigation (Figure 9). 

Figure 10 shows the 2 drive-point wells sampled for Polycyclic Aromatic Hydrocarbons. The 

length of the water pipe limited selection of sample positions. Consequently, whether pounded 

from atop a stepladder on ice or from a boat platform, the depth of the water column ranged from 

5-7 m. 

 

 

Figure 8. Map of the 20-well Major Ion Sampling Area 

The yellow polygon marks the treatment zone that contains major ion sample collection 
locations. Adapted from Private Briefing Note to Alberta Minister of Environment and Parks, T. 
Boschmann, 2016. 
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Figure 9. Map of the Four Naphthenic Acids Sample Locations 

Treatment zone is marked with yellow polygon.  Adapted from Private Briefing Note to Alberta 
Minister of Environment and Parks, T. Boschmann, 2016 
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Figure 10. Map of the PAH Sample Locations. 

The treatment sample position was near the mouth of McLean Creek. Adapted from Private 
Briefing Note to Alberta Minister of Environment and Parks, T. Boschmann.  
 

Field Conductivity Measurement 

A real-time search for signals of high conductivity in the hyporheic zone proved to be the 

salient activity of the fieldwork. The conductivity meter used was an Oakton ECTestr low. After 

driving the piezometer up to 1.60 m into bottom sediments and prior to sample collection, a 

hand-powered bilge pump conditioned each fresh piezometer well by flushing for several 

minutes (Gibson et al., 2013, p. 1249) . A Teflon plunge valve pumped samples of pore water to 

surface through a 7.62 m length of white, small diameter Teflon tubing. The conductivity of the 

sample was then measured. 
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The positive conductivity detected in the hyporheic zone perpendicular to the south arm 

of Dyke 11 pointed to the starting position for boat platform sampling 5 months later. The 

acquisition of a 35 cm long piezometer with a narrower 25 mm diameter eased penetration 

deeper into the hyporheic zone, a stratum less exposed to the diluting influence of AR flow. 

This 25 well program resulted in the delineation of an approximately 6000 m2 area within 

the area of interest. Samples were collected from August 28, to September 28, 2012, for 

laboratory analysis.  

The upper limit of sensitivity on the conductivity meter, 1990 microsiemens (µS), 

captured all background readings, 290-400 µS without sample dilution. However, many elevated 

samples required up to three rounds of river water dilution to lower concentrations into the 

sensitivity reading range of the gauge. 

Hyporheic Sampling with Drive-Point Piezometer 

A plywood platform fastened at the port stern of a 5.48 m jet boat provided the main 

perch for slide-hammer pounding of each piezometer into the river bottom. A starboard side-

mounted rack carried the 6.40 m long pipe lengths. A 2.54 cm diameter, aluminum pipe 

fashioned into a padded harness served to fix the pipe to the stern. After completing sample 

procedures at a position, the investigator lifted the anchor and allowed the boat to drift downriver 

to the next sample location. Two downriver drift courses accounted for most of the 25 well 

positions. The piezometer was pounded into place with a slide hammer attachment at each 

location. In many areas the piezometer penetrated without much pounding. In some locations the 

pipe went in nearly 2 m with almost no effort. In other areas, the piezometer penetrated what felt 

like a thin layer of a denser, clay-like layer before encountering what felt like a layer of liquefied 

sand.  
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A Garmin 76CSx was used to record geographic positions. 

The water column depth at sample locations varied from 5-7 m. The penetration range 

into river bottom sediments varied from 0.61 m to 1.60 m. A hand-powered, plunge valve 

vacuum pump was used to extract pore water from the piezometer into sample jars supplied by 

ALS Labs, Edmonton and Fort McMurray and University of Alberta (U of A). 

In advance of sampling, the U of A provided collection methods for, major ions and 

Polycyclic Aromatic Hydrocarbons (PAHs). ALS Environmental, Fort McMurray provided 

collection methods for Naphthenic Acids samples. 

Collection Methods by Parameter 

 Sample jar volumes ranged from 14 ml test tubes for ion analysis to 4.55 L bottles for 

PAH samples. Samples for ion and conductivity analyses were filtered using 45 micron, sterile, 

Mini Sart single use filters from Sartorius Stedim Biotech Filters. Samples were drawn into 

sterile, pre-packaged BD 60 ml, plastic syringes using luer-lock tip connectors and filters and 

placed into 14 ml test tubes. University of Alberta provided the filters and labels. The filtered 

samples were labeled, placed in coolers and hand delivered with a chain-of-custody form to U of 

A the next day. 

Naphthenic Acid samples were bottled in the field and placed into 250 ml plastic bottles 

supplied by ALS Laboratory in Fort McMurray. Samples were drawn through the same hose 

using a plunge valve. New gloves were applied for each sample. Samples were collected, 

refrigerated and delivered to ALS Laboratory in Fort McMurray on the date of collection. 

Polycyclic Aromatic Hydrocarbons (PAH) samples were pumped to river surface through 

a 6.40 m galvanized steel pipe with a 19 mm inside diameter. Preparatory cleaning of the pipe 

was comprised of methanol wash to remove dirt and grime followed by hexanol wash to remove 
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organic compounds. Specific, 4.55 L amber jars were supplied by University of Alberta 

Laboratory. 

Analytic Methods 

 Major ion sample analysis was conducted by the U of A Biogeochemical Analytical 

Service Laboratory using Inductively Coupled Plasma Optical Emission Spectrometry (ICP-

OES). The U of A laboratory analysed Polycyclic Aromatic Hydrocarbon (PAH) samples using 

Gas Chromatography-Mass Spectrometry (GCMS). Naphthenic Acid sample analysis was 

conducted by ALS Environmental, Fort McMurray, Alberta. Dissolved naphthenic acids were 

solvent extracted from acidified aqueous samples using Dichloromethane prior to quantitation by 

Fourier Transform Infra-Red spectroscopy (FTIR). 

 

Results and Discussion 

Findings 

Sample analysis indicated an approximately 6000-m2 treatment area of the Athabasca 

River channel returned significantly higher concentrations of major ions (sodium, sulphate, 

bicarbonate and chloride) than samples collected from the control area (Tables 2 and 3). Table 3 

shows the average (mean) treatment site concentrations compared to control sites. The treatment 

area was a zone of hyporheic upwelling characterized by elevated electrical conductivity. The 

detection of higher concentrations of major ions signals the influence of OSPW or groundwater 

contacted by in situ bitumen deposits. Control samples collected from adjacent upstream areas 

returned lower concentrations of major ion results more typical of surface water, AR channel 

water or “mixing between OSPW and fresh water” (2009 / 2010 Bi-Annual Groundwater 

Monitoring Report, 2011, p. 602; Gue, 2012, p. 62). Analysis of naphthenic acids samples 
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indicated concentrations higher than surface water levels (Table 4). Analysis of PAH samples 

indicated presence of 15 PAHs (Table 5). 
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Laboratory Results 

Table 2. Results of Major Ions Sample Analysis 

 

Note. Twenty drive point well program indicates elevated Chloride, Sodium and Electrical 
Conductivity in the treatment area. Adapted from Private Briefing Note to Alberta Minister of 
Environment and Parks, T. Boschmann, 2016. 

Waypoint Date GPS Cl   mg/l

SO4 

mg/l Na mg/l

K 

mg/l

Ca 

mg/l

Mg 

mg/l

Fe 

mg/l

Al 

mg/l

Cond 

ms/cm 

MethodDe

pth

WP-71
28-Aug-12

N56 53.958 

W111 25.173
1,633.37 14.72 1,392.00 9.51 140.20 30.95 1.56 0.02

      >5000

DP 1.4 m 

sed

WP-73
03-Sep-12

N56 53.976 

W111 25.207
1,436.31 7.37 1,024.00 9.92 114.20 43.95 0.67 0.00

      >5000

DP 1.4 m 

sed

WP-74
04-Sep-12

N56 53.846 

W111 25.071
11.56 16.30 23.22 3.20 98.60 26.04 0.02 0.01

730-670 

DP 1.4 m  

sed

WP-75
04-Sep-12

N56 53.599 

W111 25.165
75.43 17.90 156.50 3.06 49.67 15.58 0.22 0.00

900

DP 1.4 m 

sed

WP-77

       

09/19/12
N56 53.975 

W111 25.204 1490.64
7.40 1,251.90 9.88 98.18 43.46 0.41

<LO

D=0.

004

5,640.00 DP 1.4 m 

sed

WP-78
       

09/19/12

N56 53.987 

W111 25.220 1645.68
9.59 1,330.55 9.27 117.40 35.90 0.64 10.81 5,940.00

DP 1.4 m 

sed

WP-79
       

09/19/12

N56 54.002 

W111 25.231 1661.5
9.73 1,335.15 9.62 127.30 44.93 0.22 9.69 6,090.00

DP 1.1 m 

sed

WP-80

       

09/19/12
N56 54.023 

W111 25.248 170.53
18.18 70.07 2.85 84.10 22.50

<LO

D=0.

016

<LO

D=0.

004

933.00 DP 0.9 m 

sed

WP-81
       

09/21/12

N56 53.992 

W111 25.218 2104
4.08 1,940.05 9.82 91.40 53.49 0.11 3.67 7,410.00

DP 1.6 m 

sed

WP-82
09/27/12 

N56 53.551 

W111 25.221
107.16 25.90 63.86 3.50 99.34 28.91 0.03 0.01 939.00

drive point 

1.8 m sed

WP83 09/27/12
N56 53.636 

W111 25.163
6.20 31.00 33.78 4.27 68.54 18.30 0.12 0.01 545.00

drive point 

1.4 m sed

WP-84 09/27/12
N56 53.707 

W111 25.123
190.96 1.58 259.30 3.22 31.17 9.71 4.90 0.01 1,254.00

drive point 

1.4 m sed 

WP-85 09/27/12
N56 53.883 

W111 25.092
1,805.43 0.19 1,273.00 12.65 239.30 66.74 4.24 0.02 6,730.00

drive point 

1.4 m sed

WP-87 09/27/12
N56 53.964 

W111 25.156
2,118.71 9.02 1,269.00 9.27 256.80 71.46 0.02 0.02 7,300.00

drive point 

0.61 m sed

WP-89 09/28/12
N56 53.921 

W111 25.135
1,058.31 27.29 567.50 10.94 232.00 60.78 0.13 0.02 3,920.00

drive point 

1.2 m sed

WP-90 09/28/12
N56 53.987 

W111 25.206
1,985.25 9.84 1,493.00 10.75 118.00 37.63 2.06 0.02 7,290.00

drive point 

1.6 m sed

WP-91 09/28/12
N56 53.991 

W111 25.208
2,135.53 5.44 1,647.00 11.62 129.30 38.10 0.96 0.01 7,770.00

drive point 

1.3 m sed

WP-92 09/28/12
N56 54.000 

W111 25.212
2,752.73 6.39 2,125.00 12.03 110.90 45.06 0.56 0.01 9,650.00

drive point 

1.5 m sed

WP-93 09/28/12
N56 54.011 

W111 25.225
2,874.50 1.57 2,184.00 11.74 95.33 44.75 0.32 0.01 10,030.00

drive point 

1.4 m sed

WP-94 09/28/12 N56 54.023 

W111 25.233
3,137.67 16.46 2,188.00 14.90 224.50 74.06 0.38 0.01 10,490.00

DP 0.9 m 

sed  0.2 m 

gravel
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Table 3. Average (mean) of Major Ions Treatment Sites Compared to Control Sites 

 

 

Note. Mean of 17 treatment sites above mean of three control sites indicates elevated Chloride, 
Sodium and Conductivity in the treatment area.  
 
Table 3. Naphthenic Acids 

 

 

Note. Naphthenic Acids analysis and major ions samples indicates elevated NAs are co-located 
with high conductivity and elevated levels of Cl and Na. Adapted from Private Briefing Note to 
Alberta Minister of Environment and Parks, T. Boschmann, 2016. 
 

Table 4. United States Environmental Protection Agency (USEPA) Priority Polycyclic 

Aromatic Hydrocarbons (PAH) Analysis  

 

 

 

Note. Sample analysis indicates five USEPA Priority Chemical List contaminants are co-located 
with elevated conductivity, and elevated levels of CL and Na.  

 

Date GPS Cl   mg/l SO4 mg/l Na mg/l K mg/l Ca mg/l Mg mg/l

Fe 

mg/l Al mg/l

Cond 

ms/cm 

fall 2012 treatment 1665.19 10.28 1259.61 9.50 135.85 44.26 1.01 1.43 5375.65

fall 2013 control 31.06 21.73 71.17 3.51 72.27 19.97 0.12 0.01 481.67

waypoint Date Location Position

Cl   

mg/l

SO4 

mg/l

Na 

mg/l

K 

mg/l

Ca 

mg/l

Mg 

mg/l

Fe 

mg/l

Al 

mg/l

Cond 

ms/cm 

Naphthenic 

Acids NA

Method

Depth

WP-71
28-Aug-12

AR 

treatment

N56 53.958 

W111 25.173
1,633.37 14.72 1,392.00 9.51 140.20 30.95 1.56 0.02

      >5000       2.7 mg/l

drive point 

1.37 m sed

WP-73
03-Sep-12

AR 

treatment

N56 53.976 

W111 25.207
1,436.31 7.37 1,024.00 9.92 114.20 43.95 0.67 0.00

      >5000        2.6 mg/l

drive point 

1.37 m sed

WP-74

04-Sep-12

AR control

N56 53.846 

W111 25.071

11.56 16.30 23.22 3.20 98.60 26.04 0.02 0.01

730-670      <1.0 mg/l

drive point 

1.37 m  sed

WP-75
04-Sep-12

AR control

N56 53.599 

W111 25.165
75.43 17.90 156.50 3.06 49.67 15.58 0.22 0.00

900      <1.0 mg/l

drive point 

1.37 m sed

waypointDate Location GPS position

Benzo[a]

pyrene 

PPB

Dibenz

[a,h]an

thrace

ne PPB

Benz[a]an

thracene 

PPB

Benzo[

b]fluor

anthe

ne PPB

Benzo[k

]fluoran

thene 

PPB

Chryse

ne PPB

Inden

o[123-

cd]py

rene 

PPB

Cond 

ms/cm 

Method

Depth

WP64-4 03/10/12 AR 

treatment N56 53.978 W111 25.211 0.21 4.08 ND 1.11 1.02 0.63 1.8

   out of  

range,  

>2000

drive point 

1.37 m sed

0.91 m sand 

point

WP-69 03/27/12
AR control N56 52.522 W111 25.965 ND ND ND ND ND ND ND 520

drive point 

1.22 m sed

0.91 m sand 

point
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A critical evaluation of laboratory results for PAHs, NAs includes the concentrations 

detected and the reliability of results. The levels of NAs found in the current investigation are 

within the range of background concentrations discovered in previous groundwater 

investigations (2007/08 Groundwater Monitoring Report, 2009, p. 17). Therefore, the 

concentrations of NAs and PAHs detected in the hyporheic zone could indicate natural 

background concentrations. In addition, the low numbers (2 treatment and 2 control) of NAs 

samples collected reduced reliability. Instead, the results of NAs and PAHs analysis and the 

elevated electrical conductivity measured prior to sample collection (Ross et al., 2012, p. 12798) 

suggest that water samples collected from the hyporheic treatment zone connect with 

groundwater influenced by bitumen deposits or OSPW. 

A Piper plot diagram of 20 drive point wells ( Figure 11) indicates the ion balance of 

treatment site samples are within and near the region (Figure 12) of the Piper diagram Suncor 

identified in 2011, as OSPW (2009 / 2010 Bi-Annual Groundwater Monitoring Report, 2011, p. 

603). The 4 (four) control site samples of the 20 drive point wells plot closer to either surface 

water of the lower Athabasca River, hyporheic pore water, or mixing between OSPW and fresh 

water (Gue, 2012, p. 62; Gibson et al., 2011, p. 42; Ross et al., 2012, p. 12803; 2009 / 2010 Bi-

Annual Groundwater Monitoring Report, 2011, p. 603). 

Analysis of major ion samples collected for this investigation suggests oil sands 

influenced the samples. Figure 11 is a Piper diagram of samples collected for this investigation. 

Figure 12 is a Piper diagram Suncor used to reference the influence of OSPW on groundwater 

samples. Figure 13 is a Piper diagram of pre-development samples collected from the layer of 

geology that contains most of the bitumen in the region; the McMurray Formation. Notably, 

samples collected for this investigation plot very close to the process-affected water region as 



OIL SAND TAILINGS WATER IN THE ATHABASCA RIVER  71 

referenced in Suncor groundwater monitoring plot. Similarly, the samples plot close to pre-

development, bitumen bearing sands region of Figure 13. Since there is a marked similarity 

among the three sets of relevant samples, the most likely sources of influence on the samples 

collected from the AR sediments are either OSPW from the PONDS or, natural background from 

the McMurray Formation or, a mixture of OSPW with background. 

 

 

 

 

 

 
Figure 11. Piper plot of drive point samples collected in August and September, 2012 

Adapted from Private Briefing Note to Alberta Minister of Environment and Parks, T. 
Boschmann, 2016, and G. Bickerton, Preliminary Assessment of high-saline groundwater below 
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the Athabasca River and groundwater from the Wood Creek Sand Channel: Suncor’s South 
Tailings Pond and Pond 8A areas, 2013. 
 

 

 
Figure 12. Piper Plots 

The yellow shaded area in the diagram at left indicates oil sands process-affected waters. The 
Piper plot on the right shows signals of OSPW detected at STP Monitoring Wells outside of the 
embankments. STP-04-57-SS is outside of the site boundary and > 1 km outside of 
embankments. STP-04-44-SS shows signals of OSPW > 1 km outside of embankment area. 
Reprinted from Figure MD9/P8A/STP-5 from Suncor’s 2011, Bi-Annual Groundwater 
Monitoring Report submitted to Alberta Environment. 
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Figure 13. Piper Plot of Pre-Disturbance Groundwater Types 

The pre-disturbance Group 2 Saline water samples from plots 7, 9 & 10 resemble OSPW. These 
well depths range from 55 m to 96 m, which, indicates the depth of oil sands in the McMurray 
Formation reprinted from Suncor’s Hydrogeology Baseline for Project Millennium, 1998 (p. 
150, Figure 32) submitted to Alberta Energy and Utilities Board. 
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Discussion 

The magnitude of industrial contaminants released to groundwater and surface water is a 

salient issue in the oil sands region (Hrudey et al., 2010, p. 122). The magnitude of contaminants 

released “in the region affected by oil sands development” is required to “measure exposure and 

health of fish, wildlife,  and humans” (Kelly et al., 2010, p. 16182). The hypothesis of this 

investigation is the PONDs discharge significant quantities of untreated, OSPW to groundwater. 

Our research question animated a screening-level experiment to investigate the degree OSPW is 

detectable adjacent to the PONDS in the hyporheic zone of the AR. The experiment did not 

directly test for magnitude of contaminants released. 

The results of the experiment indicate OSPW or groundwater in contact with in-situ 

bitumen influenced the treatment zone samples. In addition, it is possible a mixture of natural 

and anthropogenic substances influenced the samples. Consequently, it is uncertain whether 

anthropogenic or natural contaminants influenced the samples. One source of uncertainty is that 

“the common chemical parameters used to characterize OSPW also occur naturally” (Bickerton, 

2013, p. 2). Two related questions comprise the focus of discussion. First, does the available 

information tip the balance of probability toward natural or anthropogenic influence on the 

samples? Second, to what degree do assumptions of regulatory compliance confound research to 

understand the magnitude of contaminant releases in the oil sands region? Put another way, “a 

paradox exists between the pace and scale of oil sands development after ~1980 and the claims 

that development has minimal or no detectable impacts and that contaminants result from natural 

sources” (Kurek et al., 2013, p. 1761). 
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Compliance Assumptions Confound Research. 

The review suggests three activities that would confound proper understanding of 

contaminant releases and may not comply with environmental regulations. First, Suncor under 

reports AR diversions. Second, Suncor over reports OSPW reuse. Third, Suncor implemented an 

industrial process that releases at least 10 units of OSPW to the environment per unit of bitumen 

production. In general, these activities manifest as unspecified claims to recycle 75% of OSPW 

and adherence to a zero-discharge-policy. 

Here are two ways the assumptions may affect research. First, the assumption that Suncor 

recycled 75% of AR water masks the similarity between the reported total annual AR diversions 

and the volume of OSPW consumed in MFT. Second, the assumption Suncor adheres to a zero-

discharge-policy supports source attribution research. Source attribution does little to inform the 

quantity of contaminants TIAs release to the environment (Headley et al., 2013, p. 1146; Roy, 

Bickerton, Frank, Grapentine, & Hewitt, 2016, p. 546). One result is that despite several studies 

that suggest OSPW release to groundwater near TIAs there is little evidence regulators question 

compliance (Bickerton, 2013). Therefore, the focus on source attribution may distract attention 

away from the magnitude of releases and the resultant environmental effects. 

Probability of OSPW Detection. 

A three-part discussion addresses assumptions of regulatory compliance and probability 

the samples detected OSPW. These are (a) the challenge of source attribution (b) analysis of the 

Environment Canada, Environmental Enforcement Directorate (EED) natural groundwater 

interpretation (c) the basis for an interpretation that the experiment detected OSPW. 
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Studies of source attribution. 

Studies indicate unequivocal source attribution is not possible. In addition, a profile of 

lithology illustrates how the similarity of OSPW released from TIA’s and the geochemistry of 

groundwater in contact with in situ bitumen deposits further confounds effort to “unambiguously 

differentiate industrial influences from natural background in groundwater in the oil sands area” 

(Bickerton, 2013, p. 2). 

With respect to source attribution, since 2004 a number of studies focussed on the 

challenge of differentiating natural from anthropogenic contributions of toxic compounds to the 

Athabasca River basin (Headley & McMartin, 2004, p. 2005). Below is a summary of why 

source allocation is difficult. Briefly, the oil sands development area of the Athabasca River is in 

contact with several geological formations known to leach a range of substances similar to 

OSPW (Gibson et al., 2011, p. 3; Ferguson et al., 2009, p. 1449; Timoney & Lee, 2009, p. 65). 

The upper layers of geology contain the bitumen deposits. Quaternary sediments sit at 

surface with the Clearwater and McMurray formations underneath. The McMurray Formation is 

the main source of bitumen deposits. Natural erosion of NAs, PAHs and other substances occurs 

as groundwater migrates through in-situ bitumen deposits before expressing to surface in the AR 

and its tributaries (Giesy et al., 2010). Devonian limestone lies below the upper layers. 

Groundwater in contact with the Devonian era limestone formation leaches high saline 

groundwater to the AR (Gibson et al., 2011, p. 5; A. Gue, Grasby, & Mayer, 2018, p. 77).   

Since groundwater in the region may flow through bitumen deposits, it is natural that a 

measure of water-soluble organic compounds will leach via groundwater to surface waters:  

The problem is that leakage past tailings pond containments will probably be in the form 

of mixtures of substances. It is critical to establish the chemical profiles of such mixtures 
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since river water may contain similar mixtures from the erosion and weathering of natural 

oil sands deposits (Headley et al., 2011, p. 1900). 

Efforts to “quantify and evaluate proportions of natural and anthropogenic sources of salinity and 

organics where they may co-exist” generate “considerable discussion and controversy” (Gibson 

et al., 2013, p.1256). “The unequivocal determination of whether oil sands naphthenic acid 

fraction components (NAFC) present in surface waters originate from industrial processes or 

from natural weathering of deposits” (Headley et al., 2013, p. 1147) is a difficult challenge that is 

related to understanding the effects of contaminants released to the environment. 

Fine grain studies of source attribution. 

Notwithstanding, the mixing issues above, several fine grain studies investigated the 

challenge of source attribution. In 2009 and 2010, Environment Canada (EC) participated in a 

fine grain study to “distinguish OSPW-affected groundwater from natural groundwater 

containing bitumen-derived, Acid Extractable Organics (AEO) mixtures present in the natural 

background waters within the McMurray Formation” (Frank et al., 2014, p. B). In 2014, EC 

published the study that complemented screening-level indicators like major ions with 

“electrospray ionization high resolution mass spectrometry (ESI-HRMS) and comprehensive 

multidimensional gas chromatography time-of-flight mass spectrometry (GC X GC-TOF/MS)” 

(Frank et al., 2014, P. A-B) to show “that differentiation of sources was possible” (Frank et al., 

2014, p. I). An implication of the EC study is that OSPW reaches the Athabasca River via 

“upward flowing groundwater collected <1 m beneath the Athabasca River” (Frank et al., 2014, 

p. I). 

Several factors described in the EC study undermine the probability that the 

complementary experimental methods represent unequivocal source attribution. For examples, a 
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qualification on the control samples used introduces doubt. In order for the experiment to make 

sense, control samples should be representative of OSPW that migrated away from a tailings 

impoundment. However, in a description of the control samples “it cannot be assumed that any 

of these samples contain OSPW, they were collected in areas where previous studies have 

suggested OSPW impacts on local groundwater (Site A; Site B) as determined by Level-1 

analysis similar to those employed in this study” (Frank et al., 2014, p. G). 

Second, due to sample limits like, “the relatively small sample volumes utilized here for 

the Level-2 analyses (15—20 mL) these methodologies on their own likely, would not enable 

conclusive differentiation of OSPW from all natural groundwater sources” (Frank et al., 2014, p. 

I). In addition to small sample volumes, a “small data set” comprised of two (2) groundwater 

control and two (2) groundwater treatment samples raised questions about whether the samples 

represent “evidence of broad variability” in specified parameter O2:O4 (Yi, Gibson, Birks, Han, 

& Borchers, 2014, p. 11013). 

Third, a recent study employed the same Level-1 complemented by Level-2 analytic 

techniques and discovered unexpected, “very high concentration of NAs in natural groundwater 

sampled far from any known mining activity” where “the overall organic profile of (a sample) 

resembled OSPW very closely.” The study concluded “natural contribution of bitumen-derived 

NAs and other organics must be taken into consideration in studies of the lower reaches of the 

AR watershed, not only for forensic purposes but also for the potential of natural sources to 

cause biological effects (Sun et al., 2017, p G-H). 

The EC (Frank et al., 2014) and Sun et al. (2017) studies may represent state of the art 

fine grain methods to distinguish natural from anthropogenic influences on groundwater and 
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surface water in the oil sands development region. These studies result from significant previous 

studies (Headley et al., 2013; Kavanagh, Burnison, Frank, Solomon, & Van Der Kraak, 2009) 

Therefore, in light of the qualifications within the EC study (Frank et al., 2014) and the 

contradictory findings of the Sun et al. (2017) study, methods to differentiate natural from 

anthropogenic sources of surface and groundwater contaminants remain equivocal. 

OSPW exposure pathway through bitumen deposits increases complexity. 

An example of how the assumption of regulatory compliance may limit the scope of 

inquiry follows. The general concept of source attribution suggests discrete streams. That is, the 

source of groundwater influence could be either OSPW, natural or a mixture (Frank et al., 2014, 

p. B; Headley et al., 2013, p. 1146). The concept is “natural erosion of exposed oil sands deposits 

and groundwaters naturally containing NAs may also contribute to NA loadings in surface 

waters” (Ross et al., 2012, p. 12797). Consequently, OSPW released from a TIA to groundwater 

will probably mix with natural groundwater that could contain contaminants from bitumen 

deposits; hence uncertainty about source attribution. Notwithstanding post-release mixing, the 

idea is that sources express from different positions. For example, a facility located near ground 

surface elevation like, a TIA is isolated from the deeper geology of most in situ bitumen 

deposits. Figure 14 shows a significant exposure pathway that undermines the assumption of 

discrete sources. 

In the event TIAs release significant quantities of OSPW downward through the 

impoundment area, it is likely the exposure pathway of OSPW leads directly to in situ bitumen 

deposits. This situation would cause additional OSPW mixing within bitumen deposits before 

expression to surface or, near-surface locations. Given the similarity of OSPW and groundwater 

in contact with bitumen deposits additional mixing prior to expression to surface may render 
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differentiation particularly challenging if not impractical. The assumption of an effective zero-

discharge-policy may draw attention away from this exposure pathway. 

 

 

Figure 14. Pre-disturbance profile of lithology between STP and Pond 8A 

The east/west orientation of this profile extends 14 km east of the Athabasca River. The latitude 
of the profile is between the future positions of Pond 8A and STP. The sand and gravel at the top 
of the Athabasca River Valley is the Wood Creek Sand Channel. For OSPW released through the 
impoundment area of future TIA’s the exposure route is downward through the Clearwater and 
OILSAND formations then, west to the AR. By this process the exposure path of OSPW 
includes mixing with natural groundwater in contact with in situ bitumen deposits. 
 

Analysis of EED Natural Groundwater Interpretation 

Elevated concentrations of major ions are the clearest signal that samples collected for 

this investigation detected OSPW (MacKinnon et al., 2004; Ross et al., 2012, p. 12799). 

Although the major ion results alone may not be sufficient to conclude that OSPW is reaching 

the AR, upon receipt of laboratory analysis, the investigators recognized a duty to share the 

results with a responsible authority. 

 Under the Purpose of Act, the Alberta Environmental Protection and Enforcement Act 

(AEPEA) enlists “all Alberta citizens” to share the responsibility for “ensuring the protection, 
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enhancement and wise use of the environment through individual actions” (Environmental 

Protection and Enhancement Act, 2000, 2 (f)). Accordingly, in March 2013, Boschmann reported 

the materials, methods and laboratory results of this investigation to Environment Canada, 

Environmental Enforcement Directorate (EED). 

Compliance inspection report by Environment Canada. 

In May 2013, EED conducted a compliance inspection (File # 4008-2013-04-11-001) that 

included collection of groundwater samples from existing monitoring wells located at the base of 

Pond 8a, up gradient of the treatment area of the AR (Bickerton, 2013). In other words, EED 

extracted samples from existing, monitoring wells at the top of the Athabasca River valley and 

near the base of TIAs. In a report, EED compared the two data sets and interpreted whether this 

investigation detected signals of OSPW in the hyporheic zone of the AR. The report may be an 

exemplar of how regulatory compliance assumptions distract attention away from exposure 

pathways. 

“The results for drive point samples collected from the hyporheic zone below the 

Athabasca River (Figure 11) are interpreted as natural waters and not OSPW-impacted water” 

(Bickerton, 2013, p. 2). EED provided three reasons for interpreting the groundwater as natural. 

These are (a) “The WCSC is not known to have a direct connection to the Athabasca River” (b) 

“the chloride concentrations detected in the drive points samples generally exceeded the chloride 

concentrations in tailings ponds samples” and (c) the majority of STP and Pond 8a “monitoring 

wells show no evidence of OSPW impacts based on major ion chemistry” (Bickerton, 2013, p. 2-

4). 

It is important to recognize uncertainty about source attribution in the samples is valid. 

However, evidence does not support the reasons EED provided to interpret samples as natural 
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waters. One likely explanation is that EED assumed Suncor complies with environmental 

regulations like, zero-discharge-policy. Notwithstanding, EED expertise in groundwater 

movement and enforcement, there is ample evidence available that directly contradicts the 

reasoning within the EED argument. 

For examples, a hydrogeology report, the designer of STP, the regulator and Suncor agree 

the WCSC connects to the AR. For instance, “In the Athabasca River valley, there is thick (up to 

40 m) sand and gravel deposit, that is in contact with the Athabasca River” (Hydrogeology 

Baseline for Project Millennium, 1998, p. ii). An STP design report detailed the connection “In 

some areas the WCSC is incised through the Clearwater Formation and the base of the channel is 

in direct contact with the McMurray Formation sediments” (Vincent-lambert et al., 2011, p. 2; 

2009 / 2010 Bi-Annual Groundwater Monitoring Report, 2011, p. 569). In addition, Suncor 

describes the direct connection of the McMurray Formation to the Athabasca River (Stephens et 

al., 2004, p. 4) as an important exposure pathway (AEUB, 2004, p. 20). 

With respect to the high chloride levels, it is important to consider “the chemical 

composition of a particular groundwater sample may have a variety of plausible explanations 

based on the mixing of water from various sources in different proportions” (Bickerton, 2013, p. 

2). In other words, high chloride levels could result from a mixture of OSPW and high salinity 

groundwater. Therefore, high chloride levels leached from Devonian bedrock could contribute to 

the influence of OSPW on groundwater samples. Therefore, the EED premises do little to 

support their interpretation of natural water. 

With respect to EED description that all but one of the monitoring wells sampled for the 

Compliance Inspection “show no evidence of OSPW impacts based on major ion chemistry,” 

Suncor groundwater monitoring results suggests otherwise. First, in 2011 Suncor reported to 
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AENV, (Figures 4 & 12) that 9 of 16 monitoring wells along the west boundary of the STP and 

Pond 8a, showed evidence of OSPW. Furthermore, the report states multiple, parameter 

concentrations “have generally been increasing since 2006” (2009 / 2010 Bi-Annual 

Groundwater Monitoring Report, 2011, p. 574). The evidence of groundwater contamination is 

comprised of Preliminary Screening Level (PCL) and Upper Control Limit (UCL) exceedances 

for Na and Cl, Total Dissolved Solids, (TDS), ammonia-as-nitrogen (total and/or dissolved—Tan 

or NH3-N) (TAN) and SO4, (2009 / 2010 Bi-Annual Groundwater Monitoring Report, 2011, p. 

578). 

With respect to the groundwater monitoring well (P8A-01-03-SS) that plots in the OSPW 

area of the Piper diagram and “may reflect potential OSPW impacts at this location,” (Bickerton, 

2013, p. 4) it is worth noting that the position of this affected monitoring well is approximately, 1 

km up gradient from the treatment zone of the 2012 experiment. EED dismissed their finding of 

OSPW outside of the tailings dyke at P8A-01-03-SS with a reference to shallow well depth 

(Bickerton, 2013, p. 4). 

 With respect to the 2013 data, EED samples reported as “show no evidence of OSPW,” 

two pumping wells (STP-05-126-SS & STP-05-125-SS) and a monitoring well (STP-00132-SS) 

plot in the region of the Piper diagram in Figure 12 marked as “mixing between OSPW and fresh 

water.” Finally, Suncor utilizes this area of the WCSC “opportunistically as a seepage collection 

point” so “seepage of process-affected water to the WCSC at this location was expected” (2009 / 

2010 Bi-Annual Groundwater Monitoring Report, 2011, p. 571). 

The remainder of the EED report draws on local findings and studies about source 

attribution in the oil sands region. For example, the performance of pumping wells installed as 

hydraulic controls on groundwater flow direction show “the general pattern of groundwater flow 
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in the WCSC appears to be towards the pumping wells” which suggests pumps return OSPW 

releases to the STP impoundment area or, “hydraulic containment” but, does not rule out 

downward migration of OSPW (Bickerton, 2013, p. 2). As described in the review, the flow rate 

in these pumping wells is similar to pre-disturbance estimates, which, suggests OSPW dyke 

seepage drains downward from containment facilities. 

An EED interpretation of OSPW in groundwater samples collected for this investigation 

may imply enforcement activity. In the context of enforcement, it may be understandable that 

EED will resist conclusions that may be difficult to prove ‘beyond a reasonable doubt.’ Another 

explanation for why EED chose to perform a Compliance Inspection at the top of the AR valley 

instead of an investigation of the hyporheic zone where Boschmann conducted the experiment is 

that EED assumed regulatory compliance like, “zero discharge policy”. 

How Other Studies Detect the Release of OSPW from TIAs. 

In the absence of an unequivocal method to allocate the source of contaminants, several 

studies investigated OSPW releases to the environment. In the event the PONDS discharge 

significant quantities of OSPW to groundwater resources then, sampling adjacent to or near-field 

the PONDS are among the best positions to detect signals of contamination (MacKinnon et al., 

2004;  Oiffer et al., 2009, p. 89; Headley et al., 2011, p. 1904; Frank et al., 2014, p. A; Yasuda, 

Thomson, & Barker, 2010; Ross et al., 2012, p. 12804). The idea is that a higher toxicity “risk 

profile adjacent to the pond would be associated with OSPW contamination (Roy, Bickerton, 

Frank, Grapentine, & Hewitt, 2016, p. 546). Each of the above studies suggested released 

quantities of OSPW ranging from detectable to significant migrated away from an oil sands 

tailings impoundment area. An alternative idea is that the PONDS contain fluid tailings as 

completely as the zero-discharge policy implies. If the alternative hypothesis is true then, no 
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amount of sampling adjacent to the PONDS is likely to detect signals of anthropogenic source 

contaminants. 

Piper Diagrams as an Analytic Tool for Detection of OSPW. 

Notwithstanding, the discussion, controversy and complicated methods required “to 

quantify and evaluate proportions of natural and anthropogenic sources” (Gibson et al., 2013, p. 

1256), Piper diagrams are an analytic method to differentiate OSPW from various other qualities 

of water (Ross et al., 2012, p. 12799) . The common practice of adding sodium hydroxide to 

process water for the CHWP enhances bitumen separation and contributes positively to the 

effectiveness of Piper diagrams as an analytic tool to differentiate OSPW from other types of 

water (2007/08 Groundwater Monitoring Report, 2009, p. 36; Gibson et al., 2011, p. 41). 

For additional examples, an investigation to identify saline discharges along a 125 km 

reach of Athabasca River centred on the oil sands development region (Gibson et al., 2013, p. 

1250) included drive point sampling in the hyporheic zone of the AR. In a reference to data 

collected from a reach of the AR that included the treatment zone of this investigation, a Piper 

diagram differentiated natural saline contributions from samples of OSPW collected from 

tailings impoundment areas that are located downstream of the PONDS. “The tailings pond 

waters differ from both the porewaters and formation waters in their more mixed anion 

compositions” (Gibson et al., 2013, p. 1256). 

Another study relied on Piper diagrams to characterize the efflux of OSPW from the 

Syncrude Canada Limited, Mildred Lake Settling Basin (MLSB) to the environment at Beaver 

Creek, which, discharges to the AR. In reference to the Piper diagram that showed the extent 

OSPW reached Beaver Creek “When major ions are plotted in a Piper diagram, a wide 
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separation in the relative positioning on the central diamond projection for the various waters is 

evident (Fig. 3(a))” (MacKinnon, Kampala, Marsh, Fedorak, & Guigard, 2004, p. 75). 

Further “the process waters appear on the right of the central diamond projection on the 

opposite side of the natural waters (Fig. 3(a))” (MacKinnon et al., 2004, p. 77). Finally “As seen 

in the Piper plots, major ions are powerful tracers for fingerprinting water types” (MacKinnon et 

al., 2004, p. 78). A third study found that elevated concentrations of sodium, boron, ammonia 

and naphthenic acids are useful as site-specific tracers to track known plumes  (Frank et al., 

2014, p. E) and, used Piper diagrams to show “OSPW samples in general were commonly of 

alkaline or saline water type” (Frank et al., 2014, p. D). 

Another study that investigated the degree of seepage released from a TIA north of the 

PONDS summarized that “Process-affected water can be characterized by higher concentrations 

of Na+ and CL- ions and lower concentrations of SO42- and Ca2+ ions compared with natural 

groundwater” (Yasuda et al., 2010, p. 1313). Interestingly, the Yasuda study reported that the 

combination of a permeable dyke, drains and a perimeter ditch are the typical methods to manage 

tailings water seepage adding, “No additional effort beyond groundwater monitoring is made to 

ensure that process-affected water seepage into the surrounding environment does not occur” 

(Yasuda et al., 2010, p. 1307). 

Conclusions and Recommendations 

In the absence of unambiguous methods to distinguish anthropogenic from natural 

influences in oil sands area groundwater, responsible authorities are required to “consider 

multiple lines of physical and geochemical evidence” (Bickerton, 2013, p. 2).  The screening-

level experiment design suggests that if the samples detect signals of OSPW then, the results 
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may support the hypothesis. If the experiment did not detect any signals of OSPW then results 

would support the null hypothesis.  

The review found a preponderance of evidence that supports the hypothesis; the PONDS 

release significant quantities of OSPW to the environment. Notwithstanding unspecified claims, 

the review found a dearth of evidence in support of the null hypothesis. So, it is natural to 

examine how assumptions of regulatory compliance may confound understanding, qualification 

and quantification of the magnitude of contaminants released to the environment. 

The forensic surveillance methodology employed for this investigation suggests 

assumptions about regulatory compliance are a confounding factor for research focussed on the 

magnitude of contaminants released to the environment. Research into contaminant dosing may 

benefit from the forensic surveillance research methodology. Topics for ongoing research may 

include the volume of Athabasca River water diversions, industrial water balance and the use of 

chemical tracers to investigate potential exposure pathways from Tailings Impoundment Areas. 
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