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OIL SANDS

Global Water Intelligence looks at the North American oil sands industry, its use of 
water, and the potential for developing new processing and treatment technologies

The majority of oil sands operations 
are limited to Alberta, Canada, 
where oil is found in the form of 

bitumen. According to the Canadian 
Association of Petroleum Producers 
(CAPP), there are 173 billion barrels (bbl) 
of recoverable bitumen contained in the 
oil sands of northern Alberta (out of a 
total of 1.7 trillion bbl in situ). 

The oil sands are primarily found in the 
60m-thick Cretaceous McMurray Formation, 
which outcrops at the surface in several 
parts of the region. Oil sands are also known 
to exist in the province of Saskatchewan, 
but these have not yet been quantified.

Oil sands consist of a mix of bitumen, 
sand, clay and formation water (water that 
is trapped in the forma tion; sometimes 
referred to as connate water). Water in 
the oil sands exists as a thin layer that 
separates bitumen and sand particles.  
For every 2bbl of bitumen, there coexists 
nearly 1bbl of forma tion water. 

Depending on the depth at which the 
oil is located, either surface mining or 
in-situ extraction is used. Around 20% of 
bitumen in the oil sands is thought to be 
located within 75m of the surface and is 
therefore accessible by surface mining. 

In-situ bitumen recovery is used when 
the oil sands deposits are too deep to 
justify surface mining (>75m below the 
surface). This requires the use of thermal 
in-situ techniques, which introduce heat 
into the reservoir in the form of steam. This 
heat reduces the viscosity of the bitumen, 
allowing pumps to draw it to the surface. 

Produced water has numerous 
constituents that are of concern to 
operators due to regulatory compliance. 
Oil and grease are the major constituents 
for onshore and offshore operations while 
salinity, which is also expressed as total 
dissolved solids (TDS) or conductivity, is 
the main constituent of note in onshore 
operations. Other con stituents include 
organic and inorganic compounds.

While the percentage of water fluctuates 
regionally in the oil sands, extracting 
1 million bbl/d of bitumen by surface mining 
will also bring out about 0.5 million bbl/d 
of formation water as produced water. 

While in-situ production also brings up 
produced water, it arrives at the surface 
mingled with recovered, condensed 
steam. This water is treated as part of the 
net steam-to-oil ratio (SOR); the SOR is a 
measurement of the efficiency of the 
thermal in-situ process.

Current regulations 
The Energy Resources Conservation 
Board (ERCB) and Alberta Environment 
(AENV) jointly examine and approve 
proposed oil sands projects.

Indigenous communities in the region 

have long complained of unusual levels of 
rare diseases. Environmental groups have 
criticised AENV for oversight of air and 
water discharges, and the ERCB for 
approving oil sands projects on a 
case-by-case basis, as opposed to a 
cumulative impact approach. 

In 2010, the province set up a panel of 
noted academics and industry participants 
to review the on-ground physi cal monitoring 
network and make recommendations 
regarding improvements. A new water- 
quality monitoring system is expected to 
start in the oil sands region before being 
expanded across the province. 

The policy of permitting each project 
on a case-by-case basis is also being 
reviewed. In 2009, the province enacted 
the Land Stewardship Act (SRD 2009), 
under which the usage and protection of 
air, land, surface water and groundwater 
quality are to be considered on a 
cumulative basis by regional plans 
(corresponding to the Water for Life 
regions) throughout the province. The oil 
sands sit largely within the confines of the 
Lower Athabasca Regional Plan (LARP). 

In the LARP, the Athabasca River is the 
source of most of the surface water  
being used by oil sands operations. The 
river is large, with a mean daily flow of 
54.5 million m³/d, but this can fluctuate by 
an order of magnitude due to seasonal 
conditions. The lowest recorded flow was 
6.5 million m³/d. 

The Athabasca River has a management 
framework that specifies how much water 
can be extracted by oil sands companies, 
based on actual flow (3% of average 
annual flow and 1.3% of low flow). 
Currently, average annual withdrawal by 
oil sands operators is 1%. Oil sands 
operators can face mandatory withdrawal 
restrictions when the river flow drops 
below a ‘red zone’ designation. 

According to ERCB Directive 74: Tailings 
Performance Criteria and Requirements for 
Oil Sands Mining Schemes (ERCB 2009), 
starting in 2011, mines must capture 
increasing percentages of fines (mineral 
solids with particle sizes equal to or less 
than 44μm) from fluid tailings, and 
establish dedicated disposal areas (DDAs) 
to get rid of them permanently.

Keeping the oil flowing
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In order to support the conservation 
and management of water, and prevent its 
excess use during enhanced recovery of 
hydrocarbon resources, the ERCB and 
AENV issued the Draft Directive for  
Water Measure ment, Reporting and Use 
for Thermal In-Situ Oil Sands Schemes 
(ERCB 2009b). 

The directive sets target recycling goals 
for all thermal in-situ projects where the 
total make-up water (fresh and brackish) 
exceeds 500,000 m³/y; use of produced 
water must not be less than 90% if fresh 
water only is used for make-up, and 75% if 
brackish and fresh water are for make-up.

Process water in oil sands 
Mine operators introduce large volumes of 
water as part of their extraction/production 
processes, which is referred to within the 
sector as process-affected water. 

At surface operations, trucks and shovels 
are used to mine oil sands from open pits. 
Trucks transport the oil sands to an ore- 
preparation plant, equipped with crushers 
and sizers. The oil sands are mixed with 
hot water and hydro-transported to the 
extraction plant. The slurry is pumped into 
separation cells at the extraction plant 

and segregated into bitumen, water and 
sand by agitating in warm water (in which 
caustic is added to hold clay particles in 
colloidal suspension). 

The top later of bitumen is removed, 
and cleaned from the remaining sand and 
water. The bitumen is then ready for 
upgrading. The remaining slurry (water, 
clay and sand) is then piped to large 
tailings ponds where the mixture is 
allowed to settle out under gravity.

It takes approximately 11bbl of water 
to process each barrel of bitumen in this 
way. A further 1bbl of water is then 
required to upgrade 1bbl of bitumen to 
crude oil. Of this 12bbl of water per 1bbl 
of bitumen, 4 bbl is sourced as make-up 
water from the Athabasca River – in 2008, 
mine operators withdrew 151 million m³/y 
(9.5 million bbl/y) of fresh water from  
the river – and 8 bbl is recycled from 
process water.

There are two common thermal in-situ 
oil-extraction techniques. The first is 
cyclical steam stimulation (CSS); a three- 
step pro cess in which steam is injected 
into a well, the steam heats up the 
bitumen and then the bitumen is pumped 
to the sur face. 

The second is steam-assisted gravity 
drainage (SAGD). In a SAGD system, two 
horizontal wells are drilled through the 
reservoir, one on top of the other. Steam 
is then injected into the top well, heating 
the bitumen, which then drains into the 
lower well and is pumped to the surface. 
Thermal in-situ production is expected to 
aver age 805,000bbl/d in 2011. 

Thermal in-situ processes use about 
3bbl of water in the form of steam to 
recover one barrel of bitumen. During the 
process, 0.5 barrels are lost in the reservoir 
(and a bit from boiler blowdown) and must 
be replaced with make-up water. In 2008, 
in-situ operators drew 17 million m³ of 
fresh water from lakes and fresh water 
aqui fers for make-up water. It also  
drew 15 million m³ of saline water from 
saline aquifers. 

The rest must be supplied by recycled 
water. SAGD-produced water is high in 
organics, TDS and silica. For in-situ operators, 
the main process water requirements are 
for steam generation. The principal boiler 
system in the oil sands is the once-through 
steam generator (OTSG), which produces 
80% steam. About 90% of in-situ water is 
recycled, so the water-treatment system 

What is produced water?

Produced water is defined as ‘any water present in a reservoir 
with a hydrocarbon resource that is brought to the surface 
with the crude oil or natural gas’. 

In the formation of hydrocarbon reservoirs, the petroleum 
hydrocarbons and water exist in separate fluid layers, and are 
not fully mixed. The hydrocarbon layer typically lies above the 
water layer due to differences in specific gravity. As hydrocarbons 
are produced from the formation, the pressure changes, allowing 
the water layer to rise up the well, which creates a coning effect. 

When the resource is extracted, the hydrocarbons are 
brought to the surface as a produced fluid mix ture whose 
components vary, depending on the type of hydrocarbon 
being produced. This fluid mixture normally includes: 
•  Produced water;
•  Gaseous or liquid hydrocarbons; 
•  Suspended or dissolved solids; 
•  Sand or silt produced solids; 
•  Additives; and 
•  Injected fluids. 
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must focus on produced water that is high 
in oil, TDS, silica, calcium and magnesium. 

OTSGs are very tolerant of TDS, but 
produced water contains a significant 
percentage of silica, which can clog the 
generator. The treatment train begins with 
the bitumen and water being separated 
using gravity. Water is then de-oiled by 
induced gas flotation and the remaining 
free oil removed by a walnut shell filter. 
Silica is then precipitated by a warm  
lime softener or hot lime softener, and 
calcium and magnesium are removed in 
an ion exchanger.

Recovery technologies 
Numerous technologies are being 
developed to decrease or replace water 
usage in in-situ production. Several 
prominent examples are described below. 

Solvent-assisted production (SAP) and 
expanded solvent SAGD (ES-SAGD) 
technologies replace all or a portion of 
the steam with a solvent that helps to 
reduce bitumen viscosity. The solvent is 
recovered from production at the sur face 
and reused. 

Several technologies that employ much 
smaller amounts of water are being 
developed to extract bitumen from oil 
sands. Over the past few decades, various 
versions of fire flooding (in which a heavy 
oil reservoir is set on fire to heat the oil 
and get it to flow to the surface) have 
been tried, with little success at 
controlling underground combustion. 

Petrobank Energy of Calgary, however, 
has developed the toe-to-heel-air-injection 
(THAI) process, which it believes overcomes 
combustion problems. The technique 
involves drilling a long, horizontal well 
through the bitumen reservoir and pairing 
it up with a short, vertical well at the end 
(toe) of the well. 

After several months of injecting steam 
to heat the bitumen, air is injected into 
the vertical well and ignited. The fire flood 
consumes the bot tom residuals of bitumen, 
heating the reservoir to 400-600°C and 
causing the bitumen to flow to the 
horizontal well, where it is pumped to  
the surface. Petrobank has the technique 

in pilot stage, with plans to ramp up 
production to over 100,000 bbl/d. 

The electro-thermal dynamic stripping 
process (ET DSP), developed by McMillan-
McGee Corporation of Calgary, also  
works with minimal water usage. Vertical 
electrodes made of steel tubing are placed 
in a regular grid pattern, up to 20m apart. 
An electrical current is introduced into the 
reservoir, which heats up the water within 
the oil sands through electro-thermal 
resistance to above 40°C, and the 
bitumen begins to flow like conventional 
oil to interspersed extraction wells. 

The process consumes about 70KWh 
per barrel of produced bitumen. This is 
approximately 20% of what is needed for 
SAGD to produce the same barrel, so 
there is an 80% reduction in greenhouse 
gas emissions. ET DSP is being tested at  
a 1,000bbl/d Poplar Creek pilot project.  
A US$146.9 million com mercial scale 
operation of 10,000bbl/d is planned.

Market opportunities 
The oil sands face numerous challenges 
that have an impact on water, including 
increasing regulatory oversight, growth 
and environmental awareness. Without 
new technology, water usage in the 
mining and in-situ oil sands will increase 
from 14.4 million bbl/d to almost  
18 million bbl/d by 2021. 

The shortage of water, and government 
regulations mandating increased water 
efficiency and increased recycling, will 
create opportunities for suppliers of 
water-treatment technology, chemicals 
and services. Spending on water 
treatment in the oil sands sector will rise. 

Over the next decade, oil sands output 
will grow by 30%, forecasts CAPP, and 
absolute water usage will grow accordingly. 
Water treatment in the oil sands will 
become more focused on increasing water 
efficiency and recycling, and adopting 
technologies that do not use water. 

The revolution is being driven by the 
scarcity of the resource. The Alberta 
government is aware that careful 
conser vation is necessary in order to 
ensure sustainable development of oil 

sands while guaranteeing sufficient water 
resources for municipal, agricultural and 
industrial use. 

Tailings ponds currently contain several 
hundred million m³ of water, which can be 
incorporated into different water usage 
streams with some upgrading. This is the 
most promising way of dealing with the 
shortage in the short term. Technologies 
that recycle as much water as possible will 
be most in demand in future. Oil/water 
separation technologies also have 
potential for significant growth, as will 
flocculants used to increase the recovery 
of water from tailings ponds. 

Approximately 72% of mine water 
operations and 90% of in-situ water is 
currently recycled in the oil sands. This 
translates into 6.12 million bbl/d of mine 
water and 2.16 million bbl/d of in-situ 
water being recycled. 

By 2021, CAPP expects oil sands to 
produce 2.31 million bbl/d of bitumen 
– 1.23 million bbl/d through mining and 
1.08 million bbl/d through in-situ. If nothing 
is done to change current production 
methods, mining and upgrad er operators 
could be handling 14.73 million bbl/d of 
fresh and recycled water, and in-situ 
operators a further 3.24 million bbl/d, for 
a total of almost 18 million bbl/d. 

Operators are working to increase their 
water efficiency, however, especially 
regarding the amount of freshwater 
needed to make up the water lost in the 
extraction and production processes. 

Oil sands operators spend about 
US$1.4 billion handling water every year. 
CAPP predicts that in-situ production will 
grow by over 200,000 bbl/d in the next  
10 years, and mining by 230,000 bbl/d, 
for a total growth of 30%. Per unit costs 
for handling water at mines will also rise. 
This increases the cost of handling water 
in the oil sands sector by about 64% over 
the next decade to around US$2.2 billion. 

Although that figure will be lowered to 
some extent through increased water 
efficiency and alternative production 
techniques, it still represents significant 
growth opportunities for suppliers of 
equipment, chemicals and services.

This article is an extract from the Global Water Intelligence report: Produced Water Market published in 2011 by Media Analytics
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