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Introduction

The Hydraulic Fracturing Water Cycle

In Western Canada, most hydraulic fracturing wastewater is
disposed of in deep injection wells. Risks associated with
wastewater disposal include groundwater contamination in case of
leakage and generation of induced seismic events. The use of fresh
water represents an important amount of the operational budget
and incentives in the water recycling can improve the economical
sustainability of this practice. The objectives of this study consist
of: (1) identify the sources of risks associated to groundwater
contamination, (2) show the current mitigation strategies, and (3)
study water recycling and alternative uses of water to reduce
disposal activities. This study investigates how existing regulations
in Western Canada mitigate the known risks of water
contamination and how incentivizing water recycling practices can
reduce fresh water consumption and wastewater disposal volume.

The hydraulic fracturing water cycle can be summarized in four main stages: (1) Water sourcing, (2) Hydraulic
fracturing and well completion, (3) Treatment of flowback water, and (4) Recycling or disposal of water.8
Decision Parameters are driven by technical, environmental and economical factors. Water transportation
occurs throughout the water cycle and that may posed some risk of groundwater contamination. Water is
transported by railcar, truck or pipeline in Alberta.

Recycling Flowback Water
Flowback water can be treated and recycled
to reduce the amount of both freshwater
used and wastewater disposed. Of the total
water used in 2017 in Alberta, 4% of the
water came from recycling. Several factors
determine the amount of recycled water
used in hydraulic fracturing operations,
including the volume of flowback water,
chemistry of flowback and formation water,
and costs (recycling, storage, transport). In
2017, Hydraulic fracturing operators used
roughly 23% of their non-saline water
allocation, which is relatively low in
comparison to other oil and gas activities.6
7

Figure 5. Total water used and hydrocarbon
production associated to hydraulic fracturing
activities in Alberta for the year 2013-2017. 7

Definitions of Water in Hydraulic Fracturing Operations6,7

Current Wastewater Disposal
Practices in Western Canada

Figure 3. The hydraulic fracturing water life cycle and decision flowchart.

Sources of Risks and Current Mitigation Measures
for Wastewater Disposal
No.

Figure 1. Water disposal volume per year in Alberta. From 2015 to 2018.
From Petrinex database. The current trend of the increasing production
of natural gas suggests that the wastewater volume will continue to
increase in the foreseeable future.14
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Leakage from cracks developed on wastewater pipelines because of
corrosion and metallurgical defects15
Infiltration from storage ponds to shallow aquifer caused by improper
lining and management11,16
Spills from surface storage tanks and trucks to shallow aquifer11,16
A joint cross-cutting multiple subsurface layers providing potential flow
paths for injected wastewater to the shallow aquifer11,12,16
Vertical migration of wastewater along along the wellbore wall12
Potential casing shear failure/rupture caused by injection-induced fault
movement10
Formation of leakage path on caprock/top-seal caused by overpressurizing the reservoir relative to the rock tensile strength12,16
A fault cross-cutting multiple subsurface layers providing potential flow
paths for injected wastewater to the shallow aquifer10
Migration of injected wastewater to the shallow aquifer and to the
nearby wells11,12,16
Reactivation of existing faults inducing earthquakes because of injection
activity causing changes in pore fluid pressure, temperature and volume
of rocks in the reservoir10

Figure 4. Risks Associated with Injection of Wastewater.

Figure 2. Location of active wastewater disposal wells in Alberta during
2018. From Petrinex database. 14

The Alberta Energy Regulator (AER) addresses appropriate mitigation measures, reducing the above risks of contamination:
(1): Companies are required to identify, manage, monitor, and address any potential hazards associated with individual pipelines
and develop comprehensive integrity management programs, safety and loss management systems [Pipeline act, Pipeline rules,
Directive 077]3
(2) & (6): Any well integrity failures (E.g. casing failures) should be reported and immediately repaired [Directives 013 and 051] 5,1
(3) & (4): Leak detection and mitigation is achieve by incorporating layers of porous materials, monthly visual inspection of the
storage tanks, and leakage detection devices (E.g. weeping tile system) [Directive 055].2
(5), (8), (9) & (10): Disposal injection occurs kilometers away from the potable groundwater resources.
(7) & (11): In the rare case scenario of a reactivated fault that could compromise the well integrity, the companies are required
to take appropriate action to report and repair the failures [Directive 013].5

The authors are scholarship recipients and graduates of the NSERC CREATE ReDeveLoP Program Grant number #386133824

Make up water

Water that is added to an energy process to replenish water lost. It can be obtained from
either non-saline or saline water.

Recycled water

Water that was previously used in an energy activity and is then reused by operators in
that same process.

Non-saline water

Water having a TDS content of 4000 mg/L or less, sometimes is referred to as fresh water.

Alternative water

Water other than surface water and non-saline groundwater, including saline
groundwater, produced water, etc.
Flowback refers to the return of injected fluids plus produced water, while produced

Produced vs. Flowback Water water is formation water that is high in gas and oil.

Conclusions and Recommendations

Risks of Injection of Wastewater via Disposal Wells

2 Leakage occurs because of poorly sealed or failed injection well casing15
3

Wastewater

A mixture of flowback fluids and produced waters that are not recycled. It has a high Total
dissolved solids (TDS) and may also contain hazardous compounds, including methane,
synthetic organic compounds, and radioactive materials.

1. Based on the current regulations and mitigation strategies, the risks of groundwater

contamination associated with deep injection wells is relatively low.
2. Further improvements on water recycling technologies can reduce the consumption of
fresh water and reduce the associated costs. Furthermore, policies to incentivize water
recycling are recommended.
3. Current regulations do not allow the reuse of wastewater once it is classified as
industrial waste water. If the wastewater is properly treated, it could be reused in other
oil and gas operations, as long as the geochemical conditions are favorable.
4. There are still some uncertainties associated with wastewater disposal practices. These
risks are difficult to verify because of uncertainties such as physical and chemical
hydrogeological factors. Further research is recommended.
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