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THERMAL ENHANCED OIL RECOVERY
1. steam assisted gravity drainage
Steam assisted gravity drainage (SAGD) is an outstanding example of a steam injection process devised for a specific type of heavy oil reservoir utilizing horizontal wells. It is widely used in Alberta, Canada for recovery of heavy oil and tar sand resources.

SAGD requires a pair of horizontal wells drilled from a central well pad. A horizontal well is dug at an angle of at least eighty degrees to a vertical bore well. This type of well has advantages over traditional vertical drilling as adjustments can allow the bit to drill in non-vertical directions. It will enable one drilling pad, or kickoff point, to explore a broader underground area.
Also known as the steam flooding process, steam generators produce steam, which travels through pipelines into the wells. As the vapor condenses into hot water, it heats the oil to make it less viscous, allowing it to flow by gravity to the bottom of the well. The oil transfers via a pipe from the producing well at the bottom to a plant for treatment.
Petroleum companies and scientists look to steam-assisted gravity drainage for its potential to prolong the life of wells in proven or probable oil fields. Proven reserves are those with a higher than 90% chance of oil recovery, and probable fields have an over 50% chance of petroleum recovery.

· Modern Applications of Steam-Assisted Gravity Drainage

Canada is the largest supplier of imported oil to the United States, making up an estimated 35% of America's annual oil imports. This Canadian import is more than all oil imported from all of the Organization of Petroleum Exporting Countries ​​​​​​​​​​​​​​(OPEC) countries combined. The majority of Canada's oil exports come from Alberta's oil sand deposits.

There are two common methods of recovering product from oil sands.

i. The first being SAGD, which is more appropriate for the deep deposits in Alberta.

ii. The second method, more commonly known for coal recovery in the United States, is strip mining. In strip mining, the top layer of dirt and rock are removed to access the oil below. The majority of future oil production from Alberta is expected to be from SAGD harvesting.

With the rise in costs of oil production over the years and the increased demand, the replacement of traditional oil drilling rigs with non-traditional methods are why there has been a rise in SAGD recovery.

Some variations of this method are Cyclic Steam Stimulation (CSS), High-Pressure Cyclic Steam Stimulation (HPCSS), Vapor Extraction (Vapex), Enhanced Modified Steam, and Gas Push (eMSAGP). All of these methods still use steam to heat oil sand deposits for harvesting and recovering purposes.
· Hazards from SAGD

These methods are not without possible geo-hazards. As reported by Inside Climate News, in 2016, four uncontrollable leaks were confirmed by the Alberta Energy Regulators at sites using high-pressure steam injection methods in Alberta's tar sands patch.
Geologists are posing that there may be risks associated with this method, specifically possible geological risks across Alberta's sands region. With these sites, in particular, there were contributing factors of natural cracks in the bedrock and salt dissolution, a process where salt water flows through rocks creating cracks and holes, which may have compounded the problem.
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Figure 6-12. Schematic illustration of the SAGD concept
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2. CYCLIC STEAM STIMULATION

A method of thermal recovery in which a well is injected with steam and then subsequently put back on production. Cyclic Steam Injection (CSI) is an effective thermal recovery process, in which, several driving mechanisms define the success of the process; i.e. viscosity reduction, wettability alteration, gas expansion, etc. 

A cyclic steam-injection process includes three stages. 

i. The first stage is injection, during which a slug of steam is introduced into the reservoir. 

ii. The second stage, or soak phase, requires that the well be shut in for several days to allow uniform heat distribution to thin the oil. 

iii. The third stage, the thinned oil is produced through the same well.

The cycle is repeated as long as oil production is profitable. Cyclic steam injection is used extensively in heavy-oil reservoirs, tar sands, and in some cases to improve injectivity prior to steamflood or in situ combustion operations. Cyclic steam injection is also called steam soak or the huff `n puff (slang) method.
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Fig 2: the three stages of cyclic steam injection

 This process was first applied in late 1950s. Then, it has been applied world-wide successfully to both light and heavy oil reservoirs. To increase the effectiveness of CSI, process was varied by chemical addition to steam, application of horizontal wells and introduction of hydraulic fracturing. With these modern technologies, average 15% of recovery factor of conventional CSI producers back in 1980’s boosted up to approximately 40%. The method is attractive because it gives quick payout at relatively high success rate due to cumulative field development experiences. However, this is still uncompetitive in terms of ultimate recovery factor compared to that of other steam drive methods such as steam flooding (50-60% OOIP) or SAGD (60-70% OOIP). Recent studies related to the CSI have focused on either the optimization of chemical additives and fracture design or questioning on geomechanical solutions to poroelastic effects. In addition, most papers discuss about follow-up process posterior to CSI such as in-situ combustion, CO2 injection and steam flooding.

3. HOT WATER FLOOD
A method of thermal recovery in which hot water is injected into a reservoir through specially distributed injection wells. Hot waterflooding reduces the viscosity of the crude oil, allowing it to move more easily toward production wells. Hot waterflooding, also known as hot water injection, is typically less effective than a steam-injection process because water has lower heat content than steam. Nevertheless, it is preferable under certain conditions such as formation sensitivity to fresh water.

Hot Water Flooding, also known as hot water injection is a technique of increasing crude oil production from a producing well by injecting hot water into the reservoir. The hot water is injected through an injection well which is drilled parallel to the primary producing well. The heat from the hot water acts as a way of reducing the viscosity of crude oil, making it to flow toward the producing well with ease. Hot water flooding is generally used to extract crude oil which has an API degree of less than 20.

Over time the pressure in an oil reservoir slowly and steadily decreases and as a result the production rate decreases. This is one of the techniques used by E&P organizations to enhance the production of heavy to medium category crude oil from a reservoir. To use this technique, an injection well is drilled parallel to the primary producing well through which hot water is injected forcefully into the reservoir in the direction of the producing well.

· BENEFITS OF INJECTING WATER
The benefits of injecting water into the reservoir are:

i. It supports the reservoir pressure, also known as voidage replacement.

ii. oil is lighter than water hence it floats on top of the water. Also, the heat content of the water reduces the viscosity of heavy crude oil, making it not to stick on the edges of the reservoir and move quickly toward the producing well. Thus, water helps in displacing oil from its location in the reservoir and pushes it toward the producing well.

With this technique, oil recovery factor can be increased and well production rate can be maintained for a longer period.

Fig 3: schematic illustration of hot water flooding

