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POLYMER GEL WATER CONTROL TREATMENT FOR PRODUCING OIL WELLS

for Natural Waterdrive Reservoirs where Fluid Flow is Dominated
by Natural Fractures or Other Large Void Space Features

Excessive water production is a common problem that can occur early or later in the life of a well that produces oil from a sandstone or carbonate (limestone and/or dolomite) reservoir as the result of a natural waterdrive mechanism.  These types of reservoirs are usually created when tectonic events cause uplift and/or folding of strata to create structural features like anticlines or domes.  Dome-like structural features can also be formed by non-uniform erosion and weathering events (unconformity) that occurred when the rock was exposed to surface conditions.  Large, open vertical macro-fractures and smaller micro-fractures can be created in rock that has been affected by tectonic events.  Large vugs and cave-like features (karsting) can be created by erosion when atmospheric water flows through and dissolves rock that is exposed at the surface.  Natural fractures and large vugs may both be present in rock that has been exposed to tectonic and erosional events.

The secondary porosity and permeability that is created by the fractures and/or vugs provide a pathway for oil to migrate up and into the structure, where it eventually becomes “trapped” when it encounters an overlying, sealing flow barrier.  This is how oil can accumulate in structural “highs”.  It is also very common for infinite or near-infinite water volumes to accumulate beneath or on the sides (flanks) of a structural high, and it is this water that provides the high-energy drive mechanism that displaces oil into the producing wellbore, much in the same way that water displaces oil in a waterflood.  Many times, the energy that is provided by the water is inexhaustible.

Wells completed in this type of reservoir may initially produce water-free at favorable oil flow rates; however, as oil is withdrawn from the larger void space features (i.e. natural fractures or fracture-like “vug” system) it is replaced with water that is present beneath or around the edges of the structure.  The fractures and vug conduits that originally provided the high oil flow rates, are now the culprits that may allow water to flow into the wellbore at such a high rate that it exceeds the maximum capability of the artificial lift equipment, causing fluid levels to rise.  Rising fluid levels exert ever-increasing hydrostatic pressure on the reservoir that can eventually suppress the flow and, subsequently, the recovery of the large volumes of oil that are present in lower permeability matrix or micro-fractured matrix rock.  In many instances, the production equipment is not capable of moving enough volume to draw down the fluid level to the point that the remaining oil can flow freely into the well.  Consequently, the well may become uneconomic to produce if:

· the oil production rate is too low

· water disposal cost is too high

· electricity cost to run artificial lift equipment is too high

· chemical cost to treat water (scale, corrosion, etc.) is too high

· cost associated with excessive wear-and-tear on artificial lift equipment is too high

Polymer gel treatments are proven economic and effective at significantly reducing excessive water production and increasing oil cut in natural waterdrive reservoirs, as long as there is a sufficiently large volume of remaining mobile oil that can be recovered in a reasonable amount of time to offset the job cost.  The polymer gel solution is a combination of water, dry polymer, and liquid cross-linker that is blended on the surface with special equipment.  The solution is about 99.5% water, and can usually be created with fresh, KCL or produced brine water.  The mixture is blended and continuously injected into the reservoir in a liquid phase for the duration of the treatment.  There are exceptions, but most treatments are “bullheaded” into the entire perforated or openhole interval, and are pumped though a tubing and packer assembly.  The mobility afforded by the liquid solution allows it to more easily follow the path of least resistance so that it will preferentially “seek-out” the water flow conduits (i.e. fractures and/or vugs) in the reservoir, without invading or damaging the lower permeability rock that contains most of the remaining oil.  Further, since this is an aqueous-based solution, it will tend to enter rock that has a higher relative permeability to water.  So, the large contrast in permeability and conductivity that exists between the rock that contains the water (fractures/vugs) and the rock that contains the remaining oil (low permeability matrix or micro-fractured matrix), and the large contrast in water relative permeability between the oil and water flow paths, helps the gel solution to selectively invade only water flow conduits.


After the polymer gel solution has been placed, the well is shut-in for several days to give it time to transform into a stable, solid or semi-solid mature gel.  The resulting gel blocks the flow of water through the rock that it occupies, and is considered to be a permanent part of the reservoir for the remaining life of the well.  The gel plug reduces the water flow capacity through the conduit and, subsequently, the amount of water that can enter the wellbore over a given period of time.  So, when the well is reactivated, the artificial lift equipment will keep pace with, or even exceed the water flow rate, which causes the producing fluid level to fall.  A lower fluid level results in improved draw down on the reservoir and allows oil to flow freely into the wellbore, often at a much higher rate.  A dramatic decrease in water and increase in oil rate will lead to a higher, sustained oil cut.  Ultimately, the economic life of the well is lengthened and many thousands of barrels of incremental oil are recovered over time.


The volume and strength of polymer gel used at any given well depends on the individual field, formation, well specifics, and our experience; and the productivity index is one of the most important tools used by Eclipse to size and design the job.  The job size can vary from several hundred to several thousand barrels of polymer gel, and may take anywhere from one to several days to inject.  In most situations, it is important that the gel penetrates deep into the water flow conduits because the deeper that the gel can be placed, the longer it will take water to find an alternate pathway around it and back to the wellbore.  Additionally, sweep efficiency of the natural waterdrive will be improved by forcing the drive fluid to displace oil from previously by-passed and unswept pore spaces.  So, the longer it takes water to re-establish a new flow-path to the wellbore, the longer the job will last.  Longer lasting results mean more incremental oil recovery and better economics.  After many months or even years of post-treatment production, it is possible to economically retreat a well with polymer gel when water eventually finds another flowpath back to the wellbore.


Results are immediate and successful projects can reach pay-out in as little as a few days, to as many as a few months time.  Successful projects can be documented in many different formations located in most major oil producing areas of the U.S.  To see if your well is a candidate for this technology, please contact Eclipse IOR Services for a free evaluation and price quote.
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