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POLYMER GEL WATER CONTROL TREATMENT FOR PRODUCING WELLS

to Remedy Excessive Water Production after Fracture or Acid Stimulation Treatment
Low permeability oil and gas reservoirs are commonly stimulated with fracturing and acidizing techniques to increase permeability around the wellbore and in-depth.  Occasionally, the fracture or acid stimulation treatment may propagate beyond the confines of the target reservoir and into under-lying or over-lying rock strata that contain only water.  The conduit that is created between the water source and the wellbore may be sufficient to allow for the movement of excessive water production into the completion interval, so much so that it may suppress the production of oil and/or gas from a reservoir that would otherwise produce only hydrocarbons.  If the conditions are right, sandstone, carbonate, shale and coal formations can all be susceptible to this problem.
When a water zone is breached by a conduit, water may enter the wellbore at such a high rate that it “kills” a flowing well and stops the production of all oil and/or gas; or in a pumping well, the water production rate exceeds the maximum capability of the artificial lift equipment, causing fluid levels to rise.  If the fluid that is produced from a flowing well is comprised of mostly water, then the well will “die” when the hydrostatic pressure exerted by the water column in the tubing exceeds the reservoir pressure.  Likewise, rising fluid levels in pumping wells exert ever-increasing hydrostatic pressure on the reservoir that can eventually suppress the flow and, subsequently, the recovery of the large volumes of hydrocarbons that are present in lower permeability rock.  In some cases, artificial lift equipment is not capable of moving enough water volume to draw down the fluid level to the point that the remaining hydrocarbons can flow freely into the well.  Consequently, the well may become uneconomic if:

· the oil and/or gas 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 hydrocarbon recovery from wells that have been acid or fracture stimulated, as long as there is a sufficiently large volume of remaining oil or gas that can be recovered from the reservoir 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 acid-induced wormholes) in the reservoir, without invading or damaging the lower permeability rock that contains most of the remaining oil and gas.  Further, since this is an aqueous-based solution, it will tend to enter rock that has a higher relative permeability to water.
The desire is to place the polymer gel in such a way as to damage the water source rock while maintaining the integrity of the “in-zone” permeability and conductivity that was created by the original stimulation treatment.  Afterall, if the polymer gel stops all flow through the man-made fractures and/or acid-induced wormholes, then the reservoir will essentially be returned or “put back” to its original low permeability native state that was incapable of producing economic hydrocarbon volumes in the first place.  Consequently, the goal of the treatment is to use the man-made fracture or acid-induced wormhole as the conduit through which the gel solution is injected so that it can ultimately be delivered to the water source rock.  Conceptually and ideally, the gelant is injected in such a way that it “seeks-out” the fracture or acid wormhole conduit (i.e. the path of least resistance), then flows through that conduit and into the offending rock strata that contains the water.  This strategy should allow the polymer gel to damage the source rock around the area where it is intersected by the induced conduit, which should block water flow into the conduit.  In order to re-establish and maintain flow from the target reservoir through the conduit and into the completion interval, it is vitally important to displace the polymer gel solution from the conduit(s) at the end of the job.  The volume of the displacement fluid is important because the goal is to clear the polymer gel solution from most of the flow conduit so that the conduit can provide for connectivity between the wellbore and the target reservoir as was originally intended; however, care must be taken to avoid displacing the polymer gel solution past the point that the conduit intersects the water zone.  An overly aggressive displacement volume could reconnect the wellbore to the water source.  With this being said, it is evident that the displacement volume is very important to the success of the job.

After the treatment has been placed, the well is shut-in for several days to give the solution 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 from the water source rock into the flow conduit and, subsequently, the amount of water that can enter the wellbore over a given period of time.  So, when the well is reactivated, hydrocarbons will flow, unrestricted, into the wellbore because they will no longer have to compete with the external water.  If artificial lift was being used before the treatment, the equipment should be able to keep pace with, or even exceed any water inflow rate, which will cause the producing fluid level to fall.  A lower fluid level results in improved draw down on the reservoir and allows hydrocarbons to flow freely into the wellbore, often at a much higher rate.  A dramatic decrease in water and increase in hydrocarbon rate will lead to a longer economic life and much greater hydrocarbon recovery 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.  At a minimum, if we are to invade and damage the water source rock, then the volume of polymer gel ultimately injected will have to be greater than the theoretical volume of the man-made fracture or acid-induced wormhole conduit.  After the polymer gel begins to enter the water source rock, it is likely that pressure will start to increase as resistance to flow is created. The desire is to inject a reasonable volume of polymer gel, while raising injection pressure to near the formation parting pressure.  The job size for this type of treatment usually varies between 250 and 2,000 barrels in volume, and may take from hours to days to inject.  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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