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ABSTRACT

Even though drill-in fluids (DIF) are specifically formulated to reduce the skin factor on producing formations, the DIFs contain materials that are essential to developing a filter cake which helps to limit mud invasion in the production zone. Additives such as bridging agents, polymers and starches can physically plug formation pores.  Using the correct filter cake breaker can help increase the productivity index of a well. 

Placing a breaker that generates acid in situ throughout the productive zone, helps achieve more uniform filter cake removal and helps enhance permeability in the near-wellbore region.  

In Colombia, a delayed-reaction filter cake breaker system was used on the Ocelote-3H, Ocelote-5H and Ocelote-6H wells with excellent results, and the productivity index was increased. 

The exact formulation of the delayed-reaction breaker was determined based on several laboratory tests conducted prior to the application. This helped to define the best system formulation for cake removal and to prevent emulsification resulting from fluid incompatibilities. 

The delayed-reaction breaker, which is non-hazardous at the surface, was placed in the horizontal wellbore using rig tanks and pumps, simplifying operations and helping to improve environmental and safety conditions.        

INTRODUCTION

The main objective when designing a drilling fluid for the reservoir zone is to minimize the skin in the productive formation especially when such skin depends on several physical and chemical factors related to the formation and the mud: mineralogical composition, fluid properties in situ, cake quality, solids content and particle size distribution (to minimize migration of fine solids), porous throat size distribution as well as chemical products that compose the drilling fluid.

A horizontal well in a high permeability sandstone formation can have a high production potential, even when completed under less than ideal conditions. Horizontal wells can also be used to access remote reserves and to reduce water or gas coning. Recently, these types of completions have helped limit the number or wells needed to economically develop prospects.  However, realizing the full potential of horizontal well completions has been difficult because of mechanical failures and impaired production.  A critical factor cited in many of the references is the need to uniformly remove the filter cake from the entire completion interval.14

As a result of the research conducted regarding filter cake buildup on the formation, the technology of in-situ acid generation has been successfully developed and implemented to return the reservoir to its original permeability after being exposed to the drilling fluid. In this way, the reservoir recovery factor can be maximized.

The in-situ acid generation system is a simple and efficient way to remove the filter cake deposited by the mud while drilling. The system can also eliminate safety risks encountered when handling conventional acids on the surface.

This paper discusses lab tests, technical specifications and results of several applications of this technology in Hocol Company’s horizontal wells in the Ocelote field, Colombia. 

FORMATION OF CAKE

The drilling fluid is the first contact that the reservoir has with the outside world. During drilling, it is necessary to quickly and efficiently form a filter cake to prevent the mud (filtrate and fine solids) from invading the formation face which can cause pore plugging and reduce permeability.

The cake formation can occur in dynamic (while drilling fluid is circulating) and in static (during connections/trips when not circulating) conditions. For this reason, the drilling fluid components should be able to generate a consistent cake, which will not erode easily during the trips in/out of the hole and/or while circulating. Otherwise, as the cake is redeposited, fluid and fine solids invasion increases and that can increase the skin factor.

A filter cake produced under dynamic conditions is thinner and more consistent than one produced under static conditions.  While performing connections and trips, a static cake forms and filtration rates decrease (square root of time); when circulation is resumed, the cake deposited under dynamic conditions begins to wear away (which may depend entirely on the hydraulic conditions) until a new equilibrium is reached at a constant rate of filtration. Dynamic cake deposited by flocculated fluids is thicker but more cohesive than the cake generated by deflocculated fluids because their charges are neutralized.

Basic filter cake components are as follows:

· Calcium carbonate sized as bridging material

· Starches/polymer

· Xanthan gum

· Drilled solids−undesirable particulates that plug pore spaces and are not acid-soluble and can lead to irreversibly high skin factor

OVERVIEW OF THE SYSTEM

The delayed-reaction cake removal system is based on the inverse esterification process or hydrolysis. This generates an organic acid that when reacting with calcium carbonate, dissolves it, thus producing calcium acetate.  In addition, an enzymatic catalysis takes place and converts polymers into sugars by means of breaking its chains.  In this process, enzymes neither react nor are worn.  For this reason, a low concentration of these enzymes dissolves a large amount of polymer, which is completely opposite of what occurs with conventional acid when it reacts with calcium carbonate and dissolves a limited amount of it.

Below is the reaction that occurs when the acid is generated in situ.


Ester (Acid Precursor)  +  Water      =     Acid  +  Alcohol

              Catalyst

This process is simple, effective, flexible, non-toxic, not dangerous and especially environmentally acceptable.  It generates an acid on bottom and not on surface, dissolving the calcium carbonate and decomposing the polymers/starches by means of the programmed reaction of the enzymes that are contained in the system. This programmed reaction is the main characteristic of the system. Depending on the breaker design, the operational sequence on surface, and the temperature which works as the catalyst, the breaker can be designed to react within 2 to 72 hours of exposure to the formation face.

Each component is selected and formulated for each specific application.
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Fig. 1−The in-situ acid generation system in the interval to be treated in an open hole completion.

In addition to providing consistent, clean results, the programmed removal of the cake eliminates the use of strong acid breakers and hypochlorites on surface, thereby reducing exposure of personnel to possible spills, pollution and corrosion in the entire pumping system.

This breaker provides an economical alternative that eliminates the logistical process necessary when working directly with acid substances from the surface since operation and reaction times can be controlled. It further helps ensure that the fluid is in the area of interest and acts homogenously on it without producing wormholes. 

FIELD GENERALITIES

HOCOL S.A. drilled its first well in the Ocelote field (Ocelote-1) in 2007. To date nine wells have been drilled and treated using the in-situ acid generation system: one vertical, four deviated and four horizontal.

The field is located in eastern Colombia, near Puerto Gaitan in Meta (Colombia), Guarrojo block (Fig.  2). 

This field produces crude oil with an API degree between 23 - 24 from the C7 formation.
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Fig. 2−Ocelote field location.
LAB TESTS

Generating acid on bottom tends to stabilize and dissolve a limited quantity of calcium carbonate. For these reasons, studies were conducted prior to each application to determine the best concentration of system additives to achieve effective cake removal and minimize the formation of emulsions. 

In order to generate a filter cake under downhole conditions, a Permeability Plugging Apparatus (PPA) which can be described as an inverted HPHT cell, was used. When the filter disk is positioned above the drilling fluid, the filtration (filter cake deposition) is not affected by particle settling. Pressure is transferred to the mud through a piston fitted to the cylinder.14

The following laboratory test sequence was performed for each well before applying the treatment under the same downhole operational conditions of temperature, permeability and concentration of calcium carbonate (10 ppb) and of polymer (5 ppb). It is important to emphasize that a fluid with low solids content was used to drill the producing formation.

1. A Permeability Plugging Test (PPT) is performed to generate a cake on a 35 micron Aloxite disk with 500 psi of differential pressure at a temperature of 180°F (Fig. 3)

 2. The filter disk (with the cake) is immersed in a water bath for 4 hours (time available to perform the work). Each formulation is tested at a temperature of 180°F (this is the temperature of the formation at the point of treatment).  The pH readings and the cake removal reached are recorded every hour (Fig. 4).

3. After 4 hours it is determined which of the formulations yields the best removal results (Fig. 5).  The base fluid of the system is an 8.4 ppg sodium formate brine.

4. Finally, using the optimal formulation, compatibility tests are performed by mixing 50% crude and 50% of the system with several concentrations of an anti-emulsifier from 0% to 1% to select the concentration by which the largest phase separation is obtained (Fig. 6).  This will help prevent formation damage from emulsion plugging because of fluid incompatibility.
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Fig. 3−Disk with cake deposited during Permeability Plugging Test (PPT).
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Fig. 4−Disk with cake immersed into the cake removal system at 180°F.
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Fig. 5−Disk treated with the cake removal system.
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Fig. 6−Compatibility test, cake removal system – crude oil.
RESULTS OF LABORATORY TESTS

The delayed reaction filter cake breaker was applied first in the Ocelote-3H well.  Good results were obtained with 10% and 15% of precursor acid.  However, to help ensure the initial success, it was pumped with 15% precursor acid and 1% anti-emulsifier.

The next application was in the Ocelote-5H well. This time, the precursor acid concentration was reduced to 10% because the total acid used on the previous well was not consumed (the system returned to surface with an approximate pH of 4).

By using 10% precursor acid, a good cake removal was obtained in the lab tests performed and in the returns observed in the Ocelote-5H well. For this reason, the same formulation, including the anti-emulsifier, was used for the Ocelote-6H well. 

In the last well, Ocelote-7H, the concentrations of calcium carbonate and polymer were varied, from 10 to 25 ppb of calcium carbonate and from 5 to 10 ppb of polymer.  The cake removal system concentration was also increased to 15%.

PUMPING PROCEDURE

The Ocelote wells using the in-situ filter cake removal system were horizontal with a very similar geometries: 9 5/8” casing at 5,200 ft and 8 ½” hole to approximately 6,000 ft. In this final section the system was pumped as follows:

1. Pull drill string out of hole after performing wiper trip.

2. Run 125- and 175-micron meshes and hang from 9 5/8”casing (run with stinger).  

3. Once on bottom, the drilling mud was displaced with 8.5 ppg sodium formate brine.  As the displacement was taking place, approximately 60 bbl of the in-situ acid generation system were prepared in the pill pit. The volume mixed included the volume of the interval to be treated, the dead volume of the pill pit and about 20% excess. 

4.  When the well was completely full of brine, the volume of the in-situ acid generation system was pumped with the rig pumps; it was displaced with the sodium formate brine to spot it on bottom taking into account that it is necessary to pump the ball with 10 to 20 bbl of brine to hang the liner. It was important that the whole brine, including the fluid base where the system was prepared, had the same density in order to avoid the U-tube effects. 

5. The next step was to hang the meshes and pull out of hole.

6. The system was left to soak for 36 to 72 hours while the ESP pumps were run. The well was then ready to produce.
RESULTS OF THE SYSTEM APPLICATIONS

The best way to assess the results of the delayed-reaction system applications is by analyzing the productivity index (IP) of each of the wells where they have been used and the operator’s positive feedback.

The following chart shows the IP of the wells where the system was used. 
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CONCLUSIONS 

· The type and characteristics of the drilling fluid used to drill the formation of interest in these wells, as well as the type of completion, permitted the application of this system. 

· The skin generated by the porous space plugging with calcium carbonate and polymer was successfully removed by means of the delayed action of the system, resulting in a better productivity index after the treatment.

· The crude oil from the field had a tendency to generate an emulsion with any brine or water. For this reason it was necessary to add an anti-emulsifier to the brine formulation.

· Even though the Dynamic Filtration System was not used to perform the laboratory tests, the use of the Permeability Plugging Apparatus (PPA) showed good results generating the filter cake under downhole conditions.

· The use and handling of the cake removal system was safe and simple. There were no health, safety or final disposal issues because strong acids were not handled on surface.  
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