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Scale is an assemblage of deposits that forms in pipelines, production tubing, valves, pumps and chemical operational equipments, thereby clogging the flow lines, equipments and preventing fluid flow.

In general, temperature increases the solubility of scales except for calcium carbonate, calcium sulfate and magnesium calcium carbonate. The pressure has a minimal effect on scale solubility. However, pressure changes in the pipelines are responsible for many scale formations due to release of dissolved gases.

Calcium carbonate (CaCO3): - The scale is formed when the pressure decreases, releasing carbon dioxide and changing bicarbonates to carbonates.

Calcium Sulfate (CaSO4): - It is a relatively soluble salt. However, when close to its solubility limit, it can form hard deposits. Decrease of pressure in the tubing lead to partial evaporation of water and result in super-saturation and rapid precipitation of the salt.

Barium Sulfate (BaSO4): - In general, deposits of barium sulfate result from water incompatibility. Either incompatible water formations are mixed in manifolds or worse, water injected for secondary recovery is incompatible with the formation water. Barium sulfate is the most troublesome deposit since its solubility is very low.

Strontium Sulfate (SrSO4): - The scale deposition phenomena of SrSO4 are similar to BaSO4.

Knowing the conditions that lead to scaling and when and where it occurs help in understanding how to remove scale and in designing intervention treatments to restore long-term well productivity.

Why Scale forms?

Scale begins to form when the state of any natural fluid is perturbed in such a way that the solubility limit for one or more components is exceeded. The solubility limits shall change when there shall be:

· Temperature variation

· Pressure variation

· Release of Gases from formation fluid like CO2
· Change in pH

· Contact with in-compatible waters

How the scale is formed?

In order for a scale to form it must grow from solution. This process is called nucleation. The first development within a saturated fluid is a formation of unstable clusters of atoms, a process called homogeneous nucleation. The atom clusters form small seed crystals triggered by local fluctuations in the equilibrium ion concentration in supersaturated solutions.






 Fig:1 : Homogeneous Nucleation

The seed crystals subsequently grow by ions adsorbing onto imperfections on the crystal surfaces—extending the crystal size. The energy for seed crystal growth is driven by a reduction in the surface free energy of the crystal, which decreases rapidly with increasing radius after a critical radius is exceeded.

Thus, given a large enough degree of super saturation, the formation of any seed crystal will encourage an increase in the growth of scale deposits. The seed crystal, in effect, is a catalyst for scale formation. 

Crystal growth also tends to initiate on a pre-existing fluid-boundary surface, a process called heterogeneous nucleation. 


                                                  Fig:2 : Heterogeneous Nucleation

Heterogeneous nucleation sites include surface defects such as pipe surface roughness or perforations in production liners, or even joints and seams in tubing and pipelines. Precaution should be taken to not to use old tubing near the critical down hole equipment, as the imperfect surface can encourage heterogeneous nucleation enhancing the scale deposition.

A high degree of turbulence in the flow can also catalyze scale deposition. 

Major problem of Scale in oil field:

{A} Production tubing and surface equipment—Scale in production tubing may occur as a thick layer adhering to the inside of the tubing. It’s often centimeters thick and has crystals up to one cm or larger. The primary effect of scale growth on tubing is to lower the production rate by increasing the surface roughness of the pipe and reducing the flowing area. The driving pressure therefore goes up and the production goes down. If mineral growth increases, then access to lower sections of the well becomes impossible, and ultimately the growth blocks production flowing through the tubing. Tubing scale varies in chemical composition, being composed of layers of scale deposited during the well’s history. Often, scales include Asphaltene or wax layers, and the layers of scale that are closest to the tubing may contain iron sulfides, carbonates or corrosion products.

{B} Near-wellbore matrix—The carbonate or sulfate scale that is typical of the near-wellbore region has a finer particle size than tubing scale, on the order of microns rather than centimeters. It blocks gravel packs and screens as well as matrix pores. Near-wellbore scale commonly forms after long periods of well shut-in because cross flow mixes incompatible waters from different layers. Such scale is thought of as skin. . Removal by chemical dissolvers or acids can increase production rates dramatically.

{C}Injector wells—Scale damage to injection 
wells is usually caused by temperature-activated 
auto scaling of the injection water. In addition, 
Incompatible mixing can occur in the near well bore 
when injection water contacts either natural 
Formation water or completion brine . This 
problem is limited to the early stages of injection, 
When injection water is contacting incompatible 
water in the near-well bore region. Scale formed 
here can decrease the permeability of the formation 
and reduce the effectiveness of the water-
flood strategy.

Scale solution by chemical means (CHELATING AGENTS):-

DTPA (diethylene triamine pentaacetic acid) is a well known scale preventive, metal ion chelating agent with 8 active metal completing sites on each molecule  and so can provide upto 8-fold co-ordination around a free metal ion. With increasing pH, DTPA becomes progressively de-protonated and the active ionic species in solution become negatively charged. At pH 12, where the Sr-DTPA complex has the greatest stability, all of the DTPA in solution exists as the penta-negative ion DTPA5-
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D. T. P. A.
(DIETHYLENE TRIAMINE PENTA ACETIC ACID)
FORMULA:C14H23N3O10
MOL. WT.: 393.35
 The DTPA molecule in solution can adopt a range of conformations and extends to a length of about 120A, but in forming a metal chelate the molecule wraps around the cation.. It is well known that metal ion  organic complexation is stoichiometric, i.e. in solution one molecule of DTPA is able to chelate with one Sr2+ ion.

A consequence of the stability of the Sr-DTPA complex is that when a crystalline strontium salt is immersed in DTPA solution at high pH, the DTPA5- anions have a strong tendency to complex with Sr2+ ion exposed on the crystal surface. 

 These results in the formation of a Sr-DTPA surface complex in which the Sr ions are part bonded to DTPA and part bonded to the sulfate ions in the celestite structure. The strong bonding between Sr2+ and DTPA5- weakens the bonding to the sulfate ions and eventually this surface complex passes into solution.

 The effect of oxalic acid additive:

 The original formulation of the celestite solvents contains oxalic acid as a synergist to the DTPA solvent. Synergist activity arises from the hypothesis that the surface of the barium sulfate is chemically modified by an exchange reaction between the sulfate and oxalate anions, enhancing the reactivity of the Sr2+ with the DTPA. 

              From the practical point of view, the presence of oxalic acid clearly enhances the dissolution rate, although its specific role is not understood. The fact that dissolution is still appreciably high without oxalic acid present indicates that while oxalic acid may catalyze the process by altering the surface structure to some extent, the primary dissolution mechanism is the complexation of  Sr2+  by DTPA.

Temperature dependence of the dissolution rate: 

The strong temperature dependence of the dissolution rate indicates a thermally activated mechanism, with activation energy consistent with desorption of surface complexes.

The reaction is not homogeneous over the surface. Although the surface features show that dissolution is crystallographically controlled, it is not known what controls the position of the deeply etched channels which lie parallel to the cleavage planes.

Once dissolution is initiated at some point on the surface, it is more likely to continue along the same planes than at new sites on the surface. This indicates either a control by defects inherent in the crystals, or else some heterogeneity in the nature or distribution of surface complexes. Another relevant factor in the relationship between dissolution rate and surface area is the order of magnitude decrease in grain size during the early stages of dissolution and the secondary porosity.

.

Pretreatment /pre-flushes: When an oil film covers scale, the contact area between the scale and scale dissolver chemicals will be inhibited or hindered. The reaction rates can therefore be substantially lower than what would be expected.

              To remove oil films and water wet scale, it is recommended to use a pre-flush ahead of the scale dissolver.  Such pre-flush can consist of a 5 to 15% mutual solvent solution with perhaps a surfactant added for optimal cleaning. It is also recommended that an emulsion test is done between the pre-flush and the oil and between the scale dissolver solution and the oil, also including fine particles from the formation and/or the scale.

Scale solvent: After pre-flush, the chemical should be squeezed in the well. If possible, the solvent should be heated upto reservoir temperature, before injection in the wellbore. Otherwise sufficient time should be provided for the solvent to gain reservoir temperature after it has been squeezed.

Mechanical Solutions:- 

Conventional mechanical methods—Mechanical solutions to remove scale deposits offer a wide array of tools and techniques applicable in wellbore tubulars and at the sand-face. Like chemical techniques, most mechanical approaches have a limited range of applicability, so selecting the correct method depends on the well and the scale deposit. Mechanical approaches, though varied, are among the most successful methods of scale removal in tubulars. 

Thick scales, especially those in tubulars, are often too strong for safe explosive removal and have too little porosity for effective chemical treatments in a reasonable time frame. For these deposits, removal usually requires techniques developed for drilling rock and milling steel. 

Sulfate reduction technology (Nano Filtration):-     
Sulphate reduction technology:

Presently, in view of increasing cost of well intervention, especially in case of deep water development, stress is being laid on selective removal of sulphate ions from injection water used for water injection operations located on offshore platforms. There are two major advantages in the removal of sulfate from injected seawater.

1.Prevention of scale: 

First, by the removal of sulfate from seawater, one eliminates the generation of barium, calcium and strontium sulfate scale which can result in loss of reservoir reserves in formations where barium and strontium rich formation water mixes with injected seawater at waterflood breakthrough in the production wells. Meanwhile, by allowing sodium, chloride and other mono-valent ion components of seawater to pass through the nano-filtration membranes, formation clays remain stable and formation porosity is maintained. Removal of sulfate eliminates the sulfate component from injection water that causes scale formation. Reducing or eliminating scale

· Eliminates the existing scale inhibitor squeeze treatments

· Cost of such treatments

· Deferred production during squeeze treatments

· Necessary monitoring of residual scale inhibitors

· Potential reservoir damage from these treatment

· Discharge of scale inhibitors and resultant environmental concerns

· Potential loss of a well (reservoir reserves) due to scaling and resultant unsuccessful well workovers 

· The cost of a well workover, in some areas, two or three well workovers would equal the cost of a sulfate removal facility 

2.Prevention of reservoir souring: Secondly, by removing sulfate, one may be able to prevent reservoir souring or mitigate effects of souring thus reducing the need for sour-safe metallurgy and hydrogen sulfide scrubbing equipment in the platform topsides. Studies at the University of Manchester particularly in Institute of Science and Technology in Manchester, England, have concluded that souring is due to thermo-philic sulfate reducing bacteria, which reduces sulfate to hydrogen sulfide at reservoir conditions.

By reducing sulfate in the injection water, there simply isn't a source of sulfur that can be converted to hydrogen sulfide by sulfate reducing bacteria. This allows use of a less costly metallurgy for the operation due to reduced stress cracking and corrosion issues.

· Reduces the cost related to sour gas and oil treatment or special pipelines. 

· Reduces safety, health, and environmental concern. 

· Reduce sulfide scale problems (ferric sulfide is exceptionally troublesome). 

· Reduces the potential for necessary additional equipment on a platform or FPSO with limited space and weight capacities.

The sulphate reduction can be achieved by using nano- filtration technology developed by Dow Chemical Company jointly with Marathon oil to reject selectively sulfate ions in seawater while allowing sodium and chloride ions to pass through. Today the third generation membranes are in use on offshore platforms which have a 25% increase in membrane surface area, allowing increased throughputs and thus decreasing space and weight requirements of the sulfate removal facility on an oil.

The nano-filtration membrane also removes all particles greater than one thousands of a micron resulting in high quality injection water free of silica and bacteria.

Magnetic Water/Fluid Treatment:-

The subject of Anti-scale Magnetic Treatment (AMT) and other physical methods of scale suppression remain controversial and are still labeled as gadgetry in some scientific circles.

The debate is understandable for many years. The positive effects well documented in trade literature resulting from industrial applications have been undermined by the apparent lack of good results from laboratory tests. In addition, some manufacturers continue to promote ineffective devices (with dubious literature) for applications where no real evidence exists, anecdotal or otherwise to show that they could ever, or have ever worked.

Professor John Donaldson and Dr. Sue Grimes of the Chemistry Department of the City University, London have conducted research into the effects of magnetic fields on flowing fluids.  They have stated:

 “A magnetic field will interact with any substance that carries a charge, however small in any fluid.  The nuclei on which the crystals start growing and the growing crystallites are very small and will have charged surfaces.  As they pass through the magnetic field, these charged particles encounter considerable forces as the magnetic field interacts with them.  The magnetic field acts at the surface of the crystallites modifying the nature of the charges at the surface.  This alters the growth of the crystal in general and on specific planes.”  

Magnetic Fluid Treatment (MFT) functions only for diamagnetic substances. Diamagnetic substance reacts differently under the influence of magnetic fields to give an idea that how paramagnetic and ferromagnetic substances react ?

              When a diamagnetic substance is passed through a magnetic field under certain conditions, the velocity of the electrons is increased, and subsequent to passing through the magnetic field the electrons continue to revolve at their new higher velocity, that is, the electrons remain in the higher energy or excited state.  It is this higher energy state of the electrons that results in the diamagnetic substance displaying modified properties. 

[image: image2.jpg]Dicton ot motion D of s
ondactor 2 veloly
through s magnete fold

Drscton of metion Dof i .




Fig:3 : Effects of Motion through a Magnetic Field on a Conductor and a Fluid

                The most commonly treated inorganic mineral salts are the calcium and magnesium salts found in water systems in the form of calcite, aragonite, gypsum and dolomite.  Other inorganic scales include those occurring in industry such as zinc phosphates, strontium sulphate and barium sulphate.  These scaling problems can be totally eliminated.  

              Magnetic fluid treatment is also effective in controlling/eliminating organic scaling compounds such as paraffin, waxes and Asphaltene present in petroleum process systems and proteins, lactose and fats found in milk process systems.  

Changes introduced by Magnetic fluid treatment:-

The following are some of the observable changes that magnetic fluid treatment of fluids produces.  Various examples of these are contained in the accompanying technical reports and papers.

· It alters the scale crystallization process.  Treated scale forming crystals have a different structure and size.  In general, some treated inorganic scale crystals are larger and treated organic scale crystal are smaller than non-treated crystals 

· Treated scale stays soft and settles out as sludge at low velocity points. 

· Magnetically treated crystals have rounded edges compared to sharp edges of untreated scale crystals and therefore lead to weaker bonding. 

· Surface tension of water is approximately 10% lower. 

· Viscosity of crude petroleum is lower and flows easier. 

· Changes in crystallinity 

· Changes in crystal morphology 

· Changes in solubility 

· Changes in rate of precipitation 

· X-ray diffraction patterns of treated and untreated scale show a change in the chemical phase of the precipitates. 

· The ability of the treated scale crystal to form scale is altered.  The tendency of scale to ‘stick’ to the walls of vessels and pipes is reduced or eliminated.  Existing scale is removed over time. 

· Scale and sludge settles out of the fluid easier and quicker at points of low velocity resulting in a reduction or elimination of the nutrients on which bacteria and algae live. 

Factors that determine the operational effectiveness of magnetic fluid treatment that must be taken into account and incorporated into the design tuning process are:

· Magnetic field strength 

· Magnetic field structure 

· Magnetic field penetration and density 

· Velocity of the fluid 

· Fluid turbulence 

· Proximity to magnetic fields, electric motors and pumps 

· Fluid flow profile 

· The intersection of fluid flow vector and magnetic field gradient 

· Duration of the time the fluid remains in the magnetic field 

· Concentration levels of the fluid 

· The magnetic susceptibility of the fluid 

· Conditions determining rate of scale formation 

· Fluid process system temperature and pressure difference

· The energy for magnetic fluid treatment to work comes from the momentum of the flowing fluid. The energy does not come from the magnetic field in either case.
How it can be applied in the flow lines?

 There are many ways of applying the magnetic fluid treatment in the flow lines. Some of examples are given below.
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                                            Fig.:4: magnetic fluid treatment equipment

Conclusions and recommendations:-

· Scale precipitation was observed in injector, formation, wellbore, tubing and flow lines. The most worrisome is reservoir and well bore plugging.

· The long term solution of the existing problem is to remove the sulphate from injection water. To achieve the goal, it is recommended to evaluate the feasibilities of installation of nano- filtration skids.

· The medium term solution is scale inhibition with chemical and magnetic means. It is also recommended to try magnetic treatment for at least two flow lines affected by scale deposition.

· The short term solutions are removal of scale from already scaled wells and wellbores.

· Mechanical methods are must for removing heavy scale from tubing. Scale milling with coiled tubing should be tried in wells with very heavy scale in tubing. Foam or nitrogen should be used as power fluid instead of brine or sweet water in view of sub-hydrostatic reservoir pressures of oil field. 

 References: -

· SPE 39535 AP. Maithanii A,K. Sah, Dr. Ramashish Rai, SPE & Gyan Singh, SPE, Oil and Natural Gas Corporation Limited.” Removal of Downhole Strontium Sulphate Scales By Chemical Dispersion Technique.
· SPE 29094 Andrew Putnis and C.V. Putnis, U. of Cambridge, and J.M. Paul, Mobil E&P Technical Center” The Efficiency of a DTPA-Based Solvent in the Dissolution of Barium Sulfate Scale Deposits.”

· RUPERT SINCLAIR Shell UK Exploration & Production ROBERT WESTON Serck Baker Limited - Membrane Division,  “Application of sulphate removal technology in heron cluster field.”

· SPE 68135 Sameh F. Darwish, Hany M.Abdel Aziz, Fathalla M. AbdeenSuez Oil Company (SUCO)’ “Where are we from the Down hole Scale Problem.” 

· SPE21109 Maria Carmen Moreira Bezerra, Carlos Nagib Khalil and Francisca Ferreira “Barium and strontium Sulfate Scale Formation Due to Inoornpatible Water in the Namoracio Field, Campos Bash, Brazil.”

· Baker, J.S. , Judd, S.J., “ Magnetic Amelioration of Scale formation”, Water research, 30,2, 247-260, 1996.

