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Watt University; Ken Sorbie, Heriot-Watt University; and Myles Jordan, ChampionX 

 

Summary 

Scale deposition is one of the serious oilfield chemical issues which may lead to a range of downhole and 

production problems, including the reduction of well productivity index. Scale Inhibitor (SI) squeeze 

treatments are one of the most common techniques which are applied to prevent downhole scaling in 

production wells. A treatment typically consists of four stages, (i) a preflush, to condition the rock surface; 

(ii) a main treatment, where a batch of high concentration inhibitor is bullheaded into the formation; (iii) 

an overflush, to displace the scale inhibitor slug deeper into the near-well formation, and (iv) a shut-in 

stage to allow further inhibitor retention before putting the well back on production.  During this backflow 

period, scale inhibitor is released from the rock surface into the produced water, and the scale deposition 

is prevented if the inhibitor concentration is above some specified Minimum Inhibitor Concentration 

(MIC). Due to logistic constraints in offshore wells, it is often required that the scale protection afforded 

by a squeeze treatment should last for some fixed design lifetime until the next treatment becomes 

available. For example, in the North Sea sector, well operations are often based on an annual treatment 

design. 

This paper presents a methodology to optimize the squeeze treatment design for a fixed target lifetime 

and this is applied for two offshore well squeeze treatments. This approach allows us to account for the 

operational constraints in the squeeze optimization process to treat a fixed volume of produced water, 

while minimizing the inhibitor neat volume and the total pumping time. A sensitivity study was performed 

on the inhibitor concentration, where the results showed that deploying a smaller inhibitor slug but with 

higher concentration is more effective than a larger slug with lower concentration, assuming a fixed 

volume of inhibitor and injected water. Therefore, it is recommended that the inhibitor is deployed at the 

maximum possible concentration, while avoiding the potential for any formation damage.  

Considering the same inhibitor slug (volume and concentration), this study suggests that the squeeze 

lifetime continuously increases with the overflush volume. This implies that the lifetime function is 

differentiable with respect to the overflush, and thus a gradient-based optimization algorithm, specifically 

the Gradient Descent (GD) may be applied to find the exact overflush volume resulting in the target 

lifetime. Employing this procedure for a wide range of main treatment volumes allows us to calculate the 
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squeeze “Iso-Lifetime” curve which represents all the possible squeeze designs for the target lifetime. 

Thereafter, from the iso-lifetime designs, the CPB value (total cost of squeeze per treated barrel of water 

produced) can be minimized to find the most optimum squeeze design. This approach is shown to result 

in the optimum scale inhibitor squeeze treatment strategy in the long-term. 

 

Keywords: Oilfield Scale, Squeeze Treatment, Iso-Lifetime Designs, Treatment Optimization, Gradient 

Descent Algorithm. 

 

1. Introduction 

As oil reservoirs around the world become more mature, water production increases and water cut in wells 

may increase to over 90% in many cases (Fanchi and Christiansen, 2017). Mineral scale deposition is a 

challenging issue which normally accompanies increased water production. Produced brine typically 

contains a high salinity solution of various components including sodium, barium, strontium, calcium and 

other dissolved species, such as iron, sulfate, chloride and various organics (Fink, 2015), hence scale may 

deposit due to the intrinsic water composition or due to change in operational conditions (Jordan et al., 

2008; Jordan et al., 2012; Kan and Tomson, 2012; Vazirian et al., 2016). Sulfates and carbonates are the 

most common oilfield scales, although several other types also occur. In waterflooding scenarios where 

injected seawater with a high sulfate concentration mixes with the formation brine, the incompatibility of 

waters may lead to mainly barium and calcium sulfate scale deposition (Ghosh and Li, 2013). Carbonates 

are usually formed due to the pressure and temperature drop in the near-wellbore area or well column, 

resulting in the supersaturation of carbonate scales; calcium carbonate is by far the most common scale of 

this type. 

Scaling is a frequent issue and the deposited particles can attach to the surface facilities, wellbore or 

near-wellbore formation. Scale deposition can have significant effects on the production performance such 

as pump failures, near-wellbore formation damage and reducing the production tubing throughput causing 

flow rate decline (Chen et al., 2005; Bukuaghangin et al., 2016). Well inflow also reduces due to the 

deposition in the near-wellbore area and in extreme cases, scaling can result in perforations clogging and 

a complete blockage of tubing or pipeline (Weintritt and Cowan, 1967; Zhang et al., 2019a). Topsides, 

deposited particles can change the thermal properties of the heat exchanger and tamper with the oil-water 

separation process (Kazi et al., 2015). Due to the nature of production operation in offshore fields, scaling 

and the subsequent remediation operations can cause extended downtimes and a vast financial loss due to 

the deferred production (Zhang et al., 2017). Hence, the inhibition techniques are generally more 

preferred, help to delay the deposition kinetics and defer the scaling issues from the subsurface facilities 

(Patterson et al., 2014; Zhang et al., 2017). 
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1.1. Squeeze Treatment  

Prevention of scale formation using chemical scale inhibitors (SI) is most often the best strategy for 

dealing with oilfield scale problems in the field, rather than allowing scale to form and then attempting to 

remove it. Nucleation inhibition and/or crystal growth retardation are typically believed to be the main 

functioning mechanisms of chemical inhibitors (Frenier and Ziauddin, 2008; Kelland, 2014), that prolong 

the induction time period between the supersaturation creation and scale crystal appearance (Davey and 

Garside, 2000; Stamatakis et al., 2005). 

Scale inhibitor squeeze treatments are one of the most widely adopted techniques to control scaling in the 

production wells (Sorbie, et al., 1994; Mackay and Jordan, 2003; Vazquez et al., 2009; Zhang et al., 

2019b; Azari et al., 2021). In this technique, chemical scale inhibitors, such as phosphonate or polymeric 

inhibitors, are injected into the near-wellbore formation where the SI is retained in the formation to some 

degree. Then, on back production of the well, the inhibitor is released into the produced water phase, thus 

preventing scale formation at a concentration of few ppm (Ghorbani et al., 2017; Khormali, et.al., 2017; 

Sorbie and Stamatiou, 2018).  

Once the inhibitor is bullheaded into the producing formation, it may adsorb on the rock surface and/or 

precipitate in the information (Kahrwad, et al., 2009; Jarrahian et al., 2019; Jarrahian et al., 2020). In the 

adsorption mechanism, inhibitor may retain via an electrostatic attraction or physical adsorption to the 

formation rock.  A precipitation squeeze involves chemical phase separation of a sparingly soluble 

complex of inhibitor with a divalent ion, normally calcium in the formation where it can establish higher 

levels of inhibitor retention (Yuan et al., 1993). According to Sorbie et.al., both mechanisms can take 

place at the same time based on the water composition, formation mineralogy and chemical characteristics 

of the inhibitor (Sorbie et al., 1993). In either case, a “pseudo-adsorption isotherm” is normally used to 

describe the inhibitor retention in the reservoir rock (Vazquez et al., 2013), commonly described by the 

Freundlich or Langmuir functions. 

Squeeze treatments usually consist of three injection stages (Mackay, 2001; Vazquez et al., 2013): (i) 

a preflush, where a mutual solvent is often deployed to assist with the well clean up and/or to condition 

the rock surface for enhanced retention (ii) a main treatment slug, containing a high concentration of scale 

inhibitor (typically from 5% to 20% active inhibitor), (iii) an overflush (usually seawater) to displace the 

inhibitor deeper into the formation and to increase the contact area between the rock surface and the 

chemical; this is illustrated schematically in Figure 1. Finally, before putting the well back on production, 

the well is shut for a certain time (normally 6 to 24 hrs) for soaking and to allow further SI retention to 

occur. During the flowback period, scale deposition is controlled if the return inhibitor concentration is 

above a certain concentration to prevent scaling. Squeeze treatment lifetime is defined as the time or 
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volume of water produced until the inhibitor concentration in the produced water falls below the Minimum 

Inhibitor Concentration (MIC), typically 1-30 ppm (Chen et al., 2012). When the concentration drops 

below the MIC, the well must be re-treated so that it is still protected from scale deposition (Raju et al., 

2010; Ramstad et al., 2009). 

 

Figure 1. Schematic of scale inhibitor squeeze treatment in the production well (Jordan et al., 2008). 

 

 

1.2. Treatment Design Parameters 

Several parameters affect the lifetime of a scale inhibitor squeeze treatment, and these must all be 

considered in order to design an optimum treatment. Three general sets of factors are known to affect the 

squeeze lifetime (Sorbie, et al., 1993; Yuan et al., 1993), some of which the operator has control of and 

others which must be known (or must be estimated) but are not under direct control, as discussed in turn 

below. 

 

Operational Parameters 

The operator has some control over the following squeeze treatment parameters: 

• Inhibitor slug volume and concentration 

• Overflush volume 

• Injection rate 

• Shut-in Time 

• Nature and volume of the preflush fluid 

Therefore, the above parameters can be adjusted to optimize the treatment, if we have access to a suitable 

SI Squeeze design model. 
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Reservoir Parameters 

These are the properties of the reservoir and the operator may not have any control over them. Reservoir 

parameters include water production rates, water cuts, water composition, formation mineralogy and near-

well formation heterogeneity.  For some wells, all of the listed quantities can be measured  or determined, 

although this is not always the case, and we often have to work with incomplete data in many field 

applications where we are trying to optimize squeeze design.   

 

Inhibitor Adsorption Properties 

These properties are fixed for a particular system of inhibitor-rock, but we have very little control over 

them, except possibly by changing the chemical type of scale inhibitor, or by deliberately opting for an 

adsorption or a precipitation treatment.  To account for these uncertainties in a given application, we may 

model the field treatments using a “pseudo-adsorption isotherm” approach, and we may also treat some 

of the variability by including non-equilibrium retention characteristics.  This approach has been applied 

very successfully in the field by matching the early field treatments and using the inhibitor-rock 

parameters to design future squeeze treatments.   

 

Among these three sets listed above, the operator has some control only on the operational variables. 

Therefore, once an inhibitor is selected to be deployed, the operational parameters should be examined to 

determine those which have the most significant impact on the squeeze lifetime (Kokal et al., 1996), In 

this study, all of the controllable design parameters are studied in the squeeze optimization. 

 

1.3.  Operational Constraints 

A longer squeeze lifetime at the lowest cost is always desirable. However, there are usually operational 

constraints during the chemical deployment which will limit the available designs that can be deployed. 

These constraints could be due to the logistics and/or reservoir conditions. However, they can be 

accommodated in our squeeze treatment modelling to provide feasible designs.  This is precisely what is 

presented in this paper, the optimization of the field squeeze treatment designs, subject to the operational 

constraints.  In other words, these constraints are dealt with in the mathematical (optimization) methods 

we apply to get the optimum squeeze design. 

 

SI Neat Volume 

In an offshore scenario, inhibitor is typically stored and transported to the wells in chemical tanks. In 

platform wells, chemical tanks are placed on the deck before injection. Due to the deck space limitation, 
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a limited number of tanks may be located on the platform at a given time, as illustrated in Figure 2-I. 

Therefore, when designing a squeeze treatment, the neat inhibitor volume must not exceed a certain 

maximum volume. In subsea wells, however, the chemical may be injected directly from the Diving 

Support Vessel (DSV) where the maximum available amount of inhibitor in these cases is limited to the 

storage capacity of the vessel used (Vazquez et al., 2019). 

 

SI Concentration 

In a squeeze treatment, a chemical pump is commonly used to pump the neat inhibitor from the chemical 

tanks into the main water injection line. Figure 2-II shows a chemical pump that mixes the neat inhibitor 

with the injection water at the surface to provide the specified scale inhibitor concentration. Normally the 

main water injection rate is set as high as possible, but where the downhole pressure is below the formation 

fracture pressure.  Hence, the mixing ratio is regulated by adjusting the rate of the chemical pump, i.e. as 

the chemical pump injects at a higher rate, a more concentrated inhibitor solution is injected. Usually, the 

chemical pump is much smaller and has a lower injection capacity than the main injection pump, and this 

limits the maximum injection concentration of the inhibitor that can be achieved. 

In addition, injecting inhibitor at a high concentration may cause incompatibility between the injected 

and in situ reservoir brines. Depending on the chemical properties and the concentration of the inhibitor, 

the scale inhibitor solution may be incompatible with the divalent ions present in the formation or 

produced brine, which may result in undesigned precipitation and near-wellbore formation damage. This 

is especially significant when a chemical deployment is carried out for the first time, or if a different 

generic chemical from the previously used product is being deployed in the well (Mackay and Jordan, 

2003). 

  

Total Injected Volume 

The total injected volume (VT) is defined in this paper as the sum of the main treatment (VMT) plus the 

overflush volume (VOF); i.e. VT = VMT + VOF.  If the well has lifting constraints, such as in gas lift wells 

or water-sensitive formations, then this implies that a limited volume of water may be injected during the 

SI chemical treatment. Furthermore, in certain offshore scenarios, operational constraints may limit the 

total pumping time. Since high pumping rates are usually avoided due to formation fracturing, this can 

constrain the total injected water volume. A prolonged pumping time also causes an excessive deferred 

oil volume, which implicitly increases the treatment cost.  
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I II 

Figure 2. Operational constraints in offshore squeeze treatments, I) deck space limitation to place the chemical tanks and II) the chemical pump with 

limited injection rates 

 

Due to the limitations in offshore fields, performing several operations at the same time may not be 

possible and the required jobs are often scheduled in sequence. Squeeze treatments as well as the other 

jobs therefore need to be pre-scheduled in the well operation plan. This often imposes the necessity to 

design the treatments with a target squeeze lifetime expressed in days of production or the produced water 

volume treated to make sure the well is protected until the next treatment opportunity becomes available. 

In some particular offshore cases, because of the weather condition and logistic constraints, it is common 

to schedule well operations on a yearly basis, i.e. during the summer months. In these cases, the squeeze 

treatment must protect the well for the next 12 months or 24 months (Jordan et al., 2020).  

There are other scenarios, where the treatment lifetime can be flexible. These commonly include wells 

with easy access that allow for more flexibility in terms of the treatment lifetime. When designing a 

squeeze treatment in these cases, it is favorable to treat as much as water produced.  However, it should 

be noted here (and will be shown later) that this is not necessarily the most cost-effective design. On the 

other hand, deploying very high volumes of chemical is normally avoided due to the formation damage 

issues, specifically in the wells with no treatment history or those at the beginning development stages. 

 

1.4.  Squeeze Optimization 

Due to the oil production loss and the cost of chemical/pumping, an offshore squeeze treatment is 

generally an expensive operation and any improvement in the inhibitor lifetime can result in very 

significant cost savings. The effect of different operational parameters should be examined before 

inhibitor deployment to find the best design based on the well/reservoir conditions. Performing sensitivity 

analysis on inhibitor concentration, main treatment size and the overflush volume has been commonly 

reported in the literature to optimize the squeeze design (Hong and Shuler, 1988; Sorbie et al., 1991; Yuan 
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et al., 1993; Kokal et al., 1996; Przybylinski et al., 1996; Mackay and Jordan, 2003; Mackay et al., 2005; 

Jordan et al., 2020).  

In this work, a sensitivity analysis will be presented to find the optimum SI concentration, considering 

high and low adsorption levels in two offshore wells. Then, a methodology will be proposed to optimize 

the squeeze design by using a gradient-based algorithm, specifically the Gradient Descent (GD) algorithm, 

to produce the “Iso-Lifetime Curve” for the treatment, which identifies all the possible squeeze designs 

providing the target lifetime. The Iso-Lifetime curve is then tailored based on the logistics/operational 

constraints and then, the optimum design is selected, resulting in the minimum cost. This optimization 

approach can present a robust guideline for squeeze optimization at different conditions of wells, type of 

inhibitors and operational constraints. 

 

2. Methodology  

A purpose-built near-wellbore model developed originally by Sorbie et al. was utilized in this work to 

simulate the SI squeeze treatments, and to predict the inhibitor lifetime (Sorbie, et al., 1992; Yuan et al., 

1993; Mackay and Jordan, 2003).  The model solves the near-well transport of scale inhibitor (in radial 

coordinates) including the scale inhibitor retention by adsorption as either equilibrium or kinetic process.  

This was used to simulate the inhibitor concentration return profile ([SI] vs. time or cumulative water 

production), and thus calculate the squeeze lifetime, i.e. the time where [SI] is just <MIC in the return 

curve.  

 

2.1. Optimization Parameters 

The most commonly varied operational parameters used in designing a squeeze treatment are the main 

treatment volume, the inhibitor concentration and the overflush volume (Hong and Shuler, 1988; Kokal 

et al., 1996; Vazquez et al., 2016a; Vazquez et al., 2019). The shut-in stage is not normally considered, 

as it is typically determined by secondary factors, such as the time necessary to put the well on production.  

Hence, a constant shut-in time of 12 hours was considered for all simulations. The preflush is also not 

included in modelling as it is not yet fully understood the effects it may have on chemical retention.  In 

addition, injection rates are fixed as high as possible, below the fracture pressure. 

For design optimization calculations, the inhibitor concentration is fixed at the most optimum value 

calculated from the sensitivity study. Given the overflush size (VOF) and the main treatment volume (VMT), 

the neat volume of inhibitor (VSI) and the total injected water volume (VT) can be calculated using 

equations (1) and (2) below (at constant concentration) (Azari et al., 2020). 
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𝑉𝑆𝐼 = 𝑉𝑀𝑇 ×
𝑆𝐼 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑡ℎ𝑒 𝑀𝑎𝑖𝑛 𝑆𝑙𝑢𝑔

𝐴𝑐𝑡𝑖𝑣𝑒 𝑃𝑟𝑜𝑣𝑖𝑑𝑒𝑑 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛
 (1) 

𝑉𝑇 = 𝑉𝑀𝑇 + 𝑉𝑂𝐹 (2) 

 

2.2.  Optimization Techniques  

The general form of an optimization problem includes an objective function f(x) which must be minimized 

(or maximized) where the x vector represents the design variables that are adjusted to optimize f(x). 

Optimization algorithms are commonly classified as local or global algorithms (Price et al., 2006). Most 

of the local algorithms are gradient based, i.e. they use gradient information to find the optimum solution. 

In squeeze optimization, this will result in modifying the squeeze design parameters toward the steepest 

gradient of the squeeze lifetime and/or cost. Newton’s algorithm is one of the classical gradient-based 

algorithms that benefits from a quadratic convergence rate, which is highly desirable. However, the 

computational cost associated with obtaining the second-order gradient information makes the method 

impractical in many cases. As a result, gradient-based methods using only the first order gradient 

information are more common in engineering optimizations. Gradient Descent is one of the most popular 

local algorithms which makes use of a first-order iterative procedure to find a local minimum (Spall, 

2005). Local algorithms are generally useful because of the following advantages (Venter, 2010): 

• They are efficient in terms of the number of function evaluations. 

• They can handle problems with many design variables. 

• They typically require little problem-specific parameter tuning.  

However, they also have several drawbacks: 

• They may only locate a local optimum, i.e. they may miss the global one. 

• They have difficulty in solving some discrete problems with discontinuities, or problems where 

the objective function is not defined in some regions of the search space. 

• They are complex algorithms for high number of variables 

• They may not be efficient in case of severe numerical “noise” (possibly due to uncertain data 

error). 

 

On the other hand, global optimization algorithms, mostly known as evolutionary algorithms, use a set 

of design points (generally referred to as a population/swarm), which can provide a better approach to 

finding the global optimum. These algorithms are normally efficient where numerical noise, 

discontinuities and local minima are encountered. The main drawback associated with these algorithms is 

the high computational cost, poor constraint-handling abilities, problem-specific parameter tuning and 
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limited problem size. In general, a rule of thumb is to consider the global techniques only in case where it 

is not viable to use an efficient local search method. Genetic Algorithm (Holland, 1992) and Particle 

Swarm Optimization (PSO) (Kennedy and Eberhart, 1995), are currently the most popular evolutionary 

algorithms. The results of applying PSO for squeeze design optimization have been reported previously 

(Vazquez et al., 2016b; Vazquez et al., 2019).  However, this approach was not efficient for fixed target 

lifetime scenarios which need a high number of lifetime evaluations, while there is no guarantee how close 

the results will be to the global optimum. 

 

 

2.3.  Proposed Method 

It has been shown previously that a plot of the “squeeze lifetime” increases continuously and smoothly 

with no abrupt fluctuation, as a function of the treatment operational parameters, such as the main 

treatment volume, the inhibitor concentration and the overflush volume (Mackay and Jordan, 2003). For 

the reasons discussed above, the gradient-based algorithms will be the best suited for such smoothly 

changing functions, e.g. the function of “squeeze life” vs. 𝑉𝑂𝐹.  The gradient descent (GD) algorithm was 

specifically applied in this paper, which is very fast, robust, and straightforward. Although iterative, the 

GD algorithm uses only the first-order of the Taylor expansion which can significantly reduce the 

computational cost (Daskalakis and Panageas, 2018). 

For a given main treatment volume, the overflush volume is iteratively changed according to equation 

(3) to achieve a design with the target lifetime. Using this procedure, the overflush volume is updated at 

each iteration, starting from an initial value, in the opposite direction of the gradient of the lifetime 

function, as shown in Figure 3. The goal of optimization is to minimize the misfit function in equation (4) 

which calculates the absolute relative error between the target lifetime and the predicted lifetime at each 

iteration with 𝑂𝐹𝑖. The learning rate was considered equal to 1 to allow an efficient approach toward the 

optimum value (Ruder, 2016). 

 

Applying the GD algorithm for the possible range of main treatment volumes resulted in constructing 

the squeeze “Iso-Lifetime” curve, which shows the possible squeeze designs that provide the target 

𝑂𝐹𝑖+1 = 𝑂𝐹𝑖 +
𝑂𝐹𝑖 − 𝑂𝐹𝑖−1

𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒(𝑂𝐹𝑖) − 𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒(𝑂𝐹𝑖−1)
× (𝑇𝑎𝑟𝑔𝑒𝑡 𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 − 𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒(𝑂𝐹𝑖)) 

 

 

(3) 

 

 

 𝑀𝑖𝑠𝑓𝑖𝑡 𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛 =
|𝑇𝑎𝑟𝑔𝑒𝑡 𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 −  𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒𝑖|

𝑇𝑎𝑟𝑔𝑒𝑡 𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒
 (4) 



  11 

lifetime (at the identified maximum concentration). Furthermore, iso-lifetime is a unique curve for the 

given target lifetime, which identifies all the available treatment designs. Since it is faster and more object-

oriented, the proposed GD method is thought to be more suitable for squeeze design optimization with 

fixed target lifetime than the global and stochastic algorithms proposed previously in the literature.  

 

Figure 3. Iterative steps used in the Gradient Descent algorithm to find the local minimum. 

 

2.4.  Squeeze Design Optimization 

Once the iso-lifetime curve has been generated, the CPB value (Cost per Barrel, cost of treating a barrel 

of the produced water) was calculated for all the available squeeze designs by dividing the total squeeze 

cost by the total volume of treated water. CPB was then used as a useful quantity to compare different 

squeeze designs.  

The total cost of squeeze treatment offshore is comprised of the cost of the inhibitor as well as the 

deployment cost, including the hiring cost of the vessel to transport the chemical, the pumping/crew cost 

and the deferred oil volume per hour of operation. The cost items listed below were considered as generic 

offshore costs for both wells A and B (Vazquez et al., 2019):   

• Shipping rent (rig hiring) of 200K in British Pounds (GBP) per day 

• Tank hiring, pumping and crew time, totaling 7K GBP per day 

• Scale inhibitor cost of 430 GBP per barrel of neat product 

Constructing the iso-lifetime curves for a range of target lifetimes (for cases with some control on the 

target lifetime) and then finding the minimum CPB design for each target may assist in evaluating the 

various treatment strategies and ultimately in finding the “Optimum Target Lifetime” for the well squeeze 

treatments in the long-term. This lifetime is the one, if repeated over the scaling risk window of the well, 

will result in the minimum cost of scale squeeze treatment in the long-term (e.g. 10 years or more). This 

assessment can provide valuable information, essential for decision making about scale management in 

the field. 



12   

3. Field Cases  

3.1.  Well A 

Well A is a single layer offshore well with a high rate of water production, the properties are presented in 

Table 1. No operational constraints were encountered in the treatment of this well in terms of the inhibitor 

volume and the total injection volume, and hence squeeze optimization can be explored across a wide 

range of treatment designs. According to the well production plan, a squeeze lifetime of 500,000 bbl of 

treated water was targeted for the treatment.  However, the operator had some control over the squeeze 

lifetime.  This squeeze lifetime may be prolonged to some extent, if no significant formation damage was 

induced by injecting a large water volume during the treatment. 

 
Table 1. Well A, layer properties.  

Layer 
Thickness 

(ft) 
Porosity 

Injection Rate 

(bbl/min) 

Water Production 

Rate (bbl/day) 

1 35 0.2 4 5,500 

 

3.2.  Well B  

Well B is an HP/HT well in the North Sea which has 20 producing layers. The well has been squeezed 

previously 11 times to date, and the 12th treatment design is optimized below. The Squeeze treatment 

lifetime target is 2.37 Million barrels of treated water. For this case, the total injected fluid volume should 

be below 14,620 bbl (2,325 m3) and the chemical volume cannot exceed 188.7 bbl (30,000 liters) of the 

neat chemical. Moreover, core flooding experiments have shown signs of formation damage for inhibitor 

concentrations higher than 10%. The layer properties are presented in Table 2. 
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Table 2. Well B, layer properties  

Layer 
Thickness 

(ft) 
Porosity 

Permeability 

(mD) 

Injection Rate 

(bbl/min) 

Water Production 

Rate (bbl/day) 

1 6.6 0.20 0.427 

8.5 30,003 

2 8.5 0.20 4.14 

3 6.6 0.20 4.45 

4 12.5 0.20 1.09 

5 5.9 0.20 5.07 

6 7.5 0.18 1.15 

7 3.3 0.18 7.44 

8 20.7 0.18 12.16 

9 47.2 0.21 313.2 

10 9.2 0.26 2334 

11 31.2 0.20 667.5 

12 40.7 0.20 182.5 

13 50.9 0.25 354.2 

14 20.0 0.18 17.22 

15 6.9 0.20 261.5 

16 6.9 0.18 75.78 

17 20.0 0.18 133.1 

18 4.6 0.18 20 

19 3.0 0.18 138.7 

20 8.2 0.18 6.15 

 

 

3.3.  Inhibitor Adsorption Isotherms  

Two different adsorption isotherms were considered in our optimization calculations.  These isotherms 

have different shapes and retention levels in the formation, as shown in Figure 4. SI-1 is related to a 

phosphonate inhibitor to be deployed in Well A, which has been derived from coreflooding experiments 

(Vazquez et al., 2020). This isotherm was used to predict the squeeze lifetime in Well A under equilibrium 

adsorption, where the lab data has estimated the effective MIC for this inhibitor to be 10 ppm.  

SI-2 on the other hand represents the retention of an orthophosphate inhibitor for Well B. Assuming 

the kinetic retention rate of r2=0.2 1/d, SI-2 has been derived by isotherm history matching of the previous 

squeeze treatments in the same well. The kinetic rate is defined in equation (5) where 𝛤𝑒𝑞 is the equilibrium 

retention shown by the isotherm and 𝛤 shows the retention level at time 𝑡. Based on the reservoir 

conditions and the experimental data, the MIC was identified to be 3 ppm. This MIC was considered as 

the bulk MIC for this well, mainly focusing on the scale prevention in the wellbore and surface facilities 

however, in certain cases, specifically for sulphate scales prevention in near-wellbore, normally the layer 

MIC is considered to estimate the squeeze lifetime (Jordan, 2020; Jordan and Mackay, 2009; Vazquez et 

al., 2018). Furthermore, although different layers in Well B may have different mineralogy and retention 
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capacities, the same isotherm was considered for all the layers. This might not be strictly accurate, but it 

is a common assumption (Vazquez et al., 2017). 

These two isotherms were used to investigate high and low retention levels in the formation. Table 3 

represents the properties of the isotherms. 

𝜕𝛤

𝜕𝑡
= 𝑟2 (𝛤𝑒𝑞 − 𝛤) (5) 

 

Table 3. Properties of the inhibitor retention isotherms, kinetic rates were only assumed to model the kinetic adsorption. 

Isotherm Inhibitor Type 
Freundlich Form 

(mg SI/L rock) 

MIC 

(ppm) 

Kinetic Rate 

(per day) 

SI-1 Phosphonate 𝛤 = 500. 𝐶0.4 

 

10 0.2 

SI-2 Orthophospha

te 
𝛤 = 200. 𝐶0.28 

 

3 0.2 
   

 

 

Figure 4. Adsorption isotherms of the applied scale inhibitors, SI-1 and SI-2. 

 

4. Results and Discussion  
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in the main treatment, at fixed VSI and VT. Considering the isotherms in Figure 4, squeeze lifetimes were 

calculated for both Well A and B for various inhibitor concentrations up to 40%. As shown in Figure 5, 
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either assuming equilibrium or kinetic adsorption. However, the lifetime improvement occurs more slowly 

at higher concentrations. The highest improvement rates are achieved at lower concentrations (up to 20%).  

As the concentration increases, the inhibitor slug size decreases to keep the VSI constant and 

consequently the overflush volume proportionally increases, to keep VT constant. This is shown 

schematically in Figure 6; when a more concentrated inhibitor slug is injected, a smaller portion of the 

slug is eroded at the front (due to adsorption/dispersion), therefore more inhibitor is exposed to the 

formation by the overflush. Consequently, the inhibitor slug front (shown by dashed lines) can penetrate 

deeper into the formation, resulting in higher inhibitor retention and ultimately leading to a longer squeeze 

lifetime.  

 

  

  

Figure 5. Inhibitor concentration sensitivity results in Well A (VSI =200 bbl and VT =4,320 bbl) and well B (VSI =188.7 bbl and VT =14,620 bbl) 
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The sensitivity results of Well B suggest that the interaction of the layers in multilayer wells does not 

interfere with the effect of inhibitor concentration on the lifetime. In practice, the flow distribution among 

the layers, which is a function of the layer KH product (permeability×layer height), does not depend on 

the inhibitor concentration.  

Since the total cost of squeeze is constant in Figure 5, the lowest value of CPB (cost per barrel of treated 

water) corresponds to a more concentrated pill, hence it can be concluded that the optimum squeeze design 

will be among the designs with higher concentrations. As discussed above, it is commonly acceptable for 

the operators to inject chemical slug concentrations at relatively low values but inject a higher main 

treatment volume to enhance the lifetime. The results in this section, however, show that being too 

conservative, in terms of concerns about formation damage may result in missing the optimum designs.  

 
Figure 6. Schematic of inhibitor concentration profile in the formation for low and high concentration with fixed VSI and VT values 

 

4.2.  Overflush Sensitivity Results  

A sensitivity study was performed to investigate the squeeze lifetime variation with the overflush volume. 

Figure 7 shows the effect of overflush volume in both wells A and B at fixed volume and concentration 

of the inhibitor slug. As discussed, SI-1 was used for Well A with equilibrium adsorption and SI-3 for 

Well B with the kinetic rate of r2=0.2 per day. The squeeze lifetime increases continuously and 

monotonously with overflush volume; hence GD will be applicable, and it can significantly speed up the 

optimization, for cases where the target lifetime is fixed. 
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Figure 7. Squeeze lifetime variation against overflush volume, continuous and differentiable in both wells 
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0

0.2

0.4

0.6

0.8

1

1.2

0 5 10 15 20 25 30T
re

at
ed

 W
at

er
 V

o
lu

m
e 

(M
il

li
o

n
b

b
l)

Overflush Volume (×1000 bbl)

Well A

MT=1,333 bbl
[SI]=150,000 ppm

0

0.5

1

1.5

2

2.5

3

0 5 10 15T
re

at
ed

 W
at

er
 V

o
lu

m
e 

(M
il

li
o

n
 b

b
l)

Overflush Volume (×1000 bbl)

Well B

MT=1,887 bbl
[SI]=100,000 

0

5

10

15

20

25

30

35

40

0 1 2 3 4 5 6 7 8 9 10

O
ve

rf
lu

sh
 V

o
lu

m
e 

(×
1

0
0

0
 b

b
l)

Main Treatment Volume (×1000 bbl)

Well A, Fixed Squeeze Lifetime @ 500,000 bbl of Treated Water

[SI]=5%

[SI]=10%

[SI]=15%

[SI]=20%



18   

 

Figure 8. Squeeze “Iso-Lifetime” curves, squeeze designs with fixed target lifetime for inhibitor concentrations of 5 to 20% 
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Figure 9. Squeeze “Iso-Lifetime” Curves illustrated based on the operational constraints 
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Figure 10. Cost curves, demonstrating the CPB of the iso-lifetime designs fitted inside the operational boundary  
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Figure 10, by increasing the inhibitor concentration to 15% or 20%, not only more squeeze designs would 

be available (which is desirable as other strategies may be assessed) but also more cost-effective 

treatments may be achieved. Even although the coreflooding experimental results indicated 10%, as the 

maximum concentration to avoid formation damage, the conclusions might be too conservative and might 

not be very significant in practice once deployed. Therefore, more representative studies might be required 

to avoid missing the opportunities to deploy the optimum designs. Furthermore, in the case when any 

degree of formation damage occurs in the near-wellbore region, the degree of damage should be quantified 

in terms of exactly how much this will affect the flow. The loss of productivity may be recovered in the 

early production period. Table 4 and Table 5 represent the optimum squeeze designs with the minimum 

CPB in Well A and Well B respectively, providing the target lifetime. 

 
Table 4. Optimum squeeze Designs with minimum CPB, Well A 

Well 
Inhibitor 

Concentration 

VMT 

(bbl) 

VOF 

(bbl) 

VSI 

(bbl) 

VT 

(bbl) 

Treated 

Water Vol. 

(Million bbl) 

CPB 

(GBP/bbl) 

Well A 

5% 3,404 5,841 170 9,244 0.499 1.02 

10% 1,889 5,449 189 7,338 0.498 0.90 

15% 1,582 4,559 237 6,141 0.500 0.85 

20% 1,103 4,879 221 5,983 0.499 0.83 

 
Table 5. Optimum squeeze Designs with minimum CPB, Well B 

Well 
Inhibitor 

Concentration 

VMT 

(bbl) 

VOF 

(bbl) 

VSI 

(bbl) 

VT 

(bbl) 

Treated 

Water Vol. 

(Million bbl) 

CPB 

(GBP/bbl) 

Well B 

10% 1,887 12,512 188.7 14,399 2.371 0.152 

15% 1,258 12,849 188.7 14,107 2.371 0.150 

20% 944 13,009 188.7 13,953 2.370 0.149 

 

 

4.4.  Inhibitor Retention Efficiency 

According to Figure 8, the iso-lifetimes of both wells show two distinct slopes, one at low inhibitor 

volumes and the other at high volumes. To investigate the mechanisms involved in each region, inhibitor 

retention efficiency in the formation has been evaluated. Figure 11 shows the results for the iso-lifetime 

designs of 15% inhibitor concentration in Well A, where the amount of unretained inhibitor in the reservoir 

was calculated at the end of shut-in, just when the well is returned back to production. Since the unretained 

part of the inhibitor (still in solution) is usually produced in the early production period, the percentage of 

inhibitor recovery during the first 16 hours of production was calculated.  This calculation shows the 

available inhibitor in solution within the formation which could potentially be further adsorbed if it were 
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pushed deeper into the reservoir. The numbers in Figure 11 have been normalized against the total neat 

inhibitor injected in each design. 

Looking at the in-situ retention curve, the results seem to suggest that there is almost no inhibitor left 

in solution when using main treatment volumes of less than 1,000 bbl. Injecting a higher overflush size in 

this situation will only release the already adsorbed inhibitor from the very near-wellbore area and push it 

further to re-adsorb deeper into the formation. Although this mechanism may enhance the inhibitor 

placement/squeeze lifetime, it is not in itself sufficiently efficient. Therefore, much greater overflush 

volumes are required to compensate for the shortage of inhibitor in a smaller main treatment volume;  the 

steep rise at the beginning of the iso-lifetime curve is attributed to the lack of inhibitor in solution, whereas 

almost all the inhibitor in the main slug has already been retained on the rock surface. 

At higher volumes of main treatment (more than 2,000 bbl), enough inhibitor is still available in the 

solution (more than 20%) which is capable of saturating more of the rock surface at the front of the SI 

slug. In order to keep the lifetime constant in this scenario, reducing one barrel of the main slug volume 

can be compensated by adding one barrel of overflush to help the inhibitor reach the same radius of 

penetration which can be achieved by injecting the same VT as shown in Figure 11.  

Figure 12 shows the inhibitor return profiles related to the designs Sqz-I to IV denoted in Figure 11. It 

might seem that the optimum squeeze design is the one where all the injected inhibitor retains in the 

formation and no significant peak appears in the return profile; However, the results in Figure 12 show 

that this hypothesis is incorrect and even the optimum design (here Sqz-II, as denoted in Table 4) reveals 

a degree of return peak during the production. Furthermore, although case Sqz-IV has a jump in the in-

situ retention profile, as shown in Figure 11, a very smooth sequential trend is observed in the return 

profiles in Figure 12.  

These two observations show that not only the inhibitor retention during the injection but also during 

the flow back can affect the treatment efficiency and the lifetime. Hence, besides all the parameters 

discussed above, additional attention should also be paid when putting the well back on production. This 

includes the production rate build-up procedure which is normally performed stepwise at the beginning of 

the back production where special care should be taken that further inhibitor retention is not prevented on 

the way back to the wellbore. 
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Figure 11. Inhibitor retention efficiency in the formation illustrated for the iso-lifetime designs of 15% concentration in Well A 

 

 

Figure 12. Inhibitor return profiles related to the most optimum (Sqz-II) and another three close-to-optimum designs in Well A 

 

4.5.  Long-Term Squeeze Strategy Optimization (Target Lifetime Optimization).  

The optimum target lifetime for Well A is identified in this section, which if repeated regularly over the 
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the iso-lifetime optimization results for a range of target lifetimes from 0.3 to 3 Million bbl of treated 

water where an iso-lifetime curve was generated for each target. The optimum CPB is shown in the inset 

figure while the results show that after target lifetime of 1 Million bbl, no significant improvement is 

achieved for minimizing the CPB value, which identifies this target as the long-term optimum lifetime for 

Well A. The corresponding optimum squeeze design is shown in Table 6. 

 

Figure 13. Evaluating the optimum CPB for different target lifetimes of 0.3 to 3 Million bbl of treated water to optimize the long-term squeeze 

strategy in Well A, using inhibitor concentration of 15% and applying SI-1 assuming equilibrium retention 

 

 
Table 6. Long-term squeeze optimum design in Well A 

Inhibitor 

Concentration 

VMT 

(bbl) 

VOF 

(bbl) 

VSI 

(bbl) 

VT 

(bbl) 

Target 

Lifetime 

CPB 

(GBP/bbl) 

15% 2,600 11,136 390 13,736 1 Million bbl 0.76 

 

 

5. Conclusions 

The scale inhibitor (SI) squeeze design optimization, considering both the logistics and operational 

constraints in the field has been studied in this paper. A sensitivity analysis was performed to evaluate the 

effect of the inhibitor concentration on the treatment lifetime. The results at different retention conditions 

showed that the squeeze lifetime continuously increased with inhibitor concentration, while fixing the neat 

inhibitor volume (VSI) and the total injected volume (VT), i.e. at fixed squeeze cost. The results suggest 

that being too conservative about the inhibitor concentration may result in losing the opportunities to 

optimally treat the well. This is particularly important in offshore wells where expensive operations are 
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carried out and the operator is attempting to deploy the most optimum squeeze design. The following 

conclusions were drawn from this work: 

1. Squeeze lifetime showed a continuous and monotonic variation with the overflush volume. This 

implied that a gradient-based algorithm, specifically that the Gradient Descent (GD) algorithm, was 

well adapted to optimizing the squeeze design.  This was performed by constructing the “Iso-

Lifetime Curve”, showing all the possible squeeze designs which were able to provide the target 

lifetime.  

2. From the iso-lifetime designs, those fitted inside the operational feasibility boundaries were 

identified and the CPB* value of the designs was optimized to find the most optimum squeeze 

design. (CPB* = Cost per Barrel, i.e. the total cost of squeeze for a bbl of produced water treated). 

3. Two distinct slopes were observed in the iso-lifetime curves and the following governing 

mechanisms were proposed: (a) When a larger inhibitor slug size was injected, there was enough 

scale inhibitor still left in the solution at the end of shut-in, which can be pushed further by the 

overflush to result in higher retention; hence, a small change in the overflush resulted in a 

significant change in the squeeze lifetime. (b) When a small inhibitor slug was used, the inhibitor 

pill may be totally exhausted (fully adsorbed) in the formation and injecting more overflush fluid 

would not have a significant effect on the squeeze lifetime.  

4. Inhibitor return profiles showed that even the most optimum squeeze design will have a peak in its 

return profile and the optimization does not imply that it is necessary to “remove” this peak. The 

early peak can be used as an indication showing that extra inhibitor retention has occurred on the 

way back to the wellbore when the well is put back on production. This extra retention although 

small, is very significant to achieve an effective SI placement and provide an optimum in-situ 

retention profile.   

5. Long-term squeeze strategy was optimized by deriving the iso-lifetime curves for a range of target 

lifetimes. The CPB value was minimized and the optimum target lifetime was identified which is 

the lifetime, if targeted for each squeeze treatment will result in the minimum cost of squeeze in 

the long-term (e.g. 10 years or more). 

The proposed methodology was implemented for two real field cases and the squeeze design was 

optimized considering the operational constraints. However, what has been presented is a general 

optimization methodology which is applicable for any case and any conditions, which will generate the 

most efficient squeeze chemical program for a production well treatment.   
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6. Industry Implications 

Many oil and gas fields in the world are currently producing from their late production stage, where 

inorganic scaling issues become very important due to the reservoir pressure drop and water injection 

processes. Scale inhibitor squeeze treatments are one of the most common techniques to tackle the scale 

deposition problem. For instance, a huge number of wells are squeezed every year in the North Sea, Gulf 

of Mexico and West Africa oilfields to maintain the wells productivity. Therefore, optimization of the 

treatment design can provide a vast cost saving by reducing the chemical consumption and minimizing 

the total deferred oil volume. The optimization process presented in this paper which is mainly focused 

on offshore treatments is also environmentally important to reduce the CO2 footprint via optimizing the 

vessels’ trips offshore. Two wells were investigated in this study; however, this optimization methodology 

can be applied to any other onshore/offshore wells with any different conditions and operational 

constraints. Additionally, this paper presents a general framework for long-term squeeze strategy 

optimization which must be considered during the front end engineering design (FEED) stage for the 

development. 

 

7. Nomenclature 

SI = Scale Inhibitor 

CPB = Cost per Barrel of Water Treated, GBP/bbl 

C0 = Initial inhibitor Concentration, ppm 

GD = Gradient Descent Algorithm 

r2 = Kinetic Adsorption Rate, 1/day 

[SI] = Scale Inhibitor Concentration, ppm 

VMT = Main Treatment Volume, bbl 

VOF = Overflush Volume, bbl 

VSI = Scale Inhibitor Neat Volume, bbl 

VT = Total Injected Volume, bbl 
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