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Table 1. Gabon synthetic seawater composition 



 
Figure 2. (left): excitation spectra of Chemical 1 and Chemical 2. The emission wavelength was fixed to 615 nm, delay 0.2 ms, gate 
time 1 ms. The peak at 395 nm is specific of europium ions. (right): emission spectra of inhibitors under 395 nm excitation (delay 
0.2 ms). The signal of Eu-light in presence of Chemical 1 is more intense that the one of Chemical 2 at the same concentration. The 
ratio between the 595 nm and 615 nm peak depends on the nature of inhibitor and the parameters used (delay, gate, and excitation 
wavelength).

Figure 1. Cary Eclipse TRF spectrophotometer scheme from Agilent Technologies



 

 
Figure 3. Calibration curves of Chemical 1 and Chemical 2 in the range 0 - 100 ppm diluted in Gabon water. Four different 
detection conditions have been considered (395 nm excitation, gate 1 ms). A: delay 0.3 ms, peak 595 nm; B: delay 0.3 ms, peak 615 
nm; C: delay 0.7 ms, peak 595 nm; D: delay 0.7 ms, peak 615 nm. The fitting of experimental points considers the sub-range 2.5 
ppm – 100 ppm for Chemical 2 and 2.5 ppm – 75 ppm for Chemical 1. R2 values prove the application of TRF method for Gabon 
tests. 

Ia = Aa +K1a 1[ ]+K2a 2[ ]
Ib = Ab +K1b 1[ ]+K2b 2[ ]

1[ ] =
K2b�� K2��b( ) AaK2b AbK2�( )

K1aK2b K2IK1b( )

2[ ] =
K1bIa K1aIb( ) AaK1b AbK1I( )

K2aK1b K2bK1I( )



 
Figure 4. Performance courbes of 1:1 ratio Chemical 1 : Chemical 2 in Gabon water using Eu-light TRF detection (blue: delay 0.7 
ms, peak 595 nm; violet: delay 0.7 ms, peak 615 nm; black: delay 0.3 ms, peak 595 nm; red: delay 0.3 ms, peak 615 nm). In all 
cases, the linearity of experimental points is proven by mathematical fit with R2 > 0.99 and confirms the accurancy of TRF 
detection. 



Table 2. Inhibitor quantification in sample containing both Chemical 1 and Chemical 2 compounds diluted in Gabon water. The 
experimental values closed to the nominal ones confirm the accurancy of TRF detection.







 

 
Inhibitor products have been widely used to reduce both steel corrosion and scale deposition on 
pipelines, tubings and safety valves in critical offshore sites. Their simultaneous injection with brine has 
gradually increased the lifetime of production wells with incontestable benefits for the oil and gas 
industry. However, the large use of such additives has not been followed by the development of any 
efficient technique of dosage that considers the strict requirements of an offshore platform. 
In this paper, we describe a novel method of chemical dosage that takes into account all the on-site 
technical and practical parameters, such as the quantification thresholds or molecule specificity, the real-
time monitoring, the resistance and compactness of measurement device and a user-friendly interface of 
measurement. C
sub-ppm quantifications appear too complex for a successful long-term on-site industrial exploitation 
due to the bulky dimensions of apparatus and the delay and complexity of analysis.  
A long-term collaboration between University of Lyon and Total EP has defined a simple and accurate 
method for inhibitor monitoring based on the use of lanthanide tracers and the Time-Resolved 
Fluorescence (TRF) technique. We exploited the fact that inhibitor chemicals (i) are good chelators for 
lanthanide ions and (ii) amplify the luminescence signal of rare-earths. In this way we are able to collect 
the photon emission signal by TRF apparatus and dosing the inhibitors. The portability of the TRF 
device as well as the sensitivity of detection have been engineered in order to obtain a sub-ppm 
quantification threshold via 1-click task. Several carboxylates, phosphonates and sulphonates additives 
diluted in brine solutions has been easily measured out even in presence of residual oil. More than 20 
commercial inhibitor solution samples were quickly prepared and dosed with an impressive linearity of 
response (R2 test > 0.996) in the 10  100 ppm range. Any further extension of range has been possible. 
In addition, we were able to quantify two inhibitors (scale  scale, scale  corrosion) in the same brine 
water. This technique certainly opens a new conception of smart chemicals management in oil and gas 
production for (i) a dramatic minimization of the injected compounds (ii) a reducing delay in pipelines 
monitoring, and (iii) a shut down of expenses of pipeline maintenance. 
 

 
The industrial innovations in oil and gas production has been the driving force behind (i) the 
minimization of ecological impacts of exploitation and (ii) the increase of profit margin. Even in a 
scenario where the stock market price of crude oil is low, the increasing of production efficiency will be 



crucial for the future of industry business. The quest for innovation becomes more than ever essential in 
remote offshore platforms where expenses are still dramatically higher than for on-shore extraction. 
We would like to take up the challenge, focusing on the critical problem of scale and corrosion 
management. In this paper, we suggest a novel powerful tool for the smart monitoring of inhibitors 
additives injected during oilfield exploitation. Our method - based on Time-Resolved Fluorescence 
(TRF) technology - allows a simple, accurate and efficient quantification of chemicals below ppm 
ranges, even for double (scale  scale, scale  corrosion) quantification. A series of laboratory 
experiments proves the feasibility of TRF in further real-time offshore applications. 
 
Why TRF should be considered as a game-changing technique? 

The prevention of scale formation and corrosion damages in petroleum pipelines and facilities remains 
an important challenge (Figure 1). Several interconnected factors, such as (i) the seawater composition 
used for secondary and enhanced-recovery waterflooding operations; (ii) the formation water of oilfield; 
(iii) the gradients of temperature and pressure within pipelines are the origin of pipeline damages and the 
drop of extraction efficiency. For example, the incompatible mixing of injected brine water (high 
concentration of SO4

2- anions) and formation water (containing Ca2+, Sr2+, and Ba2+ divalent ions) 
dramatically induces the precipitation of insoluble calcium, barium or strontium sulphates or even other 
incompatible fluids include sulphide scale (ZnS). The oil production may fall to zero in few hours due to 
the pores restriction, with further dangers for installations including blockage of pipeline and equipment, 
energy leak, accelerate corrosion, and severe accidents. Moreover, the presence of corrosive agents in 
produced water such as carbon dioxide, hydrogen sulphides, organic acids and salts such as chlorides 
and sulphates decrease the average-life of facilities.  
 

 

 
A lot of strategies have been deployed by companies in order to reduce the scale and corrosion damages; 
the periodical addition (squeeze treatment) of inhibitor chemicals seems to be the best way to control 
scale and corrosion formations. Inorganic (such as sodium hexametaphosphate, sodium poly(phosphate), 
sodium pyrophosphate), organic (such as phosphate esters, phosphonates, poly(acrylic acid) and 
poly(maleic acid)) inhibitors are frequently injected within pipelines. The high amount of inhibitors 
daily used - not only in oil exploitation but also in many other industrial treatment processes - requires a 
continuous and efficient monitoring (Graham, G. et al. 1995, Boak. L.S. and Sorbie, K., 2010). 
The current techniques used for chemicals management (colorimetric analysis, inductively coupled 
plasma (ICP) spectroscopy, UV spectrophotometry, hyamine method, ion chromatography HPLC) often 
display some limitations e.g. setup and running costs, size, real-time monitoring. Some of them also 
require laborious pre-treatment/purification stages for the separation of inhibitor chemicals from the 
interfering brine salts (Johnstone, et al., 2014). In the case of Hyamine 1622 assays, the quantification is 



time consuming, labour intensive and difficult to apply in real-time mode (Chilcott et al. 2000, Graham 
et al. 2010) HPLC and ICP detection techniques  that achieved accurate measurements within a 5-10% 
error bar  require P-tagged co-polymer type scale inhibitor (SI) that it is not classified as 
environmental-friendly additive.  
Here, the TRF method  as detailed in the following paragraphs  may represent a breakdown from the 
past technologies not only because it display sub-ppb accuracy as well multi-detection (scale or 
corrosion chemicals) but also because it can be set up in offshore sites (Agenet et al. 2012,  Brichart et 
al. 2014, Martini et al., 2015).  
 
Principles and engineering 
 
With TRF technique, we would like to shift from the hard-working management procedures 
(preparation and shipment of samples, laboratory facilities, exploitation of results) to a user-friendly 
portable monitoring device. The principle of TRF is simple: the production sample is (i) firstly mixed 
with a revealing solution and (ii) then analized with a portable apparatus for direct result. The product 
engineering focused on 1-click interface where all scientific aspects have been a priori optimized. 
 
TRF apparatus: With the abbreviation of Time-Resolved Fluorescence we indicate an evolution of 
classic luminescence techniques, widely applied to cells and biomolecules detection. Instead of 
illuminating the sample with a continuous beam of light and recording the intensity simultaneously, in 
time-resolved measurements the marked sample is exposed to a series of microsecond light pulses 
(typically shorter than the decay lifetime of the marker) and the emission signal of marker is then 
collected after a fixed delay, e.g. in the millisecond range (Figure 2). This cycle is repeated until the 
signal to noise (S/N) ratio is adequate for the application. 

 

 

As shown in Figure 3, a typical TRF device is composed of: 
- an UV flash lamp (5 s light pulse) that irradiates the cell containing the sample; 
- a triggered electronics that delays the acquisition of signal; 
- a Czerny-Turner monochromator that selects the excitation and emission wavelengths 
- a that collects the specific emission light of marker during a gate time.  



 

Revealing solution: The test sample must be tagged by specific luminescent marker before the TRF 
measurement; the revealing solution contains lanthanide ions such as europium (Eu3+) and/or terbium 
(Tb3+). Some of Rare-Earth (RE) elements display interesting luminescence properties due to their 
unique electronic configuration; in the trivalent state (Ln III), the shielding of the 4f orbitals by the filled 
5p6 6s2 sub-shells induces parity-forbidden 4f 4f electronic transitions. Each transition  that involved 
characteristic long-live narrow-line emission bands in the visible region  is then quantified by TRF 
apparatus (Figure 4). Characteristic optical signatures (emission and excitation spectra, lifetime values) 
are obtained as a function of (i) the nature of marker ions and (ii) the interaction between the marker and 
chemicals. 

 

Lanthanide  inhibitors interaction: The TRF signal of revealing solution is very sensitive to the 
surroundings of lanthanide ions (Liu, 2005, Lakowicz, 2008). Pure aqueous solutions of rare-earths 
display poor TRF luminescence signal due to the non-radiative desexcitation pathways of 4f-electrons 
via O-H phonons. Elegant theories established that the quenching of LnIII luminescence is proportional 
to the number of O-H oscillators in the first coordination sphere (Brichart et al., 2014). 



The addition of inhibitors chemicals (anti-scale, anti-corrosion, polymers) to the revealing solution 
forms chelating species that wraps the LnIII ions (Figure 5) and sweeps away the water molecules. 
Depending on chemical used, the number of coordinated water molecules decreases from nine (100% 
water  high luminescence quenching) to almost zero (best TRF signal), e.g. in dipicolinic acid 
complexes. Commercial inhibitors include a wide variety of ligand moieties - such as simple chloride 
and sulfate anions, carboxylate groups and nitrogen donor atoms, phosphonates or the new 
carboxymethyl inulin biopolymers  that interact specifically with lanthanide ions once mixing with the 
revealing solution (Collins, I.R. et al. 2001). 

 

 

 
Chemicals: Synthetic Perpetua (Angola), and Elgin (Scotland) seawater were prepared following the 
composition described in Table 1. Angola brine composition remains below 50 000 mg/L whereas in 
Elgin site the concentration of salts is higher than 300 000 mg/L. Commercial scale inhibitors SC1 and 
SC2 (based on phosphonate) and corrosion inhibitor CR1 (based on imidazole) were choosen because of 
their co-exploitation in both sites. The real concentration of commercial solutions in terms of active 
chemical compound is unknown (probably between 10 % and 50 %) and then not considered in our 
dosage. A flask containing europium salt diluted in 20 g/L NaCl 6.5 pH buffered aqueous solution 
(NanoH S.A.S., Lyon, France) was used as revealing solution RS1. A second flask containing terbium in 
20 g/L NaCl 6.5 pH buffered aqueous solution (NanoH S.A.S., Lyon, France) was prepared as revealing 
solution RS2. 
 

Ion 
Concentration (mg/L) 

Perpetua 
Concentration (mg/L) 

Elgin 
Na+ 15190 90480 
Ca2+ 417 18597 
Mg2+ 184 1088 
K+ 161 10594 

Ba2+ 14,7 2266 
Sr2+ 14,5 614 
Cl- 23648 186863 

HCO3
- 737 0 

 



Samples preparation: A calibration curve is performed for each production site and chemical used. A 
set of samples containing an increasing amount of inhibitors (e.g. 0 - 100 ppm) were (i) prepared in 
reconstituted brine water, (ii) diluted (e.g. 10%) in the revealing solution, and (iii) - after 30 min of 
mixing at room temperature - measured by TRF.  
The same protocol and parameters were then applied to the unknown sample and the TRF signal 
compared with above-mentioned calibration curve. LabView interface managed the whole technical and 
analytical procedure and gave the concentration of unknown sample by mathematical extrapolation of 
linear fit. 
 
TRF instrument setup: Standard samples used for calibration have been prepared in PMMA cells 
10 x 10 mm optical path. No heating steps were required and cells have been stocked at room 
temperature. The TRF luminescence signal was collected by using Cary Eclipse spectrophotometer 
(Agilent Technologies). In time-resolved configuration (75 kW Xenon flash lamp, Czerny-Turner 

50 nm 
for RS1 revealing solution and 310 nm for RS2. The gate window of detector as well as the slits depend 
on the experiment and they will be detailed later. All data have been treated by OriginLab software. 
A portable field TRF apparatus (INIBOX) developed by Axint SAS (Lyon, France) is tested. It includes 
a tuned pulsed Xenon lamp, an optical fiber that pipes the source light till the sample holder 
(10 x 10 mm PMMA cell), dycroic filters for the light selection, and a hi-sensitivity PM counting 
detector. All the electronic and triggering between light source and detection are customized for oil field 
applications. A simple interface was compiled by LabView software and is compatible for Windows 10 
operating systems. 
 
Data analysis: Single-inhibitor brine samples dosage is achieved by extrapolation from linear 
calibration curve: 

 
 

 
I0 represents the signal of revealing solution in absence of chemicals, K is the slope obtained from 
calibration, and [inhibitor] is the unknown chemical concentration. 
 
Double-inhibitors mixture (scale scale, scale  corrosion) quantification requires two calibration curves 
under conditions a or b, chosen from the following list: revealing solution composition, delay and/or 
gate time, excitation and/or emission wavelength. The resolution of equation system gives directly the 
concentration of both species: 
 

= + 1 1[ ] + 2 2[ ]
= + 1 1[ ] + 2 2[ ]

 

 
I represents the TRF intensity of unknown sample, K and A values are the slope and the intercept 
obtained from calibration curves respectively. Then: 
 

1[ ] = 2 2( ) 2 2( )
1 2 2 1( )

2[ ] = 1 1( ) 1 1( )
2 1 2 1( )

 

 



Advantages of using lanthanide revealing solutions 
 
The use of Europium or Terbium ions as revealing solution for anti-scale and/or anti-corrosion 
chemicals gives undoubt advantages, firstly in term of signal-to-noise (S/N) ratio, and second in term of 
specificity. The mixture of revealing solution and inhibitors samples forms stable chelating species at 
room temperature, easy to detect by TRF apparatus. 
Under UV light irradiation, lanthanide ions display monochromatic phosphorescence in the visible 
range, green colour for Terbium and red colour for Europium (Figure 4). The emission bands are narrow 
and remarkably insensitive to environmental changes (temperature, solvent); the wavelengths barely 
shift more than 5 nm. Moreover, the presence of large Stokes shift (the energy gap between absorption 
and emission transitions band) - often higher than 200 nm - prevents any problem of self-absorption 
characteristic in organic dyes. As consequence, (i) the two emission colours open perspectives for any 
further chemicals coding, and (ii) the excitation wavelength within 300  400 nm range allows the use 
of low-cost disposable plastic cells. 
Another interesting peculiarity of lanthanides is related to their long-lived millisecond range 
luminescence. Such timescale emission is excellent for the monitoring of complex phenomena e.g. the 
presence of oil waste, contaminated production waters. The collection of TRF long-lived luminescence 
signal (e.g. 0.7 ms delay time) allows the separation of the marker signal (long-life emission) from the 
crude oil background noise (nanoseconds or microseconds range due to organic compounds). In general, 
the S/N ratio as well as the limit of quantification (LOQ value) increase with the delay time. For 
example, with TRF we are able to separate luminescence signal by portions of gate time: e.g. (0 ms 
delay, 0.2 ms gate), (0.2 ms delay, 0.2 ms gate), (2 ms delay, 0.2 ms gate) values give information about 
the organic phase (the shortest timebase), about an intermediate inhibitor chemical (0.2 ms delay, 0.2 ms 
gate), and about another chemical (2 ms delay, 0.2 ms gate) (Figure 6). We would like to highline that 
the revealing solution is sensitive to the affinity between lanthanide ions and inhibitors, i.e. an inhibitor 
with excellent chelating properties increases both TRF signal and lifetime of marker. 

 
 

 
  



Single inhibitor quantification 
 
We investigated the TRF quantification of two separate inhibitors (scale SC1 and corrosion CR1) 
diluted in production brines (Perpetua and Elgin waters). Following the protocol described above, a set 
of brine samples ranging from 0 to 100 ppm of the specific inhibitor (a typical range of concentrations 
used in exploitation) were mixed with revealing solution RS1 (10% dilution) and analyzed by laboratory 
TRF apparatus and the portable field one. The detection parameters such as PM voltage, slits and 
integration time were fixed for all measurements. The signal has been collected in a 10 nm - window 
centered at 615 nm, under 350 nm monochromatic irradiation. A dozens of independent repeats have 
been performed during a 7-day time period (Figure 7). 
 

 
 

The slope of linear fitting found in SC1 chemical is equal to 1.51 ppm-1 whereas in CR1 samples is 
around 0.12 ppm-1. As expected, anti-corrosion chemicals display lower affinity with the revealing 
solution than the anti-scale chemicals. Additional samples measured in Elgin reconstituted water with -
20% salts content displayed superimposes calibration curves, i.e. the influence of brine composition is 
almost negligible (Figure 8). Indeed, the simple 10% dilution of samples in revealing solution reduces 
all interferences due to the brine composition. 

 

 
  



Double scale  scale inhbitors quantification 
 
The simultaneous quantification of two scale inhibitors (SC1, SC2) in brine waters (Elgin) needs two 
calibration curves under conditions a and b, as described previously. Two revealing solutions based on 
europium ions were prepared as condition a and condition b; the first one buffered at pH 4.5 (condition 
a), the other one buffered at pH 6.5 (condition b). For the measurements, we fixed the excitation 
wavelength (350 nm) and the emission wavelength (615 nm), but the delay time depends on the 
conditions: delay 0.1 ms  gate time 1 ms for the condition a, 0.6 ms  1 ms for condition b. 

 
 

 
Under condition a, the scale-inhibitor SC1 displays low TRF signal due to pH effect; even at high 
concentrations (closed to 250 ppm), the signal is not far from the LOQ and the slope is equal to 0.0014 
ppm-1 (Figure 9). The second inhibitor SC2 has good linear correlation with a slope of 0.22 ppm-1. 
Under condition b, both series display good linearity with the inhibitor concentration; as observed for 
condition a, the SC2 slope value is higher than the one obtained in SC1 series.  
We then prepared a test mixture composed of 150 ppm of SC1 and 40 ppm of SC2 in Elgin water. Using 
the equation system described in data analysis paragraph, we obtained 140 ppm of SC1 and 42 ppm of 
SC2, values in accordance with the theoretical concentrations.  
 
Double scale  corrosion quantification 
 
For production waters containing both scale (SC1) and corrosion (CR1) inhibitors, we prepared two 
separate revealing solutions as condition a (RS1) and b (RS2). The first one based on europium ions was 
buffered at pH 6.5 whereas the second one was based on terbium ions at same pH. Parameters of 
analysis were setup as a function of revealing solution: 350  617 nm, delay 0.2 ms for RS1 and 310  
545 nm, 0.6 ms for RS2. 
The plot of data reveals some interesting details (Figure 10): under condition a, the increments of CR1 
chemicals does not affected the TRF intensity (constant and equal to 11.6 p.d.u.). Vice versa, the 
luminescence signal is proportional to the concentration of scale inhibitors (SC1) and the slope is equal 
to 0.22 ppm-1. The other condition (b) is selective only for the anti-corrosion chemicals and not for the 
anti-scale additives. Since each condition was selective for only one inhibitor species, we were able to 
eliminate two parameters (K2a = 0, K1b = 0) from the equation system. A test sample (60 ppm SC1, 40 
ppm CR1) was analyzed under condition a and b. Using the simplified equation system, we obtained 
57.3 ppm for SC1 and 39.4 ppm for CR1, in accordance with the theoretical concentrations. 
 



 
 
 

 

 
Time-resolved fluorescence detection has been applied for the quantification of scale and corrosion 
inhbitors in brine production waters. The procedure does not require any time-consuming pre-
treatments, and the test sample  collected from site or directly on-line  is simple mixed with a 
revealing solution and analyzed by TRF apparatus. Lantanide ions as Eu3+ and Tb3+ (the constituents of 
revealing solution) interact specifically with inhibitors chemicals and give TRF signal proportional to 
the concentration of additives. The quantification of single corrosion or scale inhibitors in brines needs 
one set of samples for the calibration whereas the double quantification requires two calibration curves 
under different conditions (e.g. revealing solutions, analysis parameters). The detection is done in less 
than 2 minutes, and in almost the totality of cases studied we obtained a linear proportion with the 
concentration in the range 0 - 100 ppm. The use of low-price disposable cells for measurements as well 
the avaliability of portable field apparatus (INIBOX) enhances the potentials of technique for any 
further offshore quantification. Excellent results were obtained with more than 20 commercial scale and 
corrosion inhibitors in both single and double quantification. A first industrial on-site test will be 
planned (March 2016) in Elgin field (North Sea) and some other collaborations will be launched soon. 
Some features of technique are listed below: 

- timesaving: 60 minutes for calibration curve preparation and extrapolation, 1 minute for 
quantification;  

- compact: 1 m² for portable field apparatus and disposable materials; 
- simple: sample preparation (test brine + revealing solution) and analysis (1-click device); 
- resolution: sub-1 ppm limit of quantification (LOQ); 
- concentration range: linearity in range 0 - 500 ppm; 
- robustness: no interferences with oil, sand or salt contents; 
- versatility: tested in a wide range of scale and corrosion inhibitors and ready for hydrate 

inhibitors and polyacrylamide polymer (Enhanced Oil Recovery). 
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Area (CGA). The main reason being that they 

present ex 195°C to 225°C due to reverse Joule 
Thomson effect), high pressure (with 1,100 bar), high salinity (with more than 250g/L in TDS, more 
than 20g/L in calcium and circa 450mg/L in iron) along with several scale types (with sodium chloride, 
calcium carbonate, zinc sulphide and lead sulphide).  
In the wells of CGA fields, the highest scaling risk is the formation of sulphide scale in the subsurface 
safety valve region. Commercially available scale inhibitors have proven incapable to perform under 

 
This paper describes the design process of suitable new chemicals (scale inhibitors and nanoparticles 
scale inhibitors) for both downhole continuous injection and squeeze treatment applications.  
Such compounds are based on cationic polymers and sulphonated anionic polymers. A chemical 
approach has been used for the synthesis of silica nanoparticles. The sol-gel method, in addition to its 
low cost, allows controlling both the size and morphology of the particles by varying certain parameters 
of the reaction. Extensive laboratory tests have been performed for the validation of these products; 
these tests include scale inhibitor/brine compatibility, static and dynamic tests, thermal ageing, post 
ageing analysis and performance tests as well as coreflood tests using real core from the CGA 
formations. These laboratory testing have allowed the tuning of the chemical design of these novel 
products in order to improve the performance and the thermal-stability.  
This paper describes the considerable advancement in chemical performance under these extreme 
conditions, including specific test development for lead sulphide which has to date proven more difficult 
than other sulphide scales to assess under field representative conditions in the laboratory. The newly 
developed chemicals are now ready for trial on the field. 
 

 
The Elgin and Franklin fields are deep HP/HT (1,100 bars and 195°C to 225°C) gas condensate 
reservoirs situated in the CGA of the UKCS ~ 240 km East of Aberdeen (Figure 1). Elgin and Franklin 
production wells are at depth of between 2000 and 5400 m. The main reservoir is Upper Jurassic Fulmar 
Sandstone buried at more than 5km and containing a rich fluid in supercritical conditions (GOR between 

 



500-1000 m3/m3). The fields have been on stream since 2001 with total production exceeding 600 Mboe 
at plateau rate of ~230Kboe/day. Production at the Elgin-Franklin hub is expected to continue for 
another 23 years (Patel et al., 2011). The HP/HT West Franklin satellite discovery to the original Elgin-
Franklin development is located 6 km south of the Elgin facilities, to the west of the Franklin field. The 
discovery was made in 2003. Conditions on West Franklin notably exceed the extreme HP/HT 
conditions encountered on Elgin-Franklin (initial pressure of 1188 bars and temperature ~ 214°C) with 
fluids under hyper-critical conditions (GOR ~1200 m3/m3) (Patel et al., 2011).  
 
 

 
 

Figure 1: Central Graben fields location area 
 
 
The wells were drilled prior to production to prevent architectural well depletion problems. The wells 
are sub-vertical to S-shaped. The reservoir has been drilled in an 8.5 inch hole which is cased and 
cemented with 7 inch 25% Cr liners. The wells are completed with 5 inch 25% CR tubing. The nature of 
the completions and the high downhole temperatures means that scale dissolver applications can be 
extremely challenging with respect to minimizing corrosion in the downhole tubulars. Only weak 
organic acid and not inorganic acids can be deployed (Falla et al., 2005; Festa and Hansen, 2009). Most 
CGA wells only produce condensed water with no formation water production with the exception of two 
wells. The produced formation water has a high salinity (300,000mg/L). 
 
Calcium carbonate and sodium chloride scales are seen to form downhole and in the production tubing. 
For wells where formation water is produced, sulphide scales are observed at the tubing retrievable 
surface controlled subsurface safety valve (TR-SCSSV) which is an essential safety device.  The 
deposited scale causes the biggest risk to production, as a small amount of this scale will block the TR-
SCSSV, scale can cause the flapper to get blocked in an open or a closed state; Figure 2 presents images 
showing the closure mechanism of the TR-SCSSV (Baraka-Lokmane et al., 2014 a, b; 2015).  

 



 
 

Figure 2: Images showing the closure mechanism of a TR-SCSSV (www.bakerhughes.com) 
 
 

The first of the Elgin-Franklin wells to produce formation water began production in April 2006; first 
production of formation water was detected in August 2009. Interventions operations include one TR-
SCSSV acid wash treatment in December 2009 followed by other acid washes in February 2010, 
November 2010, January 2011 and February 2011; as well as unsuccessful squeeze treatments in 
February, May and November 2010. The thermal degradation of the scale inhibitor used in the squeeze 
treatments are the cause of the failure of these treatments. By February 2011 the well was shut-in due to 
sulphide scaling rendering the TR-SCSSV inoperable. Attempts to repair the failed valve resulted in an 

TR-SCSSV which rendered the well completely inoperable in 
February 2011. 
Sulphide scales are extremely hard and dense materials that are not easily removed (Figures 3 and 4). 
Very low pH acidic cleaners could in theory remove zinc sulphide and lead sulphide scales; they would 
however liberate high levels of H2S from the scale as well as being extremely corrosive to completion 
metallurgy. Milling operations of sulphide scales have proven to be slow and expensive with no 
guarantees of success. Therefore full well workover is the only means to regain control of TR-SCSSV 
and well.  
A work over has recently been performed on the Elgin well, sulphide scale has been collected; the 
amount of scale debris is estimated to be equal to 2m³ or 13T. This scale debris has fractured off the 
tubing as it cooled and fell to the bottom of the well. The scale debris has been milled and recirculated to 
the drilling rig successfully (Figure 3). Figure 4 shows a topsides flowline with uniform layer of 
sulphide scale build-up. Table 1 shows the XRD analysis of the collected scale debris. The scale debris 
are NORM positive, they are constituted by predominately lead sulphide with lesser amounts of iron and 
zinc compounds, barium sulphate and calcite. 
 
 
 
 
 
 
 
 
 
 
         Figure 3: Sulphide scale collected from the Elgin well                       Figure 4: Sulphide scale in topsides flowline  



 
          Table 1: Results of the XRD analysis 

Calculated bulk composition (weight %) 
Lead sulphide 

(PbS) 
 
 

Galena 

Zinc sulphide 
(ZnS) 

 
 

Sphalerite 

Barium 
sulphate 
(BaSO4) 

 
Barite 

Calcium 
carbonate 
(CaCO3) 

 
Calcite 

Iron oxide 
Hydroxide 

( -FeO(OH)) 
 

Goethite 

Aluminium 
oxide 

hydroxide    
( -FeO(OH)) 

Boehmite 

Silica    
(SiO2) 

 
 

Quartz 
55.9 21.5 14.4 4.6 1.0 1.0 1.7 

 
In Elgin Franklin wells, calcium carbonate and sodium chloride (dry scales) are the only scale deposits 
susceptible to precipitate at the bottomhole. The high salinity of water associated with a high 
temperature at bottomhole, as well as a stripping effect generates the precipitation of sodium chloride at 
perforation level. Due to the high temperature at the bottom, calcium carbonate precipitation occurs at 
the bottomhole inducing the loss of productivity. In terms of chronology, halite scale occurs first, 
followed by carbonate scale and finally formation of sulphide scale at lower temperature. From the TR-
SCSSV to the surface facilities, with the reduction of temperature, there is reduction of solubility of zinc 
sulphide and lead sulphide. Figure 5 summarises the scale issue and management strategy for Central 
Graben wells. 
 
 

 
 

Figure 5: Scale issue and management strategy for Central Graben wells 
 
 
Extensive work has been conducted at Scaled Solutions Ltd with conventional scale inhibitors; however 
this showed that no chemicals were identified as being suitable for application with either: poor Ca2+ 
tolerance, poor thermal stability or poor ZnS or PbS inhibition. Several field trials were also conducted 
and the results broadly concurred with the lab results.  
 
Development of novel sulphide scale inhibitors was vital as no available scale inhibitors were efficient 
against sulphide scales. The specifications for a new scale inhibitor are (i) efficiency against sulphide 
scales; (ii) efficiency at low dosage (MIC = few ppm), (iii) thermally stable at high temperature (195oC 
and 225oC); (iv) good adsorption and desorption property for squeeze treatment. The presence and/or the 
high levels of iron, zinc, lead and calcium in the Elgin formation water represent a challenge as it is 



known that these ions reduce and hinder the capabilities of most scale inhibitor chemicals (Dyer et al., 
1999; Graham et al., 2006).  
 
Due to the difficulties in finding conventional scale inhibitors that were effective against sulphides, 
Total and the University of Lyon, France worked together on a collaborative project to develop novel 
scale inhibitor chemistries, designed to specifically target sulphide scale mitigation for downhole 
continuous injection. Paper SPE 173761 presented the performance of a new zinc and lead sulphide 
scale inhibitor. This chemical has been selected for downhole continuous injection in wells where 
injection facilities below the TR-SCSSV were included in the completion package. For CGA wells with 
no injection line, the only possible scale mitigation is the performance of squeeze treatment. Therefore it 
was necessary to develop a chemical with a better thermal stability; this could only be achieved with 
nanoparticles scale inhibitors. This paper presents the development and performance of novel 
nanoparticles scale inhibitors fabricated from the recently developed sulphides scale inhibitors; these 
nanoparticle scale inhibitors have been developed in order to improve the thermal stability and life time 
of squeeze treatment. 
   

PVT studies showed H2S content at ~300ppm, with anticipated level of [H2S] (~ 55 ppm) during 
production being expected, although ~ 5ppm was measured from core barrels. Hydrogen sulphide may 
originate from three natural processes: bacterial sulphate reduction (BSR) that occur at low temperatures 
up to 80°C, thermal cracking of organic sulphur compounds prevailing at higher temperatures and 
thermochemical sulphate reduction (TSR) happening at temperatures exceeding 100°C (Mougin et al., 
2007). The source of sulphide and metal ions can be traced in part to the cements in the reservoir rock 
structure obtained through core analysis. The main cements are quartz, carbonates (dolomite), sulphides 
(pyriteframboids, sometimes associated with minor amounts of sphalerite and galena).  Metal sulphide 
scale deposition results when sour gas [H2S] reacts with Zn, Pb or Fe in the reservoir or production 
facilities as condition permit, under appropriate conditions, the reaction process and subsequent 
deposition is generally very fast compared to other inorganic scales (Rickard, 1995; Lewis, 2010; 
Okocha et al., 2014). 
 
An important R&D program involving Universities (Heriot-Watt University, Leeds University and Lyon 
University) and an independent laboratory testing facility (Scaled Solutions Ltd) has helped to develop 
the understanding of the mechanism of sulphide scale formation in HP/HT gas condendate fields. 
 
It is generally considered that FeS is very insoluble and hence is a common oilfield scale. However both 
ZnS and PbS have much lower solubility; at pH 5 the solubility of FeS is 65 mg/L whereas ZnS and PbS 
are 0.063 mg/L and 0.002 mg/L respectively. Depending on the exact brine conditions, the solubility of 
iron sulphide is between 30 and 100 times more soluble than the solubility of zinc sulphide which in turn 
is between 30 and 100 times more soluble than lead sulphide. ZnS and PbS scales are formed when 
mixing formation waters rich metal ions with H2S gas within the wellbore and solubility declines during 
fluid extraction, Eqs 1 and 2. ZnS and PbS precipitates at the TR-SCSSV due to the reduction in their 
solubility because of the pH increase (as HS-1 and S-2 ions become more readily available) and decrease 
of pressure and temperature. 
 

     Eq.1 
 

     Eq.2 
 



Our research showed that the solubility of ZnS and PbS increases with increasing brine salinity, 
temperature, pressure and falling of pH; with the production of formation water, pressure and 
temperature decrease in the well resulting in decreasing ZnS and PbS solubility, this will induce the 
formation of sulphide scale if no mitigation is put in place. Our findings showed that the zinc and lead 
sulphide precipitation depends at the first order on the pH and temperature. 
 
The modelling results showed that due to relatively high concentrations of bicarbonates and relatively 
low concentrations of H2S, the amount of precipitated carbonates are on average 10 times higher the 
amounts of precipitated zinc sulphide and lead sulphide. The precipitation of calcium carbonate occurs 
rather downhole while the precipitation of zinc and lead sulphides occurs at lower pressure and lower 
temperature. The precipitation of zinc sulphide and lead sulphide is extremely dependent on the 
precipitation of carbonates. Allowing the precipitation of calcium carbonate to occur will considerably 
reduce the risk of formation of sulphide deposits (Okocha and Sorbie, 2010, 2014; Baraka-Lokmane and 
Hurtevent, 2013; Okocha et al., 2014). 
 
Unlike conventional scale (carbonate and sulphate) mineral fouling in sulphide environment seems to be 
mainly controlled by adhesion of scale that preliminary precipitated in the bulk solution (homogeneous 
nucleation). Hydrophobic surfaces perform generally well in sulphide scaling environment. For sulphide 
scale, surfaces exhibit a predominance of lead sulphide. Lead sulphide seems to have a faster kinetic of 
precipitation comparing to zinc sulphide (Charpentier et al., 2014; Baraka-Lokmane et al., 2014). 

 

Nanotechnology is emerging as an enabling technology in many fields; there has been research activity 
in the oil and gas sector and there is still enormous potential for it to be further exploited (Ghorbani et 
al., 2012). Nanotechnology provides opportunities to enhance the efficacy of current practices in the 
flow assurance such as squeeze treatments and development of functional nanoparticles for high 
pressure, high temperature conditions. In the squeeze process, where fluids are pushed through the 
formation, there is potential for nanotechnology to enhance the delivery of species (i.e. placement) 

 
 
It is possible to fabricate a nanofluid comprising of nanoparticles of Ca-DETPMP and place such novel 
nanomaterials into the formation matrix for the purpose of extending the squeeze life (Shen et al., 2008). 
Nanoparticles of Ca-DETPMP and zinc-DTPMP/BHPMP were used as transport vehicles to deliver 
inhibitors further away from the injection point and flow back at concentration required to inhibit scale 
formation for an extended period (Zhang et al., 2009). 
 
In order to use scale inhibitor P1  in a squeeze treatment, an improved thermal stability over 200°C is 
required; nanoparticles scale inhibitors have been developed for this application. A chemical approach 
has been used for the synthesis of silica nanoparticles. The sol-gel method, in addition to its low cost, 
allows controlling both the size and morphology of the particles by varying certain parameters of the 
reaction. The processes of the sol gel method are described in Figure 6. 
  

 
 
 
 



 
Figure 6: General mechanism of the sol-gel processes from the silicon alkoxide 

 
The first step of this process is the hydrolysis of the alkoxide producing groups of silanols; this step is 
called nucleation. The second step is the condensation of the silanols groups creating a molecule of 
water and bridges of Si  O  Si which constitutes the final structure of polysiloxanes nanoparticles. 
This second step allows the formation of nucleate and the growing of particles.  
Specific silane molecules can be used as precursors; it is then possible to easily tailor the hydrophilic 
nature of the surface and the surface charges. We have chosen the use of a proportion of APTES 
(Aminopropyltriethoxysilane) the nanoparticles thus synthesized have an affinity with the particular 
scale inhibitors that can be adsorbed / aggregate upon their surface. 
Nano-inhibitors consit in this project of Nano-hybrid particles, based on inhibitor polymers structured 
around a polysiloxane core/matrix of few w%. 
 
Figure 7 shows the synthesis of the nanoparticle scale inhibitors. In order to control the size of the 
synthesised nanoparticles, measurement by DLS (Dynamic Light Scattering) were performed. This 
technique is based on the Brownian motion of particles in solution which, depending on their size, will 
give a response. It is in this way possible to determine nanoparticles sizes and their distributions (Figure 
8). 

 

 

Figure 7:  Nanoparticle scale inhibitor synthesis by Stöber reaction (co-condensation of TEOS and APTES in Ethanol, 
which defines Si concentration) 
 



 
 
Figure 8: Size distribution of nanoparticles scale inhibitors, developed from different concentrations of silanes TEOS 
and APTES, with proportion 50:50 (0  2  4  8 g/L silane in total) in presence of fixed quantity of scale inhibitor P1 
(220 g/L) 

The tested nanoparticles scale inhibitors are NP1V1 and NP1V2; NP1V1 contains 2.5 g/L of silane (Si) 
and NP1V2 contains 5.0 g/L of silane. 
 
 

The performance of sulphide scale inhibitor (P1) is compared to two nanoparticles sulphide scale 
inhibitors (NPV1 and NPV2) (Table 2). Scale inhibitor and nanoparticle scale inhibitors/brine 
compatibility tests performed at two temperatures 120 and 215 °C showed good resuts. Dynamic zinc 
sulphide tests followed by dynamic lead sulphide tests have been performed. 

Table 2:  Tested scale inhibitor and nanoparticles scale inhibitors 
 

 
 
Dynamic Tube/ Filter Blocking Zinc Sulphide Tests Performed at Mild Conditions 
 
Zinc sulphide scale inhibitor performance testing was conducted using low salinity and low calcium 
brine (Table 3) containing 100 mg/L Zn2+ and 5 mg/L S2-. Tests were conducted using dynamic tube/ 
flilter blocking test apparatus, at the following conditions: 125 °C, 45 bar, 1m alloy coil, 7 micron filter 
(downstream of the coil) at pH 4.6. The results of these tests are reported in Figures 9 to 11. These 
showed that scale inhibitor P1 inhibited ZnS at 1 mg/L (active) and nanoparticles scale inhibitors 
NP1V1 and NP1V2 inhibited ZnS at 3 mg/L (active). 

Chemical Name Composition of the scale inhibitors Activity 
P1 2/3 P1, 33% water, 1/3 DEG 22% 

NP1V1 2/3 P1, 33% water, 1/3 DEG (1.75 g/L TEOS et 1.75g/L) 22% 
NP1V2 2/3 P1, 33% water, 1/3 DEG (2.5 g/L TEOS et 2.5g/L) 22% 



Table 3:  Low Salinity/ Ca2+ brine composition  

Ion Low Ca2+ Brine 
(mg/L) 

Brine 1 
(mg/L) 

Brine 2 
(mg/L) 

Na+ 29,505 29,505 29,505 
Ca2+ 3,611 7,222 0 
Mg2+ 255 510 0 

K+ 0 0 0 
Ba2+ 0 0 0 
Sr2+ 0 0 0 
Fe2+ 0 0 0 
Pb2+ 0 0 0 
Zn2+ 100 200 0 
SO4

2- 0 0 0 
S2- 5 0 10 

HCO3
- 0 0 0 

Cl- 50,531 55,564 45,499 
 
 
 

 

Figure 9: Dynamic ZnS tests at mild conditions, scale inhibitor P1  
 

Figure 10: Dynamic ZnS tests at mild conditions, scale inhibitor NP1V1  



Figure 11: Dynamic ZnS tests at mild conditions, scale inhibitor NP1V2  
 
 
Thermal Ageing and Post Aged Performance (215°C) 
 
After ageing at 215oC for 5 days, in autoclave tests at 1000psi, no increase in pressure was recorded 
during the tests. The visual observations showed that prior to ageing all three chemicals were a hazy 
yellow liquid with fine suspended particulate. But after ageing, all of the chemicals darkened in colour. 
NP1V1 and NP1V2 both retained a small amount of solids in the bottom of the cell. Post Aged P1 
contained a significant amount of yellow needle-like crystalline solids in the bottom of the cell. The 
aged and non-aged chemicals were screened by Hyamine and GPC. Hyamine analysis showed that for 
chemicals P1 and NP1V1 there bare no significant changes after ageing whilst, the concentration of 
NP1V2 deceased about 13%. The chromatography (GPC) analysis indicates that there is very little 
change in molecular weight distribution following thermal ageing suggesting that no, or very little, 
degradation has occurred. 
 
Post Aged Inhibitor Performance Test 
 
The ZnS inhibition performance of all three chemicals, was repeated under the mild tube/ filter blocking 
dynamic test procedure. The results concluded that the ZnS inhibition performance was not 
detrimentally affected by the chemical being aged at 215°C for 5 days (Figure 12). 



 
Figure 12: Results of post aged inhibitor performance test 

 
Since post aged P1 precipitated significantly, and the concentration of chemical NP1V2 decreased about 
13%, these chemicals were deselected and only nanoparticle scale inhibitor NP1V1 was taken forward 
for further testing. 
 
Sulphide Dynamic Performance Tests - Elgin Franklin Condition 
 
NP1V1 was then tested, using tube/ filter blocking test methods, under the more severe Elgin Franklin 
conditions,  with the following conditions: (i) Elgin Franklin PW (ZnS only) conditions, Table 4; (ii) 
Elgin Franklin PW (PbS only) conditions (Pb2+ = 25mg/L), Table 5 and (iii) Full Elgin Franklin PW 
(reduced Pb2+ (20mg/L)) conditions, Table 6. 

 
Table 4: Elgin production water composition (Zn only) 

Ion 
Elgin production 

water composition 
(mg/L) 

Brine 1 
(mg/L) 

Brine 2 
(mg/L) 

Na+ 90,443 63,310 117,576 
Ca2+ 18,659 37,318 0 
Mg2+ 1,087 2,174 0 

K+ 10,599 21,198 0 
Ba2+ 2,473 4,946 0 
Sr2+ 2,240 4,480 0 

Fe2+* 0 0 0 
Pb2+* 0 0 0 
Zn2+ 150 300 0 

SO4
2-* 0  0 0 

S2- 5 0 10 
HCO3 100 0 200 

 * Iron, lead and sulphate removed 



Table 5: Elgin production water composition (Pb only) 

Ion 
Elgin production 

water composition 
(mg/L) 

Brine 1 
(mg/L) 

Brine 2 
(mg/L) 

Na+ 90,443 63,310 117,576 
Ca2+ 18,659 37,318 0 
Mg2+ 1,087 2,174 0 

K+ 10,599 21,198 0 
Ba2+ 2,473 4,946 0 
Sr2+ 2,240 4,480 0 

Fe2+* 0 0 0 
Pb2+*** 25 50 0 

Zn2+ 0 0 0 
SO4

2-* 0  0 0 
S2- 5 0 0 

HCO3 100 0 200 
 * Iron, zinc and sulphate removed 
 ** Lead reduced to provide milder scaling conditions as optimised 

 
Table 6: Full Elgin production water composition (reduced Pb (20mg/L)) 

Ion 
Elgin production 

water composition 
(mg/L) 

Brine 1 
(mg/L) 

Brine 2 
(mg/L) 

Na+ 90,443 63,310 117,576 
Ca2+ 18,659 37,318 0 
Mg2+ 1,087 2,174 0 

K+ 10,599 21,198 0 
Ba2+ 2,473 4,946 0 
Sr2+ 2,240 4,480 0 
Fe2+ 450 900 0 

Pb2+*** 20 40 0 
Zn2+ 150 300 0 

SO4
2-* 0  0 0 

S2- 5 0 0 
HCO3 100 0 200 

 * Sulphate omitted for this testing 
  



Elgin Franklin PW (ZnS Only) Condition  
 
The tests performed with chemical NP1V1 under this condition (Elgin Franklin formation water and 
with ZnS only) showed that trace ZnS was observed in the SEM/EDX at 1, 3 and 5 mg/L (active) 
(Figure 13).  

Figure 13: Dynamic ZnS tests at mild conditions, scale inhibitor NP1V1 (ZnS only condition) 

 
Elgin Franklin G10Y PW (PbS only, Pb=25mg/L) Condition 
 
The results of this test showed no PbS inhibition at up to 100mg/L (active) NP1V1, the maximum 
concentration tested, under the conditions/method tested (Figure 14).  
 

 

Figure 14: Dynamic PbS tests at mild conditions, scale inhibitor NP1V1 (PbS only, Pb=25mg/L condition) 
  



Full Elgin Franklin PW (Reduced Pb, Pb=20mg/L) Condition 

No PbS inhibition at up to 100mg/L (active) NP1V1, the maximum concentration tested, under the 
conditions/ method tested. 

 

Figure 15: Dynamic PbS tests, scale inhibitor NP1V1 (reduced Pb, Pb=20mg/L condition) 

 
Specific Test for PbS Elgin Franklin Conditions  
 
It is recognised that the conditions were considerably exacerbated in the PbS scale tests such that the 
conditions are considered to be more severe than experienced in the field. Therefore additional milder 
PbS condition testing was undertaken, in case the test conditions or methods were too severe comparing 
to real conditions. The scope of these works was to determine milder PbS scaling conditions in which to 
test the performance of the selected chemical NP1V1. The test program for these works was split into 
two distinct parts: i) Static tests, sparging with 50ppm H2S gas, and ii) lower S2- concentration dynamic 
tests.  
 
Static Testing Results (50ppm H2S) 
 
At pH 4.5 and 4.6, no PbS scale was formed, however at higher pH (pH  at T =90°C), PbS 
scaling was observed. This shows that pH has a significant effect on PbS deposition. It is thought that 
this pH effect is due to the dissolution of H2S into the brine and the conversion of H2S to S2-. 
The chemical performance of NP1V1 was tested at (an initial) pH 5.4, and demonstrates that under the 
conditions tested, up to a concentration of 100mg/L NP1V1 (active), the maximum concentration tested, 
did not inhibit PbS scale formation. 
 
Dynamics Testing Results 
 
These tests were run concurrently with the static tests. It was determined that no PbS was detected in 
dynamic testing conducted at reduced sulphide concentration (1 or 2 mg/L S2- added as Na2S.9H2O) at 
pH 4.6, which is consistent with the static testing results. At 2mg/L S2-, pH 5.0 conditions, PbS was 
detected in the blank and this condition was selected for chemical performance testing. 



NP1V1 was tested at 30mg/L (active) with 2mg/L S2-, pH 5.0 conditions; reduced PbS deposition was 
observed, compared with the blank, but the chemical was not fully inhibiting. 

 
Core flooding test has been performed for scale inhibitor P1 to assess its suitability for potential squeeze 
applications. A core from Elgin reservoir has been used in the test, it has a length of 102.17 mm and a 
width of 24.91 mm. Core Porosity at Sor is equal to 12.3 % and core pore volume at Sor is equal to 
6.13%. Figure 16 shows that during main chemical application, there is a retardation of the scale 
inhibitor P1 against the inert lithium tracer. The core flooding experiment has been conducted at a 
temperature equal to 195°C. The flowrate is equal to 60 mL/hour. The pH of the solution is equal to 5.58 
for the main treatment and to 4.5 for the post-flush.  Figure 16 suggests modest retention of the scale 
inhibitor within the core matrix. 
 

 

Figure 16: Normalised Li concentration vs. injection PV recorded during main chemical application and early post-
flush 

 
Figure 17 shows the scale inhibitor concentration versus post-flush. The scale inhibitor concentration 
measured with hyamine method reached 10mg/L by about 95 pore volumes (PV) of post-flush brine 
throughput. By the end of the post-flush the SI concentration had reached about 5 mg/L after about 230 
pore volumes of throughput. Between 230 PV and 780 PV (4ppm), the scale inhibitor concentration 
decreases very gradually showing that P1 is retained strongly at the low concentrations.  



 
 

Figure 17: SI concentration vs. post-flush. Injected PV recorded during post-flush 
 
Figure 18 presents the derived isotherm for scale inhibitor P1 using software Squeeze 8 developed by 
Heriot-Watt University. This software has been used to derive adsorption isotherms from the scale 
inhibitor effluents results from corefloods performed in the laboratory. The isotherm describes the 
retention of the scale inhibitor by the rock substrate at the temperature and pressure conditions of the 
coreflood.  the model calculations match the coreflood 
calculated concentrations, and then isotherm is essentially validated at those conditions. 
 

 
 

Figure 18: Derived isotherm for scale inhibitor P1 using Squeeze 8 
 
Figure 19 presents the modelling results for coreflood performed with scale inhibitor P1; this figure 
shows a good match between modeling and laboratory results (points = experimental results, and solid 
line = modeling results). The scale inhibitor return curves were modeled very accurately using an 
adsorption isotherm (Figure 18) which appears to provide an excellent description of the scale 
inhibitor/rock interaction. 
 



Figure 19: Modelling result for coreflood performed with scale inhibitor P1 
 
Table 7 shows the data used for the design of the squeeze treatments. Table 8 presents the design for a 
squeeze treatment for a production flowrate of 433 m3/day. Figure 20 shows the predicted field returns 
of the scale inhibitor using this design for 1 year.  
 
 

Table 7: Data used for the design of the squeeze treatments for Elgin well 

Perfo length  
(m) 

Porosity (%) Permeability 
(mD) 

1 28.3 16 27.22 
2 2.5 13 48.94 
3 10 23 231.94 
4 29.80 20 11.74 

 

Table 8 Design for a squeeze treatment using scale inhibitor P1 
 

Stages Injected chemicals Flow 
(m3/min) 

Times Vol  
(m3) 

Preflush 200ppm of scale inhibitor P1 0.8 0.21 hours 10 
Flush 10% of scale inhibitor P1 0.8 0.83 hours 40 

Overflush  0.8 1.04 hours 50 
Shut-in   12 hours  

Production  433 m3/day 367days 1.59e5 

 
 



 

Figure 20: Predicted field returns of scale inhibitor P1 using the squeeze design described in Table 6 
 

The coreflood results suggest modest retention of the scale inhibitor within the core matrix, however the 
scale inhibitor P1 is retaining quite strongly at the low concentrations. The coreflood results have been 
used to derive the adsorption isotherm with the help of the software Squeeze 8 developed by Heriot-
Watt University. The adsorption isotherm describes the retention of the scale inhibitor by the rock 
substrate at the temperature and pressure conditions of the coreflood. The scale inhibitor return curves 
were modeled very accurately using the adsorption isotherm which appears to provide an excellent 
description of the scale inhibitor/rock interaction. The squeeze treatment design has been performed, 
using the water production flowrate of 433 m3/day. Long squeeze life times (1 year) are obtained. This 
squeeze treatment design for Elgin well using scale inhibitor P1 could be used as a reference for other 
Elgin and West Franklin squeeze treatments. 

The adsorption and desorption performance of nanoparticles scale inhibitors (NP1V1, NP1V2 and 
NP1V3) have been compared to the performance of the scale inhibitor P1, with the help of bench 
coreflooding experiments. NP1V1 to NP1V3 contain respectively 2.5 g/L, 5.0 g/L and 7.0 g/L of silane 
(Si). Figure 21 shows the adsorption of the chemicals during the main treatment and desorption of the 
chemicals can be observed in Figures 21 and 22.  
Figure 22 shows that the nanoparticle NP1V1 shows the best adsorption comparing to the others three 
chemicals.  
Figure 22 shows that the nanoparticles NP1V1, NP1V2 and NP1V3 show best adsorption comparing to 
the scale inhibitor P1; NP1V1 chemical shows the best adsorption comparing to the others nanoparticles 
(NP1V2 and NP1V3). These first promising results will be verified with a dynamic coreflood 
experiment performed at real Elgin Franklin conditions. 
  

 



 

Figure 21: Normalised Li concentration vs. injection PV recorded during main chemical application and early post-
flush 
 

Figure 22: SI concentration vs. post-flush. Injected PV recorded during post-flush 

 

In Elgin Franklin well calcium carbonate and sodium chloride scales are seen to form downhole and 
in the production tubing. For wells where formation water is produced, sulphide scales are observed 
at the downhole safety valve (TR-SCSSV). 
 
New scale inhibitor P1 a sulphonaed anionic polymer, has been developed by Total in collaboration 
with University of Lyon, France and evaluated at Scaled Solutions Ltd under Elgin Franklin 
conditions. 



 
The performance of scale inhibitor P1, which have been conducted at two temperatures (120 and 215 
°C), has been validated for downhole continuous injection for Elgin Franklin wells. 
 
In order to use scale inhibitor P1 in a squeeze treatment in the highest reservoir temperature (225 °C), 
an improved thermal stability chemical is required, for this purpose nanoparticles scale inhibitors 
have been developed.  

 
A chemical approach (a sol-gel method) has been used for the synthesis of silica nanoparticles.  

 
The performance of the two nanoparticles sulphide scale inhibitors (NP1V1 and NP1V2) have been 
compared to the performance of the sulphide scale inhibitor P1. 
  
Scale inhibitor and nanoparticle scale inhibitors/brine compatibility tests performed at two 
temperatures 120°C and 215°C showed good results.  

 
Dynamic Zn sulphide tests at mild conditions showed that scale inhibitor P1 inhibited ZnS at 1 mg/L 
(active) and nanoparicles NP1V1 and NP1V2 inhibited ZnS at 3mg/L (active). 
 
The ZnS inhibition performance of all three chemicals, under the conditions tested was not 
detrimentally affected by the chemical being aged at 215°C for 5 days. However the hyamine 
analysis showed that the concentration of chemical NP1V2 deceased about 13%. These results 
conducted to select the nanoparticle scale inhibitor NP1V1 for further testing. 

 
For Elgin/Franklin PW (ZnS only) condition, results showed that trace ZnS was observed in the 
SEM/EDX at 1, 3 and 5 mg/L (active) NP1V1. 
 
For Elgin/Franklin PW (PbS only, Pb=25mg/L) condition, results showed no PbS inhibition at up to 
100mg/L (active) NP1V1. 

 
For Full Elgin Franklin PW (reduced Pb, Pb=20mg/L) condition, results showed no PbS inhibition at 
up to 100mg/L (active) NP1V1.  

 
Specific method has been developed for PbS Elgin/Franklin conditions. A dynamic testing conducted 
at  2 mg/L S2- (added as Na2S.9H2O) at pH 5.0, with 30 mg/L (active) showed that chemical NP1V1 
did reduce the PbS deposition on the filter compared with the blank, as shown by SEM/EDX, 
however PbS scaling was not fully inhibited.  
 
It is recognised that the test conditions and methods used were severe in comparison to the field, with 
respect to PbS scaling.  

 
A coreflooding experiment performed at a temperature of 195°C and a squeeze design (performed 
with software Squeeze 8 develped by Heriot-Watt University) using scale inhibitor P1 showed that 
long squeeze life times (1 year) are obtained. The scale inhibitor is retaining quite strongly at low 
concentrations. This squeeze treatment design could be used as a reference for other Elgin and West 
Franklin squeeze treatments. 

 



Bench coreflood experiments showed that nanoparticle NP1V1 presents a better adsorption 
comparing to scale inhibitor P1. These first promising results will be verified with a dynamic 
coreflood experiment performed at real Elgin Franklin conditions. 
 

 

The authors would like to thank Total E&P UK plc, Total S.A., University of Lyon, France and Scaled 
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