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ABSTRACT 

Scale formation continues to attract the attention of 
operators, both in Oil&Gas and geothermal plants, as 
it is a hindrance in smooth production of the fluids and 
can generate negative economic impacts related to 
maintenance, cleaning and disposal, the latter being 
even more critical when dealing with NORM 
substances. 
Over time scaling can reduce performance of the 
entire plant affecting at different level the facilities 
leading to operational downtime in worst scenarios. 
 
Development and selection of efficient and tailor-
made chemical inhibitors is a crucial step towards the 
impact minimisation of both OPEX and CAPEX. The 
experience gathered in the oil and gas sector 
throughout several decades is a great resource for the 
correct definition and selection of the main parameters 
to focus on, as well as for the correct approach to 
accomplish the following steps: 

1. Scale Risk Assessment of the geothermal fluid 
from downhole across surface installations until 
the reinjection point; 

2. Selection and development of a tailored chemical 
solution to inhibit scale phenomena inside the 
well and surface installations. 

The precipitation tendency has been focused on the 
species with highest risk of precipitation that are 
currently detected in various location of the process 
plant.  

Barium sulphate, calcium carbonate and lead sulphide 
are most commonly recovered but also arsenic and 
antimony scaling are present in the deposits, even if in 
smaller amount. 

The aim of the study was to select the most effective 
scale inhibitor and to determine the Minimum 
Inhibitor Concentration (MIC) as the dosage that 
allows to triple the scaling time of the blank. Low 
environmental impact active components have been 

considered to help the customer to use the chemical 
without incurring in any regulatory restriction. 

1. INTRODUCTION AND BACKGROUND  

The formation of scale is a common issue in several 
industrial processes, embracing both Oil&Gas 
production and geothermal energy exploitation. 
Scale can be defined as the deposition of sparingly 
soluble inorganic salts from aqueous solution 
(Kelland, 2014); in turns it can be broadly described 
as hard mineral deposits that precipitate from brines 
and adhere to the inner pipe walls. The development 
of such inorganic deposits from aqueous brines is one 
of the major flow assurance issues. 
 
Scale formation is mainly triggered by changes in the 
physical-chemical properties of fluids during 
production (e.g., pH, partial pressure of CO2, 
temperature, and pressure), or induced by chemical 
incompatibility when commingling two incompatible 
water streams. 
It is clear that mineral scale formation and deposition 
in downhole and surface equipment is a major source 
of costs for the Operators. 
In oil and gas production operations this could lead to 
formation damage, production losses, increased 
workovers, poor injection water quality, and 
equipment failures. 
In the geothermal sector, not only the scale can affect 
well productivity, but it can deeply limit the degree of 
utilization of heat carried by the fluids. 
As geothermal is unanimously considered a safe, 
clean, green and renewable energy, it becomes of 
utmost importance to minimize operation costs in 
order to make its production competitive with other 
industrial sectors nowadays present. 
 
Mineral scale deposition can seriously limit flow 
areas, as the cross-section can be highly reduced by 
solid deposition. The reduction of well flow and 
productivity can lead to serious economic losses, as in 
worst case scenarios operations downtime is inevitable 
as the restriction of the flow line is so extensive that 
the well needs to be closed (Zhang et al., 2001).  
In this cases CAPEX impact could be extremely 
severe. 
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Quantity of scale and location of deposition are both 
function of different variables, to name a few: degree 
of supersaturation being the main driving force for the 
precipitation reaction, pH and brine composition, CO2 
content, temperature and pressure.  
 
Scale prevention becomes technically and 
economically more effective than re-dissolution once 
scale has formed, and scale prediction plays a crucial 
role in preventing the formation of deposits. Scale 
deposition is oftentimes quite hard to anticipate with 
accuracy as the thermodynamics of brines are 
sensitive function of their composition, temperature 
and pressure. And these variables might change 
considerably during the flow path of the fluid. 
Reliable thermodynamic models able to predict with a 
certain degree of accuracy these phenomena are an 
essential tool for the preparation of subsequent 
laboratory activities. 
To assess the scaling tendency a dedicated software 
simulation was carried out, by using the data provided 
by the customer 
 
This paper presents the results obtained for some of 
the most problematic scaling minerals common to 
oilfield and geothermal operations (BaSO4, CaSO4 
and CaCO3) and some more exotic scale peculiar to 
geothermal systems (e.g., galena, PbS). 
 

2. GEOCHEMICAL CONTEXT 

One geothermal plant in Central Europe is using a 
binary system and produces electricity through an 
Organic Rankine Cycle (ORC) geothermally-driven 
by high enthalpy fluid completely reinjected into the 
reservoir after heat extraction. 
The key figures of the plant are the following: 
 Thermal water temperature: 165 °C; 
 Flow rate: 50-80 l/ s; 
 Electrical output: 4,8 MWe. 

The drilling depth of the well is around 3.600 meters 
with harsh thermal water temperature conditions 
(~165 °C). 
The flow of hot geothermal water (50-80 l/s) reaches 
the earth surface lifted by multi-stages line shaft 
pumps where the brine, flowing through a system of 
tubular heat exchangers, releases its heat to a 
secondary circuit, the ORC. A working medium 
evaporates there and relaxes via a turbine, which in 
turn drives a generator to produce electricity. 
 
The plant has a geothermal generation capacity of 4,8 
MWe with an annual output sufficient to supply 
electricity to around 8.000 households. 
Subsequently the cooled thermal water of the primary 
circuit is returned to the interior of the earth through a 
re-injection well, where it warms up again as it flows 
through the deep layers of rock and can finally be 
pumped up again. 
The geothermal brine is produced at around 20 bars 
and kept constantly under the Gas Breakout Pressure 
(GBO) to both mitigate calcium carbonate 

precipitation and at the same time to decreases CO2 
induced corrosion. 
 

2.1 Fluids composition 

The analysis of water and gas were both provided by 
the customer (Table 1). The Na-Ca-Cl brine is highly 
mineralized, flowing at 70 l/s with a gas mass of 
0,17%, mainly represented by CO2 (vol% 88,17). In 
high enthalpy geothermal fields, as the case study, gas 
concentration is usually stated in mass percentage of 
steam. Since the plant produces brine at pressures 
above the GBO pressure, the gas is extracted by 
controlled pressure release in a closed system. The 
total volume of gas per litre brine is measured on-site 
and gas composition analysed in a laboratory. Mass 
percent is then calculated. 

Table 1: Brine composition (main components) 

Cations (mg/l) Anions (mg/l) 

Na+ 30.691 Cl- 67.200 

K+ 4.110 SO4
-- 170 

Ca++ 8.240 HCO3
- 170 

Mg++ 116 F- 4 

Sr++ 470 Br- 192 

Ba++ 40 I- 1,62 

Li+ 188   

Brine is slightly acidic (pH ~5) with TDS around 100 
g/l, the main components being Na-Ca-Cl. 

Table 1 is representing only the main components of 
the brine, being its full composition very complex. 
The brine in fact contains also heavy metals in small 
quantities. For example, arsenic (As) is present in the 
composition with 15 mg/l, lead (Pb) with a value of 
~950 µg/l, antimony (Sb) in the order of ~200 µg/l but 
nonetheless they contribute to scale deposition. 

2.2 Scaling and corrosion issues 

Oftentimes scaling and corrosion phenomena are 
tightly interrelated, and can affect the geothermal sites 
in several different ways, as scale can trigger under-
deposit corrosion and localized pitting. During the 
plant survey the customer expressed dissatisfaction as 
across the years several challenges related to the 
impairment of equipment were encountered. To 
summarize, scale deposition and localized corrosion 
were leading primarily to the following troubles: 

 increase of differential pressure of heat 
exchangers; 

 increase of downtime due to cleaning operations; 
 disposal of equipment contaminated by scales; 
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 issues of safety at work due to precipitation of 
Naturally Occurring Radioactive Material 
(NORM) substances. 
 

Radioactivity of NORM scale is usually caused from 
the radioactive isotopes Radium 226 and Radium 228 
being co-precipitated with an oilfield or geothermal 
scale. Radium is similar chemically to barium and 
strontium; therefore, it readily precipitates with them, 
causing the resulting scale to be classified as NORM. 

Customer requested the study, selection and definition 
of a proper scale inhibitor and dispersant. 

3. SCALE TYPES AND SCALING MITIGATION 
STRATEGIES IN GEOTHERMAL PLANT 

The three major classes of geothermal scales are 
generally grouped into the followings: 

a) silica and silicates; 
b) carbonate of calcium and iron; 
c) sulfides of iron and heavy metals. 

 
The last category of deposits is more exotic, and also 
less well understood (S. Baraka-Lokmane, et al, 
2015); in the case of galena or lead sulphide, it is 
characterized by an extreme low solubility and by 
toxicity, limiting the analytical screening and 
laboratory testing of antiscalants. 

 

Figure 1: Potential areas at higher risk of scaling & 
corrosion along the geothermal production-
reinjection system 

In Figure 1 typical scaling and corrosion issues is 
depicted for geothermal fluid in a closed circuit. 
Scales species detected in the geothermal plants in the 
nearby region of the plant object of the study consist 
mainly of barium sulphate (BaSO4), calcium carbonate 
(CaCO3) and lead sulphide (PbS), alongside smaller 
amounts of arsenic and antimony. These scales are 
formed due to temperature decrease in the heat 
exchangers when they exceed their saturation; by 
consequence the risk of scale deposition can affect not 
only heat exchangers but also surface and subsurface 
installations of the return line, until the re-injection 
well, as clearly shown in Fig. 1. Mitigation of barium 
sulphate is usually reached with success using a scale 
inhibitor but since metal rich scales that contain a 
quite detectable amount of lead sulphide (PbS) are 
often detected and may become dominant, the aim of 
the study was to find a scale inhibitor and scale 
dispersant able to tackle more exotic scale types 
peculiar to geothermal fields. 
 

Generally speaking, the formation conditions for these 
types of scaling deposits are hardly reproducible in 
laboratory, and not many chemicals are capable to 
combine efficiency, thermal stability and low 
environmental impact. 
 
Brines with high salinity (TDS > 100 g/l), Calcium 
concentration >8.000 mg/L, production temperatures 
>160°C and complex mineral deposits make it a very 
challenging environment for the selection of standard 
scale inhibitors and scale dispersants. The additional 
presence of exotic scales like lead sulphide was a 
major obstacle to overcome. 

4. PRE-SELECTION: SCALE RISK 
ASSESSMENT VIA SOFTWARE SIMULATION 

A preliminary assessment of the dominant scaling 
species and their tendency to precipitate was carried 
out via simulation; the software used evaluates scaling 
tendency phenomena with thermodynamic changes 
during production. The program computes the four-
phase properties of production fluids, simulation of 
fluid production from reservoir up to the ending point, 
and computes phase mass balance, scale tendencies, 
and scale mass of production fluids at each location in 
the production line.  
Since the source of sulphur for the exotic scale 
formation was neither detected in the brine as S2-

aq 
species, nor in the gas phase as H2S, two different 
scenarios were evaluated for the pre-scaling 
precipitation tendency, defined as the scaling tendency 
before any solids are formed. 
 

4.1 First scenario 

A preliminary scenario was focused on the main 
scaling deposits occurring in greater quantities: 
barium sulphate (BaSO4), calcium sulphate (CaSO4) 
and calcium carbonate (CaCO3). The operational 
parameters investigated had considered a wide range 
of pressure and temperature values within the 
operational conditions of the plant, from extraction to 
reinjection (P=10÷30 bar, T=20÷200 °C), with focus 
on specific target temperatures suggested by the 
customer (T1=164°C; T2=120°C; T3=65°C and 
T4=40°C). Pressure was then fixed at 18 bars, above 
the Gas Breakout Pressure (GBO) so that CO2 was 
always solubilized into the brine feed. 

Brine and gas composition as described in paragraph 
2.1 were the input to the software; the simulated fluid 
was reconciled and matched with pH and electrical 
conductivity prior to simulation. 

Figure 2: Pre-scaling tendency for BaSO4 
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Fig.2 illustrates the output of barium sulphate pre-
scaling tendency at different pressures and 
temperatures; it is clear that the risk of scaling is 
always very high in all the different conditions 
explored. 

Figure 3: Pre-scaling tendency of CaCO3 

 
Fig.3 illustrates calcium carbonate pre-scaling 
tendency; as expected, as long as the temperatures 
decreases, the scaling tendency reduces to negligible 
values. 
The same trend of calcium carbonate has been found 
also for the calcium sulphate (CaSO4) being the most 
abundant scale detected for the high temperature 
condition. 

The theoretical results of dominant scaling species are 
summarized in Table 2 below: 

Table 2: Dominant depositing scaling species 

Temperature 
Barite 
BaSO4 
(mg/l) 

Anhydrite 
CaSO4 
(mg/l) 

Calcite 
CaCO3 
(mg/l) 

164°C 34,70 129,44 45,90 
120°C 56,00 0 0 
65°C 64,00 0 0 
40°C 69,00 0 0 

 
There is indeed a relevant risk of barite deposition 
across the entire flow path, that becomes critical in the 
coldest sections, in the return line after the heat 
exchanger, where temperatures are below 100°C; 
contrary to BaSO4, calcite is more critical at higher 
temperatures and when pressure reduction is 
appreciable. Keeping the brine pressurized above the 
GBO is a good practice to minimize and avoid CaCO3 
deposition. 
 

4.2 Second scenario 

This scenario was dedicated to the analysis of sulphide 
deposition, found in the deposits recovered in the 
geothermic plant, even though sulphur was never 
detected in water or gas analysis, as it is probably 
under detection limits. 
Lead is present in the formation fluid even if in 
negligible quantities (about 950 µg/l). The source of 
sulphur is instead less certain; some core 
characterization confirmed the presence of lead 

sulphide as insertion in the fractures, together with 
barium sulphate and other species.  

As these species were detected in field, an inclusion of 
sulphur source (different from sulphates) was 
necessary, hence a small quantity of H2S was added to 
the brine (10 ppm). With this assumption, the pre-
scaling tendency of PbS and other sulphide scales was 
evaluated. This could give an indication about their 
tendency to precipitate. 

As done for the first scenario, reconciliation and 
match with original brine parameters was carried out 
prior to simulation; in this case the presence of H2S 
did not affect pH in a significant way, assuring a good 
match with the original brine. 

Same temperatures of the first scenario were explored 
(T1=164°C; T2=120°C; T3=65°C and T4=40°C), and 
also pressure was fixed at 18 bars, above the GBO. 

The following Figures show that at lower temperatures 
appreciable pre-scaling tendency values were found 
not only for BaSO4 and PbS, but also for arsenic 
(As2S3) and antimony (Sb2S3) sulphur salts. 
Solids with a pre-scaling tendency >1 are predicted to 
form. 

Figure 4: Pre-scaling tendency of PbS 

Figure 5: Pre-scaling tendency of BaSO4, As2S3 

Figure 6: Pre-scaling tendency of Sb2S3 
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In addition to the dominant depositing scaling species 
found in the first scenario (Table 2), other secondary 
scaling species did appear, as Table 3 clearly 
illustrates. 
As reported, lead and antimony sulphides are also 
expected to deposit, with the exception of arsenic. 
 

Table 3: Secondary depositing scaling species 

Temperature 
Antimony Sb2S3  

(mg/l) 
Galena PbS  

(mg/l) 
164°C 0,59 0,53 
120°C 0,76 0,82 
65°C 0,79 0,85 
40°C 0,81 0,87 

 

5. LABORATORY SELECTION OF THE SCALE 
INHIBITOR FOR GEOTHERMAL SITE 

The conclusion of the software simulation was 
encouraging as it matched with good precision the 
deposit evidences detected in the plant, so to provide 
sound guidelines and analytical input for subsequent 
laboratory investigations. 
Aim of the laboratory analysis was an in-depth 
screening and selection of the best-in-class chemical 
inhibitor and dispersant. The different phases of the 
studies are described in the following sections. 
 

5.1 Dynamic Scale Loop (DSL) 

The instrument utilized for the selection is the 
Dynamic Scale Loop (DSL) apparatus, widely used in 
Oil&Gas sector for the assessment of the scale 
inhibitors effectiveness; it is therefore a valuable tool 
to ascertain also the inhibition capabilities in a harsh 
geothermal scenario. The main components of the 
apparatus in Figure 7 are: 

- 4 HPLC pumps; 
- A thermostatic oven; 
- Manual synoptic control panel with pressure 

gauges; 
- Data recording equipment; 
- Pressure detectors; 
- Flowmeters; 
- Coil and filter. 

Figure 7: Dynamic Scale Loop apparatus  

The system consists of a section of tubing (coil) 
placed into a convection oven providing accurate 
temperature control. To be sure that the inorganic 
scale will deposit into the coil, or in the filter, the 
water sample is divided in cationic and anionic brines, 
pumped at the same flow rate and flowed through the 
coil, where differential pressure is recorded. Scale 
formation is indicated by an increase in differential 
pressure across the coil; once it reaches a threshold 
value, the test is complete.  

Before addition of chemical, a blank test must be 
carried out to identify the time to block of the 
untreated sample. The target is to triple the scaling 
time of the blank using the minimum inhibitor 
concentration (MIC). Hence, once ran the blank test 
twice (for consistency and reproducibility of the test), 
the scale inhibitor chemical selection will start, 
reproducing the same conditions of the blank test 
except for the addition of the chemical into the anionic 
solution.  

The brines are sparged and saturated with gas like N2 
or CO2 while the flow is managed by dedicated 
flowmeter. Nitrogen is bubbled in the anionic brine, 
while carbon dioxide in the cationic brine. The aim of 
it is to remove oxygen from both solutions and in the 
cationic one, to reduce the pH so to prevent the 
precipitation of the salts before commingling the 
brines in the system. 

The pumps control the flow rate chosen, whenever this 
is possible, according to the fluid dynamic condition 
of the field. When this is not applicable to finalize test 
within reasonable scaling times, the flow rate is 
adjusted to reach acceptable scaling time as close as 
possible to the field conditions of pressure and 
temperature. 

5.1.1 DSL in first scenario 

As described in paragraph 4.1 this scenario was 
mainly focused on reproducing the scale tendency of 
barium and calcium sulphate, along with calcium 
carbonate. The brine was reproduced in laboratory 
using the recipe in Table 1 and the parameters for the 
test were set as per following Table: 

Table 4: Test parameters  

Dynamic Scale Loop Test - parameters 

Temperature 164 °C 

Pressure 18 bars (261 psig) 
Pre-scale Stage 

Flow rate (anionic & cationic) 6 ml/min each 
Time 300 sec 

Scale Stage 

Flow rate (anionic & cationic) 4 ml/min each 

 
The scaling deposition occurred inside the coil, 
without fouling the filters.  
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By dosing 2,5 ppm of product, the results obtained are 
summarized in Figure 8 and scaling times were the 
following: 

- Blank = 5.300 sec 
- Reference product = 16.500 sec 
- New Formulation = 18.000 sec 

Figure 8: Inhibition effects at 2,5 ppm dosage 

In this scenario both products demonstrated good 
inhibition performance at 2,5 ppm and scale was 
detected inside the coil without fouling the 10µm 
filter. 

5.1.2 DSL in second scenario (without H2S) 

This scenario was focused on the scaling tendency of 
barium sulphate and secondary species (PbS and other 
sulphides), with parameters set as described below, 
and brine composition as per Table 1: 

Table 5: Test parameters  

Dynamic Scale Loop Test - parameters 

Temperature 30 °C 

Pressure 18 bars (261 psig) 
Pre-scale Stage 

Flow rate (anionic & cationic) 8 ml/min each 
Time 500 sec 

Scale Stage 

Flow rate (anionic & cationic) 1,5 ml/min 

Contrary to software simulation where the scaling was 
found also at 40°C, no scaling condition was actually 
reached at such temperature during laboratory 
experiments. For this reason, the temperature was 
lowered from 40°C to 30°C.  

 

Figure 9: Inhibition effects at variable dosages 

Chemical dosages were progressively reduced through 
anionic dilutions during the different set runs, and 
scaling times were compared with the blank: 

- Blank = 6.450 sec 
- Reference product = 28.200 sec 
- New Formulation = 48.100 sec 

Figure 9 summarizes the different runs at the DSL 
apparatus, where it can be concluded that the 
minimum inhibitor concentration (MIC) of the 
reference product is equal to 10 ppm, while New 
Formulation could reach the MIC with half dosage (5 
ppm), providing also inhibition efficiency at 2,5 ppm. 
Better dispersion capability of New Formulation could 
also be gathered from the smoother ΔP augmentation 
after ~40.000 sec., a less steep profile increase that 
ensures an outstanding delay in the deposit formation. 

5.1.3 DSL in second scenario (with H2S) 

To permit the scaling of sulphur a small amount of 
H2S was introduced into the brine (10 ppm), and 
sulphates were removed, so to avoid sulphate scaling. 
In this way we were able to understand whether the 
selected chemical was capable to inhibit and disperse 
the sulphurs. 

The new brine composition is detailed in Table 6 
below. 

Table 6: New brine with H2S (main components) 

Cations (mg/l) Anions (mg/l) Neutrals (mg/l) 

Na+ 30.691 Cl- 67.200 CO2 1.888 

K+ 4.110 HCO3- 170 H2S 10 

Ca++ 8.240 F- 4 SiO2 179 

Mg++ 116 Br- 192   

Sr++ 470 I- 1,62   

Ba++ 40     

Li+ 188     

Even in this scenario it was not easy to find the right 
set up conditions for the scale deposition at 40°C, both 
in the coil and in the filter. By setting a lower 
temperature (30°C), there was evidence of a very 
small fouling in the filter, but not enough to rise the 
differential pressure to the fixed set point.  
To determine the correct working conditions of the lab 
instrument for the completion of the run in this 
particular scenario, a smaller filter was chosen and 
applied (7µm filter pores instead of 10µm previously 
used) and deposit was actually recovered onto it. 
 
Main test parameters are illustrated in Table below: 
 
 



Petteruti, et al. 

 7

Table 7: Test parameters  

Dynamic Scale Loop Test - parameters 

Temperature 30 °C 

Pressure 18 bars (261 psig) 
Pre-scale Stage 

Flow rate (anionic & cationic) 8 ml/min each 
Time 180 sec 

Scale Stage 

Flow rate (anionic & cationic) 4 ml/min each 

 
Even in this case, scaling times were compared with 
the blank and the results obtained with a chemical 
dosage of 10 ppm are here below reported along with 
a graph in Figure 10: 
 

- Blank = 6.800 sec 
- Reference product = 4.640 sec 
- New Formulation = 11.200 sec 

The working conditions under evaluation were very 
critical, considering that the filter was completely 
clogged after only 6.800 sec, with a very steep delta 
pressure trend. New Formulation was able not only to 
duplicate the scaling time of the reference product but 
also demonstrated excellent inhibition properties in 
very critical scenario when sulphur could lead to 
precipitation of exotic scale. 

 

Figure 10: Inhibition effects with 10 ppm of H2S at 
a chemical dosage of 10 ppm 

As already underlined, the introduction of H2S is a 
valid assumption that could reproduce with good 
accuracy the field conditions for the formation of PbS 
and other sulphurs, that found confirmations also with 
subsequent analysis detailed in the next paragraph. 

5.2 Sample characterization 

In the last scenario explored, when H2S was added to 
the brine as a potential source of sulphide scale, the 
deposits adhered onto the filter (Fig. 11) was collected 
and further analysed by X-ray in the laboratory. 

 

Figure 11: Deposit found on the filter of DSL apparatus 
during the untreated run 

 
It is worth mentioning that during the DSL run with 
New Formulation no sufficient deposit was detected in 
the filter, as confirmation of inhibition efficiency and 
outstanding dispersion activity of the chemical, 
outweighing the incumbent. 
 

 

Figure 12: X-ray deposit analysis: untreated (black 
curve) and with reference (red curve) 

The diffractometric report analysis is summarized in 
Figure 12 that clearly confirms the formation of 
sulphides, thus validating the assumption to introduce 
a source of sulphur. Presence of galena was confirmed 
in both curves, as confirmation of poor ability of 
reference product to mitigate exotic scaling issues. 

 

5.3 Environmental classification 

Since the extraction-reinjection of the geothermal 
fluid object of the study is a fully closed circuit, the 
impact of the chemical and its ecotoxicological 
assessment is of utmost importance to ascertain that 
no toxic species are introduced into the reservoir.  
Among the most recognised European regulations in 
force for the environmental aspect, German Water 
Hazard Class (WGK) for Substances and Mixtures 
was taken as a reference.  
For the determination of water hazard label (WGK), 
according to the last updated EU Regulation, three 
main categories are envisaged: 
 

1. Slightly hazardous to water 
2. Obviously hazardous to water  
3. Highly hazardous to water 

The classification reference for chemical treatment of 
geothermal environment is restricted by authorities to 
products with WGK 1.  
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After careful selection of chemical actives, New 
Formulation successfully obtained the classification 
WGK 1, confirming its suitability for a field trial as a 
next phase. 

6. RESULTS 

New Formulation was selected as the best-in-class 
scale inhibitor and dispersant product able to deal with 
traditional scaling species common also to the oilfield 
sector and more exotic scales peculiar to geothermal 
fields. 
The preliminary software simulation helped to identify 
and target the scaling issues in the plant. 
A laboratory dynamic procedure extensively used as 
best practice in the selection and assessment of oilfield 
scale inhibitors was reproduced for the geothermal 
environment to tackle the deposition detected in the 
plant, varying from sulphate, carbonate and sulphide 
in relation with temperature and sulphur presence. 

To do this, two main scenarios have been explored; 
the first being dominated by anhydrite deposits while 
the second mainly replicating barium sulphate 
precipitation. 
Both laboratory simulations had used same brine 
composition and pressure value, and only temperature 
was changed. 
 
Another artificial brine was created in laboratory to 
replicate the exotic scale deposition mainly 
represented by PbS; to do this, sulphate anions were 
replaced by sulphide anions with addition of H2S in 
small quantity. From literature, this type of exotic 
scales is unusual and very difficult to mitigate by 
standard chemical. Moreover, while scale inhibitors 
are very effective in controlling barium sulphate and 
other traditional scales, metal sulphides are known to 
be better managed with dispersants. 

A series of different tube-blocking tests using 
Dynamic Scale Loop (DSL) was carried out to 
identify the most suitable inhibitor and dispersing 
agent. All screened products were required to 
triplicate the scaling time of the blank at minimum 
inhibitor concentration (MIC), and assessed eventually 
by comparing them to the reference. 

New Formulation had provided the following results: 

• slightly better performance than the reference 
product in the first scenario; 

• in the scenario, it is able to inhibit scaling 
deposition at 5 ppm dosage, that is half the MIC of 
the reference product. In addition, it showed 
significant inhibition at 2,5 ppm dosage and, the 
ability to act as dispersant by slowing down 
deposit formation; 

• in the most challenging scenario with H2S, it 
demonstrates the capacity of mitigating and 
dispersing/inhibiting sulphide scaling species thus 
assuring a consistent mass reduction of the exotic 
metal-rich scale. 

7. CONCLUSIONS AND OUTLOOK 

The New Formulation is currently undergoing the 
internal validation protocol in the customer laboratory 
facilities. Upon successful outcome of the validation 
process, field trial will be carried out to assess the 
efficiency and chemical performance for the 
mitigation of the scaling deposition issues of the 
geothermal brine. 
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