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Abstract 
Accurate optimization of hydrate inhibition requires knowledge of the actual 
inhibitor concentration retained in the aqueous phase under operating condi-
tions. This study applied refractometry to determine effective concentrations 
of monoethylene glycol (MEG) and methanol (MeOH). Calibration curves were 
developed using known weight-percent solutions, yielding strong correlations 
between refractive index and concentration (R2 > 0.98). Samples extracted from 
a mini-hydrate flow loop at varying pressures confirmed a linear relationship 
between the input dosage and the actual concentration (R2 > 0.99). MEG re-
tained ~95% of its input dosage, while MeOH retained ~90%. Concentrations 
decreased slightly with lower operating pressures, reflecting volatility and gas-
phase partitioning effects. These findings demonstrate refractometry as a relia-
ble, cost-effective method for real-time monitoring and optimization of hy-
drate inhibitors. 
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1. Introduction 

The transportation or delivery of oil and gas in environments characterized by 
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low temperatures, high pressures, and high-water cuts poses a significant risk of 
hydrate formation [1]. According to Koh, water and gas molecules combine under 
such conditions to form hydrates. These hydrates are similar to ice in terms of 
their physical properties [2]. They are about 85% water molecules and 15% gas 
molecules (by mole ratio). However, no chemical reaction occurs between the con-
stituent molecules; rather, the gas molecules are trapped within a crystalline water 
lattice. Gas hydrate, commonly referred to simply as hydrate, is a substance com-
posed of water and gas. It’s best characterized as a non-stoichiometric, crystalline, 
and clathrate compound with a regular repeating internal structure consisting of 
hollow units (cavities, or cages) in which the guest and the host molecules do not 
have a fixed ratio [3]. This structural character in hydrates is attributable to hy-
drogen bonding between water molecules. If gas molecules become trapped in 
these cages, you get hydrates. In such a situation, the water, or in general, the hosts 
(guest molecules or solute), play their roles and are balanced against geometric 
elements—products themselves of the molar ratio. The typical guest molecules are 
methane, ethane, propane, butane, carbon dioxide, hydrogen sulfide, and even ni-
trogen [4]. Hydrates are divided into three principal structural variants: Structure 
I, Structure II, and H, depending on the size and geometry of their cavities and 
the nature of guest gas molecules [5]-[7]. Gas hydrate formation poses significant 
risks in oil and gas transportation under low-temperature, high-pressure, and high-
water-cut conditions. Hydrates are crystalline clathrate compounds composed of 
water and guest molecules (e.g., methane, ethane, CO₂), stabilized by hydrogen 
bonding. Their formation can obstruct flowlines, cause pressure buildup, and lead 
to costly production interruptions. Offshore operations cost may account for up 
to 8% of operating expenditure on hydrate prevention [8]. Therefore, finding the 
optimum weight percent of inhibitors is important to prevent hydrate formation 
effectively and economically. Those hydrates can also plug the flowlines and risers, 
thus limiting or even stopping gas production, and cause not only pressure accu-
mulation but also lead to flow breakdown [9] [10]. Furthermore, hydrate-related 
problems have been encountered during drilling through HBS, resulting in bore-
hole instability and gas kicks [11]. In some situations, hydrate plugs have stopped 
production for several days, due to safety, equipment damage, and revenue loss 
concerns [12]. Several techniques have been applied to design for hydrate-related 
events: depressurization, thermal insulation, passive, and active heating, electrical 
heating systems (tubing bundles with heat tracing), surface coatings, and coated 
flowlines [13]. Chemical injection for both in-block and out-of-block subsea well 
production systems, injection of hot water or oil through the flowlines to ensure 
lower intervention time during blockage caused by hydrates or waxes, pipeline 
inspection gauges (PIGs), etc. Of these, chemical injection appears to be the most 
cost-effective option, especially in an offshore environment where platform space 
is smaller, water depths are deeper, and production rates are high [14]-[16]. The 
chemicals that prevent hydrates from forming are called hydrate inhibitors. These 
inhibitors either inhibit hydrate formation or cause already formed hydrates to 
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dissolve. Generally, hydrate inhibitors are divided into two types: THIs and LDHIs 
[17] [18]. This effect is caused by changes in pressure and temperature in hydrate 
formation. This modification is achieved by breaking the hydrogen-bonding net-
work of the hydrate system, resulting in a soft, structurally and thermodynami-
cally unstable system [19]. As a result, hydrate may also be dense or unable to form 
under the initial formation environment [20]. In other words, the THIs places the 
hydrate formation boundary at more extreme conditions than at lower tempera-
tures and/or higher pressures where hydrate formation is not favorable [21] [22]. 

There are two main types of LDHIs: these are Kinetic Hydrate Inhibitors (KHIs) 
and Anti-Agglomerate (AA) inhibitors. These inhibitors inhibit hydrate formation 
by affecting the action of the main factors, for example, low temperature, high pres-
sure, and water [23]. KHIs are copolymers or homopolymers that are low molec-
ular weight and soluble in water, based on cyclic amide (lactam) groups as active 
material [24]. Nevertheless, not all KHIs are polymers described by [25]; in some 
cases, they require application in a mixture formulation. KHIs work by inhibiting 
hydrate crystal initiation (or delaying the nucleation process) and thus extending 
the induction time. The waiting period before a solid hydrate crystal will occur. 
On the other hand, inhibitors that act against agglomerate formation by lowering 
the capillary forces (VDW interactions) between hydrate particles, preventing 
them from sticking together into larger masses [26]. Those inhibitors contact the 
liquid hydrocarbon phase to disperse the free water into fine droplets, inhibiting 
aggregation and growth of the hydrate nucleus [27]. The effectiveness of AA in-
hibitors is highly dependent on the type and nature of the surrounding liquid en-
vironment [28]. Regardless of the type used, the primary objective of hydrate in-
hibitors is to ensure the safe and cost-effective transportation of hydrocarbons. 
However, hydrate inhibitors are expensive, volatile, and toxic, depending on the 
type [29] [30]. Accordingly, it is crucial to determine the minimum effective weight 
percentage for hydrate inhibition at varying times. Overdoses can result in a waste 
of capital and operational expenditures. Underdosing may cause incomplete inhi-
bition, thereby exacerbating the issue of hydrate-induced problems [31]. As em-
phasized by [31], there is a critical need to determine the optimum inhibitor con-
centration or injection rate under varying operational conditions—one that is suf-
ficient to prevent hydrate formation without incurring excess cost. The reason for 
overdosing is to prevent the risk of hydrate formation and handle the event of an 
increase in water production, unexpected changes, and equipment breakdown. 
However, the issue of both overdosing and underdosing is being addressed by 
evaluating the actual weight percent of inhibitor in the system. Fluid samples col-
lected downstream in the pipelines or separator are analyzed to account for the 
inhibitor weight percent. The lack of accurate information on the actual inhibitor 
weight percent. Knowing the inhibitor weight percent in the aqueous phase is then 
used to optimize, monitor, and prevent the risk of hydrate formation under con-
trol. Different techniques have been used to account for the actual weight percent-
age of inhibitors in the aqueous phase for hydrate optimization and monitoring. 
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The freezing point depression method was reported to have been used to analyze 
the concentration of the inhibitor [32]. Water activity, water content, and speed of 
sound techniques have been used by various researchers to evaluate inhibitors or 
salt concentration in aqueous solution [33] [34]. The electrical conductivity-ve-
locity method was reported to be used by Mazloum, Yang, Chapoy & Tohidi, to 
account for the volume of inhibitor presence in the aqueous phase; however, the 
availability of ions in its solution remained a key issue [35]. Recently, spectroscopy 
has also been used to evaluate hydrate concentration (weight percent) with posi-
tive outcomes [36] [37]. 

Mitigation strategies include depressurization, thermal insulation, active heat-
ing, and chemical injection. Chemical inhibitors remain the most cost-effective 
option in offshore environments. Hydrate inhibitors are classified into thermody-
namic inhibitors (THIS) and low-dosage hydrate inhibitors (LDHIs), which in-
clude kinetic hydrate inhibitors (KHIs) and anti-agglomerates (AAs). Effective in-
hibitors are costly and may pose environmental risks, therefore necessitating dos-
age optimization. Existing concentration determination methods, such as freezing 
point depression, conductivity, and spectroscopy, often suffer from high error mar-
gins or sensitivity to impurities. Refractometry offers a simple, accurate alterna-
tive, with reported errors as low as 3.1% [38]. 

This study investigates refractometry for determining actual MEG and MeOH 
concentrations under hydrate-forming conditions in a controlled flow loop. 

Refractive index concept 
When light travels through a material, it tends to interact with the component; 

this interaction can be made visible through its change or bend at the boundary 
(interface) of the two materials (media). Light refraction happened as a result of 
changes in the speed of the light wave. Light refraction may be considered the 
changing of light speed at the interface of two different materials as it passes from 
one material to another. The difficulty with which light rays pass through a mate-
rial is captured via its optical density, which is expressed numerically in terms of 
refractive index. According to Worsfold, Townshend & Poole, the measurement 
of refractive index is referred to as refractometry. Refractometry is a technique 
used to determine a material’s composition and/or structure by refractive index 
[39]. 

A less dense material has less difficulty than a denser material. Meaning a denser 
material causes light rays to travel more slowly (having less speed). The material 
molecules of the medium cause a time lag in the transportation of the light wave 
through it. Refractive index is used to compare the speed of light in a material to 
that of a vacuum. Every material in a pure state has a defined refractive index. Re-
fractive index (Rd) is the ratio of the speed of light in a vacuum to that of a material, 
expressed as (Rd = c/v). Refractive index has been reported to be influenced by 
the density of material, which is affected by composition, temperature, and weight 
percent of solute [40]. This technique is used in the chemical, food, and pharma-
ceutical industries for evaluating product weight percentages. This technique is 
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commonly used for testing product purity and monitoring the formation. As the 
weight percent of solute in the solution increased, the density also increased, and 
it was reported that the relationship between refractive index and solute weight 
percent is linear [41]. 

2. Materials and Methods 

Mini hydrate flow loop (as shown in Figure 1), refractometer, mono ethylene gly-
col (MEG), methanol (MeOH), water, plastic dropper, and compressed natural 
gas (CNG) with a specific gravity of 0.5, composed of 98.4 mol% of methane and 
1.6 mol% carbon dioxide. 

Experimental Setup 
A locally fabricated mini hydrate flow loop [42] was employed to simulate off-

shore pipeline conditions. The system comprised 0.5-inch stainless steel tubing 
within PVC insulation, operating up to 500 psi and 30˚C, with a total length of 
12 m. Components included pumps, control valves, a cooling unit, a mixing ves-
sel, and instrumentation for pressure and temperature monitoring. 

 

 
Figure 1. Process flow diagram for the mini hydrate flow loop [42]. 

3. Experimental Procedure 

The details of the mini loop may be seen in [42]. The loop was used to condition 
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samples under different conditions. Before the commencement of the experiment, 
the mini flow loop was cleared with fresh water to remove any debris from the 
0.5-inch tubing line. The entire loop was function-tested to check for leakages. 
Verify the control valves’ alignment for proper isolation, confirm the responsive-
ness of control panel buttons, and perform zero-error checks on all measuring 
gauges. All the loop components were confirmed to be in proper working condi-
tion. 

For each experimental run, 3000 ml of liquid (water and inhibitor) was meas-
ured and poured into the mixing vessel. With the power supply on and Pump 3 
activated, the liquid was transferred from the mixing vessel into the 0.5-inch tub-
ing. Once the vessel was emptied and a pressure of 25 psi was achieved, Pump 3 
was turned off, and Valve 1 was opened to allow CNG into the system. The CNG 
was introduced until a pressure of 150 psi was attained, after which it was isolated 
from the loop. Pump 2 was then activated to circulate the liquid throughout the 
tubing. Water from the cooling unit was circulated through a PVC pipe using 
Pump 2, in a counter-current flow relative to the tubing to bring the loop to a low 
temperature. A reference test was conducted in the absence of any inhibitor, just 
water and gas from an initial 150 psi and 30˚C, for 120 minutes to evaluate the 
loop behaviour under hydrate-forming conditions. Pressure and temperature read-
ings were taken at 2-minute intervals. This procedure was observed using the MEG 
system. The experiment was carried out at an initial pressure condition of 150 psi 
and a temperature of 30˚C. The following weight percent of samples (2 wt% to 18 
wt% in increments of 2 wt%) and for each experiment run, the sample was taken 
at target operating pressures of 135 psi,130 psi, 125 psi,120 psi, and 115 psi, along 
with their respective temperature. The same set of experiments was conducted for 
MeOH. At each targeted pressure, the loop was put-off and flushed for about 2 
minutes to free gas before samples were collected. 200 ml was taken for each sam-
ple, while the remaining volume was drained out. The loop was then flushed with 
fresh water and restored to its baseline conditions to eliminate memory effects 
and ensure the integrity of subsequent tests. 

A refractometer was used to measure and calibrate the refractive indices of 
MEG and MeOH of the different weight percentages (2 wt% to 20 wt%). Distilled 
water was used to calibrate the refractometer (given a refractive index of 1.333) 
before the refractive measurement. For each measurement, the refractometer was 
left for 2 minutes after loading the sample to attain equilibrium. Again, the light 
was always adjusted, ensuring it pointed toward the middle of the crosshairs be-
fore taking the refractive reading. For all calibrated solutions, the refractometer 
was set at 20⁰C. After each test, the prism was cleaned and allowed to dry for about 
2 minutes before proceeding with the next run. 

Each measurement was taken three times, with the average refractive index rec-
orded. The refractive indices of samples extracted at different weight-percent in-
puts and operating pressures were measured at their respective extracted. Prior to 
each sample extraction the loop was opened for minutes until the samples free of 
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gas before collection. Clear and sealed sampling container were used for the sam-
pled collection. Again, at point of refractive index measured, the samples were 
gently in-between the prims to avoid air bubbles. 

4. Results and Discussion 

Experimental data from refractive index measurements of known weight percent-
ages for both MEG and MeOH were used to make various calibration plots. The 
relationship between refractive index and weight percent was analyzed with these 
plots via regression to evaluate the actual weight percent under different operating 
conditions. 

Hydrate formation Result 
Hydrate formation was monitored with a reference test, which was carried out 

in the absence of any inhibitor just water and gas under hydrate flow condition. 
The gradual and continuous decrease in pressure confirmed hydrate formation. 

Pressure-decrease signal: gas withdrawal from the loop for hydrate formation. As 
seen in Figure 2, the pressure drops from 150 psi to 35 psi within 120 minutes in 
a gradual manner. Again, temperature increase was observed intermittently, indi-
cating an exothermic process that was associated with hydrate formation. The re-
sults were in agreement with previous investigations with the loop [15] [22]. 

 

 
Figure 2. Pressure & temperature against time for reference test. 

 
Inhibition Curve Results 
The effectiveness of each weight percent for both inhibitors could be under-

stand using the pressure, temperature, and time trends (P-T-t curve). Figures 3-
7 showed the trend of pressure from initial tested pressure of 150 psi to 115 psi 
with their corresponding time and temperature. Averagely, an increased in the 
inhibitor concentration (weight percent) for both inhibitors from 2 wt% to 18 wt% 
increased the inhibition effectiveness, as higher concentration reduced the pres-
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sure drop at a lower temperature, thereby elongating the time taking to reach the 
115 psi mark. In another word, lower concentration witnessed fast pressure drop 
which is an indication of low inhibition effect [22]. MEG relatively at given a con-
centration showed superior performance when compared to MeOH. 

As seen in Figures 3-7, pressure and temperature varies across each concentra-
tion, and the isolation of pressure effect from temperature effect was not feasible, 
this was due to the fact that hydrate or inhibition effect in term of pressure or 
pressure drop correspondent could only be achieved with loop temperature. Hence 
the pressure trend observed in each concentration should interpreted with respect 
time. 

Calibration Curve Results 
The calibration curves for both MeOH and MEG systems demonstrated a 

strong linear correlation between refractive index (Rd) and inhibitor weight percent 
across the range of 2 wt% to 20 wt% with all calibrated samples were measured  

 

 
Figure 3. P-T-t curve for 2 wt% and 4 wt% of MEG and MeOH. 
 

 
Figure 4. P-T-t curve for 6 wt% and 8 wt% of MEG and MeOH. 
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Figure 5. P-T-t curve for 10 wt% and 12 wt% of MEG and MeOH. 
 

 
Figure 6. P-T-t curve for 14 wt% and 16 wt% of MEG and MeOH. 

 

 
Figure 7. P-T-t curve for 18 wt% of MEG and MeOH. 
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at 20˚C. This correlation confirms that refractometry is a reliable method for 
quantifying inhibitor concentrations under hydrate-forming conditions. As the 
inhibitor concentration increased, the refractive index also increased, reflecting 
enhanced solution density and stronger molecular interactions [38]. 

For the MeOH system, refractive index values increased from 1.3336 at 2 wt% 
to 1.3401 at 20 wt%. In comparison, the MEG system showed a corresponding in-
crease from 1.3413 at 2 wt% to 1.3579 at 20 wt% as seen in Figure 8(a) and Figure 
8(b). The higher refractive index values observed for MEG at equivalent weight 
percentages are attributed to its greater molecular weight and stronger hydrogen-
bonding capacity, which result in denser solutions and more pronounced optical 
responses [29]. 

 

 
Figure 8. Relationship between Refractive index and Weight percent of MEG and MeOH. 
 

These findings are consistent with previous studies that highlight MEG’s supe-
rior stability and refractive sensitivity compared to MeOH, making it particularly 
suitable for refractometry-based monitoring of hydrate inhibition systems [18] 
[21]. 

Regression Analysis of Refractive Index and Weight Percent Relationship 
Figure 9 showed the uncertainty analysis using error bar of the calibrated curve 

ranged from 2 wt% to 20wt for both inhibitors. 
A linear regression analysis was carried out to establish the relationship be-

tween inhibitor weight percent (wt%) and refractive index (Rd) of both inhibitors 
(MEG and MeOH). The calibration data have good linearity for MeOH and MEG 
systems, demonstrating the reliability of the refractive index to predict inhibitor 
weight percent within the experimental range of 2 wt% - 20 wt%. The regressions 
obtained are as follows in Table 1, where: Rd = refractive index (dimensionless), 
C = weight percent (wt%). 

Regression analysis indicated that both MeOH and MEG systems have a strong 
positive linear correlation of refractive index and weight percent, with R2 > 0.98. 
The remaining slope values are different from the two inhibitors, which reflects  
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Figure 9. Calibration Error bar charts for MEG and MeOH. 
 

Table 1. Regression summary of refractive index and weight percent relationship. 

System Regression Equation Coefficient of Determination (R2) 

MEG System Rd = 0.0009 C + 1.3394 0.9899 

MeOH System Rd = 0.0004 C + 1.3329 0.9976 

 
their nature. The MeOH system has a relatively smaller slope of 0.0004, suggesting 
a moderate index rate rise with weight percent. The MEG system, on the other 
hand, has a steeper slope (0.0009), approximately twice that of MeOH, and indi-
cates that it is denser, with stronger intermolecular interactions and a higher op-
tical response per unit weight percent. These confirm a higher refractive sensitiv-
ity of MEG solutions’ weight percent changes to MeOH solutions. This property 
demonstrates MEG’s suitability for refractive-index-based weight percent process 
calibration and monitoring of hydrate-inhibition systems. 

Refractive Index—Derived Weight percent for MEG and MeOH system 
Refractive indices of Samples extracted from the loop, at target pressures of 135 

psi, 130 psi 125 psi 120 psi and 115 psi, were measured at their extracted temper-
ature. Table 2 showed the extracted temperature for each sample. The actual 
weight percentages of samples were derived from the refractive-index calibration 
equations established earlier (Table 1). The results (Figure 9) show that the actual 
concentration slightly decreases as operating pressure decreases from 135 psi to 
115 psi. For example, the effective concentration of 10 wt% MEG solution was 
found to be equal to 9.56 wt% at a pressure of 135 psi, compared with a value of 
8.44 wt% at the pressure of 115 psi. This effect can be attributed to a reduction of 
gas solubility at low pressure. A decrease in pressure facilitates the liberation of 
light gas constituents, which may strip some small quantity of water vapor, leaving 
the effective liquid phase composition modified. The measured refractive index 
values of MEG solutions extracted from the flow loop were converted into actual 
concentrations using the established calibration equation. Figure 9 shows that 
effective MEG concentration slightly decreases as operating pressure decreases  
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Table 2. Summary of extracted samples temperature. 

Input 
wt% 

115 psi 120 psi 125 psi 130 psi 135 psi 

MEG 
(˚C) 

MeOH 
(˚C) 

MEG 
(˚C) 

MeOH 
(˚C) 

MEG 
(˚C) 

MeOH 
(˚C) 

MEG 
(˚C) 

MeOH 
(˚C) 

MEG 
(˚C) 

MeOH 
(˚C) 

2 17 16 18 17 18 17 19 19 21 20 

4 16 15 18 16 18 15 18 17 19 19 

6 16 14 17 15 17 14 17 16 17 17 

8 14 13 16 14 16 13 16 15 16 16 

10 13 12 15 12 14 12 15 14 15 15 

12 13 11 14 11 14 11 14 14 15 14 

14 12 10 13 11 13 10 14 13 14 14 

16 11 9 13 10 12 9 14 12 13 13 

18 10 9 12 10 12 9 13 12 13 12 

 

 
Figure 10. Relationship between input and actual weight percent of MEG and MeOH at varying operating pressure. 
 

from 135 psi to 115 psi. At 135 psi, the actual concentrations closely match the 
input dosages, confirming minimal inhibitor loss to the non-aqueous phase under 
higher-pressure conditions. These results demonstrate that both inhibitors can 
sustain effective concentration even under pressure fluctuations typical of subsea 
pipelines. At a pressure of 135 psi, the actual concentrations are near the input 
values, thus demonstrating a steady state and low volatility of the inhibitor. But at 
lower pressure, the measured refractive index decreases slightly, therefore lower-
ing the actual concentrations. For example, for the 10 wt% input from a 150 psi 
startup condition, the actual concentration for MEG was 9.56 wt% and 8.44 wt% 
at 135 psi and 115 psi, respectively, while MeOH was 9.0 wt% at 135 psi to about 
7.75 wt% at 115 psi. 

The higher decrease observed in MeOH could be explained by the higher vola-
tility of methanol and lower hydrogen-bonding capacity in comparison with MEG. 
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As pressure decreases, gas solubility in the liquid phase diminishes, facilitating the 
migration of volatile components, particularly methanol, into the vapor phase com-
pared to MEG, which remains more stable in the aqueous phase due to stronger 
intermolecular bonding [18] [21]. This explains why MeOH consistently exhib-
ited greater concentration losses than MEG across the pressure range investigated. 

The relationship between the input inhibitor volume and the actual volume 
available at a given operating pressure as shown in Figure 10, indicated that, the 
increase in input volume producing increase in the actual volume under all tested 
operating pressure. As seen in Figure 11, the loop pressure decreased with de-
creased temperature at a given input concentration, while an increase in input 
concentration decreased the temperature at a given pressure. 

 

 
Figure 11. Input weight percent of MEG and MeOH at various pressures and temperatures. 

 
Comparison of Actual and Input Inhibitor Weight Percent at Different Op-

erating Pressures 
At each experimental condition, the average difference between the actual and 

input weight percentages was evaluated. So, for a particular operating pressure, 
the actual weight obtained from all the tested input weight percent and their av-
erage deviation was calculated for both inhibitors. For example, at 135 psi, MEG 
retained approximately 96.2% of its input dosage, while MeOH retained 93.9%. 
As seen in Table 3, at 115 psi, retention dropped to 80.6% for MEG and 81.2% for 
MeOH, reflecting the increasing influence of volatility and gas-phase migration at 
lower pressures. These findings highlight that while both inhibitors are effective 
under high-pressure conditions, methanol’s volatility poses a greater challenge for 
retention stability. MEG’s stronger hydrogen-bonding interactions confer supe-
rior resilience, making it a more reliable inhibitor under fluctuating subsea pipe-
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line pressures [28]. 
Overall, the results demonstrate that refractometry can accurately capture these 

pressure-dependent concentration variations, providing operators with a cost-ef-
fective and real-time tool for hydrate inhibitor optimization. By consistently in-
terpreting concentration loss as a function of volatility-driven gas-phase partition-
ing, this study offers a clear mechanistic framework for understanding inhibitor 
behavior under variable operating conditions. Such insights are critical for opti-
mizing dosage strategies, minimizing chemical waste, and ensuring effective flow 
assurance in offshore environments. 

The primary limitation of this study is that the calibration curve was develop 
using water system only, Hence the presence of salt and or other existing contam-
inants in real field operation may introduce different effects that could possibly 
limit the accuracy and application of the model in the study. 

 
Table 3. Pressure influence on the inhibitors’ actual weight percent. 

Pressure 
(psi) 

Avg. Deviation 
(MEG) % 

Avg. Deviation 
(MeOH) % 

Retention Efficiency 
(MEG) % 

Retention Efficiency 
(MeOH) % 

135 3.8 6.1 96.2 93.9 

130 7.3 10.4 92.7 89.6 

125 10.3 11.8 89.7 88.2 

120 16.3 15.3 83.7 84.7 

115 19.4 18.8 80.6 81.2 

5. Conclusions 

1) Refractometry provides a sensitive and accurate method for monitoring MEG 
and MeOH concentrations (R2 > 0.98), supporting its use for online hydrate inhi-
bition control. 

2) Established calibration equations allow conversion of refractive index meas-
urements into actual inhibitor concentrations under varying pressures. 

3) Both MEG and MeOH exhibit decreasing retention with lower operating 
pressures, with MEG showing slightly higher stability. 

4) Accurate determination of actual inhibitor concentration enables operators 
to optimize dosage, reducing waste and ensuring effective hydrate prevention. 

Overall, refractometry offers a fast, cost-effective, and reliable approach for hy-
drate inhibitor optimization in subsea pipeline operations. 
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Appendix 

A1. Relationship between Input and Actual Weight percent of MEG and MeOH at 135 and 130 psi. 
 

 
 
A2. Relationship between Input and Actual Weight Percent of MEG and MeOH at 125 and 120 psi 
 

 
 
A3. Relationship between Input and Actual Weight Percent of MEG and MeOH at 115 
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A4. Calibration Reading* 
 

Weight 
Percent 

Refractive Index MEG Refractive Index MeOH 

First reading 
Second 
reading 

Third 
reading 

Average 
reading 

First reading 
Second 
reading 

Third 
reading 

Average 
reading 

2 1.3417 1.3418 1.3417 1.3417 1.3336 1.3336 1.3337 1.3336 

4 1.3434 1.3434 1.3435 1.3434 1.3343 1.3343 1.3343 1.3343 

6 1.3454 1.3453 1.3453 1.3453 1.3351 1.3352 1.3351 1.3351 

8 1.3471 1.3472 1.3471 1.3471 1.3359 1.3359 1.3360 1.3359 

10 1.3489 1.3489 1.349 1.3489 1.3368 1.3367 1.3367 1.3367 

12 1.3507 1.3507 1.3507 1.3507 1.3375 1.3375 1.3375 1.3375 

14 1.3525 1.3526 1.3525 1.3525 1.3382 1.3382 1.3383 1.3382 

16 1.3543 1.3543 1.3544 1.3543 1.3389 1.3389 1.3389 1.3389 

18 1.3562 1.3561 1.3561 1.3561 1.3395 1.3396 1.3395 1.3395 

20 1.3579 1.3580 1.3579 1.3579 1.3401 1.3401 1.3401 1.3401 
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