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GAS HYDRATE BLOCKAGE REMOVAL USING 

CHEMICAL INJECTION IN VERTICAL PIPES  

Morteza Aminnaji a, Bahman Tohidi a,*, Rod Burgass a, Mert Atilhan b 

a Centre for Gas Hydrate Research, Institute of Petroleum Engineering Heriot-Watt University, 

Edinburgh, EH14 4AS UNITED KINGDOM  

b Chemical Engineering Department, Qatar University, Doha, Qatar 

ABSTRACT 

Gas hydrates can cause restriction and blockages in pipelines. Therefore, if hydrates are 

identified as a potential challenge, a prevention strategy for hydrate formation and options for 

remediation of hydrate blockage are considered. The most commonly used means of blockage 

removal involves one or two sided depressurization with or without other options such as heating 

and injecting thermodynamic inhibitors. In this work, we report use of thermodynamic inhibitors 

                                                 

* Corresponding author.  

   Email Address. B.Tohidi@hw.ac.uk  

 
Abbreviations 

DEG, diethylene glycol; MEG, mono ethylene glycol; SC, standard condition; TEG, triethylene 

glycol; THIs, thermodynamic hydrate inhibitors; WCH%, water converted to hydrates-mass%. 
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to remove a hydrate blockage in a vertical pipe. The experimental work was carried out using a 

long, cylindrical, high pressure, vertical visual cell with full temperature gradient control. The 

pressure was kept relatively constant (±5 bar) during multiple inhibitor injections and hydrate 

dissociation by batch removal of gas from the top of the cell. The results are presented in this 

paper including pressure response due to hydrate dissociation, reformation of gas hydrate, and 

possibility of ice formation as a result of gas hydrate dissociation. 

Keywords 

Gas hydrate, MEG, Methanol, Hydrate blockage removal, Flow assurance 

1. Introduction 

Hydrate blockages can form under various production scenarios, such as; start-up following an 

unplanned shut-in, failure of inhibitor delivery pumps and/or increased water content. Hydrate 

blockages can occur in pipelines and/or wellbores. The problems and risks associated with 

various gas hydrate blockage removal strategies have been addressed in literature along with 

case studies (Cochran, 2003, Sloan et al., 2010).  

Several remediation options exist for gas hydrate dissociation and hydrate blockage removal, 

including depressurizing, chemical, mechanical, and thermal treatments. The depressurizing 

method was used to remove hydrate blockage in a >20 miles subsea tieback in the Gulf of 

Mexico (Lee et al., 2009), gas injection line in Gulf of Guinea (Piemontese et al., 2015), an 

export gas pipeline in the Gulf of Mexico (Kashou et al., 2004), a main gas export pipeline from 

Pompano platform (Sloan et al., 2010), etc. BP reported successful removal of blockage from a 

16-in jumper connecting the Atlantis gas export line to the Mardi Gras gas transport system in 
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the Gulf of Mexico using a drilling rig for removing fluids from the pipeline and then 

depressurizing it (Sloan et al., 2010). However, depressurization may result in movement of 

blockage and its associated consequences. Also, depressurization may lead to environmental and 

financial concerns due to gas flaring. Finally, in long vertical lines e.g. riser, depressurization 

may not be possible due to hydrostatic head associated with the column of liquid, mainly 

hydrocarbon, on top of the blockage. 

In many cases, more than one method was used to dissociate and remove hydrates. Chevron 

reported hydrate blockage removal using depressurizing and applying electrical heating directly 

to the pipeline (Davalath, 1997). Coiled tubing was used to circulate hot glycol in a gas 

condensate well in offshore South America to remove hydrate blockage (Davalath and Barker, 

1995). In this case, glycol and heated mud and sea water were used first, but these attempts were 

unsuccessful and did not result in blockage removal. Coiled tubing was deployed to remove 

hydrate blockage in a Statoil offshore gas field in the Barents Sea as well (Nepomiluev and 

Streletskaya, 2014). 

The use of chemical remediation such as thermodynamic hydrate inhibitors (THIs) is suitable in 

some cases as they can dissociate hydrate plugs and inhibit further hydrate formation. Methanol 

(MeOH) and mono-ethylene glycol (MEG) are the two most commonly used THIs working by 

shifting the hydrate equilibrium conditions to lower temperatures at a given pressure or higher 

pressure at a given temperature (Sloan et al., 2010). Methanol injection together with pressure 

reduction is a common method to dissociate hydrate (Lysne and Larsen, 1995). Hydrate 

properties, inhibitors properties, solid/gel precipitation, and the turbulence of the liquid system 

affect the hydrate dissociation by THI (Li et al., 2000). The effectiveness of different THIs in 

hydrate plug melting has been studied by other researchers (Li et al., 2000, Austvik et al., 2000). 
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Li et al. (2000) showed experimentally that methanol could be efficient in hydrate plug melting 

for permeable/porous hydrate plugs. However, they showed that MEG may cause a low 

penetration rate into a plug due to its density. They pointed out that TEG is not efficient in 

hydrate plug removal due to its high viscosity and density. Austvik et al. (2000) reported the 

efficiency of thermodynamic inhibitors in gas hydrate plug removal varies. They reported while 

methanol had no effect in some cases, it could remove the plug in three to four days in several 

other occasions. In addition to the aforementioned methods of plug removal, experimental and 

modelling works showed that a nitrogen purge could be efficient in gas hydrate plug remediation 

(Panter et al., 2011).  

As mentioned, depressurization of the pipe is not possible in all cases e.g. riser, so other methods 

such as THI injection could be used for hydrate plug removal. Although lots of researches have 

been done on the application of THIs in hydrate prevention, there is limited data about the 

effectiveness of THIs in removing of hydrate blockage e.g. MEG and methanol in hydrate 

blockage removal in vertical pipes, especially visual observation of plug remediation using THIs. 

Therefore, in this work, a comparative study on hydrate blockage removal in a vertical visual cell 

using batches of MEG and methanol injection is reported (MEG and methanol were chosen for 

this investigation as they are the most commonly used Thermodynamic Hydrate Inhibitors). It is 

demonstrated the effect of these chemicals on hydrate dissociation by monitoring pressure at 

top/bottom of the cell (i.e., hydrate blockage) and measuring the volume of gas produced from 

hydrate dissociation. However, the possibility of ice formation due to gas hydrate dissociation 

(which is an endothermic process) using temperature monitoring along the cell is investigated.  

2. Hydrate Calculation 
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The thermodynamic hydrate phase boundary was predicted using HydraFLASH®, a 

thermodynamic model by developed Hydrafact Ltd and Heriot-Watt University. The sCPA 

(Simplified Cubic Plus Association) was used as the equation of state to predict phase equilibria 

and hydrate phase boundary.  

The estimated percentage of water converted to hydrate (WCH %, defined as Equation 1) could 

be calculated based on pressure drop in the system (∆�) and the hydration number (��), i.e., 

hydration number is defined as number of water molecules per gas molecule at a given P&T 

conditions, e.g. the hydration number is around 6 for methane hydrate s-I. The number of gas 

moles consumed due to hydrate formation, ∆���	, is calculated using Equation 2 which is 

derived based on the gas law at constant temperature and volume.  

WCH	% =
∆������

������
                                                                                                                          

(1) 

∆���	 =
∆�

�
���	                                                                                                                            (2) 

Here, ���	 is the number of gas moles in the gas phase before hydrate formation and � is the 

pressure of the system without hydrates at the desired temperature. If �� is defined as water mole 

fraction, Equation 2 could be rewritten as Equation 4. As a result, the number of water moles 

used in hydrates (∆������) is calculated using Equation 5. 

�� =
������

�����������
=

������

����
                                                                                                             (3) 

∆���	 =
∆�

�
�1 − ��"��#�                                                                                                               (4) 
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∆������ = ��
∆�

�
�1 − ��"��#�                                                                                                      (5) 

Therefore, substitution of Equations (5) and (3) in Equation (1) results in Equation (5) which 

could be applied in calculation of WCH %.  

WCH	% = ��
∆�

�

$%&�
&�

                                                                                                                    (6) 

In this work, the hydration number is assumed constant and equal to 6 for simplicity.  

3. Experimental  

3.1. Materials  

The purity of MEG and Methanol used was 99.8 weight% and supplied by Fisher Scientific 

(catalog numbers E177-20 and A452-1, respectively). Deionized water was used in all 

experiments. The composition of natural gas mixture used in the test is given in Table 1.  

 

 

Table 1. Composition of North Sea natural gases used in experiments. 

Component Mole% 

Methane 87.93 

Ethane 6.00 

Propane 2.04 

i-Butane 0.20 

n-Butane 0.30 

CO2 2.03 

Nitrogen 1.50 
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3.2. Equipment 

The experiments were conducted in an in-house designed/built long cylindrical and windowed 

experimental setup. The setup has full temperature gradient control/monitoring along the 1.5 

meter cylindrical body of the cell (75 mm internal diameter) as well as pressure monitoring at top 

and bottom of the cell (Fig. 1).  The set-up consists of 12 soda-lime glass windows (6 pairs), 

enabling visual observation of the cell contents. Images and videos can be recorded through the 

windows while the light is shining through the opposite side of windows. The total volume of the 

cell is approximately 6.8 litres with the ability to reduce the volume by a moving piston inside 

the cell. The cell has a pressure rating of 300 bara and it is made of titanium. The temperature 

along the cell is controlled using 6 separate jackets each connected to a programmable constant 

temperature bath (Fig. 1). The temperature inside the cell is monitored by 12 platinum resistance 

thermometers (PRT) with a measurement accuracy of ± 0.1 °C. There are two thermometers in 

each section, which are placed in opposite sides of the cells and against each other. Cell pressure 

is measured by two precision Quartzdyne transducers (±0.07 bar), calibrated using a Budenberg 

dead weight tester. The pressure transducers are placed at each end of the rig. All thermometers 

and pressure transducers are connected to a data acquisition unit and a computer with the ability 

to continuously record the temperature of each section and the cell pressure. 
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Fig. 1. a) Illustration of the window positions and the coolant system of the long windowed rig. 

b) Picture of the long windowed rig. 

A stirrer with blades and a magnetic motor is mounted at the bottom of the cell for mixing the 

cell contents to reduce the time required for reaching thermodynamic and thermal equilibrium. 

Fig. 1a and Fig. 1b show a detailed schematic illustration of the cell and its picture, respectively.  

The system can be loaded with different amounts of water.  Gas can be injected from both ends 

into the cell. In order to simulate shut-in condition, the gas injection can be stopped and the 

temperature can be adjusted to seabed temperature or any other desired temperature. The system 
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can be held at a specific P and T conditions for any time required to form enough hydrates and 

induced a blockage (which may take several days). THI can be injected from both ends of the 

experimental setup.  Hydrate dissociation and potential reformation could be investigated both 

qualitatively and quantitatively, i.e., visual observation and changes in the system pressure and 

temperature. 

3.3. Procedure 

To simulate hydrate formation, hydrate blockage, and hydrate dissociation by THI in vertical 

pipes, the experimental setup was positioned in vertical orientation. It was loaded with 2,064 g of 

deionized water, and then vacuumed and pressurized with 460 g	≈	25 moles of natural gas (it 

was measured using a balance), achieving a pressure of 96.5 bara and 20 °C. The volume ratio of 

liquid/gas in the cell was approximately 0.44. In order to initiate hydrates, the temperature was 

set to 1 °C and the mixer was switched on. The logic behind setting the temperature at 1 °C was 

to avoid ice formation during cooling/hydrate formation (as conversion ice to hydrate is expected 

to be a very slow process). Also at the same time providing a better opportunity for investigating 

the possibility of ice formation during endothermic hydrate dissociation due to inhibitor addition 

(from non-homogenous aqueous phase). In the initial cooling step, some 10 mass% of water was 

converted into hydrate (WCH%) over 3 days, which resulted in the mixer stoppage. At this point, 

the mixer was switched off and was not used in the rest of the experiment. However, the system 

was not completely blocked as both top and bottom pressure transducers showed the same 

pressure. In order to simulate constant pressure conditions and block the system completely, 

natural gas was injected multiple times from the bottom of the cell. The aim of this procedure 

was to encourage the system to form hydrates by mixing the system (by the bubbling gas, i.e., 

the injection of gas from the bottom of the cell, generated gas bubbles inside the aqueous phase) 
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and increasing water/gas interface during gas injection. The system was allowed to form more 

hydrates for days after each gas injection, as detailed in Table 2. Finally, after the 5th gas 

injection, the pressure transducers showed different values, 79 bara and 90 bara at 1° C for top 

and bottom of the cell respectively, indicating complete blockage due to hydrate. The details of 

each gas injection are reported in Table 2. The data show that it took a long time to get complete 

blockage and there was pressure communication through the hydrate body even at high 80 

WCH%. 

In order to investigate the processes involved in hydrate dissociation through THI injection it 

was decided to use batch THI injection at constant pressure. The main reason for choosing 

constant pressure injection was to minimize risks associated with plug movement due to pressure 

difference. MEG was tested first due to its high density, assuming to be more effective than 

methanol in removing hydrate blockage in vertical pipes.  

Table 2. Details of gas injection including amount of gas injected, calculated percent water 

converted to hydrate after the end of each gas injection period, and time (i.e., number of days 

from the beginning of the experiment). 

No. 

Amount of gas injected in each 
step 

Total water 
mole fraction WCH% 

No. of 
days 

g mole 

1 460 25 0.82 10 3 

2 100 5.4 0.79 26 7 

3 80 4.4 0.77 37 8 

4 74 4 0.75 82 37 

5 92 5 0.72 89 51 
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4. Results and Discussion   

As shown in Fig. 2, HydraFLASH software calculations show that this system requires some 45 

mass% MEG in the aqueous phase for dissociating all hydrates. Therefore, different batches of 

MEG were injected from the top of the cell as listed in Table 3. The main reason for the injection 

of batches of MEG was to examine if it is possible to remove the hydrate plug with a lower 

amount of MEG than thermodynamic requirements, i.e., it is not necessary to dissociate all 

hydrates to remove the blockage. The temperature and pressure of the injected MEG were the lab 

temperature (around 20 °C) and the cell pressure, respectively. The pressure increased due to 

inhibitor injection and gas hydrate dissociation. To keep the pressure constant during the hydrate 

blockage removal process, gas was removed from the top of the cell. The volume of gas removed 

from the cell was measured by a gasometer at ambient conditions (depressurization was very 

slow to minimize temperature reduction due to JT effect). The system was also allowed to reach 

equilibrium after each inhibitor injection. Fig. 3 shows the pressure at the top of the cell and gas 

hydrate dissociation in terms of volume versus time during the hydrate blockage removal 

process. Both pressures at the top and bottom of the cell were monitored simultaneously to see at 

what point pressure communication will be established.   
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Table 3. Details of thermodynamic inhibitor injection into the long windowed rig 

No. of 
injection 

Type Mass / g Volume / cc Total Mass % 

1 MEG 230 206 10 

2 MEG 230 206 19 

3 MEG 230 206 25 

4 MEG 220 197 30 

5 MEG 228 204 35 

6 MEG 400 358 42 

7 MEG 450 403 49 

8 Methanol 222 282 5 
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Fig. 2. Hydrate phase boundary for natural gas system with different amount of inhibitor and 

operating condition 
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Fig. 3. Volume of gas from hydrate dissociation in standard condition, percentage of dissociated 

hydrate, and pressure response due to THI injection and hydrate dissociation versus time. The 

pressure build-up due to MEG injection was calculated based on the volume of MEG injection 

and considered in calculating volume of gas released due to hydrate dissociation. Use the curve 

with the points for both hydrate gas dissociation and percentage of dissociation hydrate. 

 

It was visually observed that once MEG was added to the system, a layer of MEG was formed on 

the top of the hydrates as it was completely blocked. The MEG gradually penetrated into the 

hydrates due to its higher density and ability to melt hydrates, so pressure increased. As 

mentioned earlier, after injecting MEG the system temperature is expected to decrease due to 

endothermic nature of hydrate dissociation. The data acquisition system recorded some low 
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temperatures (as low as -3 °C) in the hydrate part of the test setup during gas hydrate 

dissociation, indicating the possibility of ice formation. This low temperature was observed in 

window 3, i.e., the fact comes into fresh MEG contact with hydrates in window 3. The system 

temperature in each section of the setup during the chemical injection is presented in Fig. 4. The 

sharp increase in temperature of the system after each THI injection is due to the fact that the 

injected MEG was at ambient lab temperature, i.e., this temperature rise only occurred at contact 

surfaces of MEG and hydrate in the system. Although depressurization process was very slow, a 

small temperature reduction was observed only at the top of the cell (window 6) during 

depressurization, indicating observed sub-zero temperature was not due to pressure reduction. 

For example, as shown in Fig. 3, one depressurization was conducted at ~620 hours, and Fig 4 

shows 0.4 °C reduction in the temperature which was only observed at the top of the cell 

(window 6).  

The hydrate dissociate rate after each MEG injection varies due to non-homogenous nature of the 

system e.g. the hydrate dissociation rate in the early time of injection in the second and third 

MEG injections were 2.4 and 0.3 %	hydrate	dissociation
ℎ5678  respectively. However, the 

effect of MEG gradually diminished in every single batch of MEG injection, so hydrate 

dissociation stopped and pressure stabilized as shown in Fig. 3, and the system reached to an 

equilibrium point. In other words, in the first few hours of each MEG injection, some of hydrates 

dissociated and the rate of hydrate dissociation gradually decreased and finally there was no 

pressure change (potentially no net hydrate dissociation). The main reasons for this behavior can 

be listed as (assuming batch gas removal is efficient in maintaining the system pressure): 
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1. Dilution of MEG. Hydrate dissociation results in fresh water which could dilute the 

injected MEG, hence reducing its effectiveness. 

2. Non-homogeneous MEG distribution/concentration. In the absence of any forced mixing, 

the MEG-water seems to remain non-homogeneous in the limited test time, i.e., high 

MEG concentration may not come into contact with hydrates. 

3. Localized low temperature. Hydrate dissociation is endothermic which results in a 

reduction in local temperature, hence moving the system back to the hydrate stability 

zone. 

4. Localized compositional variations. Again in the absence of forced mixing, there is a 

good possibility of non-homogeneous gas composition. 

Although significant amounts of hydrates dissociated due to MEG injection (more than 45% of 

hydrates was dissociated before 7th batch of MEG injection), the system remained blocked until 

7th batch of MEG injection (49 mass% MEG). During this batch of MEG injection, hydrate 

blockage was removed quickly as both pressure transducers showed the same pressure. Another 

significant point was that the hydrate blockage shifted upward after MEG injection as shown in 

Fig. 5. Windows 3 and 4 became blocked after MEG injection, while they did not have any 

blockage initially. It seems that when MEG penetrated into the hydrate zone and dissociated 

some hydrates, hydrates reformed again at the interface between gas and aqueous phase as 

hydrate dissociation produced fresh water which moved upward due to lower density. As a 

result, if there is enough time between different batches of MEG injections, some hydrates may 

reform again and hydrate blockage could shift upward in vertical pipes.   
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Although the system should be out of the hydrate zone after the 7th MEG injection (which 

increased the average MEG concentration to 49 mass%), some hydrates didn’t dissociate 

potentially due to non-homogeneous MEG distribution and lack of mixing in the system as 

shown in Fig. 5 (some hydrates didn’t dissociate in Window 4). At this time, it was decided to 

inject methanol to see if it can dissociate the remaining hydrates. It was visually observed that 

once methanol was injected into the system, a layer of methanol was formed on the top of the 

initial aqueous phase due to lower density. The injected methanol only dissociated some of the 

hydrates at the top of the cell (i.e., those that came into contact). Therefore, most of the hydrates, 

which remained in the initial aqueous phase, didn’t dissociate by methanol injection. It should be 

noted that the pressure data didn’t show any rise after a few hours of methanol injection. Lack of 

methanol mixing with water could be one of the main reasons, as reported by Li et al., 2000 on 

problems associated with using methanol without good mixing in hydrate dissociation. 
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Fig. 4. Temperature profile for the different sections of the rig during chemical injection. 
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Fig. 5. Hydrate formation and dissociation, hence hydrate blockage removal during THI 

injection at 1 °C and ~80 bara. (a) first gas injection-no hydrate present, (b) last gas injection-

blocked with hydrates, (c) 10 mass% MEG, (d) 19 mass% MEG, (e) 25 mass% MEG, (f) 30 

mass% MEG, (g) 35 mass% MEG, (h) 42 mass% MEG, (i) 49 mass% MEG, (j) 5 mass% 

methanol in addition to the amount of injected MEG. 
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5. CONCLUSION 

This paper presents details of a novel 1.5 meters, windowed cylindrical (75 mm internal 

diameter) experimental setup that can be used for studying hydrate blockage formation and 

removal. In addition, the setup is equipped with separate temperature controlled jackets along its 

length for establishing a temperature gradient. 

In this paper, we presented the results of hydrate blockage formation from a North Sea natural 

gas with deionized water, and its subsequent removal using batch inhibitor injection (initially 

MEG, followed by methanol). The following conclusions could be drawn: 

1. Injected MEG dissociated some hydrates at the top and penetrate into the body of 

hydrates. 

2. Water generated as a result of hydrate dissociation moved upward and re-formed 

hydrates/blockage. 

3. Hydrate dissociation and reformation resulted in changes in the location of the blockage. 

4. The THI-water system seems to remain non-homogeneous, indicating that the mixing due 

to gas release/bubbling and diffusion is not very efficient in the limited test time. 

5. The endothermic nature of hydrate dissociation resulted in sub-zero temperatures, hence 

ice formation/blockage is possible. 

6. Due to non-homogeneous nature of the system, the amount of THI required is more than 

what is calculated by thermodynamic modeling. 

7. Methanol injection dissociated hydrates only at the top of the blockage. 
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8. Density of injected inhibitor plays an important role in effectiveness of hydrate blockage 

removal. 
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Highlights  

• Gas Hydrate blockage removal in vertical pipes using MEG injection. 

• Hydrate dissociation and reformation result in changes in the location of blockage. 

• The possibility of ice formation during hydrate dissociation.  


