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Hydrates are ice like substance which form in natural gas pipelines…
Hydrates are similar to ice but the characteristics of hydrates are different than that 
of hydrates
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All these methods are correlations based on gas gravity method

Nowadays most of the commercially available tools are capable of performing 
hydrate calculations
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Major problem faced by the oil and gas industry
Plugging of hydrates may result in blockage, plant shutdown, damage to process 
equipment, moreover it may result in explosion due to pressure buildup
May form at any point starting from wellhead/bottom hole till the distribution point
This is a very famous photo used in the hydrate research community
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Many conceptual models developed to understand the physics behind hydrate 
formation
This is a conceptual picture of hydrate shell growth model `in an oil dominated 
system. One of the main assumption is that water is dispersed in the oil phase as 
droplets..

The bottom right hand graph shows the effect of inhibition. As you can see inhibition 
shifts hydrate forming curve towards lower temperatures, thus increasing the hydrate 
free region.
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In previous work, we used the Shortest Path of Hydrate Formation method to 
estimate the probability of hydrate formation.
Where, we focused only on the right-hand side of the curve and developed a 
methodology to quantify the likelihood of reaching hydrate-stable zone in 
probabilistic terms.
The proposed method considers all achievable pathways for any given operating point 
(temperature and pressure) to reach hydrate forming conditions
The 2D color plot shows the probability plot for a system consists of 99% methane 
and 1% ethane
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In current work, a LSF is developed to estimate the probability of hydrate formation. 
dTsys is the temperature difference between the load and the operating envelop.
|∆𝑇𝑚𝑖𝑛| is defined as the minimum allowable temperature difference between the 
load and the operating temperature to maintain system in hydrate free zone.
By definition of limit state theory, a fail state is defined when the LSF falls below zero
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This slide describes the steps to follow to obtain the minimum allowable 
temperature.
First we identify the gas composition and develop the hydrate forming curve, also we 
obtain the operating envelop from statistical data(temperature and pressure region of 
the operating point) and determine the maximum operating pressure for a desired 
confidence interval
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Fail state is defined as.... System temperature falls below minimum allowable 
temperature difference
We can obtain the PDF’s: probability density functions of load and operating 
temperature using statistical data…
Then 𝑓∆𝑇𝑠𝑦𝑠

is obtained based on the PDFs of the load (L) and operating temperature. 

Because delta_sys is defined in terms of load and operating temperature
Then PoHF is obtained using the following expression.
If load and operating temperature follow normal distribution we can obtain PoHF
using the following expression. Where mu and sigma are the mean and standard 
deviation of delta_T_sys
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In this slide I show you the applicability of the proposed method through a simple 
example.
As shown in Figure, the minimum observed load temperature and equilibrium 
temperature corresponding to the maximum pressure of the operating envelope are 
to be considered when obtaining the minimum allowable temperature difference
A desired level of confidence is to be considered to calculate the minimum load 
temperature and maximum operating pressure.
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Step 3 is to calculate parameters of delta_T_system.
Since both Load and operating temperature follow normal distribution, 
delta_T_system also follows normal distribution.
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When addressing the problem hydrate formation in terms of winterization, we can 
utilize the proposed method to determine the parameters of winterization
In simple terms winterization is Preparing for the winter
In harsh Arctic environments where ambient temperatures are below freezing with 
high winds, winterization methods are necessary in the oil and gas industry for pipes, 
instruments and equipment to carry out uninterrupted plant operations
Factors affecting decision making process of winterization
Each solution may have advantages as well as disadvantages
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We can further improve the proposed model for risk based winterization to prevent 
hydrate formation.
Risk based winterization is already being used for ships/vessels operating in harsh 
environments.
First we identify the system………….
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The LSF to calculate PoHF after winterization is obtained by introducing a new term: 
Winterization efficacy
Therefore using this revised equation we can obtain a value for the efficacy of 
winterization for a known PoHF. Which means, as mentioned in the methodology, 
first we determine the PoHF value using a risk matrix for an acceptable risk level…. 
then using this revised equation we calculate We (Efficacy of winterization)
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Inhibitors: Shifts the hydrate forming curve towards lower temperatures

Important to note that the units of winterization efficacy is in degrees of temperature 
(Celsius/Farenheit/Kelvin)
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