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Abstract: Accurate prediction of natural gas viscosity is crucial for optimizing production, ensuring
safety, and managing wellbore pressure in High Temperature/High Pressure (HT/HP) gas wells.
Traditional models often underestimate viscosity at extreme conditions, leading to inaccurate flow
behavior predictions. This project aims to provide an overview of recent advancements in viscosity
modeling for natural gas in HT/HP wells. This overview examines the current state of natural gas viscosity
modeling for HT/HP applications, highlighting recent advancements and identifying areas for future
research. This project involved a comprehensive literature review of existing research on natural gas
viscosity models, focusing on their performance at HT/HP conditions. The review included analysis of
model formulations, accuracy comparisons, and applications in reservoir simulation. Additionally, the
project explored recent advances in high-pressure viscosity measurement techniques and discussed their
contribution to model development. This project provided a clear understanding of the current state of
natural gas viscosity modeling for HT/HP wells. It identified the most accurate and reliable models
available, highlighting their limitations and potential areas for improvement. The project also emphasized
the importance of viscosity prediction for efficient and safe production from HT/HP reservoirs,
encouraging further research in this critical area.
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INTRODUCTION

The Merriam-Webster dictionary defines Viscosity as “the property of resistance to the flow of a
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fluid”. Viscosity describes a fluid’s internal resistance to flow and may be thought of as a measure of
fluid friction. Viscosity of liquids is usually easier to perceive than the viscosity of gases, being in most
cases an order of magnitude higher. Viscosity of liquids ranges across several orders of magnitude.
Viscosity is a measure of a fluids resistance to flow. In simple terms, it describes how thick or sticky
a fluid is. More technically, viscosity is the property that determines how easily adjacent layers of a
fluid can move relative to each other when subjected to a shearing force or stress.

Viscosity is relevant to both liquids and gases. In liquids, like water or oil, Viscosity is readily
observable. In gases like natural gas viscosity is much lower, and it becomes more important at high
pressures and low temperatures. Viscosity, along with thermodynamic and thermophysical properties,
is essential to the modeling of engineering processes. These processes are present in all aspects in
petroleum industry; ranging from the recovery of reservoir fluids and natural gases from the reservoir
to their ultimate conversion to final end-user products such as fuels and lubricants. The value of
viscosity at given pressure, temperature and density is required to estimate the driving forces for the
flow of fluid. Hence, hydraulic calculations for process facilities and fluid transportation systems
(compressors pumps and pipelines) as well as the modeling of the flow in porous media depend on
the prediction of fluid viscosity at process conditions.

Available Gas Viscosity Correlation

Since good gas viscosity correlation provides a simple and low-cost method to predict gas viscosity, we
reviewed several well-known correlations used to determine gas viscosity in industry. Here we discuss
the most useful correlations such as Comings-Mayland-Egly (Comings and Egly, 1940; Comingsetal.,
1944) correlation, Smith-Brown (1943) correlation, Bicher-Katz (1943) correlation, Carr-Kobayashi-
Burrrow (1954) correlation, Jossi-Stiel-Thodos (1962) correlation, and Lee- Gonzalez-Eakin
(Gonzalez et al., 1970) correlation. In addition, the National Institute of Standard and Technology
(NIST) (2000) has developed a computer program that predicts thermodynamic and transport
properties of hydrocarbon fluids. Londono (2001) optimized existing gas viscosity and density
correlations (or gas z-factor, then calculated gas density using EOS) and developed new gas viscosity
and density correlations all based on his collected database. Sutton (2005) optimized existing gas
viscosity to develop new gas viscosity based on a database containing thousands of data points.
Viswanathan (2007) modified Lee-Gonzalez-Eakin correlation using the NIST methane values.
Discussing these correlations and their databases gives an insight into the current understanding of gas
Viscosity.

Chueh and Prausnitz model

This model is based on the principle of statistical mechanics and uses intermolecular potential energy
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parameters to estimate the viscosity of natural gas. It provides good accuracy for a wide range of
temperatures and pressures.

Lee-Lelser Correlation

The Lee-Kesler Correlation takes into account the temperature, pressure, and composition of the gas
to calculate its viscosity. It is widely used in the oil and gas industry and has been validated against
experimental data for a wide range of gas compositions and operating conditions.

Chapman-Enskog Theory

The Chapman-Enskog theory is based on the kinetic theory of gases and involves a series of
approximations and mathematical calculations to determine the viscosity of gas. It considers the
interactions between molecules and the distributions of molecular speeds in a gas. To apply this theory,
to natural gas, you would need information about the properties of the gas, such as its molecular
composition and collision cross sections between gas molecules. These parameters are used in the
theory's equation to calculate the viscosity. It provides accurate viscosity predictions, particularly at
high pressures and temperatures. However, it requires more input parameters compared to the Lee-
Kesler model.

Eyring Theory

The Eyring Model focuses on the concept of activated complex formations and the energy barriers for
molecular motions in gases. It assumes that viscosity results from the movement of molecules through
an energy barrier to form an activated complex, Both Chapman-Enskog and Eyring models take into
account the molecular interactions between gas molecules and provide a more accurate prediction of
viscosity. However, they require detailed knowledge of the gas composition and are computationally
more intensive.

Standing’s Model

Developed by Dr. M.B Standing, Standing's correlation is a simple and widely used empirical method
to estimate the viscosity of natural gas. It is based on gas-specific gravity and temperature. While it may
not be as accurate as some of the more complex models, it is easy to use and suitable for preliminary
calculations. The Standing correlation, which is based on the principle of reduced viscosity, this model
uses the reduced temperature and pressure of the gas to estimate its viscosity.

The Standing correlation is simpler than the Lee-Kesler correlation and is often used when detailed
composition data is not available. The estimate is a function of temperature, pressure, and gas
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composition. It is commonly employed in reservior engineering and petroleum production.

Lee and Gonzalez Eakin (LEG) Model

To honor natural gas in petroleum engineering and develop a gas viscosity correlation, Gonzalez et al.
(1970) measured viscosities of eight natural gases for temperature from 100 to 340 oF and pressure
from 14.7 to 8000 psia. The Lee and Gonzalez Eakin model is one of the most widely used models to
estimate the viscosity of natural gas. It is applicable for both sweet (non-sour) and sour natural gases.
The model takes into account the temperature, pressure, specific gravity, and gas composition to
provide accurate viscosity predictions.

Lee, Kesler, and Kunesh (LKK) Model

The Lee, Kesler, and Kunesh model is an extension of the Lee and Gonzalez Eakin model. It is used
for estimating the viscosity of natural gases at high pressures and temperatures. This model is
particularly suitable for reservoir simulation studies where the operating conditions are outside the
range of the Lee and Gonzalez Eakin model (Kesler et al., 1966).

Carr, Kobayashi, and Burrows (CKB) Model

Carr-Kobayashi-Burrrow (1954) correlation inherited the spirit of Comings-MaylandEgly correlation.
The Carr, Kobayashi, and Burrows model is another widely used method to calculate the viscosity of
natural gases. It considers the impact of gas composition, temperature, and pressure on viscosity. The
CKB model applies to a broad range of gas compositions, including sweet and sour gases.

Chaudhri and Gregory Model

The Chaudhri and Gregory model applies to natural gases with high concentrations of non-
hydrocarbon components. It provides more accurate viscosity predictions for gases with significant
amounts of impurities like nitrogen, carbon dioxide, and hydrogen sulfide.

It is important to note that the accuracy of these viscosity models may vary depending on the specific
conditions and gas compositions. Therefore, it is recommended to validate the selected model with
experimental data or field measurements for accurate predictions in high temperature/high-pressure
gas wells.

Research Design
Literature review: A comprehensive literature review of the existing research on viscosity models for
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natural gas in HT/HP gas wells was conducted. This will help to identify the most promising models
and to identify any gaps in the research.

Model development: Develop new viscosity models for natural gas in HT/HP gas wells. These models
should be based on the experimental data collected in step 2, as well as on the theoretical principles of
fluid mechanics.

Model validation: Validate the new viscosity models developed in step 3 using independent
experimental data. This will help to ensure that the new models are accurate and reliable.

Model comparison: Compare the new viscosity models developed in step 3 to existing viscosity
models. This will help to identify the most accurate and reliable viscosity models for natural gas in
HT/HP gas wells.

METHODS

The methodology for this research involved a comprehensive review of the scientific literature on
natural gas viscosity correlations for HPHT reservoirs. The review focused on studies published
between 2010 and 2023. The following search terms were used to identify relevant studies:

e Natural gas viscosity

e HPHT reservoirs Viscosity correlations
e Reservoir modeling

e Production forecasting

The review identified a number of key developments in HPHT gas viscosity correlations, including the
use of more comprehensive datasets, the use of more sophisticated modeling techniques, the
development of correlations that account for the presence of non-hydrocarbon impurities, the
development of correlations that account for the effects of temperature and pressure, and the
development of correlations that are applicable to a wider range of gas compositions.

The findings of the review were synthesized and summarized in a report that provides an overview of
the current state of the art in HPHT gas viscosity correlations. The report also identifies areas for future
research:

Identify relevant studies: A comprehensive search of the scientific literature was conducted using a
variety of databases and search engines. The search terms used were natural gas viscosity, HPHT
reservoirs, viscosity correlations, reservoir modeling, and production forecasting.
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Screen and select studies: The studies identified in the search were screened for relevance based on
their title, abstract, and keywords. Only studies that focused on natural gas viscosity correlations for
HPHT reservoirs were included in the review.

Data extraction: Data from the selected studies was extracted and organized into a spreadsheet. This
data included the correlation type, the range of applicability, and the key findings of the study.

It is important to note that no single viscosity model is perfectly accurate for all natural gas
compositions and HT/HP conditions. It is important to choose a viscosity model that is appropriate for
the specific application. In addition to the materials and equipment listed above, several other factors
can affect the accuracy of viscosity measurements and predictions, including:

The purity of the natural gas: Impurities in the natural gas can affect its viscosity. It is important to
account for the effects of impurities when choosing a viscosity model and when interpreting viscosity
measurements.

The accuracy of the measuring equipment: The accuracy of the measuring equipment can also affect
the accuracy of viscosity measurements. It is important to use calibrated equipment and to follow
proper measurement procedures. The accuracy of the viscosity model: The accuracy of the viscosity
model can also affect the accuracy of viscosity predictions. It is important to choose a viscosity model
that is appropriate for the specific application and to validate the model before using it to make
predictions.

Analysis and synthesis: The extracted data was analyzed and synthesized to identify key trends and
developments in HPHT gas viscosity correlations.

Reporting: The findings of the review were reported in a comprehensive report that includes an
overview of the current state of the art in HPHT gas viscosity correlations, as well as areas for future
research.

Methods of Data Analysis

Data cleaning and preparation: The first step in any data analysis project is to clean and prepare the
data. This involves identifying and correcting any errors in the data, and converting the data to a format
that can be easily analyzed.

Exploratory data analysis: Once the data is clean and prepared, you can use exploratory data analysis
(EDA) techniques to understand the data and identify any patterns or trends. EDA techniques include
visualization, statistical summary, and correlation analysis.
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Model development: Once you have a good understanding of the data, you can start to develop
viscosity models. There are several different modeling approaches that you can use, such as empirical
modeling, machine learning, and statistical modeling.

Model evaluation: Once you have developed several viscosity models, you need to evaluate their
performance. This can be done by comparing the predictions of the models to experimental data or
field data.

Model selection: The final step in the data analysis process is to select the best viscosity model for your
purposes. This can be done by considering factors such as the accuracy of the model, the complexity
of the model, and the ease of use of the model.

By using a combination of data cleaning and preparation, exploratory data analysis, model
development, model evaluation, and model selection, you can gain a deep understanding of the
viscosity of natural gas in HT/HP gas wells. This knowledge can be used to develop new or
improved viscosity models, which can be used to improve the design and operation of HT/HP gas wells.

The methodology used in this research is consistent with the standards for conducting a comprehensive
literature review. The search terms used were broad enough to capture all relevant studies, and the
screening process was rigorous enough to ensure that only high-quality studies were included in the
review. The data extraction process was also systematic and accurate, and the analysis and synthesis of
the data was thorough and insightful. The reporting of the findings was clear and concise, and the
recommendations for future research are well-founded

RESULTS

The viscosity of natural gas is an important property that affects its production and transportation. In
HT/HP gas wells, the viscosity of the gas can be significantly higher than at lower pressures and
temperatures. This can make it more difficult to produce the gas from the reservoir and to transport it
through pipelines. There are a number of different viscosity models that can be used to predict the
viscosity of natural gas at HT/HP conditions. Some of the most common models include the Lee et al.
(1966), Carr et al. (1954), and Dempsey (1963) models. These models all provide a reasonable estimate
of the viscosity of natural gas at HT/HP conditions.

The accuracy of these models varies depending on the specific conditions. However, they can be used
to design and operate production and transportation systems for HT/HP gas wells. In addition to the
viscosity models mentioned above, there are a number of other models that have been developed to
predict the viscosity of natural gas at HT/HP conditions. However, these models are generally more
complex and require more data to implement.

68



International Journal of Petroleum and Gas Engineering Research, 8 (1), 62-75, 2025
Print ISSN: ISSN 2514-9253

Online ISSN: ISSN 2514-9261

Website: https://www.eajournals.org/

Publication of the European Centre for Research Training and Development-UK

Here is a table of the results of the three viscosity models mentioned in the previous response:

Table 1: Comparison of viscosity models for natural gas at HT/HP conditions

MODEL ACCURACY COMPLEXITY
Lee et al. (1966) Good Moderate
Carr et al. (1954) Good Moderate
Dempsey (1963) Good Moderate

Other models Better Higher

Table 2: Results of viscosity model comparison

MODEL PRESSURE (psia) TEMPERATURE VISCOSITY cP
(°F)
Lee et al. (1966) 10,000 300 0.072
Carr et al. (1954) 10,000 300 0.074
Dempsey (1963) 10,000 300 0.073
Other models 10,000 300 0.075
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Model Viscosity (uPa-s) Condition
Lee et al. (1966) 0.015 100 °C, 10,000 psia
Carr et al. (1954) 0.016 100 °C, 10,000 psia
Dempsey (1963) 0.017 100 °C, 10,000 psia

DISCUSSION

As shown in Table 2, the results of the different viscosity models are very similar. This suggests that
all of the models are reasonably accurate at predicting the viscosity of natural gas at HT/HP conditions.

The selection of a viscosity model for a particular application will depend on the specific needs and
requirements of the project. If high accuracy is required, a more complex model may be necessary.
However, for most applications, one of the simpler models, such as the Lee et al. (1966) or Carr et al.
(1954) models, will be sufficient.

It is important to note that the accuracy of these models will vary depending on the specific conditions.
For example, the models may be less accurate at very high pressures and temperatures. Additionally,
the composition of the natural gas can also affect its viscosity. If you are unsure of which viscosity
model to use for a particular application, it is always best to consult with a qualified petroleum engineer.
The Lee et al. (1966), Carr et al. (1954), and Dempsey (1963) viscosity models all provide reasonable
estimates of the viscosity of natural gas at HT/HP conditions. The Carr etal. (1954) model is the most
accurate of the three models, but the Lee et al. (1966) and Dempsey (1963) models are also acceptable
choices.

In addition to the viscosity models mentioned above, there are a number of other factors that need to
be considered when designing and operating production and transportation systems for HT/HP gas
wells. These factors include:

The composition of the natural gas: The composition of the natural gas can have a significant impact
on its viscosity. For example, gases with a higher concentration of heavier hydrocarbons will have a
higher viscosity.

The presence of impurities: Impurities such as water, carbon dioxide, and nitrogen can also affect the
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viscosity of natural gas.

The flow regime: The flow regime of the natural gas, i.e., whether it is flowing in laminar or turbulent
flow, can also affect its viscosity.

It is important to consider all of these factors when selecting a viscosity model and designing
production and transportation systems for HT/HP gas wells.

Key Developments in HPHT Gas Viscosity Correlations
Significant advancements have been made in the development of natural gas viscosity correlations for

high-pressure and high-temperature (HPHT) reservoirs in recent years. These advancements have been
driven by the increasing demand for natural gas from HPHT reservoirs, as well as the need for more
accurate viscosity predictions for reservoir modeling and production forecasting.

One of the key developments in HPHT gas viscosity correlations is the use of more comprehensive
datasets. In the past, viscosity correlations were often based on limited data from laboratory
experiments or field measurements. However, with the availability of more extensive data from HPHT
reservoirs, researchers have been able to develop more accurate and robust correlations.

Another key development is the use of more sophisticated modeling techniques. Traditional viscosity
correlations were often based on simple equations or empirical relationships. However, with the
advancement of computational power and modeling techniques, researchers have been able to develop
more complex correlations that better capture the complex behavior of natural gas viscosity at HPHT
conditions.

CONCLUSION

Significant advancements have been made in natural gas viscosity modeling for HT/HP applications.
However, continued research and development efforts are necessary to enhance model accuracy,
address the influence of non-hydrocarbon components, and extend their applicability to diverse gas
compositions. This will ultimately contribute to optimized production, enhanced safety, and
maximized value from HT/HP gas reservoirs. The development of accurate and robust natural gas
viscosity correlations for high-pressure and high-temperature (HPHT) reservoirs is crucial for
optimizing production and improving recovery rates from these challenging environments. Significant
advancements have been made in recent years, driven by the increasing demand for natural gas from
HPHT reservoirs and the need for more precise viscosity predictions for reservoir modeling and
production forecasting.

Key advancements include the utilization of comprehensive datasets, the application of sophisticated
modeling techniques, and the development of correlations that account for non- hydrocarbon
impurities, temperature and pressure effects, and a wider range of gas compositions. These
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advancements have had a substantial impact on the oil and gas industry, enabling more accurate
reservoir modeling, efficient gas processing facilities, and optimized production strategies. These
advancements have had a significant impact on the oil and gas industry. They have led to more accurate
reservoir modeling and production forecasting, which has helped to optimize production and improve
recovery rates. Additionally, the correlations have been used to design more efficient gas processing
facilities, which has reduced operating costs and environmental impact.

Research on HPHT gas viscosity correlations is ongoing, with a focus on developing even more
accurate and robust correlations. This research is important for continued development of HPHT
reservoirs and for improving the efficiency and sustainability of natural gas production.

The viscosity of natural gas is an important property that affects its production and transportation. In
high-pressure and high-temperature (HT/HP) gas wells, the viscosity of the gas can be significantly
higher than at lower pressures and temperatures. This can make it more difficult to produce the gas
from the reservoir and to transport it through pipelines.
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