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In 2018, natural gas was the largest source of energy production in the United States, 
accounting for 31.8% of all energy production. Midstream companies are responsible for 
transportation and processing of natural gas. One of the biggest problems facing midstream 
companies is meter freezing. A meter freeze is caused by the presence of natural gas 
hydrates (a high-pressure form of frozen water and natural gas molecules) in the tap valves, 
gauge lines, or manifold so that the differential sensing element is effectively no longer 
connected to the flow line. Because one side of the manifold is likely to freeze before the 
other, small changes in line pressure on either side of the orifice can create large changes in 
the indicated differential pressure record. The differential may read either high or low as a 
result of meter freeze, and the effect may cause substantial measurement error.

Currently, data analysts spend hundreds of man-hours looking through data for possible 
meter freezes, and this manual process is time-consuming, tedious, and error-prone. Thus, 
the goal of our project is to use advanced machine learning models in SAS and Python to 
identify meter freezes.  In SAS Enterprise Miner we used Logistic Regression, Neural 
Network, Decision Tree, Gradient Boosting, and the HP Forest nodes. With Python scikit-
learn library we ran Logistic Regression, Random Forest, Decision Tree, Ensemble, and XG 
Boost Models. SAS Enterprise Miner Gradient Boosted Model outperformed the rest based 
on the overall F1 score.  

The best model is able to correctly classify meter freezes, and it is saving a midstream 
company millions of dollars in revenue and man-hours.



Natural Gas Pipelines and Meter Freezes
• Natural gas in the United States was the nations largest source of energy

production in 2018
• This represents 31.8% of all energy production in the country
• In 2018, the United States produced 32.7 trillion cubic feet of marketed

natural gas
• Average well head values is $2.66 per thousand cubic feet
• Total well head value of $85.3 billion
• Meter freezes are one of the biggest sources of lost revenue for natural

gas companies.

• Meter freezes are caused by the presence of natural gas hydrates (a
high pressure form of frozen water and natural gas molecules) in
the tap valves, gage lines, or manifold.

• Then, the differential sensing element is effectively no longer
connected to the flow line.

• Meter freezes cause substantial measurement error which leads to
tens of millions of dollars in lost revenue for midstream companies

Objective
• Build machine learning models to quickly identify freezes
• Improve accuracy by reducing human error
• Save time and money
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Illustration of a meter freeze



Scikit-learn 

• Logistic Regression 
• Random Forrest 

• Decision Tree 
• Extreme Gradient Boosted (selected model)

• Ensemble Model

SAS Enterprise Miner 
• Decision Tree
• Logistic Regression
• Neural Network
• HP forest
• Gradient boosted (selected model )
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SAS Enterprise Miner 
• Precision (accuracy of positive results)
• Recall ( ratio of positive instances correctly detected by the classifier)
• F1 score is a combination of the two measures
• Gradient Boosted model performed the best

Scikit-learn 

SAS Enterprise Miner vs. Scikit-learn
1. Overall, models created with SAS Enterprise Miner

performed better than models developed using
Scikit-learn
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• Random Forest model had the best precision
• Gradient Boosted model had the best over-all score 

based on F1 score.



Scoring and Implementing Selected Model 
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• Results from gradient boosted model was used to identify 
freezes

• Machine learning significantly reduced the amount of time 
taken to classify freezes 

• Less than 3 seconds to classify over 13000 meters 
• Human analysts would require at least three work days.
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• SAS Enterprise Miner models outperformed Scikit-learn

• Gradient boosted models performed best in both programs 

• Successful implementation of best model significantly reduced the amount of time taken to classify freeze 
occurrences

• Reduced number of missed freezes due to human error 
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