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Abstract 

Sucker rod pumping is one of the most common methods of artificial lift technologies. 

Monitoring the working conditions of the sucker rod pumping system is important to 

sustain acceptable productivity levels. Dynamometer cards are one of the main tools for 

rod-pumping well performance analysis. In this work, Back Propagation Neural 

Networks (BPNN) and Support Vector Machine (SVM) algorithms are used to analyze 

the features of the downhole dynamometer card and identify the sucker rod pumping 

system conditions.  

 

A description model for the dynamometer cards was established. This model can reflect 

the characters of the dynamometer cards. Then, machine learning techniques were 

trained to generate failure prediction models to recognize downhole faults of the rod 

pumping systems. The failure prediction models were validated and tested with real 

field applications. 

 

The proposed model is trained and tested by using real field data of 6,385 dynamometer 

cards. 29.2% of these cards represent sucker rod pumping systems of normal 

conditions, and 70.8% of these cards represent faulty sucker rod pumping systems. 

These field data collected from pumping unit API designations. The faulty systems 

include thirteen pumping condition: pumping off, plugged pump intake, gas 

interference, tubing anchor malfunctions, gas lock, standing valve leak, travelling valve 

leak, pump hitting on bottom, pump hitting on top, viscous oil problem, bent polished 

rod, shallow rod parted and deep rod parted. These data have been collected from 

several oil fields. The neural network model used 958 dynamometer cards for 

validation (to reduce overfitting). Finally, the model was tested against another 958 real 

dynamometer cards. 

 

The BPNN model outperformed the SVM model in accuracy. The two models 

identified the sucker rod systems failure successfully with accuracy 98.5% for BPNN 

and 86% for SVM. The Proposed model successfully predict rod pumping system 

downhole condition with precision 89.9% and Recall 89.1% for API designated rod 

pumps.  

 

This study is an original contribution to automatically analyze the dynamometer cards 

and accurately diagnose the downhole faults of the rod pumping systems. 
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Chapter 1 : Introduction 

 

Artificial lift techniques are widely applied in oil industry to enhance production either 

to maximize production rate of a naturally flowing well or to lift a dead well. Although 

there are several artificial lift techniques in the industry (such as Gas Lift, Electric 

Submersible Pump, Progressive Cavity Pump and Sucker Rod Pumps), the beam 

pumping system is the most commonly used technique. In which there are surface 

pumping unit and the sucker-rod string that runs down the well to connect them [1]. 

The most commonly applied artificial lift technique worldwide is rod pumping systems 

with more than 750,000 of the lifted wells use sucker-rod pumps [2].  

 

In the Egypt’s Western Desert fields, sucker-rod pumping is the major choice of oil 

producers. According to Lufkin Middle East statistics in 2008, approximately 85% of 

all Western Desert wells are artificially lifted using sucker rod pumping system as 

shown in Fig. 1.1 [2]. Those are making an average of +/- 57,000 barrels of fluids per 

day (BFPD) (+/-35,000 barrels of oil per day (BOPD)). Of the rest wells 13% are lifted 

with ESPs, the reminder are gas lift, hydraulic pumps, and other artificial lift methods. 

These statistics indicate that the dominance of rod pumping for onshore operations [2]. 

 

 
 

Fig. 1.1- Lufkin Middle East statistics for the artificial lift systems in the Western 

Desert fields 

Well failures in oil field can drastically cause production loss and can greatly increase 

the lifting costs. Well failure in sucker rod pumping system is mainly identified from 

the anomalies of the dynamometer card [3]. Experts with rich experience are capable of 

identifying various types of anomalies via combining various types of information such 

as a well's recent performance, its events log and its neighboring well performance. 

Such anomalies, once identified, have high probability to be followed by a failure in the 
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