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Abstract 
A decision support system was developed based on Failure Root Cause Analysis aiming to reduce the mean time between failures 
(MTBF) of sucker rod pumping wells. It collects, organizes and integrates data about pulling service, failures, diagnosis, and 
technical observations and uses a combination of Failures Modes and Effects (FMEA) and Fault tree (FTA) analysis techniques to 
generate diagnosis. The system is based on an ontology that describes the domain, including: equipments, failures modes and 
causes. The diagnosis is inferred by a specialist system based on production rules and identifies well severity level based on data 
aggregation algorithms, in particular, k-means, which clusters the behavior of similar wells given the subsurface reservoir and 
equipment characteristics, type of material installed and the failures characteristics. The sucker rod pumping failures diagnostic 
system is currently being implemented at Petrobras. Initial results are promising: even during pilot tests, analysts were able to 
detect problems with manufactures and a lack of synchronicity between component changes. 
 
Introduction 
Sucker-Rod pumping system is the major artificial lift method in number of well applied in oil fields all over the world. To reduce 
mean time between failures (MTBF) of sucker rod pumping wells and improve its processes, a decision support system was 
developed based on Failure Root Cause Analysis. A Sucker-rod pumping ontology that describes the domain, including: 
equipments, failures modes and causes was developed to support the failures diagnostic system. It collects, organizes and 
integrates data about pulling service, failures, diagnosis, and technical observations and uses a combination of Failures Modes and 
Effects (FMEA) and Fault tree (FTA) analysis techniques to generate diagnosis. The diagnosis is inferred by a specialist system 
based on production rules and identifies well severity level based on data aggregation algorithms, in particular, k-means, which 
clusters the behavior of similar wells given the subsurface reservoir and equipment characteristics, type of material installed and 
the failures characteristics. For Electrical Submersible pumping (ESP) sytems, a standardized failure analysis was proposed by 
Alhanati et al (2001). The sucker-rod pumping failures diagnostic system is currently being implemented at Petrobras. Initial 
results are promising: even during pilot tests, analysts were able to detect problems with manufactures and a lack of synchronicity 
between component changes. 
 
Sucker-Rod Pumping Ontology 
An ontology is a description of a domain developed by a group to support the accomplishment of specific tasks (Gruber 1993; 
Garcia et al, 2006). Building an ontology involves negotiating meanings of concepts and specifications within a community of 
practice that share norms and standards, but that may diverge on the way to interpret them. The ontology establishes the common 
ground knowledge. 

Sucker-rod pumping (SRP) ontology was built by a group of artificial lift engineers that works for the same company for more 
than 10 years, but in different business units. Although they work for the same company, they have never worked together. They 
had monthly meetings during a period of 8 month to develop the ontology. Their discussion went over the analysis of previous 
interventions on company’s wells in the light of international standards. 

The goal of building an ontology was to provide basis for the development of an expert system to assist sucker rod pumping 
failure diagnosis and wells degradation severity level classification. Figure 1 illustrates the SRP ontology.  Nodes represent the 
main concepts and the links represent the relation between concepts.  
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Figure 1: Sucker-Rod Pumping Failures Diagnostic On tology. 
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As Figure 1 shows, a well intervention occurs whenever a reason for pull is identified. In the case of a suspected failure of 
subsurface system, the reason for pull is the primary symptom pointing towards a downhole equipment failure. It is usually related 
to an abnormal operating condition as detected by the operator or installation monitoring system, or by inadequate performance on 
a well test (Alhanati et al, 2001). 

In case of production down time, there will be a preliminary diagnosis based on the visual observation and operation tests on 
site. The dynamometric cards and pressure tests are the basic inputs to define the reason for pull. 

The rod sucker pumping system is disassembled and its parts, such as the pump, rod and tubing strings, are sent to specific 
maintenance services to collect evidences that will complete the failure data sheet. Pumps, rods and tubing are further decomposed 
in components as described in Annex A, which contain the full equipment taxonomy. 

It is important to notice that whenever a well intervention occurs, all equipments removed from the well will be inspected, 
tested and diagnosed for further repair or simply usage classification and storage. The intervention causes equipment replacement: 
equipments are removed and equipments are inserted based on the artificial lift engineer design. The replaced equipments have a 
usage status that should be adequate to the level of degradation severity of the well. The degradation severity can be inferred 
observing the lifetime of different classified equipment in the well. 

In each specific maintenance service, inspection procedures and tests will be performed in the equipment component to identify 
the failure characteristics. Based on international standard ISO 14224 and the experts’ experience on sucker rod pumping failures 
diagnostic process, the followed concepts were considered: 

• failure data: data characterizing the occurrence of a failure event; 
• failure descriptor: evidence of equipment component failure; 
• failure mechanism: physical, chemical or other process that leads to a failure; 
• failure mode: effect by which a failure is observed on the failed item 
• failure root cause: circumstances associated with design, manufacture, installation, use and maintenance that have led 

to a failure; 
• failure agent: actor responsible for the failure cause. 

 
The failure descriptor, mechanism and mode form evidences to classify the equipment usage status and to eventually determine 

the failure root causes and the underlying root cause agent. Depending on the equipment component, there will be a set of feasible 
agents and expected possible causes as described in Annex B. 

The system diagnosis is a combination of equipment usage description ruled by Modes and Effects (FMEA) and Fault tree 
(FTA) techniques. From the reason for pull, an Up-down analysis is developed connecting the equipment usage description with 
logical connector (AND/OR).  

For instance, if a production downtime (reason for pull) was related to the equipment usage description Broken (failure 
description) Rod (equipment) by corrosion (failure mechanism) leading to Power/signal transmission failure (failure mode), the 
system diagnosis can be described as illustrated in Figure 2.a. 

A more complex example can be represented if a production loss (reason for pull) related to two equipment usage descriptions: 
Hole (failure description) in a Tubing (equipment) by corrosion (failure mechanism) leading to External leakage –process medium 
(failure mode) and eroded (failure description) traveling valve ball (equipment component) by erosion (failure mechanism) leading 
to External leakage –process medium (failure mode). The system diagnostic process can be described as illustrated in Figure 2.b. 
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Figure 2: Reasoning samples for achieving a diagnos tic. 
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The diagnosis of each equipment component can be classified as:  
• normal: equipment component without failure,  
• critical failure: failure of an equipment unit that causes an immediate cessation of the ability to perform a required 

function;  
• degraded failure: failure that does not cease the fundamental function(s), but compromises one or several functions; 
• incipient failure: imperfection in the state or condition of an item so that a degraded or critical failure might (or might 

not) eventually be the expected result if corrective actions are not taken. 
 

Root cause analysis 
When all detection methods (test and inspection) were applied, a group of equipment usage description is associated to a 

specific well service. The analyst or the specialist system based on the registers defines the root cause analysis that defines: 
1. Define reason for pull:  motive for the downhole equipments pull. A reason for pull shall be defined once the operator 

has determined that the downhole equipments installed must be removed from the well because of a system failure or 
other circumstances (CFER); 

2. Gather all the equipment usage description based on test and inspection  of the equipments pulled from the well;  
3. Classify the equipment usage descriptions related to the specific well service: normal, critical, incipient and degraded 

failure; 
4. Complete failure data if necessary; 
5. Define the fault tree based on Failure modes and effect: logical correlation between the registers; 
6. define Root cause and its agent; 

 
The SRP ontology was used as basis for building the SRP expert system to support sucker rod pumping failures diagnostic as 

described in the next section. 
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Expert System for Sucker Rod Pumping Failures Diagn ostic 
 
Expert systems technique 

Expert systems are computer programs that encode human expertise to solve problems in a specific domain (Feigenbaum 
1977). They are the most popular and mature artificial intelligence technique with a well-known adequacy for diagnostic tasks, in 
domains for which there is available human expertise to drive knowledge from.  

Traditionally, problem-solving programs can also contain knowledge in their source code.  However, knowledge and inference 
mechanism are mixed.  Updates in the knowledge base imply updates in the system as a whole.  

Expert systems are composed of a knowledge base, generally represented as a set of IF-Then rules, an inference engine to 
process the knowledge base, and a working memory that contains the facts known at the beginning of a process and facts deduced 
during a system run.  

From a set of known facts that represent the initial scenario, the inference engine selects inference rules that can be fired from 
these initial facts. After firing rules, other facts are deduced and added to the working memory. The inference engine keeps 
selecting, firing rules and adding deduced facts to the working memory. The process remains until no more rules can be selected 
from the knowledge base.  

Any inference can be explained as a chain of rules triggered by parts of the initial data that configured the initial scenario of a 
case.An expert system is evaluated by the precision of its knowledge base. A set of known cases should be reserved to evaluate the 
expert system. In addition to reaching the expected result, evaluation should also comprise the line of reasoning that led to the 
result.   

 
SRP expert system to failures diagnostic  

SRP system is an expert system implemented in JAVA, in which the knowledge was represented using Drools (Java Rule 
Engine) (Drools). The previous section described the vocabulary and the domain information for BM.  This section explains BM 
expert system, as illustrated in Figure 2, composed of an inference engine and BM knowledge base. 

SRP inference engine follows the following algorithm: 
1. Gather data from user concerning well intervention initial scenario.  

a. Reason for pull,  
b. preliminary diagnosis (pressure tests and dynamometric card analysis),  
c. equipments’ replacements descriptions 

2. Collect data from the different equipment component inpections and tests. 
3. For each equipment component PUT in working memory equipment component failure data: 

a. Failure mechanism 
b. Failure mode 
c. Failure descriptor 

4. While there are rules in the KB that matches working memory  
a. Fire rules 
b. Add new facts on working memory 

5. For each removed equipment, present users with the final diagnosis: 
a. Failure status 
b. Failure root causes 
c. Failure root cause agents 

6. Present explanation to users for the results 
7. After user’s result validation (Ratification or Rectification), Update SRP knowledge base  
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Figure 3: BM expert system architecture. 

 
 

BM knowledge base is composed of 157 inference rules described in terms of XML Condition-Action rules. The rules 
compose the knowledge base on equipment failure root cause diagnosis, such as:   

<rule name="Operational Root Cause"> 
  <pump_unit_status:condition> 
    <Pump_Unit:inlet_power failure_mechanism="corrosion"> 
      <Pump_Unit:status failure mode=="internal leakage"> 
      </pump_unit:status> 
    </Pump_Unit:inlet_power> 
  </pump_unit_status:condition> 
  <pump_unit_status:actions> 
    < pump_unit_status Failure_status="critical failure"> 
  </pump_unit_status:actions> 
</rule> 
In addition to providing a diagnostic, SRP system helps collecting and organizing data about sucker rod pump systems´ 

interventions, as well as to provide a standard for reaching diagnostic solutions. The interface guides users to reach a diagnostic for 
a case.  There are four main interfaces:  

• Case data entry interface that helps users to describe the well intervention;  
• Inspection/test data interface that helps users to input data concerning each equipment component test; 
• Diagnosis interface that presents the final results concerning equipment diagnosis and failure root causes; 
• Production analyses interface that diagnosis the well concerning its level of damage severity to assist users to choose 

equipment material that adequately fits the well environment. 
Well level of damage severity is defined by clustering methods as described next. 

The K-means clustering technique 
Clustering has always been used in statistics and science as a traditional multivariate statistical estimation process (Scott 1992).  

The process of clustering is the process of dividing data into groups containing similar elements. Each cluster contains similar 
objects different from objects of other clusters. Consequently, clustering involves abstracting a set of objects into few 
representative ones.  In this process, specificity is lost in the name of simplification. The ultimate goal of clustering is to assign 
points to a finite system of k subsets, clusters. Usually subsets do not intersect with possible outliers. 

Traditionally clustering techniques are broadly divided in hierarchical and partitioning. While hierarchical algorithms build 
clusters gradually (as crystals are grown), partitioning algorithms learn clusters directly for instance trying to discover clusters by 
iteratively relocating points between subsets, as illustrated in Figure 4. 

K-means partitioning algorithm (Hartigan et al, 1979) is by far the most popular clustering method used in scientific and 
industrial applications. The name comes from representing each of k clusters Cj by the mean (or weighted average) cj of its points, 
the so-called centroid. 
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Figure 4: Iterative Optimization with centroid re-c omputation, from Bradley et al (1998) 
 

 
 

Consider a dataset X composed of data points xi = (xi1, xi2,…xiN) ∈ A in attribute space A, where i=1:N, and each component 
xil is a numerical or a nominal categorical attribute that characterizes an element in the domain. This data format conceptually 
corresponds to a matrix N x d, in which N is the number of attributes and d is the average size of domain attribute values. 

An important step in any clustering is to define the distance metric, which will determine similarity degree of two elements 
described in terms of its attribute xi. This will influence the shape of the clusters, as some elements may be close to one another 
according to one distance and farther away according to another. The distance  

Partitioning methods aim optimization the cost criteria, defined as a function of the distance between the training set instances 
and the clustering centers, for which  d(x(t),wi), in most cases, is the Euclidean distance and the weight matrix (w) is defined by 
the relative weight of the attributes. Distance based methods are affected by the different scales of the attributes measures. So is 
wise attributes normalizing the interval values of all attributes.  

K-means algorithm starts with a random distribution of the domain elements in k clusters. For each cluster, the method 
calculates the centroid considering the relative distance among the elements.  The centroids represent the clusters. All elements are 
free from the original cluster. Each element will jump to the cluster represented by the nearest centroid. After the rearrangement, 
centroids are re-calculated and the process goes all over again until centroids stop changing. The challenge is to configure the 
distance metric. It is a simple algorithm described as: 

K-Means Algorithm: 
1. Choose a value for K, the total number of clusters. 
2. Randomly choose K points as cluster centers. 
3. Assign the remaining instances to their closest cluster center. 
4. Calculate a new cluster center for each cluster. 
5. Repeat steps 3-5 until the cluster centers do not change. 

 
K-means applied to well level of damage severity classification 

There is already a standard indication of the best equipment material description according to the level of damage severity of 
an oil field. The quest is to identify the field level of severity.  Field tests are expensive and they need to be repeated from time to 
time since the oil reservoir characteristics changes during the well lifetime. 

On the other hand, well intervention history may provide hints to deduce well level of damage severity. For instance, frequent 
interventions caused by ceasing oil production may denote inadequate material selection or lack of the adequate material in the 
stock. 

Well interventions are recorded by a set of data that describes the removed equipment status, the inserted equipment status and 
the intervention data.  Rod replacement data, collected during well interventions, are composed of: 

• Well ID   
• Intervention Data   
• Removed Rod Description   

o Rod Specification (type, diameter and gradel)   
o Rod Usage Status (class)   

• Inserted Rod Description   
o Rod Specification (type, diameter and grade)   
o Rod Usage Status (class)   
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The usage description for rods is defined by Recommended Practice for the Care and Handling of Sucker Rods (API RP 
11BR). The used rods removed from well are inspected and classified as Class I, II, III and  IV. For new rods installed class 0 will 
be considered. 

Considered the rod replacement data, for specific well history: 
 

Taqble 1: History of rod replacement for a specific  well. 

Installed date 
Rod specification 

(type, diameter and 
Grade) 

Installed Equipment Removed Equipment Period in the well (days) 

Quantity usage status 
(Class) Quantity usage status 

(class) 

24/02/2009 

Sucker rod, 1” and KD 15 I 
5 II 

100 

10 III 
Sinker bar, 13/4” and 

D 5 I 5 II 

Sucker rod, 7/8” and 
KD 61 I 

7 II 
53 III 
1 IV 

04/06/2009 
Sucker rod, 1” and KD 41 II 

32 II 

87 
8 III 
1 IV 

Sucker rod, 7/8” and 
KD 40 I 40 II 

30/08/2009 
Sucker rod, 1” and KD 47 II 47 II 

93 Sucker rod, 7/8” and 
KD 34 II 

25 II 
9 III 

 
The table above allows the MTTF calculation and a correlation between time and class modification as a function of rod 

specification (type, diameter and grade). 
Well severity classification of well can be described as a function of rod specification and status usage change during the time 

period in the well. So, xi = (xi1=MTTFi, xi2=Time0-I(t, d, g,), xi3=Time0-II(t, d, g) …xiN = TimeIV-IV (t, d, g)), where i represents a 
specific weel and t=type, d=diameter and g=grade. 

K-means was applied to cluster wells that present similar equipment lifetime considering equipment specification, especially 
material specification. The idea is to look for the best equipment material fit considering the tradeoff between frequent 
interventions and material costs.  

SRP system was deployed in a Brazilian oil company to assist employees to diagnose sucker rod pump system failures and to 
classify the level of damage severity of the company’s oil wells. Next we present the data collected from using the system. 

 
Conclusion 
This paper presented BM, an expert system for failures in rod sucker pumping failures diagnostic system and well level of damage 
severity prediction. The system was developed after a thorough knowledge acquisition process that took around six month of work 
reviewing written material, collecting evidences and interviewing experts.  

SRP expert system was modeled, implemented and it is currently under deployment at Petrobras. All power/signal transmission 
failure and leakage modes are correctly identified by the system for single tree branch analysis, it represents more than 80 % of the 
cases. To identify correctly complex diagnosis, it is necessary to populate the database and interpretate new fire rules. The system 
helps to automate the process for multiples wells (more than 6000). If the system could interpretate the failure data, and the  
artificial lift engineer agrees with the diagnostic, a confirmation acceptance is the only requirement. If not, the engineer will 
generate the fault tree and record his analysis to improve the fire rules. Users evaluations were very positive after an initial 
resistance to accept the new technology.   

The wells are being classified in groups due to damage severity classification, but the algorithm applied needs to be evoluted, 
because only few clusters are being detected and sometimes not are the characteristic are compatible in a cluster. It provides 
similar MTTF but the mean periods of class transition are not totally correlated.    

During the pilots tests, even with control samples of intervention, it was possible to identified manufacture problem with 
sucker rod pumps from a specific manufacture. After a laboratory tests, it was detected a high porosity in the chrome layer. It 
shows the importance of identify failure root cause and eliminate it.  

The system is creating an integrated knowledge base on equipment performance that will assist better maintenance planning. 
However, definitely the best benefit is expected concerning amplifying production periods to avoid well intervention. Since 
equipment is frequently used, it is necessary to understand the consequences of inserting equipment with a certain degree of usage 
in a well with high severity level of damage.  Frequent interventions on the same well are indications of a poor planning that can 
be avoided if we understand about the wells.   



SPE SPE-134975-PP  9 

 
References 
BRADLEY, P., FAYYAD, U., and REINA, C. 1998. Scaling clustering algorithms to large databases. In Proceedings of the 4th ACM SIGKDD, 

9-15, New York, NY. 
Drools, http://legacy.drools.codehaus.org/. 
Feigenbaum, E. A. The art of artificial intelligence: Themes and case studies in knowledge engineering. In Proceedings of the Fifth International 

Joint Conference on Artificial Intelligence. Pittsburgh, PA: Computer Science Department, Carnegie-Mellon University, 1977. 
(FMEA). Procedure for performing a failure mode effect and criticality analysis, November 9, 1949, United States Military Procedure, MIL-P-

1629. 
(FTA). Fault Tree Analysis. Electronic Reliability Design Handbook. B. U.S. Department of Defense. 1998. http://www.everyspec.com/MIL-

HDBK/MIL-HDBK+(0300+-+0499)/download.php?spec=MIL-HDBK-338B.015041.pdf. 
GARCIA, A. C. B.; FERRAZ, I. N.; PINTO, F. The Role of domain ontology in text mining applications: The ADDMiner project. In: The 2006 

IEEE International Conference on Data Mining (ICDM), 2006, Hong Kong. IEEE Computer Society, 2006. 
T. R. Gruber. A translation approach to portable ontologies. Knowledge Acquisition, 5(2):199-220, 1993 
ISO- 14224. Petroleum, petrochemical and natural gas industries — Collection and exchange of reliability and maintenance data for equipment, 

second edition, 2006. 
API RP 11BR, Recommended Practice for the Care and Handling of Sucker Rods 
HARTIGAN, J. and WONG, M. 1979. Algorithm AS136: A k-means clustering algorithm. Applied Statistics, 28, 100-108. 
SCOTT, D.W. 1992. Multivariate Density Estimation. Wiley, New York, NY. 
Alhanati, F.J.S., Solanki, S.C. and Zahacy, T.A. 2001. ESP Failures: Can we Talk the Same Language? Presented at the SPE ESP Workshop, 

Houston, Texas, April 25-27. 
 
Annex A – Equipment 
 
To apply ISO 14224 to sucker-rod pumping systems, in the well-completion equipment section (A.2.7.) a few consideration  were 
needed: 

1. The string items category was divided in two: 
a. Tubing string items: defined as items that are integral parts of the conduit (“string”) used for production or 

injection of well effluents. The string is built by screwing together a variety of equipments items; 
b. Rod string items: defined as items that are integral parts of the transmission (“string”) used to transfer 

mechanical energy to downhole pumps. The string is built by screwing together a variety of equipments 
items; 

2. Alternative Pump was added to the accessories category due to its complexity; 
 

Sucker rod pumps 
 

Table A.1 – Type classification – Subsurface pumps 
Equipment class – Level 6  Equipment type  
Description  Code Description  Code 

Subsurface pumps SP Centrifugal CR 
Reciprocating RE 
Progressive cavity PC 

 
 
 
 
 
 
Figure A.1 – Boundary definition – Sucker rod pumps  
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Tabela A.2 – Equipment subdivision – Sucker Rod pum ps 

Equipment unit  Rod Sucker Pumps  
Subunit  Barrel  Standing valve  Plunger  Power transmission  

Maintainable items lower 
Extension 

Hold-down seal 
assembly 

Valve rod 
 

Plunger connector 

Upper 
 Extension 

Ball Traveling valve  

Extension 
nipples 

Seat Rod  

 Cage   
 Puller   

 
Rod  
Figure A.2 – Boundary definition – Element of rod s tring 

 
 
Table A.3 – Rod classification 

Item category  Data-collection format  Predefined item name  
Rod string Rod Polished rod 

Sinker bar 
Sucker rod 
Pony rod 

 
 
Tabela A.4 – Equipment subdivision – Rod 

boundary 

Rod 

Power 
transmission 

Power 
transmission 

Mechanical 
power 

Mechanical 
power 

boundary 

Pump Unit 

Outlet 
connector 

Inlet connector 

Power transmission 

Mechanical power 
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Equipment unit  Rod  
Subunit  Body  Power transmission  Miscellaneous  

Maintainable items Rod Coupling rod Rod centralizer 
  On-off connector  

 
Tubing   
Figure A.3 – Boundary definition – Tubing  
 

 
Tabela A.5 – Equipment subdivision – Tubing 
 

Equipment unit  Tubing  
Subunit  Body  Connection  Miscellaneous  

Maintainable items Tubing Coupling rod Tubing centralizer 
  Seating nipple  

 
Intake section  
Figure A.4 – Boundary definition – Intake section 

 
Tabela A.6 – Equipment subdivision – Intake section  

Equipment unit  Intake section  
Subunit  Solid control  Gas control  Miscellaneous  

Maintainable items Filter Gas anchor centralizer 
  Gas handler  

 
 
 

Intake section 

Inlet  
connector 

Outlet connector 

boundary 

Tubing 

Inlet  
connector 

Outlet connector 

boundary 
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Annex B – Notation of failure parameters 
All the ISO 14224 generic and subdivisions codes for failure mechanism, mode and cause were respected.  

 
Table B.1 - Reasons for Pull of subsurface system ( Alhanati et al, 2001) 

Reason for Pull: General  Reason for pull: Specific  Description  
Abnormal Operating Condition No flow to surface (downtime) Symptom/evidence of possible 

failure, as detected by abnormal 
operating conditions. 

Low flow to surface (production loss) 
Other abnormal Operating Condition 
Detected 

Well Optimization or recompletion Change artificial Lift System method System pulled to optimize the 
Artificial Lift system or recomplete the 
well 

Convert well 
Resize Artificial Lift System 
Change/modify Producing zone 
Stimulate Well 
New technology application 
Other 

Other Economics  
Log Well 
Well test 
Other 

Unknown Unknwon  
 
 
Table B.2 - ISO 44224 failure modes applied for suc ker rod pumping equipments.   
 

Equipment class  Failure modes  
Pump  Tubing  Rod Filter  Valves  Separator  Description  Examples  Code 

X X X    Breakdown Serious damage (seizure, 
breakage) 

BRD 

X X  X X X External leakage –
process medium 

Oil, gas, condensate,water ELP 

X X  X X X Internal leakage Leakage internally of 
process or utility fluids 

INL 

    X  Leakage in closed 
position 

Leak through valve in 
closed position 

LCP 

  X    Power/signal 
transmission failure 

Power/signal transmission 
failure 

PTF 

X X X    Vibration Abnormal vibration VIB 
X X X    Overheating Machine parts, exhacooling 

water 
OHE 

X X     Noise Abnormal noise NOI 
X X  X X X Plugged/choked Flow restriction(s); Partial 

or full flow restriction; 
PLU 

  X    Parameter 
deviation 

Monitored parameter 
exceeding limits, 
e.g.high/low alarm 

PDE 

  X    Abnormal 
instrument reading 

False alarm, faulty 
instrument indication 

AIR 

X X X X X X Structural 
deficiency 

Material damages (cracks, 
wear, fracture, corrosion) 

STD 

X X X X X X Minor in-service 
problems 

Loose items, discoloration, 
dirt 

SER 

X X X X X X No immediate 
effect 

No effect on function NON 

X X X X X X Other Failure modes not covered 
above 

OTH 

X      Unknown Too little information to 
define a failure mode 

UNK 

 
 
 
 
 
 
 
 
Table B.3 – Failure descriptor applied to sucker ro d pumping failures system. 
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Notation  Subdivision of the failure descript or Specific failure descrip tor  

1-Mechanical failure 1.0-General  
1.1-Leakage 1.1.0-General 

1.1.1-Hole 
1.2-Vibration  
1.3-Clearance/alignment failures  
1.4-Deformation 1.4.0-General 

1.4.1-Twisted 
1.4.2-Bent 
1.4.3-Dented 
1.4.4-Swollen 

1.5-Looseness  
1.6-Stuck  

2-Material failure 2.0-General  
2.1-Cavitated  
2.2-Corroded  
2.3-Eroded  
2.4-Wear 2.4.0-General 

2.4.1-Worn 
2.5-Breakage 2.5.0-General 

2.5.1-Broken 
2.5.2-Sheared 
2.5.3-Torn 
2.5.4- Parted 

2.7-Overheating 2.7.0-General 
2.7.1-Burn 
2.7.2-Melted 

2.8-Burst 2.8.0-General 
2.8.1-Ruptured 
2.8.2-Collapsed 

5-External influence 5.0-General  
5.1-Blockage/plugged 5.1.0-General 

5.1.1-Paraffin 
5.1.2- Scale 
5.1.3- Hydrate 
5.1.4- Asphaltene 

5.2-Contamination  
5.3-Miscellaneous external influences  

6-Miscellaneous 6.0-General  
6.1-No cause found  
6.2-Combined causes  
6.3-Other  
6.4-Unknown  

 


