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Outline

• Equipment reliability – a quick primer

• PCP equipment reliability in CSG wells - past trends 

• Where do we go from here? 

• Testing (lab or field) should be properly controlled

• Possible technologies to use in solids or gas applications
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What is Reliability?

• Reliability:
− Ability of an item to perform a required function under given conditions for a given 

time interval  (ISO 14224:2016)

− R(t) <measure> probability for an item to perform a required function under given 
conditions over a given time interval  (ISO 12489:2014)

• Note 1 to entry: This is a time-dependent parameter.

• Note 2 to entry: This parameter is related on a continuous function from 0 to t.
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Failure Probability

• Failures are not (usually) deterministic  

• They are probabilistic

• You can’t predict when a given system will fail, but with enough data, you 
can calculate a probability of a system surviving past a given time

• The more data you have (and the more systems you have to work with), 
the more accurate your predictions will be
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Data Quality

• High quality data is (according to ISO 14224:2016):
− Complete (all the data required is present)

− Compliant (definitions are made properly, correct data types/formats)

− Accurate (the right numbers and data)

− Sufficient (there’s enough data to make good predictions)

− Relevant (meets the users’ needs)
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Reliability Quantified

• How can we quantify reliability?

• Survival function

• MTTF () is the mean (average) time to failure
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Some Survival Functions

• Survival functions can take many 
forms.

• Here are a few that all have the 
same mean value, or MTTF (200 
days)

• A “real” survival function generally 
won’t look this clean, of course.

• As an aside:  How do you think the 
shape of the survival function 
affects the NPV?
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Reliability in CSG Through 2012

• MTTF calculated in a 1-year 
window, for combined results 
of two CSG companies

• Window is nice for observing 
changes in reliability

• Red line is cumulative 
installations

• Grey lines give a 90% 
confidence interval around 
the MTTF
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SPE 171365  (2014)

• “Accelerated Learning Through 
Collaboration in a PCP Application:  
An Australian Case Study”
− J. Sheldon, C. Vecere, M. Knafl, J. 

Johnson, B. Setiadi

• Presented at SPE ALCE, Houston, 
Oct, 2014.

• Starting in early 2012, four CSG 
operators met semi-annually to 
share data and learnings.

• One common problem at the time 
(2012) was systems failing with 
high torque at initial start-up

• One meeting focused on ideas to 
reduce these failures
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Solutions Trialled

• The paper describes four strategies to be adopted to reduce these:
− New (or new to QLD CSG) elastomers were submitted for fluid compatibility testing; 

those with good results were selected for use in the field

− Much looser pumps were selected

− Installations that were not to be started soon did not have the rotor landed in the 
stator

− Pump storage practices were optimized
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Results

• From mid-2012 to late 2014, the 
MTTF improved substantially
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Survival Analysis

• Kaplan-Meier survival functions are 
shown

• Biggest difference between the 
systems installed in 2010-2012 
and those installed in 2013-2014 is 
the reduction in very early failures
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Where do we go from here?

• How can we improve the run-life performance (i.e., the reliability of the 
pumping systems)?
− Short answer: figure out what’s causing failures and implement methods to mitigate 

them

− But what if the mitigation isn’t obvious?

− There are companies selling solutions to just about any possible problem, but how do 
you know if they work?

− We need to test these solutions to make sure they work (or at least be somewhat 
confident they might do more good than harm)

− Tests:  lab or field?
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Testing

Laboratory
• Pros:

−Can be highly instrumented
−Can easily test a wide range of 

conditions
−Try different operating 

strategies at minimal cost

• Cons:
−Budget constraints for work that 

doesn’t directly lead to 
production

Field

• Pros:
− If a solution works, it is already 

making the company money
− Actual field conditions are tested
− Receive input from field personnel

• Cons:
− Failure is expensive!
− Production is usually still the 

primary goal
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Control of Field Testing

• Pick a number of appropriate wells—the more the better

• Randomly pick a proportion of these wells for field trials; keep the others 
as a control group

• Once the trial is underway, monitor run-life performance of both groups of 
wells

• Consider the use of instrumentation

• Try not to test more than one thing at a time
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Example

• Tool “A” was tested in the field.  
These are survival functions for the 
groups of installations with and 
without “A” installed

• “A” seems to be associated with a 
significant improvement in 
reliability 
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Example (cont’d)

• In the same group of wells, 
procedure “B” was also used on 
some installations but not others

• “B” is also associated with an 
improvement in reliability

• Which should I use, A or B (or 
both)?
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Example (cont’d)

• These curves are quite choppy—
this shows that there really isn’t 
enough data in them
− Except the A+B curve.  They thought 

both would be good, so they used 
both on lots more wells than the other 
options
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Lab testing

• To really test a new device under a range of conditions, to prove that it 
does what is advertised, and to learn how to optimize its use, a laboratory 
test is generally the best option—especially when it is not known if it will 
be effective
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Lab testing
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Solids Mitigation in PCP Wells
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Sand transport

• From work of Mazeruk (1994, 
2002)

• Solids generally build up to 
uppermost intake port
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Solids Problems

• The general problem with solids in a PCP well is plugging

• Pump discharge or tubing plugging leads to very high torque spikes; it 
may not be possible to restart after a shutdown

• Intake or annulus plugging leads to starved pump (which may or may not 
also result in high torque)
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Technologies

• Deeper sump

• Paddle rotor
− With or without a top-tag

• Fluidizer pump
− Traditional or left-helix

• Hollow rotor
− With or without jet

− With or without fluid path through hollow 
rod from surface

• Stronger rod string

• Rotor pull on shutdown

• Proactive flushby operations

• Coiled tubing cleanouts

• Short pitch pumps

• Loose fit pumps

• Fluid loading from surface
− Down annulus or tubing

• Automatic diverter valve (ADV)

• Chemical injection

• Flush during backspin
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Gas Problems in PCP Wells

• The immediate problem with gas interference in a PCP is reduced 
efficiency

• If this is severe and/or prolonged, it can result in a pump failure

• Failures are usually due to overheating/hysteresis or overpressuring the 
top cavities of the pump

• Explosive decompression of the elastomer can also occur after a 
shutdown—or more often when a pump is brought to surface—when used 
in a gassy application.
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Technologies

• Seat the pump below the 
perforations

• Use side intake

• Use eccentric intake

• Bottom feeder intake

• “Poor-boy” gas separator

• Spiral gas separator

• Packer-type separators

• Charge pump

• HRPCP

• Perforated stator
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Summary

• Tracking reliability and run-life requires careful data collection and control.  It also 
requires using a consistent set of definitions to make sure you’re comparing the 
right things

• There are good statistical tools for observing run-life and comparing different 
trials, or looking for changes over time

• Cooperation and knowledge sharing between companies cab help achieve a 
significant improvement in run-life

• New technologies or procedures should be thoroughly tested, either in the field 
or lab, to quantify their performance

• There are numerous technologies and processes available to help reduce 
problems with solids or gas in PCP-pumped wells—the trick is evaluating them to 
determine which ones work for you, and optimizing them to work best in your 
application
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Thank you
Any Questions?


