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ABSTRACT

One of the benefits of utilizing a Sucker Rod Pump for artificially lifted oil and gas wells is that they can
achieve total drawdown the casing fluid above the downhole pump. This allows for the artificial lift method
to maximize the production of the well by minimizing the back pressure on the reservoir caused by the
fluid level in the casing anulus. However, in some cases the original design of the sucker rod pump
system may not be able to achieve the capacity required to drawdown the entire fluid level in the casing
anulus. To increase production operators are tasked with identifying these wells and prioritizing them
based on their opportunity for increased production and then perform the necessary operational changes
to ensure the wells are producing more optimally. Previously this process was done entirely manually and
could take several hours per well.

To combat this, algorithms were developed to apply rules across several thousand wells to determine if
they are good candidates for increase production. Using a host software solution tied into wells running
on pump off control, algorithms were developed to determine if a well was pumped off. If this criterion was
met well test information was used to infer the well’s maximum production. Then leveraging software with
predictive wave equation capabilities, several outcomes where the speed was modulated in the rod
pumping system were generated. After analyzing all the possible scenarios, the algorithms then
determine the optimal solution based on equipment loading, well performance, and production
information. Operators can leverage this automated process to determine real opportunities for increased
production on the rod lift artificially lifted wells. By automated the process of discovery, prioritization, and
speed changes required, the software eliminated unnecessary man hours in the process of optimizing
wells for maximum production and allows the end users to quickly identify wells with actionable changes
that will lead to production increases.

INTRODUCTION

In oilfield production pumping off rod pump wells is a crucial operation that helps maintain optimal
production levels and extend the life of the well. A rod pump is a mechanical device that extracts fluids
from a well by lifting the fluids to the surface through a plunger attached to a rod. Rod pump, also known
as rod lift, is an advantageous form of artificial lift because it allows full drawdown of fluid level in the
casing anulus which enables maximum production extraction. However, in some cases, wells on fixed
speed motors are not operating at maximum capacity and have a fluid level above the pump that is
increasing the back pressure on the reservoir and restricting flow. Therefore, it is important to draw the
fluid level in the casing anulus down to the pump intake depth, or pump off the well. Pumping a well off
enables maximum production and ROI in sucker rod applications.

In the past, pumping off rod pump wells was done based on experience, with operators relying on their
judgment to determine which wells needed to be pumped off and how to manage speeds to achieve
pump off. However, with the increasing demand for oil and gas and the complexity of well operations,
having a more autonomous solution for understanding which wells are underperforming has become
increasingly important. Therefore, algorithms were developed to analyze production data and well



parameters to identify which wells are operating at suboptimal levels and need to have changes to
achieve pump off.

The use of algorithms in the oil and gas industry has revolutionized the way companies manage their
assets. By analyzing large amounts of data, algorithms can identify patterns and trends that previously
would have to be recognized by users. This allows companies to make data-driven decisions about which
wells to prioritize for pumping off, ultimately resulting in increased production and profitability.

The algorithms leverage operational data to determine which wells are not pumping off, then utilize
predictive wave equation to understand which wells that have opportunities for production increases and
can increase speed without being overloaded. Understanding these two variables the host software can
determine which wells have opportunities to increase production and can prioritize wells by potential
production gains.

One of the ways algorithms can help increase production levels is by speeding up the well. Algorithms
can analyze the well parameters, such as the depth, fluid properties, and pump size, to identify which
wells are able to speed up and reduce the fluid level or even pump off completely. By prioritizing these
wells for pumping off, the operator can increase production levels and maximize their return on
investment.

The importance of pumping off rod pump wells cannot be overstated, and the use of algorithms to
determine which wells can be pumped off more efficiently is a critical tool for maximizing production and
profitability for operators. With the increasing demand for oil and gas and the complexity of well
operations, it is essential to optimize production from existing wells in the most efficient and reliable way
possible. The use of algorithms can help operators achieve these goals by analyzing substantial amounts
of data and identifying opportunities for improvement. By leveraging the power of algorithms, the oil and
gas industry can continue to meet the world's energy needs in a safe, sustainable, and cost-effective
manner.

STATEMENT OF THEORY AND DEFINITIONS

Pumping off rod pump wells is essential for maintaining optimal production levels and extending the life of
the well in the oil and gas industry. A rod pump is a mechanical device that extracts fluids from a well by
lifting them to the surface through a plunger attached to a rod. However, as the fluid level in the well
increases, the well can experience an increase in flowing bottomhole pressure (FBHP) which reduces
production. By pumping off the well on a regular basis, operators can maximize production and extend
the life of the well and its profitability.

In this case algorithms are utilized to populate and recommend which wells are most likely to benefit from
an increase in speed. Many of these wells are likely on fixed speed motors, which means a speed
increase is most likely to be achieved through changes the gearbox sheave size.

A cornerstone technology for this algorithm is the concept of the predictive wave equation. The wave
equation is fundamental in understanding how a sucker rod pump system is operating in terms of
downhole and surface health. In this case the algorithms are leveraging a predictive wave equation to
understand the effects of speed changes. Speed changes can increase loading on the rods, gearbox, and
pumping unit structure. It can also cause compression explained by the calculated values for bottom
minimum stress (BMS). In order to have the optimal recommendations for speeding units up the
algorithms must be able to accurately predict how the equipment will react to speed changes.

Another key in determining opportunities for production increases is understanding how the reservoir will
react to speed increases. In cases where the pumping unit can speed up, it doesn’t always necessarily
follow that the reservoir will produce more. That is why it is also important to understand the well’s inflow



performance relationship (IPR). By understanding the wells current fluid level the host software
application can understand how increasing the production from the well will reduce the fluid level and
increase the production. It is not simply increasing production by producing the available fluid in the
casing anulus, but reducing the back pressure on the reservoir and increasing the flow to the wellbore
that stimulates higher production rates. In other words in order for a well to truly increase production in
this case we expect it to be running with a fluid level over the pump.

All these theories and concepts are combined to produce the algorithms to determine which wells are ripe
for production increases and how much the well can produce using the existing equipment onsite.

DESCRIPTON AND APPLICATION OF EQUIPMENT AND PROCESSES

The algorithms designed to determine production increases on wells were developed by combining the
diagnostic wave equation, the predictive wave equation and IPR models. The fluid level was calculated
using the measured downhole dynamometer card. Once the fluid level was determined, the predictive
wave equation and IPR models were used to understand how much production was available and how
fast the well could be sped up in order to increase the production. The algorithms run in tandem to
understand how speed increases will affect the equipment loading and BMS as well as understand if the
speed increase will generate a meaningful production change.

By running all these models in tandem a recommendation that can be reliably transformed into a speed
change that will result in production increases without overloading the pumping unit structure or
decreasing the BMS is made. The user can then prioritize these recommendations based on production
increases and make the changes that will have the greatest return on investment. Once the algorithms
were developed, they were deployed on a large sample of wells for piloting and testing.

PRESENTATION OF DATA AND RESULTS

The algorithms were piloted in a field with over seven thousand wells to evaluate the validity of the
algorithms and see if there were any opportunities for production increases on a large sample set of
wells. There were two challenges the operator was trying to overcome. First identifying wells with
opportunities for production increases and secondly to confirm how much incremental production could
be expected by increasing the speed before they overloaded the unit or pumped the well off.

The +7000 wells included depths varying from 1,000 — 2,000 ft. The algorithm identified 80 wells that
were running twenty four hours a day with a fluid level above pump and identified an additional 60 wells
as good candidates for speed changes. During the pilot 95% of the wells the host software recognized as
being candidates for production increases were able to make speed changes that resulted in incremental
production without overloading the existing equipment.

Case Study 1:

Case study 1 is an example of a well that is running 24 hours with a fluid level above the pump according
to the host software (figure 1). According to the calculated fluid level and IPR models an opportunity of an
additional 1643 bpd total fluid is detected which is a result in an incremental 62 bpd of oil. However, the
equipment loading will limit the maximum speed to by 9.3 SPM which will result in an incremental uplift of
204 bpd of total fluid and 8 bpd of oil (figure 2). Leveraging this recommendation from the software, the
operator re-sheaved the unit and pumped at the recommended speed. The speed change resulted in an
increase of 25 bopd which came as a result of the oil cut increasing after the speed change (figure 3). In
this case the algorithm achieved a significant increase in production without overloading any of the
existing equipment or causing compression on the rod string.



Case Study 2:

The second case study shows a well running 24 hours a day with a full pump (figure 4). The IPR models
show the well is capable of having a max production that would result in 1587 bpd gross and 46 bpd oil
increase. However, based on the predictive models the algorithms show the maximum production given
the existing equipment would result in an increase of 333 bgpd and 10 bopd (figure 5). After making the
suggested changes the well responded with an incremental production increase of 7 bpd of oil and 200
bpd gross which is slightly less than the predicted increase (figure 6).

Case Study 3:

The final case study shows another well running 24 hours a day with a full pump (figure 1). In this case
after maximizing the speed of the pumping unit there was a production increase of 200 bpd gross and 7
bpd oil (figure 2 &3). However, the IPR model showed that still more production was possible on this well
so the operator installed a larger pumping unit and was able to increase production by an additional 500
bpd gross and 14 bpd oil.

CONCLUSION

Operators need a reliable way to determine which wells have opportunities for production increases
without having to individually run through their software applications and look for wells with opportunities
and then run through design products and trial different speeds and change variables to understand the
maximum capacity of the existing equipment. Using these algorithms in the host software that leverage
the predictive wave equation as well as diagnostic analysis and IPR models can make effective
recommendations on speed and where production can be increased on wells that are running 24 hours a
day with a full pump. These reliable recommendations can be brought straight to the user with minimal
input and interaction, which is a huge improvement compared to the current manual process. As
algorithms continue to propel host software to the forefront of optimization, algorithms like these will be an
important ingredient for full autonomous control from the host software application.
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