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This project applied the Define, Measure, Analyze, Improve, and Control S I opmanns /

The project demonstrated that operational variables influence production
stability but have limited predictive impact on o1l and water production due to
reservoir-dominated behavior. Gas production showed the strongest
operational sensitivity. The Define, Measure, Analyze, Improve, and Control
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methodology to evaluate how electrical, mechanical, and pressure-related N | o
operational variables influence the six-hour moving averages of oil, gas, and
water production in a well equipped with an electric submersible pump. The
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analysis examined the relationships between operational conditions and , . . :
. . . . : B 8¢ ' methodology provided a structured and effective framework for analyzing
production behavior to determine the extent to which these variables /"' k ; : o ) . .
. | - performance, 1dentifying 1mprovement opportunities, and developing
contribute to performance changes. Results showed low to moderate e T W WR R : ) : , , 1 ls. The findi h ¢ ’
B — T ong-term controls. The findings support the use ot quality management

correlations, with gas production demonstrating the strongest association,
while o1l and water production were influenced primarily by reservoir
conditions. These findings indicate that operational adjustments have a
limited predictive impact but contribute meaningfully to production stability.
The project identified improvement opportunities focused on stabilizing - I

pump frequency, optimizing pressure conditions, and strengthening — ml ' — —— L —

monitoring practices. A long-term control strategy was developed using Sampie
standardized procedures, performance indicators, and continuous observation Figure 1: SIPOC Diagram SImrIiee ueear =7 u7s sbes the mesien 13wl Enieed niear e Tuie we o aee 2meeZ7 ACknOWledgementS

to sustain improvements in well performance. A A T T e
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principles in artificial lift optimization and highlight the importance of
_— monitoring and stabilizing key operational parameters to enhance Electric
4000 Submersible Pump well performance.
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Problem Statement

Electric submersible pumps are widely used to sustain production in wells Mean
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the ability of operators to optimize performance, reduce variability, and Quartile 1] 254 173.44 50.64 177.81 533.27
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implement effective control strategies. the problem addressed in this project
1s the lack of clarity regarding the influence of key operational variables on
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A quantitative research design was used to evaluate the relationships between

operational variables and production behavior. The Define, Measure,

Analyze, Improve, and Control methodology structured the investigation and

ensured systematic evaluation of performance. Historical operational and 200
production data were collected from an Electric Submersible Pump well, and 1o
six-hour moving averages were used to reduce noise and highlight
operational trends. Operational variables included pump frequency, motor
current, intake pressure, discharge pressure, and tubing head pressure. ° seo 1o 1s00 2000 =s00 2000 300
Production variables included oil, gas, and water rates. Summary statistics, Samete

improvements of empirical models for predicting the performance of

electrical submersible pumps under viscous flow [Online]. Available:
https://www.sciencedirect.com/science/article/abs/p11/S2949891024002410.

Rumn Chart of il Rate GHr MANWG

100

[3] W. Sindi, R. Fruhwirth, E. Gamsjager, and H. Hofstitter, “Production

optimization using integrated modeling and ESP survival analysis based on

01l Rafe 614 MAvg

historical data and machine learning,” in Abu Dhabi International Petroleum

: : - : : Sxpecrted mLmESc ST runToflur wne meaian 2381 Sxpecred sumese S runl Up or down  2ess 33 Exhibition and Conference, 2023. Doi: 10.2118/216990-MS.
correlation analysis, and multiple linear regression models were used to EooEoiimois Bovmrus e ciuztorine s 3
quantify relationships between operational conditions and production Figure 2: Histogram, Quantile-Quantile Plot, and Run charts for QOil rate 6Hr Mavg IMPROVE PHASE [4] T. Hnot, B. Vasylyshyn, A. Struk, D. Benham, J. Meek, and N. Ferrara
behavior . . ' » S C o ’ ' ’
Histogram Guanmo-CQuantie Piot The Improve phase focused on developing recommendations to “Al-based approach for ESP optimization,” in SPE Gulf Coast Section
= enhance production stability. Key opportunities included stabilizing Electric Submersible Pumps Symposium, 2023. Doi: 10.2118/214731-MS.
Define Measure Analyze Improwve Control 0035 > pump frequency, optimizing intake and discharge pressures, and
- o = e o 2 strengthening monitoring practices to minimize fluctuations. [5] A. Sabaa, M. Abu El Ela, A. H. El Banbi, and M. H. M. Sayyouh. (2022).
‘ — % -
= P Artificial neural network model to predict production rate of electrical
, 5 CONTROL PHASE ficial , s P 4
it ‘J-'»\ submersible pump wells [Online]. Available: https://www.researchgate.net/.
% =z 1 i 2 : 2 ‘ The Control phase implemented long-term strategies to maintain

P o {heeretes uansies operational stability, including standardized procedures, performance

o o Run Chart of Water Rrate GHr MAswg . . . . .
Results and Dls cussion indicators, and continuous monitoring tools. These controls help
soe ensure that improvements remain effective and that deviations can be

. . . . § s00 detected and corrected promptly.
The results and discussion section presents the findings F’f the Define, - The Control Phase ensures that improvements implemented during
Measure, Analyze, Improve, and Control methodology applied to evaluate g the Improve Phase are sustained over time. Continuous monitoring,
Electric Submersible Pump well performance. The phases build on one T8 s00 1000 1500 2000 2500 000 2500 early warning indicators, and updated operational procedures are
another, moving from problem clarification to data exploration, statistical . essential to maintaining stable ESP performance.
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