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Motivation
Problem Complexity

32020 ALRDC Artificial Lift Workshop
Oklahoma City, OK

Feb. 17 - 20, 2020

Vertical flow = 
Transient plunger movement 
+ Transient multiphase flow

Lateral flow = 
Unconventional IPR + 

Transient multiphase flow

Simulation time: 24 h 

- 6.5 min



Motivation
Measurements
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𝑝𝑐 - casing pressure𝑝𝑡 - tubing pressure𝑞𝑔 - gas flow rate𝑞l - liquid flow rate

Valve open Plunger arrival

Valve closed



Virtual Flow Metering
Problem Statement
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Can we model gas flow rate data using 

pressure signals and arrival sensor data?



Virtual Flow Metering
Data Splitting Methodology
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1 month 1 week

training set dev set test set

Fix ANN 
architecture using 
the initial training / 
dev / test sets

1

Tune the 
weights of the 
network using 
new training / 
dev / test sets

2

Reiterate 
step 2

3



Virtual Flow Metering
Data Distribution

▪ Measured parameters
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Virtual Flow Metering
Feature Transformation
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After-flow

Plunger arrival



Virtual Flow Metering
Model Selection
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Nodes / layer 10

Hidden layers 6

Activation ReLu

Learning rate 0.001

Reg-tion (l2) 0.1

Batch size 32

Optimizer Adam

Hyperparameters –
Andrianov (2018) plus 

additional tuning



Virtual Flow Metering
Model Results
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R2 - train R2 - dev R2 - test

0.83 0.82 0.7

Step 1 results

Compiled results



Virtual Flow Metering
Summary

▪ Pressure and arrival sensor data are sufficient to 
model gas flow rate

▪ Model needs to be calibrated
▪ Fix calibrated network architecture based on the first 

training set

▪ Perform routine production tests

▪ Model becomes better with increased training data set

▪ Predicted flow rates can be used for allocation 
purposes

▪ After-flow time can be optimized based on 
predicted flow rate
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Optimization
Problem Statement
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Can we model casing pressure and gas 

flow rate using controller set points and 

initial conditions?



Optimization
Data Preparation
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Off dataOn data

On data

Off data



Optimization
Modeling “off” data
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𝑝𝑐𝑖𝑛 𝑡𝑜𝑓𝑓 𝑝𝑐
Nodes [6, 6, 3]

Hidden layers 3

Activation ReLu

Learning rate 0.001

Reg-tion (l2) 0.1

Batch size 32

Optimizer Adam

Input 𝑡𝑜𝑓𝑓 𝑝𝑐𝑖𝑛 𝑝𝑡𝑖𝑛
Output 𝑝𝑐𝜌 (𝑝𝑐, 𝑝𝑡) = 0.84

R2 - train R2 - dev R2 - test

0.98 0.98 0.93



Optimization
Modeling “on” data – pressure
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𝑝𝑐𝑖𝑛 𝑡𝑜𝑛 𝑝𝑐
Nodes [9, 3]

Hidden layers 2

Activation ReLu

Learning rate 0.001

Reg-tion (l2) 0.1

Batch size 32

Optimizer Adam

Input 𝑡𝑜𝑛 𝑝𝑐𝑖𝑛
Output 𝑝𝑐

R2 - train R2 - dev R2 - test

0.95 0.93 0.75



Optimization
Modeling “on” data – gas production
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Integrate 
every cycle

R2 - train R2 - dev R2 - test

0.97 0.96 0.92

Input 𝑡𝑜𝑛 𝑝𝑐𝑖𝑛 𝑝𝑐
Output 𝑄𝑔 Nodes [6, 6]

Hidden layers 2

Activation ReLu

Learning rate 0.001

Reg-tion (l2) 0.1

Batch size 32

Optimizer Adam



Optimization
Modeling – cycle
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▪ Final model validation: model 

final week of production history

On data model Off data model

𝑝𝑐𝑒𝑛𝑑−𝑜𝑓𝑓

𝑝𝑐𝑒𝑛𝑑−𝑜𝑛

𝑄𝑡𝑜𝑡𝑎𝑙
Cumulative gas production, [MSCF]

Data 1840.8

Model 1699.0

Error 7.7 %



Optimization
Response surface
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▪ Calculate cumulative gas 

production under different 

on / off times

▪ Constrain the results by the 

fall and upstroke plunger 

performance (Lea, 1982; 

Nadkrynechny et al., 2013)

▪ Improvement by 8.5% 𝒕𝒖𝒑𝒔𝒕𝒓𝒐𝒌𝒆 < 𝒕𝒐𝒏𝒕𝒇𝒂𝒍𝒍 < 𝒕𝒐𝒇𝒇



Optimization
Constraints𝒕𝒖𝒑𝒔𝒕𝒓𝒐𝒌𝒆 < 𝒕𝒐𝒏 : use Lea (1982) 
model with equivalent casing 
size → calibrate casing size to 
match upstroke time
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𝑧
𝑚𝑝𝑎𝑝

𝐹𝐷
𝑚𝑝𝑔
𝐹𝐵

𝒕𝒇𝒂𝒍𝒍 < 𝒕𝒐𝒇𝒇: use Nadkrynechny et 

al. (2013) approach to model fall 
→ use dynamic pressure buildup 
from the data-driven model



Optimization
Summary

▪ Integrating “on” and “off” models predicts 
cumulative production with 7.7% error

▪ “Off” time should be minimized
▪ “On” time should be around 17 min
▪ Understanding plunger lift physics dictate the 

limitations of the optimization results

▪ Optimization increase gas production by 8.5%

▪ Model can complement existing alarm systems 

on SCADA
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Questions? Suggestions?
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Thank you for your 

attention!

Anvar Akhiiartdinov

PhD student in PE, The University of Tulsa

TUHWALP

ana113@utulsa.edu 



Copyright

Rights to this presentation are owned by the company(ies) and/or 
author(s) listed on the title page.  By submitting this presentation to 
the Artificial Lift Strategies for Unconventional Wells Workshop, they 
grant to the Workshop, the Artificial Lift Research and Development 
Council (ALRDC), and the Southwestern Petroleum Short Course 
(SWPSC), rights to:

▪ Display the presentation at the Workshop.

▪ Place it on the www.alrdc.com web site, with access to the site to be as 
directed by the Workshop Steering Committee.

▪ Place it on a CD for distribution and/or sale as directed by the Workshop 
Steering Committee.

Other use of this presentation is prohibited without the expressed 
written permission of the author(s).  The owner company(ies) and/or 
author(s) may publish this material in other journals or magazines if 
they refer to the Artificial Lift Strategies for Unconventional Wells 
Workshop where it was first presented.
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Disclaimer
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The following disclaimer shall be included as the last page of a Technical Presentation or Continuing 
Education Course.  A similar disclaimer is included on the front page of the Artificial Lift Strategies for 
Unconventional Wells  Web Site.

The Artificial Lift Research and Development Council and its officers and trustees, and the Artificial Lift 
Strategies for Unconventional Wells Steering Committee members, and their supporting organizations 
and companies (here-in-after referred to as the Sponsoring Organizations), and the author(s) of this 
Technical Presentation or Continuing Education Training Course and their company(ies), provide this 
presentation and/or training material at the Artificial Lift Strategies for Unconventional Wells Workshop 
"as is" without any warranty of any kind, express or implied, as to the accuracy of the information or 
the products or services referred to by any presenter (in so far as such warranties may be excluded 
under any relevant law) and these members and their companies will not be liable for unlawful actions 
and any losses or damage that may result from use of any presentation as a consequence of any 
inaccuracies in, or any omission from, the information which therein may be contained.

The views, opinions, and conclusions expressed in these presentations and/or training materials are 
those of the author and not necessarily those of the Sponsoring Organizations.  The author is solely 
responsible for the content of the materials.

The Sponsoring Organizations cannot and do not warrant the accuracy of these documents beyond the 
source documents, although we do make every attempt to work from authoritative sources.   The 
Sponsoring Organizations provide these presentations and/or training materials as a service.  The 
Sponsoring Organizations make no representations or warranties, express or implied, with respect to 
the presentations and/or training materials, or any part thereof, including any warrantees of title, non-
infringement of copyright or patent rights of others, merchantability, or fitness or suitability for any 
purpose. 


