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• Gather true measured data in both 

deviated & horizontal rod-pumped 

wells

• Plot actual downhole load & 

position: dynagraph cards

• Provide that measured downhole 

data to industry for use in 

developing new algorithms

• Improve our understanding of side 

loads, bending, friction, damping, 

and other factors resulting from 

well deviation

Project Goal & Overview
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Rod Pump Diagnostics: Introduction 

• Historically, the pump condition has been 

determined by dynamometer analysis

• A surface dynamometer measures position 

and load to generate a surface card

• The downhole card is calculated by solving 

the 1D wave equation (the surface card is 

projected downhole)

• The solution removes all dynamics in the 

surface card to show you the resulting work 

at the pump

• Since the rod string acts as a transmission line 

for the pump, any distortion in load signals 

result in poor downhole data resolution
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Example 1: Vertical Wellbore

• Pump Intake Pressure

• Pump Efficiency

• Pump Displacement

• Rod Loading

Calculations:

• Well is pumped off

• Tubing movement is apparent

• Confidence in original design: 
Pumping conditions can be 
duplicated by predictive 
software

Additional observations:

4

https://alrdc.com/


Example 2: Deep Deviation

• Possibly Pump Intake 
Pressure

• Possibly Pump Efficiency

• Possibly Pump Displacement

• Possibly Rod Loading

Calculations:

• Well is close to pumped off

• Confidence in original 
design: Pumping conditions 
can be (relatively) 
duplicated by predictive 
software

Additional 
observations:
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Example 3: Shallow Deviation

• No reliable downhole 
calculation available

• Both the Net Stroke and 
Fluid Load are distorted

Calculations:

• Production is the only 
proxy for the condition 
of the pump 

• Incomplete fillage 
calculations will not be 
reliable

Additional 
observations:
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Rod Pump Diagnostics: 

Current Pitfalls

• The diagnostic solution to the 1D wave 
equation assumes all elastic deformation 
originates at the pump

• Shallow friction distorts both Gross Stroke and 
Fluid Load

• Deep deviation will tend to mostly affect Fluid 
Load 

• The damping term of the wave equation 
is only meant to account for viscous 
forces, not mechanical friction

• Furthermore “…incorrect dynamometer 
data can give false indication of buckling 
anywhere in the string” - Gibbs
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Project Overview: What is the HWDDDA

The Horizontal Well Downhole 

Dynamometer Data Acquisition 

Project (HWDDDA) has assembled 

operators and service companies 

together to solve this challenge

Project planning and tool design are 

both underway, but additional 

funding is needed for both tool 

manufacturing and testing

Project Members

Marathon

ALRDC

Echometer

WellWorx

Weatherford

Lufkin

Accutants LLC

Black Gold Pump

GyroData

DV8

Exxon Mobil 

ChampionX
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Historical Perspective - Sandia
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SANDIA MEASURED DATA VS. WAVE EQUATION
• In the 1990’s, Sandia National 

Laboratories ran a series of 

experiments on 6 vertical 

wells using downhole 

dynamometer tools.

• Before the experiments, 

sucker rod pump were 

controlled using surface data 

only.

• Sandia proved the use of the 

wave equation as a means to 

calculate downhole data using 

surface measurements.

• This revolutionized the 

industry!!

• Only Vertical Data

• Every model and program used 

in the industry is derived from 

Sandia Data.

• Need Deviated Data!!!!
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Project 

Overview: Tools

• Directly measured load and 
position data is required to 
validate and improve the accuracy 
of the existing software for 
deviated wells

• A new generation of downhole 
sensors are required to gather true 
measured forces and stresses 

• This data will be used to improve 
design software for rod systems

• Participants in the project will 
have first access to data, results, 
and developed tools
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Tool Specifications

Placed along the rod string, tools store data on-
board

• Location and number of tools determined by 
well profile (approximately 3 tools per well)

Sensors:

• Synchronized clocks – for correlating data 
across multiple tools

• 3 axis accelerometer – position & relative 
gravity vector

• Multiple load cells – linear tension and 
compression

• Pressure, temperature, vibration, etc.

12

https://alrdc.com/


Test Wells

All distinct categories of deviated wells

• Vertical (for control test)

• Deviated

• Slant

• Horizontal

Testing Criteria

• Test at different SPM 

• Anchored vs. unanchored tubing

• Rod guides vs. no rod guides (varying rod 
guides placement)

• Rod string configuration (steel, fiberglass, 
sinker bars)

• Depth of kick off point

• Fluid properties i.e. viscosity, gas, etc.
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HWDDDA First Prototype Update

• First prototype build was deemed not acceptable by TDM Sub-Committee after field testing

• Problems with tools:

• Strain gauges leads needed to be cut each time battery was re-charged or replaced

• Load signal outside of specifications

• Acceleration signal could not be integrated consistently

• Pressure resolution was outside of specifications

• Temperature recorded was board temperature not external temperature

• Firm understanding of what we want and don’t want in next generation prototype

• Many lessons learned

• Current Status: Change of Manufacturer in process
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First Prototype - Erroneous Data
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EOG Tools

• EOG donated 3 downhole tools for the project: 

2 tension/compression & temperature tools 

and 1 tension/compression, side load and 

temperature tools

• Rework and reconfiguration of the 3 tools 

currently underway – begin Q1 2023

• Completed 7/20 milestones

• Initial field tests targeted for 

Q1 2024 – Need to join now!
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Tool Batteries
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Data Acquisition Chassis Assemblies
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LPS Bulkhead
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Machine Pony Rods for Bench Test 

Fixture

21

https://alrdc.com/


Tension Load Cell for Bench Test Fixture
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Bench Test Fixture
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A second 

testing 

fixture is 

being built to 

test tool at 

14ft stroke at 

45° and 90°.
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HWDDDA vs. EOG tools comparison
Feature Units HWDDDA EOG

Tension lbs. N/A 1 tension load cell

Side Loads lbs. 1 tension/compression 4 load cells with side 

loading buttons

Stroke Position inches 3 axis accelerometers N/A

Lateral Acceleration G’s

Fluid pressure psig Ported N/A

Temperature °F Fluid temperature Fluid temperature

Diameter inches 1.85 1.85

Temp rating °F 300 265

Sampling rate Hz Configurable up to 256 16

Memory Bytes 11.9 hrs @ 256Hz 168 mB

Channels bit 24 24

Load rating lbf 37K tension 10K 

compression

37K

Pressure Rating Psi 10,000 5,000
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Industry Support

• Developing & manufacturing downhole 
electronics is an essential part of this 
project

• Need industry financing

• Need deviated & horizontal test wells

• Wells & workover resources to be 
provided by Operating Companies

• Data will be stored on the tools, 
which will require pulling the well

• Data validation and maintenance

• Need funds to build and maintain software
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Conclusions

Improved downhole models can 
result in substantial reductions 

in operational expenses

Better decisions and well 
designs

Gathering real-world data is a 
first & significant step

We can’t eliminate downhole 
friction, but we should be able 
to design and control around 
it, once better understood
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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 International 
Sucker Rod Pumping Workshop, they grant to the Workshop, the Artificial Lift 
Research and Development Council (ALRDC) 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.

 Links to presentations on ALRDC’s social media accounts.

 Place it on an USB/CD for distribution and/or sale as directed by the Workshop 
Steering Committee.

 Other uses of this presentation are prohibited without the expressed written 
permission of the company(ies) and/or author(s) who own it and the 
Workshop Steering Committee. 

2023 International Sucker Rod Pumping Workshop

Aug 28-31, 2023.  Midland TX
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Disclaimer

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 International Sucker Rod 
Pumping Workshop Web Site.

The Artificial Lift Research and Development Council and its officers and trustees, and the International 
Sucker Rod Pumping Workshop 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 International Sucker Rod Pumping 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.

2023 International Sucker Rod Pumping Workshop

Aug 28-31, 2023.  Midland TX
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