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Getting Downhole Data from Surface Data

 When controlling and optimizing a sucker rod pumped well, position and load at the 
pump must be calculated from surface position and load using the 1-dimensional 
damped wave equation.

 The 1D damped wave equation can be solved by separation of variables ( Dr. Gibbs’ 
method) or finite differences. Both methods are available in WellWorx’s Ken Well 
Manager.

 Damping factors can be set manually or calculated. Manual adjustment for each stroke 
of each well is not a realistic when technician are responsible for hundreds or thousand 
wells. Calculating damping factor is not very reliable due data availability and 
mechanical friction.

 Iteration on damping offers much more accurate results.

 In this presentation, results on an innovative method for iteration on damping are 
presented.

 This new functionality is expected to be released to KWM Q4 2023.
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Wave Equation

 The 1D damped wave equation reads as follows:

With the acoustic velocity given by: 

 In the above equation, only viscous friction is considered. This means that 
mechanical friction is ignored or assumed to be negligible.

 The 1D wave equation models the propagation of stress waved traveling through the 
rod string at the speed of sound.

 This can only be applied to rod pumps if we assume there is no lateral movement, i.e., 
no mechanical friction.

 Finite difference are used to solve the 1D damped wave equation.
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Viscous Damping
 Viscous Damping represents energy we are removing from the wave equation which mimics the energy lost 

due to viscous friction during pumping.

 Viscous friction issues from the produced fluid imparting a viscous force on the outer diameter of the rod string. 

 The conditions are very different between the upstroke and downstroke, i.e., due to the direction of the fluid 
flowing with or against the rods. The same damping factor cannot be used for both upstroke and downstroke.

 As the wells pumps off, viscous friction decreases, and different values for damping are needed.

 Therefore, a separate damping factor should be used for the upstroke than for the downstroke.

 Damping factors can be calculated using: 

With HPR, polished rod horsepower in hp

HH, hydraulic horsepower in hp

g, gravity constant

τ, period of a stroke in seconds

S, net stroke in inches.

 In practice, calculating damping factors is not a reliable method for great accuracy.

 Iterating on upstroke and downstroke damping factors is preferred and much more accurate.
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Well 1

Results

 Severely Overdamped –

Significant Over loop 

 Too much energy is removed 

from the wave equation

 Slightly Overdamped – Small 

Over Loop

 Too much energy is removed 

from the wave equation

 Damped correctly – no over 

loop and no excess friction
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Why does this matter?

 Key control parameters must be extracted from downhole position and load data to 

optimize and efficiently control a sucker rod pumped installation.

 These key control parameters include: 

 Fluid load - F0 – vertical span of the downhole card

 Net stroke – NS – refers to the portion of the plunger travel that contains fluid, i.e. pump fillage 

PF

 Traveling valve opening and closing

 Standing valve opening and closing

 The above quantities are essential in inferred production calculation as well as slippage 

and oil shrinkage calculation.

 Inferred production is an important KPI to measure efficiency of installation.  

 Results showing the impact of WWX’s calculations on above KPI will be discussed. 
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Solving the downhole card!
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 Fluid Load Lines:

 Effective 
(EFF) ≈ F0*

 True = F0

 Pump fillage - PF 
& Net stroke - NS

 Upstroke & 
Downhole Friction

 Standing valve 
opening - SVO

 Standing valve 
closing - SVC

 Traveling valve 
opening - TVO

 Traveling valve 
closing - TVC

F0

F0*

NS

PF

SVO

SVC

TVO

TVC
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Fluid Load & Fluid level Calculation

 Most  companies calculate fluid load F0 as F0* = max(load)-min(load), but this 
practice produces incorrect results especially if the well is deviated and 
mechanical friction is present in the well bore. 

 In the deviated case F0* = F0 + Upstroke mechanical friction + Downstroke 
mechanical friction which means F0*≠ F0 and F0* >> F0.

 If F0* (≈ F0 EFF) is used to calculate Fluid level, then the Fluid Level might 
be calculated as negative which of course is not possible. In turn, all other 
calculations using Fluid level will be erroneous such as Hydraulic 
Horsepower and Production rate.

 To avoid this, the F0 TRUE can be calculated by estimating the upstroke and 
downstroke mechanical friction and removing it from F0* as shown in the 
previous slide.

 Using F0 TRUE affords the operator a true picture of the fluid being moved 
and an opportunity to understand and accurately estimate how much 
production is still available in the wellbore.
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Inferred Production Calculation
 Inferred Production allows the operator to estimate how much fluid and gas is 

being produced by the well based on the pump fillage of the downhole data, oil 

shrinkage and oil slippage.

 Accurate calculation of pump fillage is critical for optimal results and efficiency 

of pumping operations. Pump fillage can be difficult to calculate due to the many 

different downhole conditions that can happen in the well.

 Correct calculation of valve openings and closings is also essential to the 

accurate calculation of  the netstroke and the proper estimation of slippage but 

can be very challenging to calculate correctly due to the dynamic nature of the 

DHC.

 Pump fillage and netstroke are moving targets as the well cycles from full to 

pumped off conditions.

 WWX new state of the art method accurately solves for NS, PF and valve openings 

and closings.
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Well 1 Results
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 Controller – Gibb’s method – One damping 

factor – manual adjustment

 WWX – Finite difference – Two damping factors 

– automated iteration on damping

 Over loop means downhole data is 

overdamped!
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Well 1 Results

WellWorx Diagnostic Report

Surface Stroke Length 52 Inches

Pump Depth 2318 ft

Speed 6.58 SPM

Plunger Diameter 1.5 Inches

Upstroke Damping Factor 0.15 Nd

Downstroke Damping Factor 0.2 Nd

Production Rate 8.9 BPD

F0UP 2166 Lbs.

F0DOWN 73 Lbs.

Fluid Load 2093 Lbs.

Load Range 2296 Lbs.

Polished Rod Horsepower 0.38 HP

Pump Horsepower 0.36 HP

Friction Energy Lost 0.02 HP
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 Optimal viscous 

damping

 Pumped off  - 8%

 All valve 

openings & 

closing identified

 Converged
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Well 2 Results

2023 International Sucker Rod Pumping Workshop
Aug 28-31, 2023.  Midland TX

WellWorx Diagnostic Report

Surface Stroke Length 140.5 Inches

Pump Depth 6430 ft

Speed 5.87 SPM

Plunger Diameter 1.5 Inches

Upstroke Damping Factor 0.1 Nd

Downstroke Damping Factor 0.2 Nd

Production Rate 119 BPD

F0UP 7202 Lbs.

F0DOWN 1095 Lbs.

Fluid Load 6107 Lbs.

Load Range 7818 Lbs.

Polished Rod Horsepower 10.74 HP

Pump Horsepower 10.10 HP

Friction Energy Lost 0.64 HP

WellWorx Diagnostic Report

Surface Stroke Length 140.5 Inches

Pump Depth 6430 ft

Speed 5.87 SPM

Plunger Diameter 1.5 Inches

Upstroke Damping Factor 0.4 Nd

Downstroke Damping Factor 0.8 Nd

Production Rate 117 BPD

F0UP 6672 Lbs.

F0DOWN 1312 Lbs.

Fluid Load 5359 Lbs.

Load Range 6774 Lbs.

Polished Rod Horsepower 10.74 HP

Pump Horsepower 7.31 HP

Friction Energy Lost 3.44 HP

 Look at difference in:

 Fluid load – 6107 vs. 5359

 Load range – 7818 vs. 6774

 Pump Horsepower – 10.10 
HP vs. 7.31 HP

 Production Rate 119 vs. 117
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Well 2 Results
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WellWorx Diagnostic Report

Surface Stroke Length 140.5 Inches

Pump Depth 6430 ft

Speed 5.87 SPM

Plunger Diameter 1.5 Inches

Upstroke Damping Factor 0.29 Nd

Downstroke Damping Factor 0.99 Nd

Production Rate 116.9 BPD

F0UP 6611 Lbs.

F0DOWN 1427 Lbs.

Fluid Load 5184 Lbs.

Load Range 6757 Lbs.

Polished Rod Horsepower 10.74 HP

Pump Horsepower 7.11 HP

Friction Energy Lost 3.63 HP

 Optimal viscous 

damping

 Actual 

production 

116.9 BPD

 Work lost to 

viscous friction 

– 3.63 HP

 Valve openings 

& closings 

identified –

correct slippage

 Correct pump 

fillage
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Well 3 Results
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WellWorx Diagnostic Report

Surface Stroke Length 192 Inches

Pump Depth 4527 ft

Speed 6.93 SPM

Plunger Diameter 2.0 Inches

Upstroke Damping Factor 0.1 Nd

Downstroke Damping Factor 0.2 Nd

Production Rate 502 BPD

F0UP 9804 Lbs.

F0DOWN 2187 Lbs.

Fluid Load 7616 Lbs.

Load Range 11065 Lbs.

Polished Rod Horsepower 29.94 HP

Pump Horsepower 28.58 HP

Friction Energy Lost 1.37 HP

WellWorx Diagnostic Report

Surface Stroke Length 192 Inches

Pump Depth 4527 ft

Speed 6.93 SPM

Plunger Diameter 2.0 Inches

Upstroke Damping Factor 0.5 Nd

Downstroke Damping Factor 0.9 Nd

Production Rate 500 BPD

F0UP 8152 Lbs.

F0DOWN 1789 Lbs.

Fluid Load 6362 Lbs.

Load Range 8625 Lbs.

Polished Rod Horsepower 29.94 HP

Pump Horsepower 22.33 HP

Friction Energy Lost 7.61 HP

 Look at difference in:

 Fluid load – 7616 vs. 6362

 Load range – 11065 vs. 8625

 Pump Horsepower – 28.58 
HP vs. 22.33 HP

 Production Rate 502 vs. 500
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Well 3 

Results
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WellWorx Diagnostic Report

Surface Stroke Length 192 Inches

Pump Depth 4527 ft

Speed 6.93 SPM

Plunger Diameter 2.0 Inches

Upstroke Damping Factor 0.70 Nd

Downstroke Damping Factor 0.99 Nd

Production Rate 499 BPD

F0UP 7998 Lbs.

F0DOWN 1689 Lbs.

Fluid Load 6309 Lbs.

Load Range 8161 Lbs.

Polished Rod Horsepower 29.94 HP

Pump Horsepower 20.75 HP

Friction Energy Lost 9.19 HP

 Optimal viscous 

damping

 Actual 

production 499 

BPD

 Work lost to 

viscous friction 

– 9.19 HP

 Valve openings 

& closings 

identified –

correct slippage

 Correct pump 

fillage
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Well 4 

Results
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WellWorx Diagnostic Report

Surface Stroke Length 120 Inches

Pump Depth 10196 ft

Speed 5.94 SPM

Plunger Diameter 1.5 Inches

Upstroke Damping Factor 0.99 Nd

Downstroke Damping Factor 0 Nd

Production Rate 56 BPD

F0UP 7009 Lbs.

F0DOWN 791 Lbs.

Fluid Load 6218 Lbs.

Load Range 8553 Lbs.

Polished Rod Horsepower 7.94 HP

Pump Horsepower 6.36 HP

Friction Energy Lost 1.58 HP

 Optimal viscous 

damping

 Actual 

production 56 

BPD

 Work lost to 

viscous friction 

– 1.58 HP

 Valve openings 

& closings 

identified –

correct slippage

 Correct pump 

fillage
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Well 5 

Results
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WellWorx Diagnostic Report

Surface Stroke Length 141 Inches

Pump Depth 7354 ft

Speed 6.64 SPM

Plunger Diameter 1.75 Inches

Upstroke Damping Factor 0.15 Nd

Downstroke Damping Factor 0.30 Nd

Production Rate 184 BPD

F0UP 8297 Lbs.

F0DOWN 1593 Lbs.

Fluid Load 6703 Lbs.

Load Range 9693 Lbs.

Polished Rod Horsepower 13.93 HP

Pump Horsepower 12.48 HP

Friction Energy Lost 1.44 HP

 Optimal viscous 

damping

 Actual 

production 184 

BPD

 Work lost to 

viscous friction 

– 1.44 HP

 Valve openings 

& closings 

identified –

correct slippage

 Correct pump 

fillage
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Work in progress…

 Deviated Well Diagnostic method – this methods takes into account deviated 

wellbores and mechanical friction by incorporating side load and drag forces 

in the calculation of downhole data.

 Machine Learning Pattern Matching – WWX’s KWM is to be enhanced with a 

Pattern Matching model with the following deliverables:

 Increase accuracy of all calculations

 Provide direct immediate feedback to the user

 Take immediate action to prevent imminent failures  

 Prevent loss of assets and damages

 Future research estimated to be implemented by Q2 2024.
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Conclusions

 When operators are responsible for thousands of wells at one time, automatic iteration on 

viscous damping ensures that the appropriate amount of viscous energy is removed from the 

system.

 Correctly damped downhole data yields accurate inferred production and system efficiency and 

allows for an enhanced more accurate control of the pumping unit installation.

 Incorrectly damped downhole data cannot yield correct control variables and can compromise 

the efficiency and return on investment for an installation.

 If you trust your fluid load, low fluid load malfunction/shut down violations can now be set up 

properly and used more frequently with confidence.

 If the fluid load is over or under-estimated, fluid level calculations will be wrong.

 Erroneous fluid level estimates can cause the operator to mis-operate the well and lose 

potential production.
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CONVERGENCE

BISECTION 

METHOD

VERTICAL SOLVER

Iteration on Damping
INITIALIZATION

Dup = 0.25, Ddn = 0.5

Calculate: 

Pump Fillage

F0UP_TRUE, F0DN_TRUE

F0UP_EFF, F0DN_EFF

F0_TRUE

Calculate DHC

Calculate Pump Horsepower

Calculate Production Rate

BISECTION METHOD

ARE FLUID LOAD LINES WITHIN 

TOLERANCE? 

If F0UP EFF > FOUP TRUE
Decrease Damping

UPSTROKE IS OUT OF TOLERANCE

If F0UP EFF < FOUP TRUE

Increase Damping

If F0DN EFF > F0DN TRUE
Increase Damping

Midpoint of Lower Interval

DOWNSTROKE IS OUT OF TOLERANCE

Iteration Successful no

yes

Midpoint of Upper Interval

Midpoint of Lower Interval

Midpoint of Upper Interval

If F0DN EFF < F0DN TRUE

Decrease Damping

0

10

0.25

0.5

1

0.5

0.250

0.25 1

0.5 1

0

0.125

0.875

0.25

0.75

0.75 1

0.5 0.75

0.5

0

0.25

0.25

0.875

0.875 1

0.25

0.125

0.125

0

0.25

0.875

0.625

0.0625

0.375

0.125

0.9375

0.5625

0.1875

FIRST ITERATION

INITIALIZATION

FIRST ITERATION

SECOND ITERATION

Up

Up

Up

Up

Dn

Dn

Dn

Dn

This method is completely independent of PIP, Fluid Level and Hydraulic Horsepower.

Not having instantaneous fluid level and fluid properties makes these quantities difficult to 

approximate.
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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. 
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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.
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