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Data Collected at TTU Test WellData Collected at TTU Test Well
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Data Acquisition DevicesData Acquisition Devices

MicroMotionMicroMotion Mass Mass 

Flow  Meter FFlow  Meter F--100100
(3) Echometer(3) Echometer
Well AnalyzersWell Analyzers

ABB VSDABB VSD
ControllerController

Lufkin SAM ControllerLufkin SAM Controller
ION System Power ION System Power 

Measurement SystemMeasurement System

Wood Group Wood Group 
Smart GuardSmart Guard™™
RTU packageRTU package



Patterson Slippage EquationPatterson Slippage Equation
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Patterson Equation modified ARCOPatterson Equation modified ARCO--HF equation HF equation 
to include the effect of SPM on slippageto include the effect of SPM on slippage

Available:Available:
QRodQRod Tool Tool -- ““Pump Slippage CalculatorPump Slippage Calculator””
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Impact of Pump Clearance and Pumping Impact of Pump Clearance and Pumping 
Speed on Pump SlippageSpeed on Pump Slippage

1.1. Patterson Slippage Equation predicts slippage vs. Patterson Slippage Equation predicts slippage vs. 
pumping speed, SPM, Pump diameters and Clearances pumping speed, SPM, Pump diameters and Clearances 
(other parameters)(other parameters)

2.2. Patterson Equation modified the ARCOPatterson Equation modified the ARCO--HF equation to HF equation to 
include the effect of SPM on slippage.  include the effect of SPM on slippage.  

3.3. Data shows increase in power cost per barrel due to Data shows increase in power cost per barrel due to 
slippage.slippage.

4.4. Increased Pump Clearance Reduce the System Increased Pump Clearance Reduce the System 
Efficiency (Significantly at slower pumping speeds)Efficiency (Significantly at slower pumping speeds)

5.5. More power must be input to the sucker rod pumping More power must be input to the sucker rod pumping 
system to resystem to re--pump the portion of the pumppump the portion of the pump’’s s 
displacement lost to slippage.displacement lost to slippage.

6.6. Some Slippage Required for Proper pump lubrication. Some Slippage Required for Proper pump lubrication. 
7.7. Clearances can allow sand and other particles need to Clearances can allow sand and other particles need to 

pass between the barrel and plunger  pass between the barrel and plunger  
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BPD Tank = BPD PumpBPD Tank = BPD Pump
-- SlippageSlippage

Pump SlippagePump SlippagePump Slippage
1)1) Fluid that leaks back into Fluid that leaks back into 

pump between the Plunger OD pump between the Plunger OD 
and the Barrel IDand the Barrel ID

2)2) Leaks into the pump chamber Leaks into the pump chamber 
between the standing valve between the standing valve 
and traveling valveand traveling valve

3)3) When traveling ball is on Seat.When traveling ball is on Seat.

Pump Efficiency = Pump Efficiency = 
BPD Tank / BPD PumpBPD Tank / BPD Pump
Slippage % = Slippage % = 
Slippage BPD / BPD PumpSlippage BPD / BPD Pump
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Slippage Occurs 
when the TV Ball 
is on the Seat

Slippage Occurs Slippage Occurs 
when the TV Ball when the TV Ball 
is on the Seatis on the Seat

1)1) Point A to BPoint A to B pressure acting 
on closed SV gradually 
transferred from tubing at 
point A to be fully carried by 
the Closed TV at point B. 

4)4) Point D to APoint D to A, TV open 
as fluid in the pump is 
displaced through the 
traveling valve on the 
down stroke

3)3) Point C to DPoint C to D pressure 
across closed TV 
gradually transferred 
from rods to be fully 
carried by the Closed 
SV at point D.

2.2. Point B to CPoint B to C, 
plunger carries 
full differential 
pressure across 
Closed TV
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Presented at 2007 SWPSCPresented at 2007 SWPSC

Based on Slippage test, “the following minimum pump clearances are 
recommended for a 48” Plunger with a “+1 Barrel”.  These clearances have 
become widely used in the Permian Basin for well depths up to 8000 feet”

????  Design: Clearance????  Design: Clearance Using Patterson Eq. w/ 90% Pump EfficiencyUsing Patterson Eq. w/ 90% Pump Efficiency

RuleRule--ofof--Thumb TableThumb Table

DO NOT DO THISDO NOT DO THIS



If You Use Recommended If You Use Recommended 
Clearances from 2007  Clearances from 2007  
RuleRule--ofof--Thumb TableThumb Table

86 API Rod String | Anchored Tubing | Red - D Rod Loading > 100%



0 105.6-2.50

0

2.50

5.00

7.50

10.00

12.50

15.00

17.50

98.6

 Fo Max
 Fo From Fluid Level

 Wrf

 Wrf + Fo Max

22”” Plunger, 0.009Plunger, 0.009”” Clearance, 12Clearance, 12”” Sheave, 31.5 HZSheave, 31.5 HZ

170 BPD in Tank,  170 BPD in Tank,  
56 BPD Slippage 56 BPD Slippage 

Dynamometer  Cards Dynamometer  Cards –– 5.01 SPM5.01 SPM

1 Inch Rod String1 Inch Rod String

91.391.3”” Pump StrokePump Stroke
215 BPD215 BPD @ @ PumpPump

Peak Load 12,324 LbPeak Load 12,324 Lb

Peak Load 16,588 LbPeak Load 16,588 Lb

76 API Taper Rods76 API Taper Rods

95.295.2”” Pump StrokePump Stroke
226 BPD226 BPD @ @ PumpPump

163 BPD in Tank,  163 BPD in Tank,  
51 BPD Slippage 51 BPD Slippage 





Water Viscosity Water Viscosity -- CpCp
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Viscosity Impact on Slippage CalculationViscosity Impact on Slippage Calculation

As SPM increases the Slippage 
Volume Increases: More strokes per 
day results in more slippage volume



0 105.6-3.13

0

3.13

6.25

9.38

12.50

15.63

105.0

 Fo Max

 Wrf

 Wrf + Fo Max

0 105.6-3.13

0

3.13

6.25

9.38

12.50

15.63

104.0

 Fo Max
 Fo From Fluid Level

 Wrf

 Wrf + Fo Max

22”” Plunger, 1Plunger, 1”” Rod String, 0.009Rod String, 0.009”” Clearance, 12Clearance, 12”” SheaveSheave

0.7 SPM, Input 5 HP, 0.7 SPM, Input 5 HP, 
2.4% System Efficiency2.4% System Efficiency

4.7 BPD in Tank,  4.7 BPD in Tank,  
34.4 BPD 34.4 BPD @ @ 105105”” Pump StrokePump Stroke

0.6 SPM, Input 4.8 HP, 0.6 SPM, Input 4.8 HP, 
0% System Efficiency0% System Efficiency

0 BPD in Tank,  0 BPD in Tank,  
29.0 BPD 29.0 BPD @ @ 104104”” Pump StrokePump Stroke

VSD Slows SPM Until Slippage=DisplacementVSD Slows SPM Until Slippage=Displacement

0.6 HP0.6 HP 0.7 HP0.7 HP
85.53 Sec/Stroke85.53 Sec/Stroke

85.53 Sec/Stroke85.53 Sec/Stroke100 Sec/Stroke100 Sec/Stroke



Pump Speed vs
Pump Efficiency

As the SPM increases the Pump 
Efficiency Increases: Slippage Volume 
is a Smaller % of Pump Displacement



Dynamometer Data @ 4 SPMs
22”” Plunger, 76 Rod String, 0.009Plunger, 76 Rod String, 0.009”” ClearanceClearance

5.08 SPM5.08 SPM6.99 SPM6.99 SPM8.22 SPM8.22 SPM9.73 SPM9.73 SPM



Summary of TestSummary of Test



Example Slippage CalculationExample Slippage Calculation
Use Well Parameters to Calculate Table of Slippage and EfficiencUse Well Parameters to Calculate Table of Slippage and Efficiency Valuesy Values

1)1) Range of SPM from 6.22 to Range of SPM from 6.22 to 
10.72 in 0.5 SPM steps 10.72 in 0.5 SPM steps 

2)2) Use Patterson Slippage Use Patterson Slippage 
equation to calculate equation to calculate 
slippage BPDslippage BPD

3)3) Use predictive program Use predictive program 
QRodQRod to calculate pump to calculate pump 
displacement, BPD, displacement, BPD, 
assuming 100% liquid fillageassuming 100% liquid fillage

4)4) Calculated Slippage % equal Calculated Slippage % equal 
to the ratio of Slippage to the ratio of Slippage 
divided by Pump divided by Pump 
DisplacementDisplacement

5)5) Calculated Pump Efficiency Calculated Pump Efficiency 
% equal to the ratio of % equal to the ratio of 
Production divided by Pump Production divided by Pump 
DisplacementDisplacement



Example Slippage for 2 Plunger SizesExample Slippage for 2 Plunger Sizes
1.1. Slippage % less (pump leaks less) as SPM is increasedSlippage % less (pump leaks less) as SPM is increased
2.2. Increasing the pumping speed of a leaky worn pump will increase Increasing the pumping speed of a leaky worn pump will increase 

pump efficiency and increase liquid produced.  pump efficiency and increase liquid produced.  
3.3. Increasing the pumping speed from 6.22 SPM by 4.5 SPM to 10.72 Increasing the pumping speed from 6.22 SPM by 4.5 SPM to 10.72 

SPM reduces pump slippage by only 5SPM reduces pump slippage by only 5--6%6%
4.4. Higher pumping speed may increase failures, so temporary oil Higher pumping speed may increase failures, so temporary oil 

production make not pay off any damage if failure occursproduction make not pay off any damage if failure occurs



Actual Field Example with 0.009 PumpActual Field Example with 0.009 Pump
Why only 402 barrels per day is being produced to the tank, whenWhy only 402 barrels per day is being produced to the tank, when the effective downhole the effective downhole 

pump displacement is 576 BPD?pump displacement is 576 BPD?

1.1. New pump w/ no wear or damageNew pump w/ no wear or damage
2.2. InstalledInstalled 0.009 in. clearance w/  2.25 0.009 in. clearance w/  2.25 

inch diameter & 4 foot plungerinch diameter & 4 foot plunger
3.3. Patterson Eq. Slippage 160 BPDPatterson Eq. Slippage 160 BPD
4.4. 576 BPD Full Pump dynamometer 576 BPD Full Pump dynamometer 

card (No correction for slippage or card (No correction for slippage or 
gas in solution).gas in solution).

5.5. TestedTested Rates are 106 BOPD & 296 Rates are 106 BOPD & 296 
BWPDBWPD

6.6. Production is 174 BPD less than the Production is 174 BPD less than the 
576 BPD pump displacement.576 BPD pump displacement.

7.7. (106+296)/576 =(106+296)/576 = 70% Pump Eff.70% Pump Eff.

8.8. 26 MscfD gas up tubing (245 GOR), 26 MscfD gas up tubing (245 GOR), 
at 3155 psi discharge pressure, then at 3155 psi discharge pressure, then 
oil swelledoil swelled 4.4% due to gas in 4.4% due to gas in 
solution.solution. 4.4% of 106 =  5 BPD.4.4% of 106 =  5 BPD.

9.9. Patterson Equation appears to Patterson Equation appears to 
calculate slippage fairly accurately.calculate slippage fairly accurately.

Tubing AnchoredTubing Anchored



Recommended Procedure to Select Recommended Procedure to Select 
Pump ClearancesPump Clearances

1.1. Use predictive sucker rod design program to Use predictive sucker rod design program to 
calculate pump displacement, assume 100% calculate pump displacement, assume 100% 
liquid pump fillage.liquid pump fillage.

2.2. Input correct well parameters into  Input correct well parameters into  QRodQRod Tool Tool 
-- ““Pump Slippage CalculatorPump Slippage Calculator””, be sure to , be sure to 
adjust water viscosity for the temperature at adjust water viscosity for the temperature at 
the pumpthe pump

3.3. Examine Plot of Examine Plot of ““Patterson Equation Pump Patterson Equation Pump 
Slippage Slippage vsvs ClearanceClearance”” and select pump and select pump 
clearance that gives the desired percentage clearance that gives the desired percentage 
of pump slippage.of pump slippage.
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651 BPD
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Slippage Plot vs ClearanceSlippage Plot Slippage Plot vsvs ClearanceClearance
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651 BPD Pump Displacement651 BPD Pump Displacement651 BPD Pump Displacement



Design Pump Clearance of 0.005” to Achieve   
90% Pump Efficiency with 65 BPD Slippage

Design Pump Clearance of 0.005Design Pump Clearance of 0.005”” to Achieve   to Achieve   
90% Pump Efficiency with 65 BPD Slippage90% Pump Efficiency with 65 BPD Slippage



ObservationObservation

•• Pumping Rate affects Slippage.  As Pumping Rate affects Slippage.  As 
Pump Speed Increases:Pump Speed Increases:
–– Pump Efficiency Increases: Slippage Pump Efficiency Increases: Slippage 

Volume is a Smaller Fraction of Pump Volume is a Smaller Fraction of Pump 
DisplacementDisplacement

–– Slippage Increases: More strokes per day Slippage Increases: More strokes per day 
results in more slippage volumeresults in more slippage volume
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ConclusionsConclusionsConclusions
1.1. Patterson Equation should be used to Design Pump Patterson Equation should be used to Design Pump 

Clearances Clearances –– Better than RuleBetter than Rule--ofof--ThumbThumb
2.2. Pump Slippage is a Function of SPM, pump efficiency Pump Slippage is a Function of SPM, pump efficiency 

dramatically decreases at slow pumping speed when dramatically decreases at slow pumping speed when 
pump clearances are large.pump clearances are large.

3.3. Production from a leaky Pump can be increased by Production from a leaky Pump can be increased by 
increasing SPM increasing SPM 

4.4. Slippage may be excessive for large clearance pumps Slippage may be excessive for large clearance pumps 
when pumping from deeper depthswhen pumping from deeper depths

5.5. Viscosity of water must be corrected for temperatureViscosity of water must be corrected for temperature
6.6. Proper technique to specify plunger/barrel clearance is to Proper technique to specify plunger/barrel clearance is to 

predict the gross downhole pump displacement without predict the gross downhole pump displacement without 
slippage, then specify plunger/barrel clearance having a slippage, then specify plunger/barrel clearance having a 
calculated pump slippage volume less than or equal to 5calculated pump slippage volume less than or equal to 5--
10% of the gross pump displacement. 10% of the gross pump displacement. 
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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 Sucker Rod Pumping 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 Sucker Rod Pumping Workshop where it was first
presented.
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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 Sucker Rod 
Pumping Web Site.
The Artificial Lift Research and Development Council and its officers and trustees, and the 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 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. 


