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Patterson Slippage Equation

D Pcl.52
Lu

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

453.{(0.14-SPM ) +1]

Available:
QRod Tool - “Pump Slippage Calculator”
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Impact ol PUumip: Clearance anadrPuiiping
Speed on PumprSlippage

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

Patterson Equation modified the ARCO-HF equation to
Include the effect of SPM on slippage.

Data shows increase in power cost per barrel due to

slippage.

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

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

Some Slippage Required for Proper pump lubrication.

Clearances can allow sand and other particles need to
pass between the barrel and plunger
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PUmipr Slippace

BPD Tank = BPD Pump
- Slippage
1) Fluid that leaks back into

pump between the Plunger OD
and the Barrel ID

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

3) When traveling ball is on Seat.

Pump Efficiency =

BPD Tank / BPD Pump
Slippage % =

Slippage BPD / BPD Pump
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Point A to B pressure acting ! 8 2. Point B to C,

on closed SV gradually plunger carries
transferred from tubing at full differential
point A to be fully carried by pressure across
the Closed TV at point B. | Closed TV

Slippage Occurs
when the TV Ball
IS on the Seat

4) PointDto A, TV open 3) Point Cto D pressure
as fluid in the pump is _ across closed TV
displaced through the ] gradually transferred
traveling valve on the | from rods to be fully
down stroke carried by the Closed

e, 25 - 248, A2 2012 Sucker Rod Pumping Workshop 1 i SV at point D. 7




Presented at 2007 SWPSE

Progress Report = on “Fluid Shippage in Down-Hole Rod-Dirawn i1l Well Pumps”

JTohn Patterson — ConocoPhillips Company
Eyle Chambhliss — Oxy Permian

Lynn Rowlan — Echometer
Tim Cutfew — Qo Permian

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”

DO NOT DO THIS
T B o = -3 to -4 plunger (0.004" to 0.005" total cleareme
« 150" pump = e plunger (0.003 to-b=6T0" total clearance)
«  L75 pump =-5to -6 L 006 to 0.007 total clearance)
« 200 = -0 to -7 plunger (0.007 To~L08" total clearance)

Rule-of-Thumb Table

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



Inputs to Pump Slippage Calculations

D=Plunger Diameter (inches) 15 DPCUE
“P=Pressure Differientia 3617 Slippage = [{0 14. SPM )+ 1]453
E:—E:Ie_arar_m:e [l_ﬂn:hesj o 0.006 L,U
U=Fluid Yiscosity (centipoise) 0.76
Plunger length (inches) 48 '
Strokes per Minute 8
"Calculating Differential Pressure If YO u US € ReC ommen d ed
Pump Depth 8000 Clearances from 2007
Tuhing Disch F Psi) | 250
Tﬂn:zg F|Ij;:u g;’gedie:"?[zi:?lzij " 0.4271 RU I e'Of'Th um b Tab I e
Fump Intake Pressure (Psi) 50
Input your production rate, BRPD 274.0
Slippage in BPD 59.9 100" 144"
Stroke Stroke
Total Pump Pump
Plunger | Clearance | Slipage| Disp. | Slippage| Disp. | Slippage
Size Inch Inch EFPD BPD Yo EPD Yo
1.25 0.005 37.8 131 28.9 208 18.2
1.50 0.006 59.9 143 41.9 274 21.9
1.75 0.007 83.4 172 1.4 324 27.3
2.00 0.0038 123.7 200 61.9 349 35.4
2.25 0.009 166.5 /8.9 41.5

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



| 163 BPD in Tank,

Pynamemeter Cards — 501 SV

2 Plunger, 0.009" Clearance, 12° Sheave, 1.5 HZ

Peak Load 12,324 Lb

Wi + Fo M

76 APl Taper Rods

91.3” Pump Stroke
215 BPD e Pump

51 BPD Slippage

105.6

15.00

12.50

10.00 ¢

Peak Load 16,588 Lb

1 Inch Rod String

7.50+
7Fo Max ‘
5.00 | e Fo From Flujd Leyel
|
250/ 95.2" Pump Stroke
226 BPD e Pump
° : 8.6
170 BPD in Tank, 1.
,5o. 06 BPD Slippage



API Echometer
Rod | Stroke Fump Inferred Surface Echometer | Pump
String | Length [ Speed | Production | Production | Slippage | Efficincy
Test = Date = {in) {s pm} {bpd) {bp d) {bpd) { %)
1-01 7/8/05 767 105.6 9073 427.7 367.1 b0 6 85.8
1-02 /805 767 103.6 9.74 428.1 368.0 60.1 86.0
1-03 7/8/05 76" 105.6 825 337.5 301.3 a6 .2 84.3
1-04 7/8/05 767 105.6 693 297.4 2424 350 81.5
1-05 /805 767 105.6 5303 214.7 163.5 1.2 76.1
1-06 7/8/05 761 105.6 182 81.5 41.6 399 51.1
2-03 772805 it 105.6 060 29.6 0.0 296 0.0
2-02 1728/05 88 103.6 0.70 314 44 30.0 12.8
2-01 1728/05 88 105.6 080 39.2 56 3356 14.2
2-09 772805 it 105.6 201 224.0 170.2 238 76.0
2-08 1728/05 88 103.6 690 3134 2309 62.5 80.1
2-07 1728/05 88 105.6 g22 371.6 308.6 63.0 83.0
2-06 772805 it 105.6 9.01 444.6 37rg.2 bb 4 85.1
2-05 1728/05 88 105.6 9.72 444.6 3IF7T.9 66 .7 85.0
6-05 8/25/06 | 76 105.6 9.7 254.2 230.1 24 .1 90.5
6-06 8/25/06 | 76 105.6 9.7 254.7 232.1 226 91.1
6-07 8/25/06 | 767 103.6 8.3 207.9 185.1 229 89.0
6-08 8/25/06 | 76 105.6 f.1 180.4 159.1 214 88.2
6-09 8/25/06 | 76 105.6 3.1 127.0 107.6 19 4 g4.7
6-10 82506 | 767 105.6 2.5 6Z2.5 45.5 16.9 2.9

AZ200 in pump with a 0.009 in clearance and 4 ft plunger was used for tests 1 thru 5

A 150 in pump with a 0.005 in clearance and 4 ft plunger was used for test 6




\Water Viscosity - Cp

e

Water Viscosity - cp
T1=250 T2=185T3=120 DegF
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Pressure (psig)
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Pump Slippage - BPD

Viscosity Impact onrSlippage Calculanen
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¢ As SPM increases the Slippage
Volume Increases: More strokes per
day results in more slippage volume
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Pumping Speed - SPM



Wrf + Fo Max

| 0.6 SPM, Input 4.8 HP,

0% System Efficiency

100 Sec/Stroke

|0 BPD in Tank,
29.0 BPD 104" Pump Stroke

105.6

VSDrSiews SEVIORtIESlippage=bisplacement
2- Plunger, 1* Red Strng, 0:009* Clearance, 12* Sheave

Wrf + Fo Max

85.53 Sec/Stroke

0.7 SPM, Input 5 HP,

2.4% System Efficiency

85.53 Sec/Stroke

4.7 BPD in Tank,

34.4 BPD ¢105" Pump Stroke

105.6




Pum p S p ee d VS PumpkEfficiency®o = SurfaceRate x100

F) um p Effl C | en Cy PumpDisplacment
100
90 ry 7S >
® s —— &
80 e
‘ /_./_,-S—
_ 70 et
> / As the SPM increases the Pump
g 60 7 Efficiency Increases: Slippage Volume
2 4 Is a Smaller % of Pump Displacement
; /
1T
o 40
E /
=
o 30 - " : "
/ B Pump Efficiency - 1" Rod String 2" Pump 0.0092 Clearance
20 —— Calculated Efficiency - 1" Rod String 2" Pump 0.009 Clearance
10 J +« Pump Efficiency - 76 API Rod # 2" Pump 0.002 Clearance
-/ < Pump Efficiency - 76 APl Rod # 1.5" Pump 0.005 Clearance
0
0.0 2.0 4.0 6.0 8.0 10.0 12.0
Pumping Speed - SPM




Dynamometer Data @ 4 SPMs

2- Plun@er, 76'Red Stiing, 0:009* Clearance

Faw Data | Owerlay O Duvna Cards I Torgue i Fod Loading I Load/Current i Foweer Torgue | Foweer F A i k l
Load(k-Lbs] w= Position [in) HT&O12 PERE B PEUMPL (5557
15.00 - MFPHL |3554 MF'LIMF'quE;
Calculated Fluid Load k4 ax |5335 Ib
12.50 Folished Rod Power [14.2 HF
Folizhed Bod ./ bAotor EFF. |?1 A o
Strokesz Per Minute IEI_?S
| 9.73 SPM
. Purmp Card HP |11_E| HF
Purnp # Matar EFF. IEH_B %
7.50 Furmnp Dizplacerment |43?_3 BEL/D
Purmp Intake Pressure... I IED.E pzi (3]
5.004 Ciamp Up (0,04
<« FHeszet
D arnp Do IEI.EI4
2.50 - Tubing Head Pressure |13.0 p=i [g)

— Effective Plunger Stroke

. - o e J;.q-_u , E Leftl Hight EI 'I;j; E'lﬁ;altjrg:a |

|99.39 = |96.4 in
2.50 : 0%
C 105.6 St [5 =] 7| <PaUp | PgDwn>

kr {333 Ibin kt (1147 bfin  Dyna Card Dptinnﬂ...l




SUmmary. of llest

Effective
Effective| Plunger Water Patterson
Plunger | Travel | Production| Slippage Pump
Card Selected SPM |Travel Inl BPD |Rate (BPD) BPD Efficiency
2 - Sheave:6 Card #15 5.08 93.9 2225 181.5 41.0 81.6%
1 - Sheave 8.5 Card #5 6.99 94.3 307.6 2600 47.6 84.5%
1 - Sheave 10 Card #5 8.22 94.2 361.1 3093 51.8 85.7%
2 - Sheave 12 Card #5 9.73 96.4 437.5 3805 57.0 87.0%
Power Cost
Motor |Polished $/BBL System [Pump Effic
Card Selected SPM |Input HP| Rod HP Lifted Effic % Yo
2 - Sheave:6 Card #15 5.08 11.3 6.6 0.143 44.7 81.6%
1 - Sheave 8.5 Card &5 6.99 14.9 9.5 0.132 50.2 84.5%
1 - Sheave 10 Card &5 8.22 17.4 114 0.130 51.6 85.7%
2 - Sheave 12 Card #5 9.73 21.0 14.3 0.127 52.3 87.0%




Example Slippage Calculation

Use Well Parameters; ter Calculate Tabile off Shippage and Efficiency: Valuies

Load(k-Lbz] ws Pozition [in] F
1) Range of SPM from 6.22 to

10.72 in 0.5 SPM steps

2) Use Patterson Slippage
equation to calculate
slippage BPD

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

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

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

0 105.6 Stroke |E ~r| < PgUp | Pag Dwn}|




ExamplerSlippagefior 2 PlUnger SiiZes

Slippage % less (pump leaks less) as SPM is increased
Increasing the pumping speed of a leaky worn pump will increase
pump efficiency and increase liquid produced.

Increasing the pumping speed from 6.22 SPM by 4.5 SPM to 10.72
SPM reduces pump slippage by only 5-6%

Higher pumping speed may increase failures, so temporary oil
production make not pay off any damage if failure occurs

Anchored Tubing - 105.6 Inch Stroke -1 Inch Rods - Clearance - 0.009
Plunger Diameter - Inches

1.50 1.50 1.50 1.50 2.00 2.00 2.00 2.00
Calec Pump| Slippage | Slippage | Pump Eff | Calc Pump| Slippage | Slippage | Pump Eff
SPM BPD BPD Y Y BPD BPD Yo Ve
6.22 165.0 42.0 25.4 74.6 283.0 56.0 19.8 80.2
6.72 180.0 43.9 24.2 79.8 309.0 28.0 18.8 81.2
7.22 195.0 45.1 23.1 76.9 331.0 60.1 18.2 81.8

8.72 235.0 49.8 21.2 78.8 407.0 66.4 16.3 83.7

9.22 252.0 51.4 20.4 79.6 436.0 68.5 15.7 84.3
9.72 269.0 53.0 19.7 80.3 462.0 70.6 16.3 84.7
10.22 283.0 54.5 19.3 80.7 483.0 72.7 15.1 84.9

10.72 295.0 56.1 19.0 81.0 495.0 74.8 151 84.9




ActualrEieldrExamplewitihr 0:009 Pumip

Whyroenly 402 harrels per day s being preoducediterthe tank,; When the effectve dewnhole
pump displacement s 576! BRPD?

Baw Data I Errors 8 arnings I Dwerlay O Duna Cards I Torgue I Hod Loading ! Analesiz Plot i
Load(k-Lbs] v Position [in] FRT1251 Tl o e o edon e e
1. New pump w/ no wear or damage

28.13 - _
| 2. Installed 0.009 in. clearance w/ 2.25

inch diameter & 4 foot plunger

Patterson Ed. Slippage 160 BPD

576 BPD Full Pump dynamometer

card (No correction for slippage or

gas in solution).

5. Tested Rates are 106 BOPD & 296
BWPD

6. Productionis 174 BPD less than the
576 BPD pump displacement.

7. (106+296)/576 = 70% Pump Eff.

Wif + Fo Max

B w

8. 26 MscfD gas up tubing (245 GOR),
at 3155 psi discharge pressure, then
oil swelled 4.4% due to gas in
solution. 4.4% of 106 = 5 BPD.

9. Patterson Equation appears to
calculate slippage fairly accurately.

-3.133 ' ' 145.8

Kor 1151 Ibin Kt iEEE bfin  Dwna Card Dl:-tinm...i




Recommended Procedure tor Select
PUnipe Clearances

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

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

Examine Plot of “Patterson Equation Pump
Slippage vs Clearance” and select pump
clearance that gives the desired percentage
of pump slippage.

Sept. 25 - 28, 2012 2012 Sucker Rod Pumping Workshop




Slippage Calculator Calculate from SPM or Target

File Rate
(® Stroke Rate (5PM) 9.52 SPM
QRod Inputs O Target Rate
Pump Diameter (D) 2.250 in | Calculate |
pump Depth s |k | -
Tubing Pressure 250.00 Dsi - Dynamometer Cards
Pump Intake 151.00 psi g B
- 2 20000
2
Stroke Rate (SPM) 9.52 SPM g fom N
=~ 10000 \_’_//J—//
Pump Displacement 651 BBL/D 5‘ 00 651 BPD
: o . 0
Fluid Specific Gravity 1.00 Sp.Gr.H3/ ~ 0 2 4 8 8 100 10 140 180
Position () «

User Inputs

Clearance (C) 0.009 in =
Pump Volumetric Efficiency 75.12 gy %
Fluid Viscosity (p) 0.76 cP
Plunger Length (L) 48.000 in
| Calculate Rate (100% pump volumetric eff.) 651 BEL/D

/| Rate (75% pump volumetric eff.) 489 BBL/D

Sept. 25 - 28, 2012 2012 Sucker Rod Pumping Workshop 22



Slippage: Plot Vs Clearance

Slippage 162 BBL/D *  Pressure Differential (P)

Pump Volumetric EFficiency 7512 % Tubing Fluid Gradient

3,197.55 psi
0.4330 psifft

300
230

200

(0.008in, 162bblid)

Patterson Equation Pump Slippage vs Clearance

@
E
-
a
0
® 150
D
c 100
O
g 50
o

0

0.004 0.005 0.006 0.007 0.008 0.009 0.0 0.011 0012
Clearance (C) (in) «~
ppCt?
Slippage = [(0.14- SPM )+ 1]453 ——
L L Use Calculation Cancel
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651 BPD Pumip Displacement

Tite |

Design Inputs

Unit CWConv v
Purnp Depth FIS6 v ift
satasSrbetegh (1580 wln -
Purnp Diameter (0) (2250 | -
TubingSze | 2.875"(6.40bjit) 2.441"ID v
[) Anchored Tubing [

Rods

) steel Rods

(@) Fiberglass and Steel Rods

Fiberglass Size 1250 v|in -
Steel Size 0.875 | -

Percent Fibreglass 34 W o

Results
Rate (100% pump volumetric efT.) E51
Rate (75% pump volumetric eff,) 489 BELJD
O, B
Top Rod Loading 103.8%
Min APT Unit Rating 912-305-145
Min NEMA D Motor Size 61,9 HP =
Pokshed Riod Poweer 41,3 HP -
TWload 23,849 b -
Svload 11,135 b -
Max Fiberglass Load 24,856 b -
Min Fiberglass Load 3,163 b =
Max Fiberglass Stress 20,585 psi -
Min Fiberglass Stess 2,619 psi -
Fiberglass Load 93.0%
Calculate from SPM or Target
Rate

Osweraecm [ccJ[9%2|[>] s

() Target Rate

Surface Unik Efficiency 00 %

= Pump Yolumetric EFficency %

»  Damping Factor

Default Settings

Total Sinker Bar Weight b

Fhid Specfic Gravity 100 [ 5p.GrH20-
Tubing Pressure @ pei

Casing Pressure | 45.00 ] psi -

You may enker Pump Intake Pressure directly, or calculate & from Reservoir Pressure and Productivity Index,

@mmmlisi.m ] psi

= () Reservoir Pressure 1,000.00 psi *

Productivity Index

Echometer Campany Phone: (940) 767-4334 E-Mail: infoiechometer . com
Copyright 1994-2012 Echometer Company. All Rights Reserved,

Dynamometer Cards
30000
= 25000
2 20000
g 15000 [N
= 10000 \\/—///
=
= 5000
-
0
i} 40 &0 80 100 120 140 160
Position {in) -
PRRL 28,635 psi * MPRL 57777 b+ Fo 12,7137 -
Pump Stroke Lenath 115,89 in ¥ Stafic Stretch 8168 in  ~ COverravel 52.55in -
Forskr 0.563 kr 156 Ibfin = pt 625 lbfin ~
Pump Velocity vs. Position
150
- 100
(=]
3 w0
5
2_ i}
=t
) -5'3
=
L -100
A
50 -
Paosition (in) -
1000000 Torque
E| BO0000
=
[
L]
’5‘ 200000
g
a4 -200000 T —
i} 100 200 300 400
Angle (degree) -
Peak GearBox Torgue 851 Knelb -~
Courter Balance Mormernit 1,525 kel =
Counter Balance Effect 22,1573 b -



Design Pump Clearance ol 0.005" e Achieve

0% Puimpr Efficiency  withr 65 BB Slippage

Patterson Equation Pump Slippage vs Clearance @ SPM = 9.52

Eﬂﬂ.ﬂ 7] ‘ DPC_TIjE +,.r - Xf,
1s0.0 JSippage =[(0.14- SPAL)+1]453=—— P / %

LA / }K/

s ,,.. -

120.0 d /;// :

100.0 f+/ /:i// : /
80.0 +/ /’3// /

60.0 —

40.0 %

20.0
0.0 T/ . 1 . . .

0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.010 0.011 0.012

Pump Clearance Between Plunger and Barrel - inch

Plunger Dia (inch)|
—+1.25 150 |

Calculated Pump Slippage - BFPD

175 -x-2.00

—-—225 -+-275

T S S ([ S -

[l TS S P



onpservaton

« Pumping Rate affects Slippage. As
Pump Speed Increases:

— Pump Efficiency Increases: Slippage
Volume is a Smaller Fraction of Pump
Displacement

— Slippage Increases: More strokes per day
results in more slippage volume

Sept. 25 - 28, 2012 2012 Sucker Rod Pumping Workshop




Eoncliusions

. Patterson Equation should be used to Design Pump
Clearances — Better than Rule-of-Thumb

. Pump Slippage is a Function of SPM, pump efficiency
dramatically decreases at slow pumping speed when
pump clearances are large.

. Production from a leaky Pump can be increased by
Increasing SPM

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

. Viscosity of water must be corrected for temperature

. Proper technique to specify plunger/barrel clearance is to
predict the gross downhole pump displacement without
slippage, then specify plunger/barrel clearance having a
calculated pump slippage volume less than or equal to 5-
10% of the gross pump displacement.

Sept. 25 - 28, 2012 2012 Sucker Rod Pumping Workshop




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.

Sept. 25 - 28, 2012 2012 Sucker Rod Pumping Workshop




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.
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