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QRod - Free Simple User-friendly Practical
Beam Pumping Design Program

e State of the Art Beam Pumping Design
Technology

 Design and Predict Performance of Sucker
Rod Pumping Systems

« Wave Equation Predicts Surface Dynamometer
Loads and Polished Rod Position

« Immediately Evaluate Effect of Changing
Tubing Anchor, Stroke Length, SPM, Pump
Dlameter

« Results can be shown in any system of units.

Download free of charge from:
www.echometer.com\software\index.html




Dynamometer Card Definition
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Surface dynamometer card Is
the plot of the measured rod
loads at the various positions
throughout a complete
stroke; the load Is usually
displayed in pounds of force
and the position is usually
displayed in inches.

Pump dynamometer card is a
plot of the calculated loads at
various positions of pump
stroke and represents the
fluid load the pump applies to
the bottom of the rod string.




Predictive and Diagnostic Models

10337 Lbs | 10352 Lbs

4815 Lbs

Fo = (Pdis - Pintk)*Ap




Beam Pumping Simulator 1. Uses the pump intake

pressure to determine
the load the pump
applies to the rods.

Modeling of Pumping System Performance

. Mathematically
Position Load vs. simulates the motion

vs. Time Time

A of the surface unit

Motor Model + eff & Gear

= . Solves the partial
' differential equation

Performance [—# + Unit Geometry

l Model of Rod

String and describing the motion

Fluid

of the rod string

Velocity
Acceleration

Polished Rod

Calculates the surface
loads, pump velocity
and position.

v

Plunger Position vs Time

. Determines gear box
I torque and proper

counter balance

Plunger Loads




QRod Calculates Full Pump Cards:

1. Pump full of Liquid with NO gas in Pump.
2. Valves Not Leaking and pump functioning properly.

Anchored Tubing

Rods Stretch
to Pickup Fo

Pump Card

/

Unanchored Tubing

Surface Card

Tubing Moves
Kt as Fo Picked
Up by Rods




PUMPING PERFORMANCE GUIDE

From Predictive Dynamometer Design Programs:
1. Is the pumping system operating as expected?

2. Is the predicted dynamometer In agreement
with accurately measured horseshoe
dynamometer data?

3. If not, the design program may have incorrect
data, or the software is not properly predicting
well performance.

4. Can the performance be improved by a change
In pump size, polished rod stroke length, SPM
or other factors?

-




Example Well

1. 5000 ft pump depth, 100 in surface stroke (s),
50 psi tubing and pump intake pressure

2. 2 inch diameter plunger with anchored tubing
a) Fo, Fluid Load 6896 Ibs
3. Tubing Fluid Gradient 0.433 psi/ft

4. 76 API Designation Rod String Taper

a) 41.2% - 7/8" and 58.8% - 3/4” rods

b) Weight Rods in Fluid — 8,288 Lbs

c) Kr =254 Ib/in & SKr = 25400 Ib

d) Fo/SKr=0.271 ~ 27.1% of Surface Stroke lost to Stretch
8



Rod String from APl Rod Number

mm == 32
APTRod
Mumber | 1147 118" 17 78" | 347 | 548

55 v |anss”
65 v v Top 3/4” with 58" on bottom
66 v All 314
75 v v v Top 7/8" with 347 in Middle and 58" on bottom
76 v v Top 7/8" with 34" on bottom
77 v ANTS"
86 v v v Top 1" with 7/8" in Middle and 3/4” on bottom
87 v v Top 1" with 78" on hottom
88 v AllT"
97 v v v Top 1 18" with 17 in Middle and 78" on bottom
98 v v Top 1 1/8" with 1" on bottom
99 v All1 18"

108| ¥ v v Top 1 1/4" with 1 1/8" in Middle and 1" on bottom

100| ¥ v Top 1 174" with 1 1/8” on hottom 9




Simple User-Friendly Practical Beam

Pumping Design Program

Dynamometer Cards
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i Fle Tools Help
Title Dynamometer Cards
Design Inputs Results - 16000
. : Rate (100% pump volumetric &ff,) 173.8488L0 ~« (2 12000
Unit |CviCany %)  Rate (95% pump voumetric eff) 16514680 ~ | o
Rod Taper 41.2%, 58.8% o R s T
Pump Depth 5000 - f Top Rod Loading 31.7% E £000 i
S Min APT Unit Rating 456-173-100 = 2000
e Skus L A - Min NEMA D Mator Size 0.70# - |,
PLIl'l'IFI Diameter {D} 2.000 w N - Polished Rod Power T.111HP - 0
. | :&ﬂ 1?;3; ﬁ i 0 20 40 60 30 100
Tubing Se 2875 (640b/f)241°ID - . . . .
L ( Ui / Position (in) «
¥] Anchored Tubing FPAL 17,117 b = MPRL 64%65b - Fo 68958 -
Rods Fumg Strake Lenagth 7457 In = Static Stretch 27,12 8+ Ovettravel L.70In *
Fo/Skr 0.271 K 254 |bfin = Kt 834 Ibfin -
@) Steel Rods
| Fiberglass and Steel Rods Calculate from SPM or Target Pump Velocity vs. Position
Rod Number % v Rate . s o
I @ Siroke Rate (SPM) | << | 3 »» | SPM = 40 /-—\\ e
] / —
Rod Grade il () Targat Rate 155 14 < 20 |, g \\\ AN
| 5 late ‘ = 20| e _'_I_.-f'ﬁ\ 3 -~ ;
= e T b
Default Settings R s @ i
au I - 5
4 -E0
Total Sinker Bar Weight 0.0 i@ b -~ Damping Factor 0.10 0 20 40 60 a0 100
Fluid Specific Gravity .00 [M Sp.GrH20+  Surface Unit Efficency 9500 % Position (in) =
Tubing Pressure 80.00 psi *  Pump Volumetric Efficiency 95.00 =JI w — .
) = Torque
i 45.00 -
Casing Pressure psl 200000 /\
- /\ \ ,
You may enter Pump Intake Pressure directly, or caloutate it from Reservoir Pressure and Productivity Index. = el J,f'J \ / \
@ J \
-5 100000 / N /,/ i
@ Pump Intake Pressure  50.00 psi + () Reservoir Pressure 1,000.00 psi T E / \
0 e 3
Productivity Index 0,200 STBDjpst ~ | * il
a 100 200 300 400
Angle (degree) -
Peak GeaBox Tongue 335 Kindb - 1
. i Counter Balance Moment 702 Kindb ~
Eu:hnrq&ler Company Phone: (540) 7674334 E_-I'~'13|J. info@echometer.com Count Balanos Effect |




Pump Intake pressure is 319 and pump

Tubing Unanchored? is full of fluid. Tubing Anchor depth is

2914, but anchor appears to not be set.

Measured Good Match with Dyn File

00 /PPRL 7415 Lbs q, Import and Predicted Card
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0 :
ol ol
g g om
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0 0

0 10 A (. i il 0 {0 A . i il
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PR e THRL 3B9b v o 2008b v JPRRL e ML 3TS6b v fo L0008k
P Stoke Lendh 9820 v StdioShelh 563N v Owedmel 0 v PumSholelenh #0N v SefoSelh 96N v Ot 03N T
Folly 0.0 Ky 33 bin v 14 10200+ FFoi 0.0 ly %3 bin v 10 bfin *
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Pumping Unit Design and Selection

Desig“ ||'||]|_|15 CWConv - selects the
conventional unit with
clockwise rotation of the crank.

Linit CWConw

Pump Depth

CCWConv

. _ MarkII

Surface Stroke Length AnBa CCWConv - selects the

Pump Diameter {0) RN conventional unit with counter-

TUl:lirIEI SiEE E.E‘: ?5" |:E.'q'|:| ":III'I'H:::l E.'q'q'].r I[:' - | CIOCkWISe rOtatlon Of the Cran k.

Anchored Tubing Markll - selects the Markll unit
Rods with counter-clockwise rotation
@ Steel Rods of the crank.
Fiberglass and Steel Rods
API Rod Number E— AirBal - selects the air-
E— balanced unit with clockwise
API Rod Grade -4 rotation of the crank.
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Type: Pumping Unit Description
A - AIR BALANCE Length in Inches
B — BEAM BALANCE C-320D-256-100

C - CONVENTIONAL
M- MARK 11

Structure Rating
In 100s of LBS

Peak Torgque Rating in
Thousands of IN-LBS

Wellhead Viewed to the Right:
Crank nearest Is #1 crank

On opposite side #2 crank
Counterweights on the Crank
On top #1, On the bottom #2




Min API Unit Rating el L ———
Design Inputs . :E.E TN o ok
Pump Depth 3,896 g ﬁ s T A i S . '
__ E _
Torque
200000 )
— .; Ill'l fln ) "'J_\\.'-
= I\ ¥ 2 I," \
S 100000 |___/ 7 Al i B RMS
@ .'*- v - 'rL
o / o~ ¥ AVG
- Py -~ M
o 0 IF \ - — )
L i “‘x\ P 4
. -100000 W,
0 100 200 300 400
Angle (degree)
Peak GearBox Torgue 204 Kinlb ~
Counter Balance Moment S09 Kin-b ~
Counter Balance Effect 10,222.6 Ib ~
Echometer Company Phone: (940) 767-4334 E-Mai: infoechomater com E&:ﬁ:?ﬁm e - 15
Copryright 1994-2012 Echoeneter Company. All Rights Reserved. Courder Balance Effact 10,2226 b .




Design Minimum Required
NEMA D Motor Horsepower Size

Computer: HP = CLF * PRHP / Unit Efficiency
QRod uses:

CLF =RMS Torque/ Average Torque

RMS Power/ Average Power is OK.
(don’t use CLF based on motor current)
OR:

Gault: HP = 2. * PRHP

Unit Efficiency: 95 % for “Large” Units
80 % for “Small” Units 16




A

HP=CLF * PRHP / Unit Efficie

BT Lt L e e R 5
o o [ty mmp ||
Pump Depth 309 [BIR « | oo hedtesdg O o %
Surface Stroke Length 10500 w in = g
Pump Diameter (D) 1500 =i - "
Tubing Size 2,875 (6,40 Iojft) 24417 1D we | S¥load 6,30b

ncy

gooo |

Min NEMA D Motor Size
Polished Rod Power

10.4 HP
5.9 HP

.

1147 bfin =~

Pump Velocity vs. Position

Rate
I Rood Mumber % = E“’ﬁ |_“|=w m|
- - - ¢f
Surface Unit Efficiency 95 o
TS ST =
A 40 e
Tokal Sinker Bar \Weight 0.0 T b - Diaenpang F 0.7 -
=]
Fluid Specific Granaty 1.00 _" Sp e H2O- Sueface Unit Efficiency =) o Position (n) -
Tubing Pressire 13,00 P - Pusmp Yedumetrs Efficiency &9.78 *_ o =
orque
Carsing Presoune 6.00 prsd v
2 ; CLF
You may enter Pump Entake Pressaure directly, or caloulate & from Beservoir Pressurs and Produckity Tndes:, E { DR300
mw
(%) Pump Intaks Pressurs | 116,80 ] = (I Beservor Presoure Pt a? ; o
Productivity Index sTe/Dfps - 1 TR
1] 100 200 ) 4100
Angle (degreg) -
Peak GearBox Torgue 24 Kb -
Echometer Compamy Phone: (940) 7674334 E-Mad: infoiechometer, com Counier Balance Moment 52 Kindb - 17
Copyright 1994-2012 Echometer Company'. All Rights Reserved. Courder Balance Effect 10,2226 b -




Pﬂ Echometer QRod 2.4

File Tools Help

Title II'u'I'_.r Rod Te

Design Inpt

Unit

Fump Depth
Surface Stroke Ly
Pump Diameter
Tubing Size

[~ Anchored Tt

i3 Hﬂds—
% Steel R
" Fibergli

Rod Mumbes
Rod Grade

Default Se
Total Sinker E

Fluid Specific
Tubing Press:
Casing Press

You may enter |

* Pump Inti

Echometer Comparr

E" Echometer QRod

I-Ede

- & B

Back Prirt  Options

=10 x|

Cortets | Index | Search |

FlF\Welcome
7] File Menu
7] Save Command

E Open Command

ﬂ Tools Menu

7] Help Menu

E Mavigating the Main Screen

E Default Settings

E Calculate from SPM or Target Rate
7] Resutts

E Displaying Graphs on Main Screen
7] About QRod

E Example Calculations

Welcome To QRod 2.4

QRod-PC and (QRod-Web are the most widely uzed predictive Sucker Rod Beam Pumping
System design programs in the world. QRod is state of the art technology, uging a wave
equation to accuratehy graph for a stroke the surface and pump dynamometer loads, in-
balance gearbox torgue and plunger velocity.

With a click of a button, for any pump depth and desired production rate, QRod immediatehy
shows the effect of changing parameters such as tubing anchor, stroke length, stroke rate,
and pump diameter. The QRod cutput includes pump displacement, rod string loading, surface
unit and motor size requirements. The uzer inputs include choice of surface unit geometry
such as conventional, Mark, Reverse Mark or air-balanced units; the motion of the surface
unit iz approximated for as the surface boundary condition.

QRod obtains a 2olution to the damped wave equation describing the metion of gucker rod
pump stringz. The rezultz obtained include loads, strezses, torques, power, and pump
dizplacement. Tapered steel rod strings and fiberglass/steel combination strings are allowed.

The QRod-Web calculator can be used on the web free of charge via the Echometer web
page, hitp./'www echometer. comiwebcalcs/.

QRod-PC verzsion can alzo be uzed on PCs free of charge and can be downloaded for
installation from hitp:#/weww echometer. com'zo fivearefindex. html.

Detailed Help
No Manual Needed

=10 xi

ds

o

/

9z

%]
B

2L

Fo 26594 lbs
Owvertravel 1.2 in
Kt 1,308 Ibfin

I}

N 08 8

Ba B L

N & 8

Kin-lbs

Kin-lbs

ay 18

Copyright 1994-2004 Echometer Company. All Rights Reserved.



e Echometer QRod 2.4
- Archive Utiles  Ayuda

=101 x|

Titul{:lll'u'li Prueba en GRod

Parametros de Entrada

' Tipo de Balancin

- Profundidad de Ia Bomba 5000 =] f

| Carrera del balancin 100 | in
Dismetro del Pistén 1500 =] in
bt |2.875" (6.41bM) 2441 ID 7}

[ Tuberia anclada

— Varillas

* Varillas de acero

£~ Varillas fibra de vidric y acero

Mimero AP 76 -

Clase de varillas ID vI

Resultados

Caudal (100% eficiencia bomba) 180 bbliday
Caudal (95 % eficiencia bomba) 171 bbliday
% varillas para cada seccior 340 660

Carga de las varillas en superficii 23 %
Capacidad (AFl) mimma balancin - 320-173-100
Capacidad minima potencia motor 152 hp
Fotencia en barra pulida 25 hp
Carga valvula viajera 11.977 |bs
Carga valvula fija 2098 Ibs

Spanish

Calcular en base a SPM o Caudal deseado

{* \elocidad de bombeo < ]3.3 > | sPM
" Caudal deseado - 7 - | bbliday

Calcular

Valores de Ajuste Predeterminados

Peso total barras de lastre Iu | b

Gravedad especifica del fluide |-| HED =1

Presion de |a tuberia

Presion del revestidor

Factor de amortiguamento | 1
Eficiencia del balancin g5
Eficiencia de la bomba g5

i)

La presion de entrada de |a bomba puede introducirse directamente o calcularse a partir de |2 presicn de

vacimiento e indice de oroductividad.
% Presidn de entrada de |a bomba |5||]

" Presién de Yacimiento

4 ML 1
AR LE pﬂl

Indice de Productividad bbl/dayipsi

m LT
£ UL

Echometer Company Phone: (340) 7674334 E-Mail: info @echometer.com
Copyright 1594-2004 Echometer Compary. All Rights Reserved.

Cartas Dinagraficas

3

= 13,062

=

o 9798

=

= 6531

=

= 3265 /r
1]

e 0
i =

w £
o )

al
a9
Za
GG

Paosicion {in)

Carga Minima 14,873 lbs  Carga Maama 5,817 |bs Fo 3279 1bs
Carrera del piston 82 %in  Elongacidn 15.6in Sobrecarrera 2.8 in
Fo/Skr 0.156 Kr 245 Ibiin Ki 854 Ibfin
p: Velocidad Del Piston vs. Posicion
o
o .
] 57
= 2 S T
o 1 “V"".
=
£
= -24 \\\._ e /_/
% '5? -_\_'_ﬂ_ﬂ_'-ﬂ- R\""-\.\_\_\_\__\_ __:—'—"'F--
W o —_ o} a 5] -] fea)
g Ja w [} (=] %] [a3]
Posicidn {in)
Torque
2535497
o' 169,065
3 1
& 84532
B 3
B aise WIS
o o — — ) ] (o]
[ P (=] P =] o
[} [} =} = ]
Angulo (grados)
Tarque maxima 291 Kin-lbs
Momento de Contrapesas 621 kin-lbs 19
Efecto de Contrapesas 13.087 Ibs

A



Programa QRod
Titula: Mi Prusba en GRod

Resultados

Caudal { 1003 eficiencia
bormka)

Caudal (95 eficiencia bomba)
%= varllas para cada seccidn

Carga de las varillas en
superficie

Capacidad (API) minima
balancin

Capacidad minima potencia

mator

Potencia en barra pulida
Carga valvula viajera
Carga vahula fija

Parametros de Entrada

Tipo de Balancin

Profundidad de a Bomba 5,000 f

Caudal deseado
Velocklad de bombedo
Carrara del balancin
Didmetro del Pistdn

Didgmetrs de la tubaria

Tubaria anclada

Tipo de varillas

Mimere APl de las
varillas

Claze devarillas

Valores de Ajuste Predeterminados
Pesototal bamas de lastre

Graveclad especifica del
fluide

Presién de la tuberia
Presién del revestidar

180 bblday
171 bblday
34.0, 66.0
T2.3 %
F20-17 3100
15.8 hp
&5 hp
11,977 lbs
&g008 |bs

CWConmy

171 bblday

2.2 SPM

100 in

1.500 in

2875 (6.4 bt

2.441" 1D in

Mo

Varillas de acero
TG
D

0 b
i

&0 psi
45 psi

Factor de amortiguamenta 0.1

Eficiencia del balancin
Eficiencia de la bomba

a5
a5

Presiin de entrada de la
bomba

an Venezusla: varilla = cabilla

Echomesr Company

50 psi

Diagramas

Cartas Dinogr
[y -
L 1308 k- ow
[ e _.a-"' bos
o e =
= 8551 e
o
= 3285 |
n
e 0 —f
¥ i & e i

CagaMizima bz Carga Minima |
Carrara dal 828 in  Elongacidn 1
pistan
Fal'Shr 0185 Kr 2
e Velocidad Del Pistdn
=
= 57 Fraiie
& e 3
i -
E q L=
o "
z 9 | et 2]
= 57
¥ = W
n
Pogicidn (in
Torgue
253,587 i\
= o i)
£ = ety
iomsz | S|
= & [} e
= 0 W i
£ g4 VoA
==
Angula (grad

Tongue miximoe
Momenio de Contrapssss
Eleciv da Contrapesas

CRod Version 2.2

QRod Application

Title: My CRod Test Bun

Results

Raite (100 92 Pumnp Eff.)
Rate (95 Pump Eff.)
Rod Taper, %

Top Rod Loading

Min APl Lnit Rating
Min Motor Size
Polished Rod Power
TV Load

SVlcad

Design Inputs
Linit Ty pe

Pump Depth

Target Rate

Stroke Rate

Surface Stroke Lergth
Pump diameter

Tuking Size

Anchored Tubing
Rod Type

Rod Mumber
Rod Grade

Default Settings

Taotal Sinker Bar Weight
Fluid Specific Gravity
Tubing Prassure
Casing Pressure
Damping Factor

LInit Efficiancy

Purp Efficiency

Pump Intake Pressure

Echometar Company
5001 DHo Lana

Wichila Fals, Texas 75302
USA,

One Page Report

Plots
180 bbliday Dynamometer Cards
171 bbliday
34.0, 66.0 _ 13062 SR 0 e
723 % 5 5745 e e
320-173-100 T i T
15.8 hp = 3,285 7
85 hp g o £
11,977 ke 2 & 3 = £
5,008 |bs o
Fasiban (in])
Gk PPRL bas w7 R 3,679 Itg
oy
Pump Stroke Stalic i
5000 ft Lengh szam oS 156N Cveravel 220N
171 bhliday FalSHr 0156 K 249 BN K1 gad min
2.3 5PM
100 in Pump Yelocity vs. Position
1.500 in I - e
. A - Ty
2.875" (6.4 I/ft) 3 . M
2441 1D in 5 e g o I"‘f‘
=3 ] |
M 2 o i
= o R > o
Steal Rods = = gd | vy TRt -
76 & 5 i
O = - %] e A y =
D - (= (i} =2} 15 =
Pasiban (in]}
0
1 Torgue
80 psi
A psi 253,587 a"ﬂ" rf"ul
. R o 160,065 ) ¥ Reom
, 5 EESEE. | Y o~ i
a5 i . i Ii. ; - W
a5 g 24 k3 :-..-'r\'-\_,.-f'
0 g = 8 3 & E # 8
Angle (d=grees)
Pask GearBox Torgue 201 Kielba
Counter Balance Momen &2 Kinvlbe
Counter Balance Efsct 12,087 Ibe

DRod Version 2.3

Copyright 2004 Echometar Company. All Righls Rasenyed.

Condkiong of Liss and Legal Halisas

Phaone: (940} TEF-4324
Fax: (940 723-7500
E-tail; info@achometar.com
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New design tools include:

1. Slippage Calculator uses pump clearances
tying the pump efficiency to the predicted
pump displacement.

2. Sinker Bar length calculator determines the
sinker bar length as pump diameter or pump

depth c
3. Tubing

nanges.

~luid specific gravity calculator.

4. Dynamometer measured surface DYN files
can be imported and plotted on top of the

predicted surface dynamometer card.

“SUCKER ROD PUMPING SYSTEM DESIGN TOOLS FOR QROD” SWPSC, 2013

21




Tool: Tubing Fluid Specific Gravity Calculator

Simple to Determine for any System of Units

File Tools Help

Title

Design Inpuis

Tubing Fluid Specific Gravity Calculator

File

Oil Gravity 30.00 deg.APT  ~
Water Cut 83.3 %%

Water Spedfic Gravity 1.02 |5p.Gr.H20 ~ |
Fluid Spedfic Gravity 0.4330 psifft -

.................................

.................................

Cancel

Dynamometer Cards

| I—

deg.API
psl/ft
5p.Gr.H20
kPa/m
Pa/m
g/cm®™3
psi/ 100t
kg/m"3
lbm/ft"3

Angle (degree) -




Depth

-—

Tubing
Pressure

Tubing

BRE = Pressure

+

Flowrate QO *

Tubing Fluid
Gradient

Tubing Fluid
.~ Gradient

\

( FoJ (PDP - PIP) x Ap

Ptf
Pcf

Pump
Depth

Producing
Fluid Level

PBHP
l{— Drawdown

Pressure »>




1250, Compare Pump Card Fluid |+
voivead apd Fo Fluid Level

Ptf

10.94

9.38

Surface Card

781 "™ N e~

6.25

4.69

3.13+ -
I Well Lift Fo From Fluid Level

Fo ~ Height of Pump Card
Fluid Load Lifted by Rods




Fluid Load, Fo, Decreases as Pump

Intake Pressure, PIP, InCreases prrremrrerrrr

PPRL = 15,601 Lbs

a 12000

g 9.7 HP

- | _MPRI = 6,576 Lbs

T 40 |Fluid Load = 5482 Lbs

Pump Stroke
! 0 =80.7 inch
0 2 40 60 il 100
Position (in) +

PPRL 15,617 psi * MPRL 65759 b ~* Fo 5,462.1 Ib

Pump Stroke Leneth 80,72 In v Static Stretch 2156 n ¥ Qvertravel 2.281n
FolSkr 0,216 Kr 254 bbfin * Kt 894 Ibfin
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Overtravel ~ Undertravel

 Overtravel - Pump Stroke Will Increase, when the
Dynamic Motion of the Beam Pump System adds
momentum that impact the elongation of the rod string

 Undertravel - Pump stroke shortens, when the rods
stretch to pick up pump load and/or mechanical
fiction. Pump plunger moves less than the polished
rod stroke. Includes: stuck pumps, plunger is too
large for the rod string, sand or scale problems, too
tight stuffing box and/or paraffin.

« Surface Dynamometer Card Sloping Up or Down from
Left to Right Defines:
« Up an "Overtravel Card”
« Down an “Undertravel Card”

26



« Undertravel Plunger too Large for Rods

6] LSOl Severe under travel occurs
Wirf+FoFL=14.80 Kb _ when the sub surface pump
12 JRod & Tubi I diameter is too large for the
1Stretch | sucker rod string.
12__ | . UnderTravel NoAnchor.ard
| QRod Predicted
10 Wrf=10,08 Kb | -
: I 1380 ui
J T _ B
" - | 2 I8 "™ —" 76 Rods
] (23.1-6.9) I g . 1.5 * Plunger
" i 6395 P. Depth
I N R B VClose  FoMax= ﬂiﬁ_ltr'_ 7 341 / / 8 45 SPM
4 -0
] | o
_ [Tubing Stretch = 6.9’
2 |Static Stretch = 25|5"
] |Overtravel = 6lg] Pusition (i)
> o - :
e e BB WO s WPRLO4RlEs Fo 415ks
Stroke: 5 02:07:37 PM clock Purop Stroke 180m | Stabic Shetch 24 7 (vetravel 4.2

Unanchared kt| 699 win krekt| 189 win [ FolSkr 1545 ki 1331/ \ESTbin 27




TAM - Echometer Online : QRod : Overtravel

gl Overtravel

Bl © Plunger stroke increases due
| to pumping speed.
|

|

- Surface card slopes downward
Wrf + Fo FL = 16007 Ib

I T N N from left to right.
15000 Slope Down
_ P Il - The 13.74 SPM adds
_ I I momentum to the rods
- Emi Increasing stroke by 31.2".
: Overtravel cards include:
10000| .l :
| parted rods, flowing wells,
| unseated pumps, gas locks,
| | worn pumps, fiberglass rod
| Static Stretch - =23.0 | strings or very fast SPM.
5000 Overtravel =31.27 | R
t{» Dynamometer Cards | s Svertravel.grd
%;l 20000
1 E 15000
] E 10000
04 7T = 5000
i EF'T=TE.EII4|n 0
- - _ MPT=8078 in | 0 20 40 B0 30
EII EIEI 4IE| Eln g:j i Position (in) -
Stroke: 79 12:58:07 PM clock FFRL 20,855.4 b + MPRL 88221h ~ Fo 381500 -
Purp Stroke Length 74,55 in = StaticStetch 2081 in + Overravel 3660 v
Unanchored kit 456 Iblin ey 130 Iblin FosSkr 0.300 ki 175 bfn * Kt 456 bfin ~
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Pump Stroke Less by Static Stretch

Dynamometer Cards at Pumping Speed of approximately 0 SPM

Dynamometer Cards

< 100 in /j
13,274 Peak PR Load, PPRL = Wrf + Fo -
5959 Min. PR Load, MPRL = Wif ..-.-_.r____,-/'"-f

mu
=1
— <= -
% . Fo/kr = 26.8in
= 3320 SPM=0 Fo/Skr =0.268
= 0
- AT (N Ju my 0 m
(mp (R () (mp (i ()
Fozition [in)
PFREL 15,089 |bs MFRL 5,288 Ibs Fo 6802 |bs
Fump Stroke 3.2 1h Static Stretch £6.3 10 Chvertrawel 0.0 1
FodSkr 0268 Er 254 b/in k.t 894 b in 30




Plunger Stroke Lengthens (Overtravel) Due to
Higher Velocity as SPM Increases from O0to 11

Dynamometer Cards

==

&0
FPaosition (in) -

FFRL 15,089.5 b - MPRL 8,287.8 b ~ Fno 5,801.5 b -
Furmp Stroke Length F3.20 in = Static Stretch 26.75 in *  Owertrawel -0.05 in -
Fo/Skr 0.263 E.r 254 lIbfin = Kt 394 |bfin -

Pump Velocity vs. Position

—

Faosition (in) -

o (51} Agoojay, dwing

50




Rod String 76 Design loaded to 100% of the

Allowable Modified Goodman Stress

Dynamometer Cards

< 100 in >
17.294 f--f’_ﬂ\ 4
ma _
- W ol — _ i ,__l
F 4343 SPM=11 = T |—
LR . 13.8In
- —L o N ==l 0 —L
Wrf = 8,288 Lbs & = 5 = £ =
F1=11,378 Lbs L
F2= 4100 Lbs Fasitian {in)
FFRL 13,666 [bs MFRL 4,185 lbz Fo b8l bz

Purp Stroke 87.7 10
FodSkr 0268

Static Stretch 26,3 17
Er 284 |BAR

Uwertravel 13.8 1n
k.t 234 b 32




TTU Test Well 1 to 9.6 SPM

08/25/2006 Stroke:105.6” Plunger:1.5” Clearance:0.005 API#: 76 PIP:135

Peak Load Min Load Power l* Replaym [E Events |

L PolishedRod | 9500 | 6362 w 0.7 wp
Pump | 2815 w =181 w| 0.7 wp

< | Stroke 1 of |:=-

L ﬁfm—ﬁ-ﬂﬂwﬁrﬂ_he |;E“EIE=1_5%Q|" - Adj Purmp Displacement o 14 BEL/D
rf+FoFL=9363 b
Calculated Fluid Load Max| 3001 1

2000 |
1 SPM Surace Efficiency. '9.56
Wrf=66010 | Purnping Speed (),962 spm
5000_ 1 Motar to Pump Efficiency . 9.30 «

Fump Intake Pressure 120 psi (g}

4000 Damptp|  0.062
Damp Down. (0,070

—SVepeR e — — — — — — e

2000 | Adj Filage @| 55.75
- MPT 98 9711 | Adj EF'TO 55.2 in
. . Enter Tubin .
| | Preggurg 13-0 I]El [g]
0- PT=087.29in
s L e S IR S — HPTEIQ@M“ || |
0 20 40 50 80 100 in [ Annatations
Stroke: 1 07:35:44 PM clock Unanchared kt| 4447 bin kel 327 1iin [ Pump Card Analysis ﬁ
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TTU Test Well 1 to 9.6 SPM

08/25/2006 Stroke:105.6” Plunger:1.5” Clearance:0.005 API#: 76 PIP:135

Feak Load Min Load P ower
PalishedRod | 9904 | 6018 w 1.8 we
Pump | 2835 | =161 | 1.7 wp
1000 :
%iﬂiﬂﬂh - Stroke Length = 105.60 in 1
o 2.47 SPM
Wrf="6601Ib )
6000 |
4000 |
I 3001 Ib
+— peR — — — — —— — —— — —— — — — —— —SM&E%——I—
2000 |
MPT 97.93"
0 EPT = 96,42 in
WCose =~~~ MPT-9793Mm ,D“E.F
0 20 40 60 20 100 in

Stroke: 16 07:29:32 PM clock 327 1biin

Unanchored kt| 1447 1bfin Kr

l* F?.epla‘_;,r: lﬁ Events _\
< | Stroke 16 of 16 |>ﬂ

Adj Pump Displacement @] 50 BBLDD

Calculated Fluid Load Max| 3001 b

Surface Eficiency) 19.99 4

Pumping Speed 2. 473 spmn

Wotar to Pump Efiiciency) 18,02 %k

Fump Intake Precsure 136 psi ()}
0.062
0.070

Adj Fillage @ 78.77 %k

A EPT @ 77.1 inn

Enter Tubin .
F'ressurg 130 psi (g]

Camp Up

Camp Down

+ T}

l Annotations

~ T}

[ Fump Card Analysis | |
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TTU Test Well 1 to 9.6 SPM

08/25/2006 Stroke:105.6” Plunger:1.5” Clearance:0.005 API#: 76 PIP:135

Peak Load Min Load P owier l! Repl:a‘_.,r\ lﬂ Events

PolishedRod | 10657 | 5418 | 3.9 we
Pump | 2821 b =181 v 3.3 wp

1< | Stroke 100 of 100 |:=-

10000 Stroke Length = 105,60 in | Adj Pump Displacerment @ 120 BBLD

Wrf+FoFL=93641b i Calculated Fluid Load Max| 3001
2000- Surface Efficiency) 30,28 v

] Purmping Speed| 5,063 spm
ﬁuuu:w:_ﬁﬁm Ib _ Motar to Pumnp Efficiency | 20,414

7 Pump Intake Pressure| 187 psi(a)
song] Darmp Up| 0.062

. | Damp Downl (0.070

J001 I

I— —svoper — — — — — — — — st — Adj Fillage @ 92.24
2000 |

- MPT 97 58" adi EPT @ | 90.0 in

| . Enter Tuhin .

] Pressurg 13.0 psi (g)

0 EPT=9547in
] Close MPT = 97.58 i | “'PEN 1
r—r+ + ‘* 1 ‘+ ‘v ‘' T ‘* T T T T ‘v Tt T ‘Tt T T T 7 -
0 20 40 60 a0 100 in l Annotations
Stroke: 100 07:25:25 P clock Unanchored Kt 4447 1biin krl 327 Iin l Pump Card Analysis |



TTU Test Well 1 to 9.6 SPM

08/25/2006 Stroke:105.6” Plunger:1.5” Clearance:0.005 API#: 76 PIP:135

Peak Load Win Load P owier l* Replaf [ﬂ Events |

PolishedRod | 11365 w| 5038 w 5.7 wp
Pump | 2808 w =1 w| 4.7 we

< | Stroke 140 of 140 |>

] Stroke Length = 105-5T in | Adj Purnp Displacement @ 172 BBLD
10000 Calculated Fluid Load Max| 3001
rf+Fo FL =9394 |b
:*"l Wil Skt el . Surface Efficiency. 35.64 =
8000 Pumping Speed 7,059 spm
L | Motar to Pump Efficiency| 29.22 s
6000 Pump Intake Pressure| 172 psi(g)
_ DampUp 0,062
4000] I Darmp Downl 0.070
1 _svope §q¥aa00tib_ Adj Filage @ 93.10
2000 MPT 99 96" A EFTED 93.1 in
i . Enter Tuhin .
Pressurg 13.0 psi(g]
0 ] Close — EPT=97.77in
L e S B IR A |MPT — T
0 20 40 60 30 100 i | Annotations

Stroke: 140 06:44:48 P clock Unanchared kKt 4447 iin kel 327 ibiin l Pump Card Analysis |



TTU Test Well 1 to 9.6 SPM

08/25/2006 Stroke:105.6” Plunger:1.5” Clearance:0.005 API#: 76 PIP:135

Peak Load Min Load P ower {* Replaf lﬂ Events |

PalishedRod | 11904 w| 4794 w 6.9 we
Purmp | 2836 . -89 wm 5.4 we

< | Stroke 164 nf154|>:

Stroke Length = 1[]!_'-.51[] in | Adj Fump Displacement 0 200 BEL/D
mnn& | Calculated Fluid Load Max) 3004 1
Wrf+FoFL=9386b ) Surface Eficiency] 37.64 5
EDDD: Pumping Speed| 8,257 spm
i 8.26 SPM Matar to Purnp Eficiency) 29.83
Wrf=66011
60007 s Ty — — g Fump Intake Prassure| 165 psi(g)
_ pampUp|  0.062
4000 | Darnp Down| - 0,070
1 | svopew — | | | _|__ EoMax =Jﬂunﬂb_ Adj Fillage @] 93.24 o
2000 MPT 99 11 Adi EFT @] 92.4 in
. Enter Tuhin .
Pressurg 130 psi [g)
0 Close ___ EPT=96.72in
L I e |"II|FIT=E|5'EI"”'i 7
0 20 40 60 80 100 in { Annotations |
Stroke: 164 06:02:33 P clock Unanchored kKt 1147 iin kil 327 in { Pump Card Analysis \



TTU Test Well 1 to 9.6 SPM

08/25/2006 Stroke:105.6” Plunger:1.5” Clearance:0.005 API#: 76 PIP:135

Peak Load Min Load P ower l* Replaf lﬂ Events

PolishedRod | 12296 v 4480 w| 8.4 wp
Pump | 2845 1| =110 w 6.6 wp

< | Stroke 182 of 192 |>

Ib
12000 Stroke Lengih = 105.601 Adj Purnp Displacement @ 244 BBLD

] | Calculated Fluid Load Max| 3001
10000 |

Surface Efficiency] 39.20 «
Fumping Speed 9539 Spm
Matar to Pump Efficiency| 30.75
_____ _ Pump Intake Pressure 155 psi(g)
| Damp Up| 0,062
4[][][]_: | Damp Down| (.060

Adi Filage @ 94.64 «

JWrf+ Fo FL = 9356 [b

8000 ]

Wrf =66011b
6000 ]

|- penm
2000 MPT 102 11" A EFT @ 96.6 in
. Enter Tuhin .
Pre ssurg 130 psi (9]
Close
D -

EIJ I I I Elﬂ I I I 4ID I I I Elﬂ I in l Annotations

Stroke: 192 04:32:31 P clock Unanchored kKt 1147 bin kel 327 Ibin l Pump Card Analysis |

% TTU TestWell.qrd



TTU Test Well 1 to 9.6 SPM

08/25/2006 Stroke:105.6” Plunger:1.5” Clearance:0.005 API#: 76 PIP:135

1] 08/25/2006 07:23:06PM | Slow Speed - 2.5 .,
i 08/25/2006 07:05:43PM |SPM 5.1 - ABB Q.. Stroke Length = 105.60 in
12000 - 08/25/2006 06:24:56PM | SPM 7.1 - ABB 0.
T 0s/25/2006 05:42:38pM [83sem-2e0.  BLACK 1 SPM | |
i 08/25/2006 04:12:39PM |SPM 8.7 - ABB Q.. ||
10000 JWrf + Fo FL = 9363 II} Fa W N

Wrf = 6601 Ib-
6000-

0 20 40 60 a0 100 in




TTU Test Well — Compare Velocity Profile

08/25/2006 Stroke:105.6” Plunger:1.5” Clearance:0.005 API#: 76 PIP:135

Plunger Velocity - in/sec
o & N N b
= = = = L= =

0
=

S

Ny s
—ull

S
P be

113896 ft K

327 1h/in

\

N~

BS74E

AN

7" Pump Str

oke - Max Vel: 6"l$ek

02.11"

Pumy

) Strok

(@ - IVIA)( Vel:

75"s

0 4

e

0 5

e S e

70 8

M

0 9

0

110

\

TN

T

Pump Srtoke Length - Inch
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Tapered Rod String Design:

1) Largest diameter rods are located at the top of the string

2) Support the weight of the all the rods connecting the
pump to the top rod in each taper. Loads on the top rod in
a taper are the highest

3) Load decreases as the suspended rod weight decreases
as you move closer to the pump, Supports the pump
forces applied at the bottom of the rod string.

"= Rod string Is designed for a long operational life

= Planned failure mode due to fatigue — 10 million cycles

= \Wear out the rods

= DO NOT tensile fail due maximum load near the peak
tensile strength of the rod.

= Design the string so the unit stresses are equal in the
top rod of each of the different-sized sections of the
string. Provides good safety margin as far as corrosion
pitting is concerned. 41




IModified C-o0dman Blagram Maximum allowable working stresses
should not be higher than about 30,000
to 40,000 psi, although some sucker
rods, such as the "high tensile
strength" rods are rated at 40,000 to
50,000 psi maximum.

Operation of rods in corrosive
environments requires that the
maximum allowable stress be

Minimum Stress decreased.

Max. Allowable Stress,
Sa = (0.25T + 0.5625*Smin)*SF
Allowable Stress Range, Sr = Sa - Smin

Stress Limit For New Rods  Service Factor 1.0 Peak

Based On API-Goodman Guide T/74 T/1.75 Tensile(T)
New Grade C Rod (Psi1) 23,750 54,286 95,000

New Grade K Rod (Psi1) 21,250 48,571 85,000

New Grade D Rod (Psi1) 28,750 65,714 115,000

New Grade H Rod (Psi1) 50,000 50,000 140,000 42



Use of Sinker Bars

1. Use of sinker bars in rod pumped wells Is proven to
reduce failures:

Albert S. Garza and Danny Hernandez, Pioneer Natural Resources USA, Inc.
Scott W. Long, Flexbar, Inc.: “PIONEER NATURAL RESOURCES 10 YEAR
“BEST PRACTICES” PROGRAM AND DATABASE” , SWPSC, Lubbock,
Texas (2007)

2. During a 10 year time period the failure frequency was
reduced from 2.73 to 0.42 failures per well per year.

3. One of the best practices was “Installation of an
average of 375’ of 1.5” Grade-C Sinkerbars to reduce
buckling during the downstroke.”

4. Since the 1980 this sinker bar design technique used
throughout the United States to determine sinker bar
length, proven by field experience to reduce tubing
fallure near pump. 42



Weight Bars/Sinkerbars

1. During the pumping cycle Upstroke:
e traveling valve shut
 rod string will be under tension
« buoyed rods and fluids loads are lifted.

2. During the pumping cycle Down stroke:
 traveling valve is opened and the standing valve
IS shut,
« rods are suspended in fluid and still under
tension.

3. But any upward force applied to the rod string from
the plunger/pump assembly
 Dueto fluid flow in the traveling valve,
barrel/plunger friction, compressing gas, etc...
« Results in compressive (negative) loads
« Causes rod buckling at the bottom of the rod
string just above the pump. 44




SWPSC 1996

Scott W. Long

Measured Rod
String/Tubing Wear

and Assoclated Side
Loading

For 100 Lb Side Load

PERCENT DIAMETER LOSS

Tubing Wear Rate
3.4 X higher with %"
rod VS 1.5” Sinker Bars

m 1.75" GBAR Linear (0.75" ROD) = =Linear (1.00" ROD)
= = Linear {1.50" SBAR) = = Linear (1.75" SBAR)

500 600 700 800 900
MEASURED ROD STRING/TUBING WEAR AND ASSOCIATED SIDE LOADING 0 100 200 300 400
Scott W. Long, P.E. and Donald W. Bennett, Flexbar, Inc. CYCLES (X1000) 45



Critical Compressive Euler Buckling Load :
For Sucker Rod Diameter 5/8 to 1 1/2 Inch Sinker Bars Reduce

Deep Failures Caused by
BINIRAENEEEE <. on Tubing Wear
AR L]

200 . d i b h
el iy e
® l“‘“”l‘“.... e Buckling occurs under
S oL VAR NNT | | small compressive
: lllll‘\l‘l‘llll loading.

. Notice:

25 Lbs. Buckles > 25
feet of 5/8 Inch Dia. Rod
50 Lbs. Buckles > 25
10 20 30 40 50 60 70 80 90 100 feet of 3/4 Inch Dia. Rod
Sucker Rod Lenght - Feet e 200 Lbs. Buckles >50

ja: | —5%¢8 —34 —718 —1 L '
Dia: | —58 ~—34 —78 —1 feet of 1% Inch Dia. Rod

46




Weight Bars/Sinkerbar Factor

1.6

® Published Sinker Bar Factor by Plunger Size
-—=QRod Sinker Bar Factor

-
N

N
=

0.8

-
=)
ol
Q
m©
(11
-
©
(11]
i
@
=
=
7]

S
o

/ SB Weight =

DEPTH * q; *0.433 * SB Factor

1.00 1.50 2.00 2.50 3.00 3.50 4.00
Plunger Diameter - Inch

0.2




Tool: Sinker Bar Calculator

File Tools Help

Thie Dynamometer Caris
) 20000
Design Inputs Results . N —
Rate (100% pump volumetric eff.) 174B8LD .| | g 15000 / :759
Unt CWConv ¥ | Rate (95% pump volumetric eff. 165 BELID - o
Rod Taper .
Pump Depth 5000 ¥t »  TopRodLoading Sinker Bar Calculator
L Min APT Unik: Rakim
Surface Stroke Length 10000 win - A D MotorSze | File
i in - Polshed Fod Power
Pump Diameter (D) 2000 s T
Tubing Size 2,875 (6.40bfft) 2.441° 1D » SVload
Purnp Diarneker 2.000 i A\ Sinker Bar Fackar 0.5321
[] &nchored Tubing T
Rods
:.' Purmp Depth 5,000 Ft A\ Required Weight 1,152.9 |b -
(%) Stes| Rods
(O Fiberglass and Steel Rods Calculate from S
Rate Fluid Specific Gravity 1.00 Sp.ar HZD - Fequired Length 220 ft -
Fod Mumber 76w )
(=) Stroke Rate (SPH)
Rod Grade oD O Target Rats Sinker Bar Diameter 1.500 i A\ Recommended Weight  1,180.5 |b -

Recommended Length 225 fk -

Default Settings

Total Sinker Bar Weight L1529 4% b = Damping Factor . .
Fhuid Specific Gravity 100 [ Sp.Gr.HEOw  Surface Unit Emﬂ | Calculate I Use Calculation |I Cancel |
Tubire Pressure i ) Pump Yolumetric Efficiency SO0 T e
Casing Pressure 45,00 Torque

- 300000 N AN
You may enter Pump Intake Pressure direct . from Reservoir Pressure and Produckivity Index, E / '-L,.- i ‘».,_I

= 100000 / \ \
(*) Pump Intake Pressure | 50.00 psi - E . , N

<A 00000 "
300 400

Angle (degree) -

0 Kinlb -~

Peak GearBox Torgue
= 762 Kin-b -

Echometer Compary Phore: (940) 767-4334 E-Mail: info@echometer .oom Counter Balare—g

Copyright 1994-2012 Echometer Comparny, A Rights Reserved,

Counter Balance Effect 16,049.7 b -




Pump Slippage

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




Pump’s Effective Displacement
Influenced By:

¢ Pump Slippage
€ Incomplete
Pump Fillage
— Gas Interference
— Fluid Pound
— Blocked Intake
— Choked Annulus

Session 16 - Sept 2 2020 - The Three
@ Main Causes of Incomplete Pump Fillage




2. Point B to C,
plunger carries
full differential
pressure across
Closed TV

1) Point 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.

Slippage Occurs
when the TV Ball
IS on the Seat

Zero Load

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

3) Point Cto D pressure
across closed TV
gradually transferred
from rods to be fully
carried by the Closed

SV at point D. 51




Patterson Pump Slippage Equation

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

QRod Tool - “Pump Slippage Calculator”

453-{(0.14- SPM)+1]

DPCI.SZ

EXCEL Spreadsheet Available on PDF Download: Lﬂ
“Pump Slippage Calculator_ SPM_PattersonEq.xI|s”
D =nominal pump diameter, inches
C =diametrical clearance, inches
P = Pressure drop across the plunger, psi
L =length of the plunger, inches

SPM = strokes per minute

nw =viscosity of fluids, cp

52




Presented at 2007 SWPSC

Progress Report =4 on “ Flmd Shppage m Down-Hole Rod-Drawn (il Well Pumps”

John Patterson — ConocoPlullips Company
Erle Chambliss — Oy Permian
Lynn Howlan — Echometer

_ T Cuarfew — Caoy Permian
Based on Slippage test, “thex)frollowmg minimum pump

clearances are recommended for a 48” Plunger with a “+1
Barrel”. These clearances have become widely used in the

Permian Basimjen yvetdepihpip to 8000 feet”

« 1.2 ip = -3 to -4 plunger (0.0047 to 0.005™ total

« L3307 pump =- =5 plunger (0.003 _to-=6T0 total clearance)
« L7537 pump =-5to -4 TR 0067 to 0,007 total clearance)
« 2007 ="-0 to -7 plunger (0.007 L5 total clearance)

Rule-of-Thumb Table

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



Inputs to Pump Slippage Calculations

D=Flunger Diameter (inches)
*P=Fressure Differiential
C=Clearance {inches)
u=Fluid Yviscosity (centipoise)
Flunger length {inches)
Strokes per Minute

"Calculating Differential Pressure

1.5

3617

0.006

0.76

48

8

Slippage = ((0.14- SPM )+ 1]453

DPCLSE

Ly

If You Use Recommended

Clearances from 2007

Fump Depth 8000
Tuting Flud Gradient (it (24273 Rule-of-Thumb Table
Fump Intake Pressure (Fsi) 50
Input your production rate, BPD 274.0
Slippage in BPD 59.9 100"
Stroke
Total Pump
Plunger | Clearance | Slipage | Disp. | Slippage| Disp. | Slippage
Size Inch Inch BPD BPD Yo Yo
1.25 0.005 37.8 131 28.9 18.2
1.50 0.006 39.9 143 41.9 21.9
1.73 0.007 38.4 172 2.4 27.3
2.00 0.008 123.7 200 61.9 33.4
2.25 166.5 211 41.5

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

54



P um p S p € ed VS PumpkFEfficiency®o = SurfaceRate x100
Pum p Effl C | en Cy ] PumpDisplacment

90

<
¢ _.___,_.__.——.
80 L, e
. ° //{’,

A / As the SPM increases the Pump
g 0 7 Efficiency Increases: Slippage
: / y . Slippag
S 50 . —\Volumeis-aSmaller % of Pump
£ / .
17|
Y 0 Displacement
£
/ 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 0.009 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 55



TTU Slippage Test: stroke #36 08/25/06 18:24:56

1. 76 Rods — 1.5" Pump — 7.046 SPM — 0.005” Clearance
2. Measured Slippage 21.4 BPD — Pump Efficiency 88.2%

{1 QRod - Predicted 12507 Measured Load Cell
éj L 9.33-.'"
ol o
0 i
}E 4.69 -
A |l
0 a3t Max . FoFremFluidLevel
{ mg 1.56-|ji
—_— .
™ "

% TTU_TestWell.grd



Tool: Dyn File Overlay and Comparison

File § Tools | Help

Title QFRod Test Run

ts

Fluid Spedgs
e d-r, DYN File Comparison

v Slippage.

Dynamometer Cards

12000

Dynamometer File Comparison

Crverlay C

_ompare
Clear DY

Settings..

a (q)) peoq poy

Caka Lnik

Language

Total Sinker Bar Weight,
Fluid Specific Gravity

Tubing Pressure QR o d
Casing Pressure

You may enter Pump In Peak I-':"'ad 1 1 ,09?3
{*3Pump Inkake Pressu

Minimum Load 4,533.0

Stroke Lenath i 105.00

Edunat Comnanr P Polished Rod Power 5.9
Copyright 1994-2012 Eq

Position (in) «

Dyn File Difference

11,413.9 316.6
5,044.4 511.4

105.60 6.85

5.7 0.2

% Difference

2.8 %

Yo



Calculate from SPM or Target
Rate

@ stroke Rate (SPM) 7045 |[>> | spM
(O Target Rate

Slippage Calculator
File

QRod Inputs

Pump Diameter (D) 1.500 L Calculate ]
Pump Depth 3,896 — .
Tubing Pressure 13.00 - Dynamometer Cards
Pump Intake 116.80 7 10000
a 800 |,
Stroke Rate (SPM) 7.045 & 00 |
Pump Displacement 182 E‘ Zggg
Fluid Specific Gravity 1.00 00 0 " o o -
User Inputs Position (in) -
Cl & 0.005 . - —
BASNCRAS! Pump Yolumetric Efficiency 69.79 Wi o
Fluid Viscosity (u) 0.76 -
Plunger Length (L) 4a.000 L \ - A=
Rate (100% pump volumetric eff,) 182 BBL/D
|_calcSQ | Rate (90% pump volumetric eff,) 164 BBL/D
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Slippage Plot vs Clearance

Slippage 19 BBL/D »  Pressure Differential (P) 1,583.05 psi v
Pump Yolumetric Efficiency 89.79 % Tubing Fluid Gradient 0.4330 psijft v

Patterson Equation Pump Slippage vs Clearance

a0
iy
= 60
=
b}
e
f__ 40
m
m 1
5 20 (0.005in, 19bblid)

;i '-_)’_’_’r—f_‘
0

0.004 0.005 0.006 0.007 0.008 0.009 0.01 0.011 0012

Clearance (C) (in) ~

Q‘Pclﬁﬂ
Ly [Use Calculation | [ Cancel ]

Slippage = {0.14. SPM )+ 1]453




159 BPD Measured vs 164 BPD Predicted

File Tools Help
Title

Design Inputs

Uit CWCony
Pump Depth 3,590
Surface Stroke Length 105.00
Pump Diameter (D) 1.500

Rate {100% pump volumetric eff.)
Rate (90% pump volumetric eff,)

TTU Slippage Test: Stroke #36 08/25/06 18:24:56 Measured Skppage 21.4 BPD - Pump Efficiency 58.2%

Results
Foate (100% pump volumetric eff,) 182 BELID P
¥ | | Rate (90% pump volumetric eff.) 164 BELD |
T ' OO
¥t +  TopRodLoading " 65.9%
ln - Miry APT Undk Rating 226-119-105
Min NEMA D Mator Size 10.4 HP S
wllin - Polshed Rod Power 5.9 HF -
TvLoad 9,107 b -
%
164 BELJD

Dynamometer Cards

(%) Steel Rods
() Fibarglass and Stesl Rods

Calculate from SPM or Target

Rate
Rod Number 76w
(%) Stroke Rate (SPM) 7.045 M
Rod Grade D B
Default Settings
Tokal Sinker Bar Weight 0.0 - b . Daniplng Fachor 0.07
Fluid Specific Gravity 1.00 |88 Sp.ar.HZO~  Surface Unit Efficdency 95 8
Tubing Pressure N ps » | Pump Volumetric Efficiency 89.79 g8 %
CAsing Pressure &.00 psi -
Yiou may enter Pump Intake Pressure directhy, or calculake it from Reservoir Jressure and Productivity Indes:,
(3)Pumgp Intake Pressure | 116.80 psi (@l e - )
STE/Djpsi =~
89.79 5 %

v

12000
o - = ----ﬂ e
2 so00 N
i _— =
= 4000
=
- 2000
o
0 20 40 &0 &0 100
Position (in) -
RL 11,097 ps * MPRL 4530 b ~ Fo 27975k -
mp Stroke Length - 98.7% in * Static Stretch 876 in T Overlravel 250in -
¥ orskr 0.083 Kr 319 Ibfin =~ g 1147 Ibfin -
Pump Velocity vs. Position
[=1]
e 5 — e —
E 40 f"'/ "'\.__\_ -'j - e —
3 - - — TN
o 20 |/ T
[ \
=) 0 ':
g 20 | T g
E\. . _.«-F | P - F,
< -40 — = A~ - -
- e sa——
-60
Position (in) -
Torque
200000 . . -
— A Y
E { N / kx-'! \
2 100000 SN :f\ y, s
i / T - Y
3 \ ~ )
= 0 N
a ~100000 N
0 100 200 300 400
Angle (degree) -
Peak GearBox Torgue 204 Kindb -
Counter Balance Moment 509 Kindb - 60
Courter Balance Effect 10,222.0 b -



Recommended Procedure to Select
Pump Clearances

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

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

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

QRod Inputs

Pump Diameter (D)
Pump Depth
Tubing Pressure
Pump Intake

Stroke Rate (SPM)

Pump Displacement

Fluid Specific Gravity

User Inputs
Clearance (C)
Fluid Viscosity ()

Plunger Length (L)

2,250
7,156
250.00
151.00
9.52
651

1.00

0.009
0.76

48.000

. SlippageExample.grd

Calculate from SPM or Target
Rate

(®) Stroke Rate (SPM) 9.52 SPM

() Target Rate
in | Calculate |
ft - I
: Dynamometer Cards
P 30000
psi 25000
20000

1
SPM 5 15000 \\
2 10 \\—__//
BBL/D ~ 651 BPD
Sp.Gr.H4 /4 ~ Du 0 4 B0 80 100 120 140 160
Position (in) -
in
Pump Yolumetric Efficiency 75.12 1}’5? %o
cP
in
- Calculate\ Rate (100% pump volumetric eff.) 651 BBL/D

/| Rate (75% pump volumetric eff.) 489 BBL/D
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3
; Patterson Slippage 155.5 BPD

QRod Inputs Sippage 15547 BELD v PressureDifferentl ) % i v
Pump Volumetric Effidency 0.8 % Tubing Fluid Gradient 0.985701 psift v
Pump Diameter (D) 2250 in .
Purp Dep e f " Patterson Equation Pump Slippage vs Clearance
Tubing Pressure 2000 p v el
Pump Intake Pressure BU0 @ - @ 0
L&)
L&)
Stroke Rate (SPM) 5.41 M Do
——— o
Pump Dispiacement 534.00 BEL v -
p Displ p 3 1
Fluid Specific Gravity 0.9 9,6 H0 » E
= 50
User Inputs ! ﬂ
Oearance () 0,009 n . 0004 0005 0006 0007 0008 0008 (0N 0.01 0012
Flid Viscosity (1) 0.7 iy E Clearance (C) (in) ~
Plunger Length (L) %00 i v

DPCUE

Sﬁlppﬂgﬁ?:[(0.14-SPM)+1]453 Ly UseCaImIaﬁnn| Cancel |
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651 BPD Pump Displacement

Title Dynamometer Cards
30000 o
Design Inputs Results o 25000 e .
_ Rate (100% pump volimekric efr.) €51 BELJD S 00 //_' \“‘\
Linit CWiCorny ¥ | | Rate (75% pump volumetric eff.) 489 BBLJD - “\T—_f _;a—"j]
T U, o o 133000 -~
Purng Depth 7,156 ¥ ft - Top Rod Loading 103.8% E 10000 —— _ﬂ_ﬂ-—-“_#-
45.00 . Min APT Unit Rating 912-305-145 = e
Surface Stroke Length PRO0 ™I T Min NEMA D Motor Size 61LOHF o | T, 5000
Pump Diameter (D) 2,950 w0 = %h?‘jﬂ Rod Power 23":;1..3 :'I:" - i
o : 5".11.3!1 ”'135 b T ] 20 40 &0 1] 100 120 140 160
ze 28757 (6,40 lbfrt) 24417 ID . B
a (6,40 IbyjTt) Fosition (in) -
Max Fiberglass Load 24,858 |b -
[] Anchared Tubing |55 Min Fiberglass Load 3,163b = | ppRL 28,635 psi * MPRL 57777 b+ Fo 12,713.7b -
Aods ”333‘: f'hﬁﬂaﬁ Stress 20,585 psi T | Pump Stroke Leneth 115,89 in * Siatic Sirefch 8166 in  ~ Overravel £258iIm -
e Min Fiberglass Stess 2,619 psi * | Fomskr 0.563 Kr 156 |bfin * 625 Ibfin ~
) Steel Rods Fiberglass Load 93.0% .
(%) Fiberglass and Steel Rods Calculate from SPM or Target Pump Velocity vs. Position
Rate
Fiberglass Size 1.250 % in - ) 150
(@) Stroke Rate (SPM) 9.52 SPM o 10 L .
Steel Size 0875 w in - T e — —~—
() Target Rate = - Rty
o - -
Percent Fibreglass 34 w | o . _ = 50 y -
| Caloulate o i k1
. J 5 .
: S s | ,;'
Default Settings 2 T e
= =2 -100 —— _—
Total Sinker Bar Weight g16.0 =1 b - Darnping Factor 0.10 - — 1
= <150 .
Fluid Specific Gravity 1.00 || Sp.GrHZO-  Surface Unit Efficiency 95,00 % Position (i) -
Tubing Pressure 250,00 | psi *  Pump Yolumetric Efficency 7512 g5 %
) Torque
Casing Pressure 45.00 pEl - 1000000
= ! --\ﬂ\\ ra T
) : . S 600000 I — p b1
You may enter Pump Intake Pressure directly, or calculate it from Reservoir Pressure and Productivity Index, = { / !
@ | K 'y
_ S 20000 \ N \
(¥)Pump Inkake Pressure | 151.00 psi = (") Reservoir Prassure psi * = A~ N, e ol \
- s . = rd —
Productivity Index STBDjpsi = | | < 200000 -
u] 100 200 =00 400
Angle {degree) -
Peak GearBox Torque 851 Kb =
Echometer Company Phone: (940) 767-4334 E-Mal: infoifechometer . com Couriter Balance Moment 1,525 Kirrlh = 64
Copyright 1%34-2012 Echometer Company. All Rights Reserved, Counter Balance Effect 22,157.3 b -




Design Pump Clearance of 0.005” to Achieve

90% Pump Efficiency with 65 BPD Slippage

Patterson Equation Pump Slippage vs Clearance @ SPM = 9.52

200.0 - I)j___ll{'"Tl S +f / }K/
1s0.0 \STippage =[(0.14- SPAL)+1]453 7~ pd 7
. / /

L

Plunger Dia {inch)|
—-+1.25 1.50 |

Calculated Pump Slippage - EFPD

175 -x-2.00

——2.25 —+-2.75

“-ﬂ I I I I I I

0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.010 0.011 0.012
65

ok Mo

Pump Clearance Between Plunger and Barrel - inch



Water Viscosity - Cp

e

Water Viscosity - cp

T1=250 T2=185T3=120 DegF - IZ

e

—i

1000 1500 2000 2500 3000

Pressure (psig)
2012 Permian Basin Artificial Lift Forum

3500




Pump Slippage - BPD

Viscosity Impact on Slippage Calculation
100

90

80

70

60

50

40

30

20

10

+ Slippage BPD -76 APIRod # 2" Pump 0.002 Clearance
¢ Slippage BPD -76 APl Rod # 1.5" Pump 0.005 Clearance
m Slippage BPD - 1" Rod String 2" Pump 0.009 Clearance
——Patterson BPD - 1" Rod String 2" Pump 0.009 Clearance 0.76 Water Viscosity
- = =Patterson BPD - 1" Rod String 2" Pump 0.009 Clearance 1 Water Viscosity
/.
/./ %
/E/ * *
# / —= 4
F i -
-7 ® 3
¢ As SPM increases the Slippage
Volume Increases: More strokes per
day results in more slippage volume
0.0 2.0 4.0 6.0 8.0 10.0 12.0

Pumping Speed - SPM
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3
; Patterson Slippage 155.5 BPD

QRod Inputs Sippage 15547 BELD v PressureDifferentl ) % i v
Pump Volumetric Effidency 0.8 % Tubing Fluid Gradient 0.985701 psift v
Pump Diameter (D) 2250 in .
Purp Dep e f " Patterson Equation Pump Slippage vs Clearance
Tubing Pressure 2000 p v el
Pump Intake Pressure BU0 @ - @ 0
L&)
L&)
Stroke Rate (SPM) 5.41 M Do
——— o
Pump Dispiacement 534.00 BEL v -
p Displ p 3 1
Fluid Specific Gravity 0.9 9,6 H0 » E
= 50
User Inputs ! ﬂ
Oearance () 0,009 n . 0004 0005 0006 0007 0008 0008 (0N 0.01 0012
Flid Viscosity (1) 0.7 iy E Clearance (C) (in) ~
Plunger Length (L) %00 i v

DPCUE

Sﬁlppﬂgﬁ?:[(0.14-SPM)+1]453 Ly UseCaImIaﬁnn| Cancel 6|




Actual Field Example of 0.009” Clearance

Why only 402 barrels per day is being produced to the tank, when the
effective downhole pump displacement is 577 BPD?

KIb 1. New pump w/ no wear or damage
Stroke LEﬂﬂth 145.811n 2. Installed 0.009 in. clearance w/

25'_ 2.25 inch diameter & 4 foot
. plunger
] . Patterson Eq. Slippage 155 BPD
20 . 576 BPD Full Pump dynamometer
T card (No correction for slippage or
: gas in solution).
' 5. Tested Rates are 106 BOPD & 296
151 BWPD ~ 26.4% Oil

1 Ny-OpenEp From Fluid Level (Fo FL) = 1254 Kip L /2121 =15- ”15“”“ 6. Production is 175 BPD less than

] V Close the 577 BPD pump displacement.
10- . (106+296)/577 = 70% Pump Eff.

T . 14 MscfD gas up tubing (245

: GOR), at 3307 psi discharge
‘. Used a Viscosity of pressure, then water swelled 1.7%

W

\l

00)

Eluid 0.76 due P&T. Oil swelled 6.8% due to
urds p = Cp P&T and gas in solution. Liquid
from P&T and solution gas looses

EPT=10312in 12 BPD.
-I I I I I I I I I I I I I I 1 I I I IMII}TI I III I I I I I I I 9- Pa.tterson Equation appears to
0 20 40 120 140 in calculate slippage fairly
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Measured Rate Matches Calculated

Pump

in
FMaximum Flunger Travel 121.02
Free Gas in Fump at Intake 185.84
Effective Flunger Strake 103.12

Free Gas in Fump at Discharge 0.93
T+ Close Delay Viscosity of Fluids ©.00

Slippage (Pattersony @9 u=0.76 cp 27.80 155
Fump Displacement £4.39 416

Ligquid
Pump (Calc) (Irput)
Discharge Surface Surface

Stock Tank 5Stock Tank
BEBLID BBLID BBLID

il 110 103 106
Wilater J06 J01 296
Total Ligquid 416




/ S PLl) E pen c — 0 aArd O
A/ S PL) Proo 210 0 0 | 8

Peak Load Min Load Power r* Replay] :E Events}
01 |F Polished Rod — =
U LR olished Rod | 28.36 k| 9.66 k| 27.4 wp (< [Stroke 100 of 100 | >)

Pump | 8.68 k| =0.72 kb, 20.3 wp

Kib
Wrf + Fo Max = 27.94 KI

L e PR Slolg_Lgﬂgtn_TﬂJgn_i_ Adj Pump Displacement 0 445 BBL/D
| Calculated Fluid Load Max| 14.10 Kib

254
] Surface Efficiency J—— %

Pumping Speed 6206 spm

Motor to Purnp Efficiency ——

Iﬂump Intake Pressure| 843 psi (g)I

pampUp, 0.102

|
L

PDP =

s

3532 psi (g) ] Equivalent Gag Free Fillage = 164.02 in " 5 - 0.152
amp Down
1 Fo I‘@"=11.10 K!_I_ B =
[ T T | MR, s VI ) T AR T o P j Fill
10‘_ : Fo From Fluid Level (Fo FL) Adj Filage @ | 92.94 %
I T TR R ST e . [ S it Sl e S o ——

Enter Tuhin .
Pre ssurg 45.0 psi (g]

Production: 08/01/18

1 | EPT 164.2" = 475 BPD |

DT adj EPFT @] 153.7 in
|
PumpDisplacement = 0.1166x SPM x SLx D* |

T 0] 14 BOPD 433 BWPD
g Vo _  — WMPT-16533 | - _ -
75&2& () 0 50 100 150 in L Annotations J

Stroke: 100 09:39:24 A clock  horedkt, 580 in Kréxtt 201  in 7 Pump Card Analysis 1




Using Default 0.76 pu Calculates TOO MUCH Slippage

For Oil Gravity of <30-32 Degrees Need to Use QOil Viscosity

Peak Load Min Load Power W Replay | | TT Events

U LY Polished Rod | 28.36 k| 9.66 ko 27.4 wp
Pump | 8.68 k| =0.72 kb 20.3 wp

< | Stroke 100 of 100 |=-

Kr & Kt Stroke Length TEH.TE in | I Adj Purnp Displacerment @ 391 BeLD

. o e _ _|_ Calculated Fluid Load Max| 44,10 ki

Surface Efficiency O

Pumping Speed| 6,206 spm
Motor to Pump Efficiency ———

Pump Intake Pressure| 843 psi(a)

_I__

=
|
|

Wwrf=16.85Kp"

PP ;? 15_: Equivalent Gas Free Fillage = 164.02 | Pame Up [SFRNE
5 E ] gqursalen ds rree rilage = . mn
3532 psi (q) gg -___________\_%ﬂ@“ﬂﬂmi pamp Down| 0,152
gﬁ 10 Fo From Fluid Level (Fo FL) h—l_ adj Filage @ | 81.79 %
gg T K o == T ni &7 @[ 135.2
% 1 | ’Pump Disp of 391 BPD | Enter U450 |psi g
g | |/ Adjusted for p=0.76 cp |

Slippage:
u=0.76 cp ~79BPD

-

N

3743 psi (q)

1ol

MPT=16533in[ |

PPFL- W] . . LIt —
700 psi (q) ,;_.j 1EII:I 15[] in [ nnotations :
3 Stroke: 100 03:39:24 A clock  horedikt| 580 win ket 201  1bin [ Pump Card Analysis |



Using Default 0.76 pu Calculates TOO MUCH Slippage

For Oil Gravity of 24.4 Deg Used Oil Viscosity of Fluids n=2.539 cp

Peak Load Min Load Power [! Replay: lﬂ Events

U L Polished Rod | 28.36 k| 9.66 k| 27.4 wup [< [Strake 100 uf1|:||:||>1
Purmp | 8.68 ki | =0.72 ko 20.3 wp ]

Kr 8 Kt Stroke Length Tm'nm | | Adj Pump Displacement @ 445 seLD

l ] : .. ) R — Calculated Fluid Load Max) 44,40 kb

] Surface Efficiency — 0

Pumping Speed| 6,206 spm

Wotor to Pump Efficiency ——
e e e e . Pump Intake Pressure| 843 psi(g)

PDP = % fj 15-: | - | Damp Up| 10,102
3532 psi (g) z g ] Equivalent Gas Free Flllage—154.ﬂi;nma ”: e Hll Darnp Down 0152
fﬁ P Y A | -y — =T Adj Filage @ 92.94 o,
ﬁ? i b e 0 153.7
7 s Adj EFT T in
% : imp Disp of 445 BPD | S R
_{:. " Adjusted for p=0.2.539 cp : Slippage:
3743 psi (o) E/// " %ﬁl\“/f tCheﬁﬂB&?ﬁ%%%ﬁ || | n=2.539 cp ~ 23 BPD

o

PIPFL= — : .
700 psi (g) .‘_ﬂ 0 50 100 150 in Annotations J
3 Stroke: 100 03:39:24 A clock  hored kt| 580 in <rakt| 201  ibin [ Pump Card Analysis




Plunger Length, Diameter, Clearance
Important
Pump

Intake Depth HILD [t Pumplength (26,0 ft

Purmp Run Date 1/19/2018 »  Plunger Length {60000 |in

AF‘IF‘umpDeaignatinnﬁ Plunger Diameter 2,000 In

E0RYEC 765 Plnger Clearance 0.003 fin

DPC].SZ
=

453-((0.14- SPM)+1




Viscosity f(P, T, Pb, Oil Wat Gas SG)

What about a mixture viscosity based on %0il and % Water?

Pressure
p5|a SCF/BO (vol/ voI

vol/vol cp voI/voI
103 1.0 0991 0.19049 0.0133 1.0459  0.274 9.07E-07
57.8 1.1011 0957 0.03678 0.0138 1.0455  0.279 1.08E-06
38.0 1.0931 . 0969 0.05323 0.0136 1.0457  0.277 1.04E-06
7.3 1.1067 . 0.949 0.03040 0.0140 1.0454 0280 1.17E-06
1069 11218 T 3024 0930 002104 00145 1.0451  0.283 1.30E-06
1447 11381 | 26901 0914 0.01397 0.0130 1.0448  0.286 1.44E-06
1842 11355 | 24121 0900 0.01282 0.0157 1.0444 0289 1.57E-06
2253 11738 | 2180 0.890 0.01069 0.0165 1.0440  0.293 1.70E-06
207.7 11930 | 1984 0882 0.00917 0.0173 1.0435 0296 1.83E-06
3114 Avb%%? 1.818] 0.878 0.00804 0.0182 1.0430 0300 1.96E-06
351.5 1688 0.877 0.00725 0.0191 1.0426 0303 2.10E-06
391.5 1.2300 1.736] 0.880 0.00644 0.0203 1.0419 0308 2.26E-06
3910 12282 | 1791 0886 0.00582 0.0215 1.0412 0312 2.42E-06
3d15 1. 1. 089 0.00334 0.0228 1.0405 0317 2.61E-06
1. 1.

0914 EXCEL Spreadsheet Available in PDF 75




Use Oil Only Viscosity at Average of
PDP to PIP at Pump Temp at Oil Pb

Production
Oil Water Total Fluid Oil Cut Water Cut
446.5 0.0302 0.9698

Viscosity
Water Total Fluid
843| 3.16279 ? 0.28311 ? 0.37018 ?

Discharge < Viscosity
Psia Water Total Fluid
3532] 1.91612 2 0.32094 ?  0.36917 ?

Average 2.53945207 ‘ 0.36967549) ?

Note: Use Oil Viscosity when oil gravity is less than 30-32 Degree API

Use Total Fluid when oil gravity is greater than 30-32 Degree API
Use 0.76 cp water only oil gravity is greater than 30-32 Degree API

EXCEL Spreadsheet Available on PDF




Measured Rate Matches Calculated

~ Pump
in BBL{D 5 Adjust Free Gas in Pump at Intake
Maximum Plunger Travel 165.33 AT el fae )
Free Gas in PFump at Intake 1.32 4 S VTR
Effective Plunger Stroke 164.21 475 A48 L IEEIEE
Free Gas in Fump at Discharge 0.20 1 ; Adjust Pump Displacement for
T Close Delay 0.00 0 Gas in Pump
Slippage (Fattersaon) ﬂ' 8.02 23
Fump Displacement 155.99 451 - Adjust Pump Displacement for T¥Y
NOT closing at bottom of stroke
~ Liquid
Pump {Calc) (Input)
ViSCOSit Of Discharge Surface Surface
Fluids u=2 2;39 CP BBLD 5“:3“; T“[']"k 5“:3“; T“[']"k Adjust Pump Displacement for
= L L L slippage
il 14 12 14
Water 438 432 433
T Adjust Pump Displaced Ligquid to
Tatal Liquid 451 ml 447 | }*' surface Stock Tank Conditions




How to Use

* Troubleshoot when Adj Pump Displacement
does not match what's produced into tank.

= Determine Pump Wear and Wear Rate as
Equipment Operates in the Well

= Design Pump Clearance for New Installation
to Match Inflow from Well

= As Pump Wears Increase SPM to Maintain
Full Pump and Obtain Long Run Life

= Know Expected Performance of Every Well
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Abrasive Solids Impact Pump Life

Note that the pin is smaller Problems:
diameter than the plunger

» Grooving of the plunger due to solids

* Plungers stuck in pump barrel

Actions:

e [P
P e LT |
_' b

1. Increase clearance

2. Use a “Radial Grooved” Plungers

3. Prevent or reduce the amount of
solids entering the pump.

I

Theﬂ “problem” with increasing the clearance between barrel & plunger?
Must Design for Increased Pump Slippage ! !
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Determine Fluid Viscosity for Slippage Eq.

Use Default 0.76 cp water viscosity for a “good” guess.

= Use OIl Only Viscosity when oll gravity is less than
30-32 Degree API

» Use Total Fluid (based on %0Oil and %Water) when
oll gravity is greater than 30-32 Degree API

» For Pressure use Average of (PIP + PDP)

= Use Temperature at Pump Depth

= Must Know Plunger Length, Diameter, Clearance
= Should Know Qil, Water, and Gas Gravities

= Use Bubble Point Pressure to determine Gas In
Solution
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Guidelines

« THE Representative Dynamometer Card should be
Selected for Analysis, if You are Matching Calculated
Production to Reported Production

« More Input Data is Required to make Calculation Work
and Additional Data is Sometimes Difficult to Find Out

« Differences between Liquid in the Tank and Pump
Displacement from EPT, NOW easier to explain.

 Default 0.76 cp water viscosity Is a “good” guess.
e Better Match of Calculated Production to Measured:

— Use Oil Only p when oil gravity is less than 30-32 Degree API

— Use Total Fluid (based on %0il and %Water) when oil gravity is
greater than 30-32 Degree API

81



Observation

« 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
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Pump Diametrical Clearance
Impact System Efficiency
1. Both Theoretical and Patterson Slippage Equation

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

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

3. Datashows increase in power cost per barrel due to
slippage.

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

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

6. 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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Pump Slippage Summary

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

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

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

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

5. Viscosity of water must be corrected for temperature

6. 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.
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Hole in Tubing 14.06-

Hole in Tubing detected, because Net

. . 12.50-
Lift shown by the pump card Fo is much
less that Fo required by fluid level and
) 10.94
full pump card’s valves are OK . |
QRod Predicted 9.38
% Hole in Tubing - PIP PFL.qrd ’ Measured
__ e i 281 MPRL 9407 Lbs
T
14,275 — |
: — 7
SRRk, — —— 6.25
0 T2 _
o ” Pump Stroke 73.5inches 469
T |
4
N l:l 3.13F0MaxFOFromFIU‘.LdLevel
| - b fa i - 0 A
f ] b 1) (] h |
PIP: 140 Psig from Fluid Level 1544 Lbs Lost Load |

o 1.56 ¥
ozt ,“ . .y
osfion (in) 7 ")

oA Fo: 1427 Lbs Measured
PFRL 16,563 bs MPRL 5,354 |bs Fo 2371 bs | o — *8?.7

Purnp Stroke 735 n Static Stretch 16.8 1 (verrave 5.1 156 | }
Fo/Skr 0197 ki 177 b/ It 467 Ib/imn 0 85 85.2




Design a pumping system to pump 33 BPD from a
depth of 9000 ft with a 1.5” Plunger ~ 140 BPD?

API RP11L method
determines
percentage of each
rod size and depends
on the pump
diameter; resulting in
a balanced design
with approximately
equal stresses at the
top of each rod
section.

76 - 2 taper rod string
34.0% of 7/8 inch and
66.0% of % inch rods.

Loading on the top
rod is 96.1% of the
allowable for grade
“D” rods and
calculated using the
modified Goodman

diagram method.

File Tools Help

Title

Design Inputs

Uinit | CWCony -

9,000 * ft -

64.00 * in -

Pump Depth
surface Stroke Length

Pump Diameter (D) 1,500 -~ N -

Tubing Size |2.375" (4.70 Ibjft) 1.995"ID

| Anchored Tubing

Rods
@) Steel Rods
Fiberglass and Steel Rods
API F.od Number | 5 - |
API Rod Grade D -

Resulis
Rate (100% pump volumetric eff.) 143.9BBLD ~
Rate {95% pump volumetric eff,) 141.4 BBL -

(] dpeEr 5 Oy 5 o
95, 1%

Top Steel Rod Loadin -

Min APT Uimit Fating 160-256-04

Mim MEMA D Motor Size 15.60 HP -
Polished Rod Power 11.42 HP -
TVLoad 21,517 b -
SVload 14,577 b -

Calculate from SPM or Target
Rate

@ Stroke Rate |E| 12

Target Rate 141,42

|E| SPM

i [ Calculate ]
i SlowDownTakeOffAnchor.qrd ‘ 86




B Echometer QRod [EEEEE—

-
| —

File Tools Help

Title Dynamometer Cards
25000
Design Inputs Results
'9 P ) 20000
) Rate (100% pump volumetric eff.) 143.9BELD ~ =]
Unit CWCony '] Rate (35% pump volumetric eff.) 141.4BBLD ~ |~ 15000 H\\___
Rod Taper 34.0%, 66.0% a
Pump Depth 3000  ~ft - TopSteel Rod Loading 96.1% a 10000
. Min API Unit Rating 160-256-64 E
Sosmsleens 400~ ~ Min NEMA D Motor Size 1se0He . |, o000
Puymp Ciameke 1.500 in - Polished Rod Power 11.42HP - 0
ump IamEEr {D} M WLDad 21;51? |b 7 EI 2[' 4|:| ﬁu
TubingSize  [2.375" (4.70bjft) L995° D w | Silead 14,577 b s o
Position (in) -
I (| Anchored Tubing I FPRAL 23,7139 |b » MFRL 13,1304 b~ Fo 6933.86b -
Rods Pump Stroke Length 47,30 in = Static Stretch 50,20 in +  Overtravel 33.50in -
Fo/Skr 0.784 kr 138 Ibfin ~ Kt 357 lbfn -
(@) Steel Rods
(7 Fiberglass and Steel Rods Calculate from SPM or Target Pump Velocity vs. Position
APT Riod Number Rate 60
@ Stroke Rate 12 SPM T 40
=
API Rod Grade ) Target Rate e || 14142 || s é 0
3 0
[1¢]
2
! 20
_ 5
Default Settings = 50
]
Total Sinker Bar Weight 0.0 b - Damping Factor 0.10 0 20 40 &0
Fluid Spedfic Gravity 1.00 5p.Gr.H2O-  Surface Unit Effidency 95.00 Yo Fosition {in) -
Tubing Pressure &0.00 psi - Pump Volumetric Effidency 95.00 o
_ Torque
Casing Pressure 45.00 psi = 150000
g 100000
You may enter Pump Intake Pressure directly, or calculate it from Reservoir Pressure and Productivity Index. o
g 0000
. 7
(@ Pump Intake Pressure 50,00 psi ~ () Reservoir Pressure 1,000.00 psi "= 0 W "
| Productivity Index 0,200 STB/Dfpsi - 4
0 100 200 300 400
Angle (degree) -
Peak GearBox Torque 156 Kindb =
Echometer Company Phone: (940) 767-4334 E-Mai: info@echometer. com Counter Balance Moment 637 Kindb =

Copyright 1994-2013 Echometer Company. All Rights Reserved. www, echometer,com Counter Balance Effect 18,255.1 b v 87




B chometer ORod 2 [ e

File Tools Help

Title Dynamometer Cards
25000
Design Inputs Resulis o 20000
. Rate (100% pump volumetric eff.) 0.11BBLD - | 2 (0.00in, 16.002.610) —
Linit CWWCony '] Rate (95% pump volumetric eff.) 0.11BBLD =~ | — 15000
Rod Taper 34.0%, 66.0% e
Pump Depth 000 v f - 1opSteel Rod Loading ' 79.2% 2 10000
. Min API Unit Rating 57-213-64 =
Surface Stroke Length 54,00 *in - Min NEMA D Motor Size 697 HP . g 5000 (0.00in. 0075
Pump Diameter (D) 1.500 il = Palished Rod Power 0,571 HP - p ==
TVLoad 2,57 - 0 20 0 50
l TubingSize  [2.375° (4.70lbjft) 1.995° D v | SVload 14,577 b - .
Pasition {in) -
I Anchored Tubing I PPRL 20,745.6 b -~ MPRL 15,8425 b + Fo 5,939.6b -
' Rods Purnp Stroke Length 0.04 in * Static Stretch 580,20 in +  Overtravel 5.65in -
FodSkr 0.734 £ 132 bbfn = Kb 357 Ibfin -
(@ Steel Rods
(7 Fiberglass and Steel Rods Calculate from SPM or Target Pump Velocity vs. Position
I API Rod Number Rate =
i@ Stroke Rate : T 10
AFI Rod Grade ® TargetRate ce ||0.11 . é g
> 0
o
Caloulate o
=) 5
= 5
_ S 0
Default Settings & "
P -15
Total Sinker Bar Weight 0.0 b - Damping Factor 0.10 0 20 40 &0
Fluid Spedific Gravity 1.00 Sp.Gr.H2Z0-  Surface Unit Effidency 95.00 Yo Fosition (in) -
Tubing Pressure 80.00 psi - Pump Volumetric Effidency 55.00 Yo
. Torque
Casing Pressure 45.00 psi @ 50000
g 20000 /_\
You may enter Pump Intake Pressure directly, or calculate it from Reservoir Pressure and Productivity Index, =
T 20000
. 3
(@) Pump Intake Pressure  50.00 psi = () Reservoir Pressure 1,000.00 psi | g -60000
_ . -100000
Productivity Index 0.200 STB/Djpsi -
0 100 200 300 4010
Angle (degree) -
Peak GearBox Torque 50 Kindb -
L Courter Balance Moment 660 Kindb -
Echometer Company Phone: (940) 767-4334 E-Mail: info@echometer.com
Copyright 1994-2013 Echometer Company. All Rights Reserved, www echometer.com Counter Balance Effect 18,255.1 b v 88




Beam Pumping Gas Wells

Rods: Use 5/8”" Diameter - Reduce Rod Load

2. Pump: >1.065" Diameter w/ 0.005 Clearance
- Reduce Fluid Load

3. Unit: Large Structure, Small Gear Box, Short
stroke

4. Motor: Usually 5 Hp or Less

5. Set Intake Below Perfs or Use Good Down
Hole Gas Separator

6. Control Run Time to Limit Incomplete Pump
Fillage
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C-80-133- 64 Unit, 8.3 SPM, 1” Pump, 5/8” Rod String,

5 Hp Motor Lifting 33 BPD from a depth of 9000 ft

File Tools Help

Title |ty QR od Test Rur Dynamometer Cards

Design Inputs Results 11165 st = B
Rate [100% Pump eff.] 34 bbl/day 2L e S N e <o "
It 1E‘WEnnv vi Rate [95 % Pump eff.] 33 bbl/day & 5f583
Pumn Depth Fod Taper, & 100.0 5__ E
P P 19':”:":' Ti ft TIIIIZI Fad Lcuading Q40 = 2,791 pa /
Surface Stroke Length 154 vi i Mir &P Urit B ating a0-133-64 o 0 —
Pump Diameter ) Min MEM& D Mator Size 49 hp = o e = s b &
H 1.000 =§ in Paolizhed Rod Power 27 hp
Tubing Size 12_3?5“ (4.7 Ib/it] 1.995" D :j T%Load 12100  |bs Fazition (in)
SLoad 9000 b
[ ‘Arichored Tubing PPRL 12,700 |bs . MF"HL 8,100 Ibs . Fo 2100 bs .
Pump Stroke 35.7 in Static Stretch 35.50n Owertravel 15.8 in
~ Bods- FosSkr 0.552 Kr 87 Ibfin k.t 357 Ibdin
{* Steel Rod: Pump Yelocity vs. Position
" Fiberglazs and Steel Fods T 32 bt |
: E] s I TEEEES s,
g 16 i .
Bad Mumber 55 [ Calculate from SPM or Target Rate T g 2 o
o ' i e -
Rod Grade iD vi % Cioke Rate < 1 iag 23 1 SPM = -1 5 -
= 0 e L
i~ Target Rate £ 15-:"' > | bbl/day 8 o - T ) e E] E

Calculate Fozition {in)

Default Settings Torque

Tatal Sinker B ar Weight 1|:| I Dramping Factar 10_1 — P -~

o \,

Fluid Specific Gravity 11 H2EI =1 Unit Efficiency 155 > E—.' 25 812 rl,r" W’ "-._‘ J'_,..»"“““"'H""‘"*" ‘1._‘

= [= f ) / ,
Tubing Pressure jgg psi Furnp Efficiency 195 it e 0 5 7 g

- I 25312 o

| 1 o L Y r'r
Cazing Pressure 145 pi 5 51523 .
You may enter Pump Intake Prezsure directly, or calculate it from Beservoir Pressure and Productivity [ndes. = = g %? E § %
{+ Pump Intake Pressure 15|j| " Reservoir Pressure {000 psi angle (degrees)
Productivity [ndex 1 » (00 bbl/day/p=i )
o Peak Gear Box Torque E5 Kin-bs 90
Echometer Company  Phone: [340] 7F67-4334  E-Mail: infol@echometer. com Counter Balance Moment 340 Kirrlbs

Copyright 1394-2004 E chometer Company. Al Bights Rezerved. Counter Balance Effect 12,500 Ibs



Beam Pumping Gas Wells

Maximum Production Rates Versus Pump Intake Depth
For Small Size Pumping Units & 2 7/8 Inch 3lim Hole Casing

0 10 20 30 40 50 60 YO 80 S0 100 110 120 130 140 150

U l l : : = : : |
Gear Box <
Pump Displacement - BPD
Size Kin-lbs P P
2000 -850 —
—+—114 - —
t’: ‘_..——""".—-"'-'_“—-___
o 4000 160 Sg-—
=
2 6000 vd ¢
g — ] |
g D P
‘E 8000 .( = |
a ]
E 10000 ,;.r-'“"'?,/ SLIM HOLE BEAM PUMPING
- " / Casing: 2-7/8" OD BR EUE J-565 2.76 |h/ft
= v« Tubing: 1.90" 0D IJ 2.76 Ib/ft 1.61" ID
12000 Rods: 5/8" Grade D w/ 1.25" OD Slimhole couplings
Pump: 1.06" OD Thinwall Insert 5% slippage
Surface Stroke: 74"
14000 - Producing 100% Water 11.0 5G  PIP 50 Psig
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QRod - Most Widely Used Program for the
Design and Predicted Performance of Sucker

Rod Beam Pumping Installations.

« Allows Either English or Spanish Display of Input/output
« Any System of Units

« Helps the beam pumping system designer implement state of the
art design technology without getting buried with details

« Wave equation solution to accurately predict the surface
dynamometer loads, gearbox torque and pump capacity, with a
minimum amount of Input

« Immediately Evaluate Effect of Changing Tubing Anchor, Stroke
Length, SPM, Pump Diameter

« Slippage Calculator from pump clearances ties the pump efficiency
to the predicted pump displacement.

« Sinker Bar length calculator determines the sinker bar length as
pump diameter or pump depth changes,

« Results can be shown in any system of units.
 Dynamometer measured surface DYN files can be imported and
plotted on top of the predicted surface dynamometer card.

Download: www.echometer.com\software\index.html -



Questions ?



