Ask Echometer Online Seminar — June 24, 2020 (((ECHOMETER)))

How Much Liguid Does
My Sucker Rod Pump
PUMP ?

TOTAL ASSET MONITOR (TAM)

“USE OF THE PUMP SLIPPAGE EQUATION TO DESIGN PUMP CLEARANCES”, Rowlan, McCoy, Lea, SWPSC 2012
“EQUIVALENT GAS FREE PUMP FILLAGE LINE”, Rowlan, McCoy, Taylor, Brown, SWPSC 2015

“QRod Design Program [WAWANASeiz[elVINISR&OlYY Download, http://www.echometer.com/Software/QRod
“EXCEL Spreadsheets: Pump Slippage Calculator SPM_PattersonEq.xls & SlippageViscosityCalculator.xls

@ Lynn Rowlan =Sy Lynn@Echometer.com
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Why

PDP =
2587 psi(q)

206 psi (q)

PIPFL=
200 psi(q)
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59 BPD Produced into Fhe Tank

Klb

20

| |PumpDisplacement = 0.1166x SPM x SLx D? :
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[ Test Info ] p»r Comments: |Gas Interference - Gas Interference [ Report 1
[ Field \ Details I Chamber \ Power Torque | Power Analysis \ Analysis Plots Raw |
Peak Load Min Load Power :* Repl*} [ﬁ Events]
Polished Rod e b - e
MOTOR 1576803 Kib 2%1 Kib 196:|4 HP < Stoke 1 of7 l>]
Pump . Kib/| =U, Kib . HP ' '
KW HP =
22.8| 30.6 18—_ Stroke Length=168.00|in | Adj Pump Displacememo 240 BBL/D
g Rl e Calculated Fluid Load Max| 7.29 Kib
60.0 | 80.4 14: Surface Efiiciency| 86.46 %
50— : Pumping Speed 8,571 spm
- 60 12 Motor to Pump Efficiency| 47.82 %
10] Pump Intake Pressure| 684 psi(g)
— 40 ]
PDP = 26-. 1 pampUp| 0.080
1833 psi (g) S T T It T 1 FoMax=7.2¢/im} | pamp Down| 0.4 24
— 20 i =
6] |- | | adj Filage @ 30.10 %
o 41— | {- A EPFT@| 47.5 in
] Enter Tubin "
" | l Pressurg 138-0 pSl [gl
- 20 2]
-20 i | |
0 ] 0
: L 40 1_WCloseEPT =67.93 in MPT =157.86in | |
649 psi(q) T G [T A PR T S e S TR T TR o IR
0 20 40 60 80 100 120 140 160 in
PIPFL = : 29. [ Annotations
692 psi (g) 44-L 5o Stroke: 1 01:29:05 PM clock : .
Unanchoredkt, 884 | 3 Kri 299 1bin Pump Card Analysis |




Incorrect to Assume Pump Filled with Lig

uid:

TV Open (EPT) OR Max Plunger Travel (MPT)

Test Info | o Comments: |Gas Interference - Gas Interference [ Report
Details l Chamber l Power Torque anwerAnalysis l Analysis Plots l Raw ]

PDP =
1833 psi(qg)

1907 psi(g)

PIP FL =
692 psi (o)

MOTOR

KWW

HP

-30.1

40.4

594

44.8

— B0

60.0

Kib

Total Strokes

7

Test Duration

00:00:59

Awg Test SPM

i F{Eplay: L Euentsi
8.49 [ |

[<| Stroke 1 of 7 |=—

Tubing Pressure

151

10

| Stroke Length = 168.00 in |

=P

Open

EF‘T=ET.§I3in| MPT =157.86 in
 r rr [ rr 11 171 — T | r r [ 11

20 100 Annotations

0 20 40 G0 120 140 160 in [

stroke:  Echometer Online_LiquidPumpPumps: Gas Interference |




Ad] Pump Displacement for a Selected Stroke

Test Info [ S Comments: |Gas Interference - Gas Interference [ Report
l Field Chamber l Power Torque l Power Analysis l Analysis Plots l Raw ]
”; Ad]ust Free Gas in Pump at Intake l Peak Load Min Load F ey l* REp|E‘_-,f: lﬂ E".-'EFI'[S:
for Tubing Stretch lished Rod | 17.83 k| 7.97 i 16.4 e

[<| Stroke 1 of 7 |>"
@ Kt Anchored Fump | 5.00 ko =0.64 ko 9.1 we ’

Kt Unanchored

Adj Pump Displacement 3 4() BBLD

Stroke Lenqgth = 1EB.DD|in |

Calculated Fluid Load Max| 7.29 Kb

Surface Efficiency] 86.46
Pumping Speed 8,571 spm
Motor to Purnp Efficiency| 47.82
Pumnp Intake Pressure| B84 psi(g)

pamp Up, 0.080

| _ Tl FoMax=7.2glk] pamp Down| 0121
- Adjust Pump Displacement for | | | | Adi Fillage @ 30.10

slippage
L Adj EFT @ 47.5 in
Merescurs, 138.0 |psilg

Adjust Pump Displacement for
Gas in Pump

Adjust Pump Displacement for TY

v NOT closing at bottom of stroke

Adjust BPD Yolumes and
J/| Reported Pump Displacement for
Run Time/Day

lose EPT =67.93 in MPT =157.86 in
T T I T T T I T T T I T T I T T T T I T T T I T T

T T I T
20 40 60 80 100 120 140 160 in

Adjust Pump Displaced Liquid to .
Surface Stock Tank Conditions roke: 1 01:29:04 PM clock Annotations

—_— Unanchored kt| 884  1biin kil 299 1biin 5 Pump Card Analysis




Introduction

Determining the Amount of Stock Tank Oil and Water
Contained in 1 Pump Stroke Requires the Use of
Enhanced Analysis Techniques

First Step is to Correctly Describe the Existing Wellbore
and Artificial Lift System Configuration.

Accurate and Representative Oil and Water Rates are
used to determine % Oil

Gravities are Used to Calculate Produced Fluid Behavior
Inside the Pump Chamber During a Selected Pump Stroke.

Once Traveling and Standing Valve Opening/Closing
Points are Identified, then the Behavior of the Fluids
Inside the Pump Chamber can be Modeled.



Introduction (continued)

« Tubing Pressure, Tubing Fluid Gradient and Deviation
Survey are Required to Determine the Pump Discharge
Pressure

 During the gas compression process no free gas goes is
assumed to go into solution

 Fluids inside the pump assumed to remain at pump
depth temperature

 Free Gas Inside the Pump at Intake conditions is
Compressed to a Smaller Volume to the Discharge
Pressure to Open the Travelling Valve

e Estimate 10% Oil iIf no Production Rates Entered

« SPM and Plunger Diameter are used in Determining BPD

7



W.E. Gilbert of Shell an Early Pioneer in the
Interpretatlon of Pump Dynagraphs (1936)

N\ : 1. Developed Bottomhole Instrument to Record

Down-hole Action of Pump

2. Interpretation of Dynagraph Cards

3. In Appendix Developed Formulas to Calculate
Intake Liquid and Gas Volumes in Pump
Chamber and Compressed to Discharge

T
)
-1~

G-S PUMP DYNAGRAPH
COMPUTATION CHART

Ol& PUMPING RATE
Baaaers mea Day = [Su~C(Ss —5.{]#}1' — Q@

GAS PUMPING RATE
M.C.~A. pza Day = [7 !*C]%l;’-d&- - @

These type of calculations have been published by
Lea, Sandia, TUALP, Gibbs\Nolan and others.
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“An Oil-Well Pump Dynagraph”, P. 107 W. E. Gilbert, Production Practice, 1936 ©




Incomplete Pump Fillage
Occurs from SV Close to TV Open

C) Standing Valve closes, when plunger reaches top

D)

Steps from Top of
Stroke to TV Open
In Pump Operation

Pump acts as
a Compressor

PDis - Discharge Pressure
PB - Pressure in Chamber
Pintk - Intake Pressure

of stroke, rods start to un-stretch to transfer fluid
load, Fo, from rods [C] onto tubing [D].

Traveling Valve Opens when pressure in pump
chamber >= Pump Discharge Pressure, PDis.

C-D) Plunger applies
pressure to fluids inside
pump chamber, to
compress fluids in
Pump chamber and

Increase pressure.



During gas compression process no
free gas Is assumed to go into solution

Equilibrium Time [SEC] Vs. Oil APl (Gas into Solution)

Gravity causes water, oil, and gas to
segregate inside the pump chamber.

Free gas volume is not in contact with the oill
Compression cycle may last only a few
seconds, so gas has very little time to go
Into solution in the oll

l |

30 40
OlL API

Hatem Tebourski, “Two-Phase Volumetric Efficiency in Sucker Rod Pumps”, The
University of Tulsa Graduate School, 1995




Verify Valves Open and Close Correct

est Lluration

00:29:18

PDP =
2587 psi(qg)

2499 psi(g)

PIPFL =
200 psi(q)

Sy [est S

4.12

| SPM = 4.107

SV Open

S\)| Close

|
a0 From Fluid Level Jro FL) = 7.5§ KIb—

V Clo
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Stroke: 108 00:26:10

i Stroke Length = 112.67 in |

FoMax=8.13Kib |
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If Pumping and Card Load Line s
Flat then Valve is Typically Open
and Well Fluids Flowing thru Valve

Tubing anchored, EPT<MPT. Fo Max Unanchored tubing, EPT<MPT

B ]

Flat Pump card load line B-C, means that SV opens due to
expansion of gas inside pump chamber when P ... < P

Flat Pump card load line D-A, means that TV opens due to
compression of gas inside pump chamber when P _ ... > Py

12



Determine the Tubing Fluid Gradient

(" Gas Free Gradient from Production 0.365 | psift
01/01114 @ 59 BBL/D Qil and 0 BBL/D Watar

(" Gradient from Measured Weight of Rods in Fluid 0.365 | psifft
Standing Valve Test 01/09/2014 10:26:22AM

(" Multiphase Flow Gradient 0.368 | psifft
Due fo Liquid and Gas in Pump Flowing up Tubing

* User Entered 0.320 | psifft

¥ Include tubing back pressure from Polish Rod Piston Force 124 b
PDis = 0.32 x Pump Depth + Tubing Psig = 0.32x7865+70=2586.8




Select Representative Stroke to Analyze

H Replay | ]I E‘.‘EI‘I[SJ
(< | Stroke 119 of 113 |>]
- Tubing Pressune -

"~ Pump Fillage Changes from Startup to Stabilized :

00 29 18 119 412

20 0

o[ 70 Jwe
psi (g}

|

l |

| | e[ 4,12
I l AgEPTFilage | 49 %
| I

| I

| I

| |

Hug EPT Pump
Disp 73 Loy

ST [ 149 s

N 37 9 Inch Effectlvd Plunger Travél C
7. Card #104 is the Svtroke to Analy;e

I
I
|
I
I
1
I

. Avg EPT = 37.77in_| . Ip.IgI MPT = 77.71In
20 4l &0
Stroke: 119 00:28:50




Determine PIP from Pump Card

Fo = FolUp - FoDown
Fluid Load (Fo) 7366 Ib

PIP = Tubing Pressure + Pum D) * Fluid Gradient - Fo/Plunger Area
Pump Intake Pressure |242.1 psi

Kib
8- 1 [
—Sllr-[}'ﬂ o e el R
Fo Up ﬁ?ﬁ i
E_
_,._'I__
: Equivalent Gas Free Fillage = 35.99 in
2_
0 | .
| ose w[}pen Fo Down =0 1b
] EPT 38 TE MPT=177.34 in |
I 1 1 1 I 1 1 I 1 1 1 I
0 20 4[] G0 80 in



PoVo
) Discharge

SV Opens when
P <P

chamber int

Iso-thermal, No
Change in Rs

I{— Liquid

TV Opens When
P > Py

EPT i TE WPT=11.34n

chamber

Compression
Opens TV

16




Gas Compression Curve Results

From Compressing the Free Gas
Volume Inside the Pump Chamber

KIb
3'_ ____________ e

|
Equivalent Gas |
Free Pump Fillage |
Line = 35.99 inch |
¢

Z Free Gas —)
- hm |
: EPTisﬁrs'juh Open NPT =7734in

T T T T I Compression
ll Opens TV

17




Compress Gas Volume 15.8x From Intake

242 Psig to Discharge 2587 Psig Pressure

PDP =
2587 psi(g)

283 psi(qg)

PIPFL=
200 psi (qg)

_ Free Gas Determined

TR N
JIEC

L

Fump

Feak Load

Min Load

W W when Tv Opens at EPT Forsheures [23.56 [ 12.43
7.45 x| -0.85 i

Fower

4.4 wp
3.7 wp

Kib
I [ Stroke Length = 112.67 in |
| | (52.40, 23.31 |
zu—: |
| |
' | |
. | | |
i |Ft1|u|1.ralent Gas Free Fillage = 35. EIQ| in :
. | i |
I - 7.24) Fo Max = 8.13 Kib
7 — 1—~:k‘u’{:|crse I_
i, Compress | ) |
1 | t02.77" @ | /9 BPD ~ 35 Free :
; 5 BPD | # Gas Enters Pump Intake |
0 l Jose———£pT = 38.76 in o _ |mpT=77.34in |
0 20 40 60 20 100 in
Stroke: 108 00:26:13 18 Unanchored kKt 568  Ihiin kr! 171 tbin




Using Fluid and Gas Properties at Both Intake and
Discharge Condition, the Amount of Compressed Gas

Filling the Pump Chamber Can Be Determined.

3= — Fo From Fiuid Level {Fo FL) =7.50 Klb—
6- At 2587 Psig Discharge

T Pressure the 41.35 inch

i Free Gas Compressed
4- to a 2.77 inch height ng

S Free G At 242 Psig Intake Condition

2_' M?)rlneiulreese bL?tSSmaller 41.35 inch Free Gas Fills 79

: Compressed Gas BPD Pump Capacity )‘
D - \1/ I

- 761V Open WPT =77.34in |

I u | | | | |
40 ill in




Patterson Pump Slippage Equation

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

DPCI.SZ

453-{(0.14- SPM)+1]

EXCEL Spreadsheet Available on USB: 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 =Vviscosity of fluids, cp

20




Patterson slippage equation
estimates liquid slipping back

Into pump chamber BPD Tank = BPD Pump
- Slippage

Slippage, BPD =

1.52
453-[(0.14-SPI\/I)+1]&

Lu

1) Fluid that slips back into
pump between the Plunger OD
and the Barrel ID

2) Slips back into the pump
chamber to reduces pump
capacity

3) When traveling ball is on Seat.




Presented at 2007 SWPSC

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

DO N DERSTHIS

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 Basin for well depths up 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 22



Inputs to Pump Slippage Calculations

D=Flunger Diameter (inches) 1.5
*P=Fressure Differiential 3617
C=Clearance {inches) 0.006
u=Fluid Yviscosity (centipoise) 0.76
Flunger length {inches) 48
Strokes per Minute 8

"Calculating Differential Pressure

Furmp Depth 8000
Tubing Discharge Pressure (Psi) | 250

Tubing Fluid Gradient (P si/Ft) 0.4271
Fump Intake Pressure (Fsi) 50

Use Slippage Equation

If You Use Recommended

Clearances from 2007

Hllll—l— -

.- l‘

£ T, :
I||UIIIM

' Alllp

F erewsa -

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 59.9 143 41.9 21.9
1.75 0.007 8.4 172 .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% |23




Pump Slippage - BPD

u - Viscosity Iis used in Slippage Calculation

100 [, siippage BPD - 76 APIRod # 2" Pump 0.009 Clearance
90 ¢ Slippage BPD -76 APl Rod # 1.5" Pump 0.005 Clearance
m Slippage BPD - 1" Rod String 2" Pump 0.009 Clearance
80 | ——Patterson BPD - 1" Rod String 2" Pump 0.0092 Clearance 0.76 Water Viscosity
- = =Patterson BPD - 1" Rod String 2" Pump 0.009 Clearance 1 Water Viscosity
70
-I/ -
EU /./ *
O * *
50 // - = =
40 / / —_4--
30 —i——————
- ®
20 §
&
10
0
0.0 2.0 4.0 6.0 8.0 10.0 12.0

Pumping Speed - SPM

24




. ,LST - 0 N }R ILJ
Pu m p Sp eed VS PumpkFEfficiency%o = njacerate x100

Pum p Effl C | en Cy PumpDisplacment
90 >
¢ s —8
80 g |
<> /{"’
=] ?U // .
A / As the SPM increases the Pump
E* 60 7 Efficiency Increases: Slippage Volume
2 4 IS a Smaller % of Pump Displacement
i
Lul
o 40
E /
>
L 30 M H ” H ”
/ 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 25




~ Pump

Intake Depth 1101.0

Fump Run Date  1119j2018

ft - Pump Length

Flunger Length

APl Pump Designation |

29-200 RABL 26-3

453.[(0.14- SPM)+1]

DPC"™?
Ly

Plunger Diameter

Plunger Clearance

%60 |
50.000  |in
2000 0
0,008  |in




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

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

Pressure B,
p5|a SCF/BO vol voI ( vol/vol cp (volivol)

10.3 . 0.991  0.19049
518 1. . 0.957 0.03678
38.5 . 0.969 0.05323
7.3 . 0.949  0.03040
1069 1. . 0.930 0.02104
1447 1. . 0914 0.01597
1842 1. . 0.900 0.01282
2203 1. . 0.890 0.01069
267.7 . 0.882 0.00917

3112 Avbzéilw 818] 0878 0.00804 O, . .
351.5 68| 0877 000725 00191 1 303 21

3d1S 1 . 0880 0.00644

¥15 1 . 0.836 0.00582
3515 0.896 0.00534 EXCEL SpreadsheetAvallabIe

Ask ECHOMETER
0014 000455 TERSHARASS )

RN "R, . . Y. WO, ' W — O A
WO 00 —~J U1 B W o oo
o WO N PO 4B~ 00 =
] s 1 1 s 1 @ @1 1 |_-'l'..5‘-
O OO0 O 0O 000 o o oflon
o OO0 oo O oo =
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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 Ask (((ECHOMETER)))



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




Determine Fluid Viscosity for Slippage Eq.

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

 Use Oil Only Viscosity when oil gravity iIs less
than 30-32 Degree API

 Use Total Fluid (based on %Oil and %Water) when
oil 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 QOil, Water, and Gas Gravities

 Set Bubble Point Pressure equal to Pump Intake
Pressure to determine Gas in Solution going into
the pump.

SlippageViscosityCalculator.xlIs Available on Ask (((ECHOMETER)))

30




Stippage = [(0.14- sPar)+ 1as3 22C | e WEIES{o])

Lu Slippage

Inputs to Pump Slippage Calculations
D=Plunger Diameter (inches) 2
*P=Pressure Differiential 2412 11 BPD Of
C=Clearance (inches) 0.003 Sli ppage
U=Fluid Viscosity (centipoise) 0.76
Plunger length (inches) 60 Results in 5.6
Strokes per Minute 4.12 Inches of

) — | Reduced Pump

Calculating Differential Pressure Capacity

Pump Depth 7865
Tubing Discharge Pressure (Psi)| 70 _
Tubing Fluid Gradient (Psi/Ft) " 0.32 InpUt Data:

Pump Intake Pressure (Psi) 44 Clearan CeEs,

242 Plunger Length,

slippage in BPD 11.1 Fluid Viscosity

EXCEL Spreadsheet Available on USB:
“Pump Slippage Calculator _ SPM_PattersonEq.xls”

31




Effective Plunger Travel — Free Gas In
Pump — Slippage = Pump Displacement

Pump

haximum Flunger Travel
Free Gas in Fump at Intake

Eftective Plunger stroke

Free Gas in Fump at Discharge

T Close Delay
=lippage (Patterson) ﬁ

Fump Displacement




Adjust Liquid Volumes for Gas in Solution and

P& T Change from Pump to Surface

Liquid

Pump (Calc) (Input)

Discharge  Surface surface
stock Tank Stock Tank

BEL/D  BBLID  BBLD
0] h h3 h9
WWater | | |
Total Liguid x: 59

Standing Fluid Property Correlations used to Determine Gas in Solution at

Intake Pressure and Volume Change due to Temperature and Pressure

33



Gas Volumes Produced Up the
Tubing and Casing

Gas Produced Up the Tubing Is
Determined From the Pump Card
Calculations

Free Gas Produced Up the Tubing/Casing
Annulus Is Determined Form the Acoustic
Fluid Level Test Performed While
Acquiring the Dynamometer Test Data
Total Gas Produced Can Be Determined
System Gas Separation Efficiency Can Be
Determined By Comparing the Gas
Produced Up the Casing to the Total Gas
Produced.

34




Well’'s System Gas Separation Efficiency is 51.2%

Equal to 9.1/17.8 MscfD

9.1
MsciD | stroke: 104 00:25:12 | e iy Rt
— Gas
Dis=olved Gas in Ol 2IFT.T scf
Total Gas Lp Tubing 8.7 MscifD
Annular Gas from LL 9.1 MscifD

(Calc) Surface Gas at Standard Conditions 17.8 MscfiD
(Input) Surface Gas at Standard Conditions 22.0 Mscf{D

ovstemn Gas Separation Efficiency h1.2% |
=1 ; 1/ a7 | |
5 | | |
- | | MscfD | |
Production: 01/01/14 g 3 N | |
ggﬂ?ﬂfg ’ 1 PTI Slﬁldémlqlas I%EEEI“FiIquELTSEiEAIiIn _ |I'.FIIPTI=??.I3ESi|n L |
0 20 410 o0 a0 100 in

LL:01/09/14 09:14:33AM




Enhanced Analysis Technique Determines
“Equivalent Gas Free Pump Fillage” Line

= “Equivalent Gas Free Pump Fillage” Line
Represents the Amount Of Liquid Fillage In the
Pump When the Traveling Valve Opens During
the Down Stroke.

* Enhanced Analysis Technique Allows
Answering Many Of the Complicated Questions
Concerning Oil, Water And Gas Production With
Respect To the Maximum Plunger Travel, MPT,
and Effective Plunger Travel, EPT.

36




Select Representative Stroke 1977

Kb

2”'_ Stroke: 197 00:29:05 PrOdUCthn 16 BPD
Calculated 98 BPD

~ Pump
15 in BEBL{D
haximum Plunger Travel 183.48 | I
Free (Gas in Fump at Intake 95.26 118 I I
| Effective Plunger Stroke 95.48 118 I I
Free Gas in Fump at Discharge f.27 9 I I
Slippage (Fatterson) 6.6b 11 I I
) Gas Free Liguid (Adjust for Slippage) 79.54 98 I !

. |
] |
] |
0 - — e ""_"‘—"'"'""_"\...---"FJ_E PT= 95.4!|3 in Open

|Gas|Free Fillage = 88.21 in
I T T T T I T T T T I T T T
0 50 100
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Notice How Pump Fillage Changes

KIb

.o Stroke: 201 00:29:36 | POy Sarobies | et — TGS S
S | |
___;;-:. L:'l:-'-; | |
) ﬂn..._\ | |
S ]
15— | \ ; |
10— i | ;

i Avg Gas Free Fillage = 60.91 in

i
¥
¥
Average Effective |
Plunger Stroke 67.6” H

¥

| . — AV EPT = 67.57 jn | . . . | . . . Avg MPT = 183,77 in .
0 50 100 150 in




To Match Reported Production Rate

Must Select Stroke with 29” EPT

Kib

»0_| Stroke: 2 00:00:21 Siraee | ey — Nen e |
Il |
| |

| |
il |

15 || |
Al |
il | |
[l | |

10 pas: Free Fillage = 22.44 in | |
Al | |

i 7

- Matches 16 BPD w/ EPT = 29.0" |

il | |

| [ | |

| Fo From Fluid Level {Fo FL)=3.36 Kib_ __F qﬂiﬁ = 3.33 ri“ﬂ
e e o i O I

Al 'l

il | |

| |

U_

!IEF"T=I29.DI§5|in IIUU?E“ MPT=18234in | |

| T T T T | T T T T |
0 50 100 150
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Kb

Representative Stroke 53.75 EPT?

20 -

Stroke: 159 00:28:32

= (58.80, 18.54)

Avg Stroke Length = 15|9.34 im |




56 BPD Calculated vs 20 BPD Measured

Kb
o _ | | Stroke Length = 1 59.'34 in |
| Stroke: 13 00:02:18 | |
- | | |
- | | = el
15 |
. | | | |
. | | | |
A | | | |
: | | | |
10 | | | |
A | | | |
A | | | |
l I | | |
| | | | |
2 | | Fo Max = AJ_l.EE Kb
P Fo From Fluid Level (Fo FL] = 4.02 Klb —
\ | | B - ‘ |
/ | | | |
; | | | |
0 —— EPT=53.i!'5in -Spen | |
|Gas F|IrE.=E.LI Fillage = 43.69 in _MPT = 147.70 in | |

I L] T L] I T T T I T I T L] L] I
0 20 4.0 &0 80 100 120 140 160 im
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Low Pump Fillage Causes Overtravel
on Downhole Stroke Length




12 Hour Run Time Must be Considered

In Production Rate Calculations

~Pump — Pump
in BBLJD in BEBLID
baxirnurn Plunger Travel 147.16 Maximum Flunger Travel 147.16
Free Gas in Pump at Intake 99.02 144 Free Gas in Pump at Intake 99.02 Firs
Effective Plunger Stroke h8.07 85 Effective Plunger Stroke h8.07 42
Free Gas in Pump at Discharge 9.93 14 Free Gas in Pump at Discharge 9.93 7
T Close Delay -0.03 -0 T Close Delay -0.03 -0
Slippage (Patterson) @ h.0¥ Fi Slippage (Patterson) ﬁ h.07 4
Pump Displacement 43.10 b3 Pump Displacement 43.10 31
~ Liquid ~ Liquid
Pump (Calc) (Input) Pump (Calc) (Inpurt)
24 H()ur Discharge Surface Surface 12 HOUI’ Discharge Surface surface
. Stock Tank Stock Tank Stock Tank Stock Tank
Run Time BELUD BBUD  BBLD Run Time BBL/D BBUD  BBLD
Cil 63 hh 20 Cil 1 28 20
WWater 0 0 0 Water 0 0 0
Total Liguid 63 55 20 | 1| Total Liquid 31 28 20
I | o
_ | |
0 L«_mqe e | | 43
L EPT-5807in |I — 1 NPT =147.16 in | |I |
0 20 40 60 80 100 120 140 160 in [ Annotations l
Stroke: 73 00:13:06 Unanchored ki) 402  bfin kri 156 in [ Pump Card Analysis l




EXCEL Spreadsheet Available on USB:
“Pump Slippage Calculator_ SPM_PattersonEqg.xls”

DPC'
Lt

Inputs to Pump Slippage Calculations
D=Plunger Diameter (inches) 2.25
*P=Pressure Differiential 3155
C=Clearance (inches) 0.009
Uu=Fluid Viscosity (centipoise) 0.76
Plunger length (inches) 48

Strokes per Minute 9.52

Slippage = |(0.14- SPAL )+1453

*Calculating Differential Pressure
Pump Depth 7156
Tubing Discharge Pressure (Psi) 250
Tubing Fluid Gradient (Psi/Ft) 0.4271
Pump Intake Pressure (Psi) 151
Input your production rate, BPD 580.0
Slippage in BPD 159.8




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

“-“ 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

45

ok Mo

Pump Clearance Between Plunger and Barrel - inch




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 Calculate from SPM or Target

File Rate
@® Stroke Rate (5PM) 9.52 SPM
QRod Inputs () Target Rate
Pump Diameter (D) 2.250 in | Calculate |
Pump Depth 7,156 Ft v
- : Dynamometer Cards

Tubing Pressure | 250.00 psi 0000
Pump Intake 151.00 psi g A0

- 2 20000

2

Stroke Rate (SPM) 9.52 SPM g 1500 Pe

| ~ 10000 \\_,__-/j-/
Pump Displacement 651 BBL/D 5‘ 5000 651/ BPD
Fluid Specific Gravity 1.00 Sp.Gr.H3 /4 ~ 00 N 40 80 8 10 1D 140 180

Position (in) +

User Inputs
Clearance (C) 0.009 in =

' Pump Yolumetric Efficiency 75.12 i
Fluid Viscosity (p) 0.76 cP
Plunger Length (L) 48.000 in -

| Calculate\ Rate (100% pump volumetric eff.) 651 BBL/D
Rate (75% pump volumetric eff,) 489 BBL/D




Design 651 BPD Pump Displacement

Title
Design Inputs Results
; Rate (100%: purmp volumetric eft, ) 651 BBL/D
Linit CWiCorny ¥ | | Rate (75% pump volumetric eff.) 489 BBLJD
PO T T, hOT
Pump Depth 7,056 %ft »  TopRodLoading 103.8%
. Min APT Unit Rating 912-305-145
Surface Stroke Length 14500~/ = pie NEMA D Motor Size 6LOHP -
- 2,250 in - Polished Rod Power 41.3HP -
Pumg Diameker (C) bt TvLoad 23,840 b -
Tubing Size 2,875 (6.40 bfft) 2.441" [0 »  SVload 11,135 b T
Max Fiberglass Load 24,858 b -
[+] Anchared Tubing |5 Min Fiberglass Load 3,163 |b .
e ! Max Fiberglass Stress 20,585 psi -
Rods Min Fiberglass Stess 2619psi -
) Steel Rods Fiberglass Load 93.0%
(¥) Fiberglass and Steel Rods Calculate from SPM or Target
Rate
Fiberglass Size 1.250 [%|lin ~ .
(@) Stroke Rate (SPM) 9.52 SPM
i 0,875 »|in -
Steel Size C Tamer Rote
Percent Fibreglass ko W | o - .
Calulate |
Default Settings
Total Sinker Bar Weight slen = b = [Damping Factor 0.10
Fluid Specific Gravity 1.00 - SpaGrH20=  Sueface Unik Efficiency 95,00 %
Tubing Pressure 250,00 | psi *  Pump Yolumetric Efficency 7512 g5 %
Casing Pressure 45,00 pei -
You may enter Pump Intake Pressure directly, or calculate it from Reservoir Pressure and Productivity Index,
(%)Pump Intake Pressure | 151,00 psi = (") Reservoir Prassure psi T
Productivity Index STE[Dfpsi =

Echometer Company Phone: (940) 767-4334 E-Mal: infoifechometer . com
Copyright 1%34-2012 Echometer Company. All Rights Reserved,

Dynamometer Cards

30000
_,_:—'—‘_‘—‘__'-'_‘_‘_\-H'
25000 e
il x\-\\
Q
s 200 m//d  =F
E 15000 ™ -
= 10000 ‘“‘-—H —
= S
S000
L |
1]
] 20 40 &0 a0 100 120 140 160
Fosition (in) -
PPRL 28,635 ps * MPRL 5777 b~ Fo 12,713.7b -
Pump Stroke Length 11589 in * Siatic Sirefch 8166 in  ~ Overravel £258iIm -
Fourskr 0.563 Kr 155 |bfin = &25 lbfin -~
Pump Velocity vs. Position
150
ol 100 - — o
5 -1
= 50| -~ e
g o e
g 0 )
S W _
= — o
= -100 e —
. | —
<150 .
Position {in) -
1000000 Torque
= -
_'
S 600000 / AN / Y
= J i
i | 4 '
%I 200000 - —--"'. I‘.'-._ e ' k.
g —
«  -200000 - =
u] 100 200 =00 400
Angle {degree) -
Peak GearBox Torque 851 Kb =
Courter Balance Moment 1,525 Kb = 48
Courter Balance Effect 22,1573 b -




-
; 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

S!{Ippﬂgﬁ? = [(014 SEM )+1}453 7 e Co | Ca'lci|9 J




Klb

Field Exam

ple of 0.009 Pump

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

25
20
154

10

Y Opento From Fluid Level (Fo FL) = 12.54 KIb

Fluids n=0.76 cp

_EPT=103,

StrokejLen gth 145.81in

.

'1E1_*_ 1315HIh

V Close
Used a Viscosity of
12|n
MPT =124

0 20 40

Stroke: 22 00:02:25

120 140

1.
2.

B w

o N

New pump w/ no wear or damage
Installed 0.009 in. clearance w/
2.25 inch diameter & 4 foot
plunger

Patterson Eg. Slippage 155 BPD
576 BPD Full Pump dynamometer
card (No correction for slippage or
gas in solution).

Tested Rates are 106 BOPD & 296
BWPD ~ 26.4% Oil

Production is 175 BPD less than
the 577 BPD pump displacement.
(106+296)/577 = 70% Pump Eff.

14 MscfD gas up tubing (245
GOR), at 3307 psi discharge
pressure, then water swelled 1.7%
due P&T. Oil swelled 6.8% due to
P&T and gas in solution. Liquid
from P&T and solution gas looses
12 BPD.

Patterson Equation appears to
calculate slippage fairly
accurately.




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




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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Conclusmns

Knowing the Amount Of Gas Pumped Into the Tubing
Helps Determine Tubing Fluid Gradient

 Representative Dynamometer Card should be
Selected for Analysis, If You Wish to Match Calculated
Production to Reported Production

« More Input Data is Required to make Calculation Work
« Pump Clearance is Difficult to Find Out

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

o Difference from MPT and Equivalent Gas Free Pump
~illage Equals Displacement Consumed by Free Gas

 Equivalent Gas Free Pump Fillage Line Helps Trouble
Shoot Sucker Rod Lifted Wells
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Recommendation

Handbook for those that would
like to learn more, please click
on followmg Ilnk

1&keywords= Acoust|c+ﬂL||d+level+handbook

to “Acoustic Fluid Level
Measurements in Oil and Gas
Wells Handbook Paperback —
January 1, 2017” by Dr. A. L.
Podio (Author), Jim

McCoy (Author)

A comprehensive technical
handbook that discusses the
Importance, application, and
Interpretation of acoustic fluid
level measurements for all
types of wells and
measurement instrumentation
ranging from strip charts to
digital sensors.




