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Variety Of "Secrets"” For Producing
Sucker Rod Lifted Wells

 Another term for “secrets” would be recommended
practice.

« Some of these practices include properly installing
equipment in the well, providing proper chemical
treatments, preventing rod on tubing wear, identifying
cause of well failures, and periodic surveillance of the
well.

« Dynamometer and fluid level surveys are used to
Identify when the well is properly operating and when
there are operating problems.

 Frequently rod pumped wells fail due to the exact same
problem.

« Therefore these recommended practices must not be
known by the operator or must be “secrets”.
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Focus on "Secrets"” For Producing
Sucker Rod Lifted Wells

e But, probably the Top “SECRET” is to produce
wells with complete liquid pump fillage.

 More efficient operations and lower failure rate
will result, if wells are operated with a pump
filled with liquid.

 Presentation will show how incomplete pump
fillage Is causing problems to the operation of
sucker rod lifted wells.



Basic Pump Action

¢ Valve opens when pressure below valve
greater than pressure above valve.

¢ Valve closes by flow.

¢ Pressure in barrel is a function of plunger
travel and compressibility of fluid in barrel.

¢ Discharge pressure is pressure at bottom of
tubing (PDP)

¢ Intake pressure is controlled by casing
pressure and fluid column in annulus (PIP)

¢ Rod loading from pump is controlled by
difference in pressure above and below

traveling valve.




Barrel (Green)

Sucker-Rod Pump

Plunger (Red)

Discharge

Valve (TV) standing valve is the
Intake valve,
fixed to tubing

PDP=Pressure
at bottom of

tubing I considered to be
Annular stationary, and
.............. Fluid acts as a check
Level valve to keep
well fluid in the
tubing on the
Tubing downstroke.
Hold Traveling valve, is the

Down | § Casing discharge valve,
: = moves with the

plunger. Acts as

a check valve to

PIP =Pressure Intake Valve keep well fluid in
in casing at (SV) the tubing on the

depth of pump upstroke
intake
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Pump Cards: Normal Full Pump

Tubing anchored, EPT=MPT. Unanchored tubing, EPT<MPT

1. Pumping-Full of Liquid

2. No gas in Pump.

3. Valves Not Leaking

4. Pump functioning properly.



Anchored Tubing — Full Pump
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3736 psi ()

2579 psi (g)

PIPFL =
86 psi (g)

[ 7222222222 o222 2222222

VA L T T T S T T T T T T M T T T T T T A

MOTOR
KW HP

14.1| 18.9

89— 120

— 80

47
— 60

~ 40
26

147 20

Peak Load Min Load Power
Polished Rod | 32001 v 14196 | 29.3 wp
Pump | 11999 | 77 wn 25.4 wp
Ib
] Stroke Length = 306.00 in |
30000 | |
Wrf + Fo FL'= 28491 Ib I
25000
20000 |
wrf I
15000] | |
: v
10000 |
5000_' | |
1 |
1 T 'I Ll T Ll T l L) T T T I T L L] T " T T E'lp;r I= ?‘%3?1”' T
0 50 100 150 200 250
Stroke: 1 01:29:52 PM clock

nanchored Kt

552 win K| 224 1bin

-Echometer Online : Incomplete Pump Fillage : RotoFlex

(* Replay} fﬂ Events]
< | Stroke 1 0f6 |>]

Adj Pump Displacement @ 392 BBLD
Calculated Fluid Load Max| 441737 b
Surface Efiiciency| 80.78 %

Pumnping Speed| 3.333 spm

Motor to Pump Efficiency| 70.17 %

Pump Intake Pressure 70 psi ()
pampUp| 0.105
Damp Down| 0,157

Adj Fillage @| 91.40 «
Adj EFT @ | 252.3 in

Enter Tuhing
Pressure

50.0 |psilg)

TPump Card Analysis ]
51




Unanchored Tubing — Full Pump
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Behavior of Gas Inside Pump Chamber

Gases are much more compressible than liquids:
Large change in volume is required to change pressure significantly

+ —
Plunger
1/2 moves Y the
l distance to
bottom of the
T barrel and
pressure

only doubles

10 u.ft 5 cu. ft 2.5 cu. ft
Compression of Gas at Constant Temperature
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Gas Compression

Constant temperature, ideal gas Pl *Vl — P2 >x<V2




Pressures in Barrel |I
for Partial Liquid
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Downstroke
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TV Beginning to Open
When Compression Creates Chamber pressure > Discharge pressure
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Gas Starts Flowing Through TV
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Gas Flow then Liquid Flow
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Bottom of Downstroke
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Pump Partially Filled With Gas

> Slideshow A x| Clide.

0il Well Image Files Channel Name Yalue Units Current Image

Sandia_ 110400 3-20 PM.img Pump Barrel 420

np Intake 4-20 .25 psia Num of Images

Waveform Graph

Pump Barrel 4-20
Pump Intake 4-20
Poski

Pump Discharge

i I [ i [ [ [ [ ] [ [ (L
100 200 300 400 SO0 600 700 800 900 1000 1100 1234

,m ' - B 'Jl‘ llz"-_":lll;@il
1 200 400 'édo"”'”édd””"'1bbb""”'\'h:12'35 s 5331 @)

Pump_Gasinterference.wmv %




Pump Filled With Ligquid
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PUMP DESIGNATION

The basic types of pumps and letter designation covered by this specification are as follows:
Letter Designation

Metal Plunger Pumps Soft-packed Plunger Pumps
Type of Pump Heavy-Wall Thin-Wall Heavy-Wall Thin-Wall
Barrel Barrel Barrel Barrel O
Rod Pumps
Stationary Barrel, Top Anchor RHA BWA RSA
Stationary Barrel, Bottom Anchor RHB RWB RSB
Traveling Barrel, Bottom Anchor RHT BT RST

Tubing Pumps TH e e P m
Complete pump designations include: (1) nominal tubing size, (2) basic bore diameter, (3) type of u

pumyp, including type of barrel and location and type of seating assembly, (4) barrel length, (56) plunger length,
and (6) total Iengtg of extensions when used, as follows:

XX-XXX X X XX X-X-X - -
L—-——-—Totnl length of extensions, whole feet. eS I g I l a I O I l

Nominal plunger length, feet.

Barrel length, feet,

T seating assembly; C — Cup type
g S e M el Gy

MG R SR A 20-125 RHBC 10-4-2

B — Bottom
T — Bottom, traveling barrel 1

Type barrel; H — Heavy-wall
e w— Thl‘r:-{w:?ll For metal plunger pumps

g:ITltl;-;:rllll For soft-packed plunger pumps

2-3/8 Tubing

1-1/4 Bore

Type pump; R — Rod

" . T — Tubing
Pump bore (basie): 125 —1% in. (31.8 mm)
160 —1% in. (8.1 mm)

18 1. 42 Rod Heavy Bottom Cup

226 —2% in. (57.2mm)
260 — 2% in. (63.5mm)

26— 2% in. (69.9 mm) 10 ft |Ong barrel

Tubing size; 156 — 1.900 in. OD. (48.8 mm)
20 —2%in.0OD. (60.8 mm)

26 —2% in. OD.

333 in.OD. (385 mom) 4 ft plunger

Example: A 1% in. (31.8 mm) bore rod type pump with a 10 ft. (3.048 m) he’aavy wall ;
barrel and 2 ft. (0.610 m) of extensions, a 4 ft. (1.219 m) plunger, and 2 ft extenS|on

a bottom cup type seating assembly for operation in 2-3/8 in (60.3 mm)
tubing, would be designated as follows:

20=125 RHBC 10=4-=2




Echometer Online : Incomplete Pump Fillage : Normal Dyno
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Incomplete Pump Fillage

The 3 Main Causes of Incomplete Lquid Pump Fillage

1. Fluid Pound - Not enough
liquid to fill the pump barrel:
well inflow less than pump
displacement, pumped off.

2. Gas Interference - Both gas
and liquid at pump intake
pressure fill pump barrel
during the upstroke.

3. Flow into pump intake
choked - flow through SV is
zero or less than plunger
displacement.




Incomplete Pump Fillage
Occurs from C to D on Pump Card

Steps C-Din
Pump Operation

Pump is a
Compressor

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

C) Standing Valve closes, when plunger reaches top
of stroke, rods start to un-stretch to transfer fluid
load, Fo, from rods [C] onto tubing [D].

D) Standing valve Opens when pressure in pump
barrel >= Pump Discharge Pressure, PDis.

Echometer Online : Incomplete Pump Fillage : Sandia

C-D) Plunger applies
pressure to fluids
Inside pump barrel, to
compress fluids in
Pump barrel and
INncrease pressure. 28




Pump Card Rests on Zero Load Line on Down Stroke.

Pump Card Near Fo From Fluid Level on Up Stroke.
Calculated Pump Card Loads:

**"]1 Surface Card SV Open Upstroke:
2000 wiispd 0\ Fo Max = (Pdis — 0)*Ap
17.50 Fo = (Pdis - Pintk)*Ap
TV Open Downstroke:
15.00 E 0
] 0=
12.50
T e e A Pump Card Reference Lines:
[FoMax ="\ | | Fo Max - assumes pump intake
7501 WeIII 777777 E ,O,E[ m7E|7L|7|7q 77e7Y7e7| 77777 pressure IS_ Z_ero7 Whel’e_WeH prOVIdeS
\ no help in lifting the fluid to the surface.
' 2 Fo From Fluid Level - assumes
5.00 | ﬁurgpl) int?k(re] pres?]ure detlclermined from
—~ - uid level shot, where well’s PIP
Fo ~ Height of Pump Card | orovides help in lifting the fluid.
#5071 Fluid Load Lifted by Rods 3. Zero Load Line —assumes
0 pressureI ab0\]£e and bglow tr}le pcllunger
M~~~V S are equal; no friction due to flui
/ 156.0 displacing through SV on down stroke
Pump Card”

Echometer Online : Incomplete Pump Fillage : Normal Dyno

Fo loads measured Dynamometer or calculated From Fluid Level. 29




Incomplete Pump Fillage

1. Fluid Pound — Rod Loading
IS Fomax, Pintk is low, Pb =
Pintk.

2. Gas Interference - Rod
Loading is Fo fl, Pintk is
high, Pb = Pintk.

3. Flow into pump intake
choked - Rod Loading is
Fomax, Pintk is high, Pb =
Zero (0); much << Pintk.




#1 Cause: Pumped Off ~ PIP Is Low

Not enough liquid to fill the pump chamber: well’s
liquid inflow rate less than net pump displacement

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

MPT

Well is pumped off. Pump components are functioning properly.
BUT, sudden unloading fluid load off rods results in rod slap,
wear, pin breaks and reduced equipment life! Shoot fluid level
to verify pump intake not blocked and fluid level at pump intake.

31




Partial Liquid Fillage due to Pump-off

/\ MPD = 100 Bbl/day

Formation max
liquid inflow is
less than the

Maximum Pump
Displacement

.
40 Bbl/day ::l»L RALERE

.

‘ 80% Fillage

40 Bbl/day

Liquid Level will be AT or Near the pump intake depth

32
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ROd S B UucC kl e (Train Wreck Effect)
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Control Run Time When
Pump Displacement Exceeds Inflow From Well

Same Well with Full Pump
Open TV only when Pump Full

Pump Capacity Exceeds
Inflow of Fluids from Well.

Adj Pump Displacement @ 45 BBLD
Calculated Fluid Load Max) 2,73 Kb

Surface Efficiency ———
Purnping Speed 14,111 spm
Motor to Pump Efficiency
Pump Intake Pressure
Damp Up,
Dapgwetiown
Adj Fillage @) 42.96 «
AMiEFT@ 154 in

Enter Tubin .
F‘ressurg 34.0 psi (9]

V- Opem
EPT=1922in | MPT=35.89in
I N PR
10 20 30

Adj Purmp Displacerment @ 79 BBLD
Calculated Fluid Load Max| 2,73 Kb
Surface Efficiency ——— O

Pumping Speed] 4 .Uﬂgspm

Motar to Pump Efficiency ——— O
Pump Intake Pressure| 39 psi(g)

pampUp 0.140
Damp Down (0,210
Adj Filage @| 78.59
A EFT@| 27.5 in

Enter Tubing .
Pressure psi (g)

Controlling Pump Run Time
Improves Efficiency, Reduces
Shock Loads, and Reduces

Failures.

Echometer Online : Incomplete Pump Fillage : FluidPoundUnAnchoredTubing 35




Fluid Pound - Fluid Level @ Pump

Timer or Pump Off Controller or VSD Candidate
[Testinfo | o=
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Help
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PIP FL =
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=

]

10
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Adj Pump Displacement @
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Darnp Down

Adj Fillage @

adi EFT @

45 BBLD
2.73 xb

———

Purnping Speed 1 1 1 1 1spm

m———
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0.140
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42.96 %
15.4 in

Enter Tuhin .
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L R
|
2_
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|
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#2 Cause: Gas Interference Pump Card

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

Fo Max

Gas Interference Is causing decrease of EPT. Pump
components are functioning properly. Usually unstable pump
filage and EPT changes from stroke-to-stroke. When gas
Interference is present expect increased rod-on-tubing wear
due to rod buckling compressing gas in pump barrel. 27




Gas Interference:

Incomplete Pump Fillage and High Fluid Level

Gas Interference Dynamometer Test Info | HF=

RENER Fchometer Online : Incomplete Pump Fillage : Gas Interference Report |

=un
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D ter 2 ]
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Down Hole Gas Separator Capacity
Must Exceed Net Pump Displacement

) [
https://www.echometer.com/Software/Gas-Separator-Simulator T

(((ECHOMETER))) Gas Separator Simulator

(@EENEETEE 5.57 14 bs/ft (ID 5.0127)

I

SEPARATOR PRESETS:
2 3/8" Poor Boy Separator

|

Separator OD: 2.375

=

Separator ID:

=

5

Dip Tube OD: =12

Dip Tube ID: RS

=)

Net Dip Tube [pi
Length:

=3

Based on Gas Bubble Rise Velocity and Strokes Per Min,
Minimurn Effective Net Dip Tube Length is 37 In

Gas Bubble Rise

Velocity: in/sec

Strokes Per Min:

2 3/8 Poor boy

at 80, 96 &120
= BPD Pump

G, > 8PD Displacement

Net Pump
Displacement:




Casing Size Limits Gas Separator Capacity
Limits Maximum Liquid Production Rate

Max Tubing Separator | Separator
Separator | Collar OD | Barrel OD | Capacity
Size Inch Inch Inch BPD

4.5 13.5# Casing ID 3.92 inch
5.517# Casing ID 4.89 inch
7.0 26# Casing ID 6.276 inch




Gas Separator Recommendations

Use the Echometer Gas Separator Simulator Software
Program to determine downhole gas separators
capacity based on net pump displacement rates, size of
separator, planned SPM and a gas bubble rise velocity.

Casing size restricts the maximum size gas separator
that can be installed in a well.

Operators can analyze a particular separator
configuration and view how the gas separator
separates the liguid from the gas and also determine
separator capacity.

Gas Separators having separation capacity exceeding
the pump displacement should be used to produce
sucker rod lifted wells.
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UPSTROKE DOWNSTROKE

Gas

fﬁﬂiﬂz/ s 55 the tubing.

g5 Compression
; 2:3:?: e
Liquid —4 A XK
; = A= F T~ Liquid
V4 '-;, o ¥
_ ]
a7 /] =
" 7 g = 7-5"'_--|-:----M --------- R RCICITY JISPEERS
g E 8 7/ ?:1:3: ] 6.251 eS| e
2 7 4 | 5.00 |
2 7 : 4 3.75] :
Gas —4 7 : /S | Traveling valve
/ 7 Y 125 |
7 17 -7 opens when
/ :Ll/ / .
/] ; E-/ o |D. |
% 7 4 1255 gy Pressure in
f;&--- ; /] The _dynamometer card indicates_ barrel exceeds
.//,;g& S 7] gas in the pump. Gas compression
§\ ;’kg,»;- Z1 occurs during the downstroke from the pressure at
Gas j’ 3;:*; é C to D and causes the traveling
and 2: RIS | valve to opened at D. the pump
Liquid //4 \'ﬁﬁ’*\’ / ' ]
iy 7 discharge at
R 1

Liquid and Gas




Effect of PIP on

Gas Interference and Fluid Pound

Pump-Rod Load on Downstroke as a Function of Pump Intake Pressure for 50% Liquid Fillage
and 2000 psi Discharge Pressure, 1.5 inch Plunger, 90 inch Pump Travel

4000 T+

Fluid Pounc« G aS
3500 + \\ ++++++++++++++++
é =T PV PV 4 Intake
n; 2500 + ( """ ) — ( """ )
7 7
™1 Intake Discharge -
- —aPIP200
% 1500 T ——FIP100
s | Iso-thermal - PP5)
. No Change in Rs B
00T L | q u | d _ Gas Interference
Discharge
0 . : . . : : . . |
0 10 20 30 40 50 60 70 80 90 100

Pump Plunger Position from Bottom of Stroke, inches. 43



Effect of PIP on Fillage of Pump Card

Pump Card as a Function of Pump Intake Pressure for b0% Liquid Fillage and 2000 psi Discharge
Pressure. 1.5 inch Plunger. 90 inch Pump Travel

Gas Free Pump
4000 +

Fillage Line
J600 :
[
- _ | Gas g

a1 Gas Free Pump Fillage = 50%

| Total Gas Fillage = 50%
5 @ 10 Psi
2 000 4 Eff Plunger Stroke = 47" e SRR
g EPS Fillage = 52% et
5 1500 Gas Fillage [D] = 2%

@ 500 Psi

Eff Plunger Stroke = 60"
EPS Fillage = 66.7%
Gas Fillage [D] = 16.7%

1000 +

R00 +

Liquid

1 1 1 1 T b 1 1 1 =|I
I 10 2l il 40 alll ]l 0 gl 40 100

Pump Plunger Position from Bottom, inches. 44



ROdS BUCkle (Train Wreck Effect)

™ 80 ; 7 Echometer Online : Incomplete Pump Fillage : Gas Interference
§ o /bequp Loac| & Velocity|, 18.75 it s Fo Max
R/ aaxsve v .
R/ ———
= -20 / \ | / 2
S LN Y A
£ ) NI S
@ - | k
El -80 / \ | 1
: %
L'ﬂmu Y Y Y R 5
Elapsed Time (Sec
= 80_ -
@ 60 =8
S 4 =
%" = // Il\f\ 6.25
S o
2 [ 7 s | Tt =
s =20 . Y
S l{\/ // B R
VT ¢
3 - 3 - Interference
S T Y Y S Y ' - Ly
0 1 45

Elapsed Time {Sec)



Equivalent Gas Free Pump Fillage Line

Traveling Valve Opens with Pressure

W

PDP =
1833 psi(g)

804 psi (q) —HH" 0

Echometer Online : Incomplete Pump Fillage : Gas Interference

L]

Feak Load Min Load Power

Polished Rod | 417.83 k| 7.97 kn| 16.4 wp
Purp | 5,49 k| -0.15 ki, 9.1 wp
Kib
I Stroke Length = 168100 in !

18+

SV Open

|

|

|

; 70% of Pump | |

2] Chamber Fills V\{ith:

R oned Gas on Upstroke |
. . - EPT=67.93in | _ . . ___wpT=157.86in | |

0 20 10 60 80 100 120 140 160 in

Stroke: 1 00:00:08

299 1in

Unanchored kt| 884  bin K

[H Relplay_j [ﬂ _Euents_j‘

[-: I Stroke 1 of 7 1:--1

Adj Pump Displacement @ 263 seLD
Calculated Fluid Load Max| .29 Kib

Surface Efciency|  mem= 0

Pumping Speed @ 20Hz| 8.571 spm

Motarto Pump Eficiency|  mm== 9
Pump Intake Pressure| 562 psi (q)
pampUp, 0.080
Damp Downl (0,121
Adj Filage @ 32.98 «
Adi EFT @ 52.1 in

Tubing Pressure| 4138.0 |psilg)

550 BPD Pump
Displacement
Lost to Gas
Interference

[ Annotations

[ Pump Card Analysis |




Gas Compression and Train Wreck Effect

1. Gas Compression occurs when the pump barrel is
partially/filled with gas.

2. Sudden opening of TV reduce equipment life

a) Isituphole compression whacking rods against the tubing

b) Pin failures due to rod slap loosening the couplings

3. Rod buckling up the hole occurs when the pump slows
down to compress the gas and liquid in the pump

4. Rods must apply a force to increase the pressure
Inside the barrel to greater than the discharge
pressure.

5. Rods above the pump go into compression and buckle
when the pump velocity decreases in order to increase
the pressure inside the pump.

47
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20.00-

17.50 1

153.00 1

12.50

10.00

7.0 !

.00 4

2.30 1

——PPRL
Wi + Fo Max

Peak Load fin Load

F1 roiished o 20.45 xo. 5.12 xn
—_— CBE

I Y !'_"_'IE?'_EHT )

Echometer Online : Incomplete Pump Fillage : Normal Dyno

MPRL/PRRL > 0.1 per each

2500’/pump depth

TV Weight of Rods in Fluid, Wi,
plus the Fluid Load, Fo, plunger
IS applying to the rods.

Wr fluid = Wr air - Buoyancy

Fo fluid load the pump applies to
the rod string.

F1 dynamic force required at the
surface to apply a static force
Fo at the pump..

F2 dynamic surface force due to
transferring the Fo carried by the
traveling valve to the standing
valve.

Pump Depth = 4836
MPRL/PRRL Limit =1.9

OK 0.25>0.19




Fluid Pound and Rod Buckling

1. Fluid Pound may not be Exactly Correct Term

a. Occurs with incomplete pump fillage at low pump intake
pressure

b. Forces at pump may not cause trouble

C. Up-holerod compression and rod on tubing wear is the likely
problem

2. Low Pressure Gas in the pump causes fluid pound
a) Pump stops just as bad if the gas is in the 100-200 psi range,
b) Rod on tubing wear can be worse at higher intake pressures

3. Traveling valve opens when pressure in barrel exceeds
discharge pressure at the bottom of the tubing.

a) TV always opens before hitting fluid (except blocked intake)
b) Plunger maybe a 1/16th inch away when "fluid pound” occurs
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#3 Cause: Flow into Pump Choked Off w/ Severe

Fluid Pound Pump Card and High Fluid Level

Intake

Dynamometer Test Info | WF— sitetsl Echometer Online : Incomplete Pump Fillage : Intake ChokedOff Report

_ChokedOff
F4ln _—
GUn o I'”k I Field I Details I Chamber I Analysis Plots Raw J
CBE Feak Load Min Load Fower [* Replay] [ﬁ Euents]
- d 7 Folished Rod
- olished Rod | 21,08 k| 11.92 kn| 4.9 wp (<[ Stroke 21 o2t |>]
e~ - i
N Purmp | 4.44 k| =1.61 kw/| 2.8 wp
BLFT Stroke Length = 120.00 in i Adj Pump Displacernent @ 7 BBLD
— | | Calculated Fluid Load Max| 4,32 Kb
g AN Ny N i Surface Efficiency m——— O
l"\\_,_,_,-._ . I,r‘

| Pumping Speed| 6,383 spm
Dynamometer 2

Lig 403451 A . Matorto Pump Eficiency| === 9
F?-_;‘I._" o l 26800 1 Pump Intake Pressure| 213 psilg)
Al A — ﬁ | e pamp Us| 0.133
_ooa | % ! |‘ Fo Pump = Fo Max oarmp Down| 0,133
- | | AdjFilage @ 5.84 ¢
Gas Free e 74 rierT @ 6.2

3523 psifg) |

. - psi (g)
Fluid Level "

Above Pump

PEF 0

o From Fluid Level (Fo FL) = 2.59 Kib
_________ EaiE
i ] % - |
Production: 101207 @ 2 Z’/‘ | |
19 BOPD Utiities f/ 1EPT = 22.98in | MPT = 106.55 in | |
50 BWPD 4233psi:g} s R e e L e S L
e g 0 20 40 60 80 100 120 in
LL:10/22/07 04:45:43PM PIPFL= _ . :
1416 psi (g) ‘!-(5 Stroke: 21 05:03:36 PM clock [ Annotations |
[ Zoom ” Edit l —— Unanchored kt| 386  1bin krl 151  Ibin Pump Card An. 50]




#3 Cause Pump Cards:
Severe Fluid Pound - Blocked Pump Intake

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

Severe fluid pound, usually occurs when the intake into the
oump Is completely blocked off. Strainer nipple, pump intake
nelow fill, standing valve stuck shut can starve pump. Stuffing
nox leak and reduced equipment life result! Shoot fluid level to
verify pump intake is blocked and fluid level above pump intake.,




Cause # 3 - Partial Liquid Fillage due to
Pump Intake Restriction/Plugged

Plugged Intake: “starved pump or
choked pump”

Paraffin or solids or scale
buildup or long and thin dip tube
or clogged strainer nipple or
viscous heavy crude

Gas-free Ligquid Level Above the pump
Intake plenty of fluid above pump
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mass (kg) 1000
wel. (m/s) 200
mom. (kg m/s) | 20000

Rods Buckle (Collision with Liquid) &

Echometer Online : Incomplete Pump Fillage : Intake ChokedOff

22.5U7

80 5

|
N |

|

|

=
E ’ g 20.00
S r / \ ~ \ 5 | Wrf + Ef Max
g 20 2 E 77777777777777777777777777777777777777777777
g o0 \f \ , 2f 1750
%-20/ \ -0 § |
3 MW Pump Load O &\\ e I
S V | ) 1
- eIOC|ty -11 ft/sec
T | |, L |
Bﬂﬂ 2.0 4.0 6.0 8.0 10.[!2 12.50 P\J
Elapsed Time (Sec)
10.00
— 80
8 o _ Plunger Stops ol Gas Compression
£ After TV Opens al 750
S ﬂQ\\ Rer : Does Not Slows
i - \! \ 2| 500 o wiax Plunger to Open TV
S/ IRV ' ey
2 A = o FromF evel
e O N\ AR Ve
o , < )
s Vs | Blocked Intake
g 40 > 3 0 106.7
= ] (o] . .
T 4 N B 4Negative Effective Loac
0 2.0 4.0 6.0 8.0 10.0 2.50 ‘ 1 e

Elapsed Time (Sec)



Blocked Strainer NO Flow at Surface

POP= I
3523 psi(g)

[* Replay: [ﬂ Euents:

0 20 40 60 100

[ Plunger Position (in)

Echometer Online : Incomplete Pump Fillage : Intake ChokedOff

— : | — Plunger Velocity { in/s )] — Plunger Position { in ) ] ) [{ l ————— I:i-:
60 | 100 '
2| w0 [
= 1 | i ‘@
E | EU—: | :—EU §
= . r =
EJ:- u ] | 000, -20.075) :_40 E F"Iunger VE|DCit_V
% |=| 20.075m
. 40 g ok r Plunger Position
1 Elapsed Time = 0.000 sec -0 5 16 .
L X FY ¢ rmm®c * Qe oRg
Elapsed Time
Elapsed Time (sec) 0_000 e E
] — Pump Load ( Kib ) )
%
sl 34
! N
Bl =
gl 1_ i P Load
| o [y go10020 Plunger Stops After e o
|| = L -0.20 «»
Hitting Liquid
— - T Bz ¢ oegha 2 makm n 85 gl *.‘k

Plunger Position

516 « [~




Incomplete Pump Fillage

1) Fo, Pump Load location w/ respect to Zero, Fo
—-rom Fluid Level, and Fo Max Load Lines are
Used to Identify Incomplete Pump Fillage.
2) Fluid Pound and Blocked Intake Pump cards look
similar except that:
e Fluid Pound — Fluid level at Pump
 Blocked Intake — Fluid Level High above Pump
3) Fluid Pound and Gas Interference both have gas
In the pump that must be compressed from [C-D]
4) When the Intake is Blocked, then no gas is in the
pump barrel and Plunger “Pounds” the Fluid inside
the Pump Barrel.
5) Negative Load seen when Plunger Hits Liquid
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Problems Associated with Pumping
Off more than 2% of Run Time

Constant Pump Off causes vibration
throughout the whole system. This causes:

 Rod buckling

e Pump wear

e Rod on Tubing wear
 Vibration stresses

« Severe rod loading changes
« Pumping unit vibration
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Data from more than 6000 sucker rod lifted wells
shows impact of incomplete pump fillage on run life

= When the pump is filled with liquid then the
pump load transfer occurs at/near the
bottom and top of the pump stroke.

= This field collected dynamometer data Is
from 6000 different SR wells

= There Is a significant increase In failure rate
when NOT transferring pump load at bottom
and top of the pump stroke

“The Use of Polished Rod Velocity and MPRL/PPRL Ratio as an Indicator of Failure Frequency”. SWPSC 2018
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Full Pump MTBF for SPM x Stroke

¢+ MTBF w/ Full Pump ~ 100% Run Time
® MTBF - If Pump Off >2% Time

Impact of Polished Rod Velocity on MTBF

15
— Average MTBF w/ Full Pump ~ 100% Run Time
14 —Predicted MTBF - If Pump Off > 2% of Time
13
[ ] » L 3 -
12
11
10 Average 10 Year MTBF when Pump Full and Run Time 100 %
\x
9 * +*
o o \x
E +»
= 7
6 *
@
5 ~
4 I\\ o
3 . ~
5 If Pump OFF > 2% of Time NG
1 MTBF = -0.0111(Polished Rod Velocity) +18.196 3
0
500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600

“The Use of Polished Rod Velocity and MPRL/PPRL Ratio

as an Indicator of E3 o Frequency” NP 0183

(SL*SPM) Polished Rod Velocity - in/min




MTBF vs SPM x Stroke, If Pump Off > 2% of Time

250 | |
—--MTBF 10 yr Max SPM
-=-MTBF 5 yr Max SPM
200 \ MTBF 1.5 yr Max SPM -
W
= 150
£ \
5
O \
2 54
g 74 \\
» 100 \\
50 - i 144 ST
If Pump Off > 2% of Time
MTBF = 18.2 - 0.0111(SPMxStroke Length)
0 |
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

“The Use of Polished Rod Velocity and MPRL/PPRL Ratio

as an Indicator of Failure Frequency”. SWPSC 2018

Pumping Speed - SPM



Conclusions

1. “Long and Slow” OR “Short and Fast” is NOT
the way to go.

2. Operating with a pump filled with liguid is the way
to go.

2. Maintain high pump volumetric efficiency:
 Match pump displacement with wellbore inflow.
 Pump a Full Stroke of liquid by controlling run

time with a POC or Timer or VSD or ....
 Eliminate Gas interference.

3. Gas Interference requires an efficient downhole
gas separation with capacity exceeding the net
pump displacement

4. Full pump fillage requires controlling the run time
to match the pump displacement to the well inflow
rate
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Focus on Operating Sucker Rod
Lifted Wells with Pump Full of Liquid

e “The Way to Go” is to produce wells with complete
liquid pump fillage.

 Less problems, more efficient operations and lower
faillure rate will result, iIf wells are operated with a
pump filled with liquid.

 Incomplete pump fillage Is a significant factor
causing problems to the operation of the well.

« Be determined to operate your pump filled
with liquid, plus do not forget to apply other
recommended practices.
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