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Intr()d U Ct| on . Data used to correlate

construction features of

s plungers to fall velocity
~ONTROLLER . Some features cause a
MCT ORI1ZED plunger to fall rapidly, while

T other features cause a
plunger to have a slower
[ ] fall velocity.
o 53 . Well conditions (gas flow
> _\ CATCHER,  SAbLE | rate and pressure) have
PR J significant impact on

% TZ/J_/_ZMJM” plunger fall velocity.

. Use plunger fall velocities
Plu nger Fall to determine shut-in time
: a. 1 Velocity not accurate
Velocit
L e y b. Impacted by many
@' parameters
R . Setting controller to the
shortest shut-in time wil
TR maximize oil and gas
production
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Less Accurate: Determine Fall Velocity
by Shooting Fluid Level to Plunger Top

1. BECAUSE, Pressure Wave from Shot Pushes
Plunger
. Can Shoot to Top of the Plunger
. Echo off Top of Most Plungers (Not Two Piece)
. See If the Plunger Falls Below Liguid at Bottom

Plunger
Goes by
Collar
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Plunger Top @ 5001’1
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How: Listen to Plunger

Signals During Shut-in
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Equipment on Well




Plunger Cycle

Plunger lift operation cycle can be divided into three parts:

1) Shut-in: Surface valve closed, flow shut-in, plunger falls down the
tubing. Goal of the operator or controller is to try to achieve Shut-in of
the well for the shortest amount of time possible, But long enough for
plunger to reach bottom. And long enough for the pressure to build
high enough to bring the plunger back to surface.

How long does it take plunger to get to bottom during shut-in?

2) Unloading: Surface valve open and pressure stored in the casing lifts
the accumulated liguid and plunger to the surface

3) After-flow: Surface valve open and well continues to flow after
plunger reaches the surface. Plunger held at surface by differential
pressure from flow of gas up the tubing. Well is producing gas. Most
liquid produced from the formation tends to fall back, accumulating at
the bottom of the tubing. The goal of the operator or controller is to
Flow the well only until the well begins to load with liquids.

Thanks: Dan Phillips and Scott Listiak




Conventional Plunger Cycle

L] Welys Closes, [2] Shut-in [B] Valve [4] Plunger Arrives,  [C] Valve
Shut-in Begins Valve Closed, Opens, Tubing Pressure Closes, Cycle
Ae] PIAESSE w/ Pressure Unloading Spike Maximum Repeats
starts Increasing Increasing Begins After-flow begins




Elap zed Tubhing Casing

Time Pressure Pressure
Phinzer Cycle Evenis Minutes psi (E) psi(z)
[&] Valwe Closes (Shut In Begins) 2267 137.0 1927
[1] Plunger Hits Ligmd A7 a7 2355 2731
[4] Pluriger On Bottom 50 283 2355 2007
[B] Vabke Opens (Unloading Besre) A% 2607 212 R A06.0 B] 34 [C]
[3] Ligmd &nTees 79550 1263 2351 .
[d] Plunger Arives a0.717 206 .2 2315

[C] Wabve Closes (Shat In Begins) 91.533 126.2 171.4

Increasing

280.0
1.  Plunger hits ]
Liquid 260.0

2.  Plunger on
Bottom 240.0 -

[B] Valve Opens,
Unloading Eeginszm'“

3.  Liquid Arrives,  200.0
Tubing Pressure )
at Minimum 180.0- Acoustic

Signal

4. Plunger Arrives,
After-flow begins 160.0+
Tubing Pressure 1
Maximum Spike  140.0 Tubing

[C] Valve Closes, Pressure

1:{{’-“ i L] - 1 . i ¥ 1 . I s ]
Cycle Repeats 2.319 16.208 30097 43986 51.875 71.764 #5.653
Time - Minutes




What do we know?

Rowlan, O.L., McCoy, J.N., and Podio, A.L, ”Determining How Different Plunger Manufacture Features Affect Plunger Fall
Velocity” SPE 80891, presentation at the SPE Production and Operations Symposium held in OKC, OK, U.S.A., 23-25 March 2003

Measured plunger fall velocities for grooved, ultra seal,
dual pad and brush type are much less than 1000 ft/min.

Two-Piece & Bypass Plungers are fast! (Generally > 1000
ft/min)

Worn 2 3/8 brush type plungers (408-477 ft/min). New
brush plungers fall slow. Fall Velocity changes w/ wear.

2 3/8” Dual pad type plungers (259-265 ft/min).

Increasing the diameter from 2.375” to 2.875” resulted In
the pad type plunger falling slower (>200 ft/min).

Improving the seal on a dual pad plunger (Ultra Seal)
results in even slower fall velocities (159 ft/min).

Solid Plungers are “fast” 300-400 Ft/Min.

In the same well new plungers fall slower when
compared to the same type of older/worn plunger.




Manufacturer Designhed Brush Stiffness

and Seal Impact Fall Velocity
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Acoustic Signal During Shut-in Period

O FrawD
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Count Signals from Plunger Falling thru Collar:

Acoustic/Pressure Signal During Shut-in (1 minute)

Raw Data ] Select Cycle ] Cycle Limitz O Plunger Fal l 3az Properties ] Cycle Analyziz ] Flot= ]

C21 czz C2a E2£1 C2h 26 Cz
| Fl f

\ fl | T /-'f; [ fr -1'I|'I Ildl. fl 4 II“'fl"I""h‘HrlI \J'fﬁ
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F
- | <<< | - Cursar 33 | sl
[ 37.919  mins | o | — dd | | || op |
phions. ..
B] Bl | # | Timelminzg | ‘“elocity | Depth | =~
C12 36.147 21614 380.40
C13 36.294 21614 41210
C14 36.439 21862 443.80
C15 36.577 23008 47550
C16 36.725 209.01 50720
C17 36.964 23290 53890
C18 37.010 217.79 57060
C19 37.158 21451 BOZ.30
C20 37.304 21614 B34.00
C21 37.450 217.79  BERTO v

1800 Data Points in the Acoustic Signal During 1 Minute



Passive Monitoring Requires

High Resolution Pressure & Acoustic Data

Acoustic Signal
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Signals Show Plunger Falls Past
— 80" and 81st Tubing Collar —

' ' ' ' ' ' ' 1 1
F5.10 TELEE [ F5.14 FS 16 = =] F5.20 TS .22 TS24 5. .26

— 80 81
Tubing Pressure - Psig 5
= 0.1 PSI
42 - FHI
.40 7 2568 Ft Deep

F5.10 A Sl 75.14 F5.16 r5.18 75.20 F5. .22 F5.24 T5.26 F5.28



Velocity: Plunger Fall Speed Between

Two Consecutive Counted Collars

D., Plunger Velocity @ Joint 22 equals the change _
676. in depth divided by the change in elapsed time. 708.4

L Velocity = (D. - D,.,) / (T. - T,.,) = -230.9 ft/min =

iz

1
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e | < | - Collar i C2z o | ol
| B.a02 minz - - H b | Delete | EurSDrMnde|
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19 5,959 20924 B11.80
. . . 20 5519 20095 B44.00
> = Looking at this Minute o5 e Sonm poron
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WWWWW Cea 5961 203,37 74060
_ 24 £.109 21708 77280
25 B.254 2222 BOR.O0
| Falling through Gas c2 212 w0
C27 - 369,40
C28 Each Joint sng «




Normal Fall Velocity [During Shut-in]

M Velocity and Depth Graph |:|@@J

Cloze | Ew=part... | Print... | [ Invert Velocity &xis

Collar # C227 H
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Take Guess Work Out of Setting Shut-in Time

Raw Data l Select Cycle O Cycle Limits l Plurnger F all ] az Properhes ] Cucle Analyziz l Plats ]

co0 o] Bl Bl
50.0 .
201 Ft/min Gas
400.0 Plunger
on Bottom
250.0
=000
: L 38 Ft/min
250.0 Plunger Hits Liquid—) o ?
Liquid
EDDD 1 v 1 ' 1 v 1 ' I ' 1 L v I ' I
Fa 262 22818 20373 Og 929 100 929 106.040 111 536 117 151
| || ®asisRange [ 40570 mins  FulTrace | Options... |
Interval [&] to [B]: Defines Unloading & After-flow Time Penods Interval [B] to [C]: Defines Shut-ln Time Penod
v Show thiz Interval v Show thiz Interval
{7 Marker [1]: Liquid Arrives | ----- = (o Marker [3]: Plunger Hitz Liquid | 106914 minz
C° Marker [2]: Plunger Arrives | R ¥ VI N =T =
Current b arker W alues Ty Fal | Vel OC|tV | N I_ | au | d
Tubing Prezzure |434.1 psi Gassy FIUld 38 Ft/mln
Casing Pressurs [436.7  psilg Surfactant: 80 Ft/min
Acouzhic |EI.EIEIEE'IE| H h P 23 F'[/ .
. . . I Fessure.: min
Only Shut-in Time Period Shown J



When Shut-in Begins the Tubing Pressure
Instantly Drops when Plunger Starts to Fall

219.0

by Flowing Gas 2150/ Released from Catcher

' T 217.0 | T
' ] Pressure
{ Pressure 216.0 - Drop
Drop '

l / 215.01
— _
‘/ 214.01

213.0

212.0 - . . . . :
0.415 0.762 1.109 1.457

Pressure Drop =

weight/ Area  Plunger weight (8 Ibs) / Area of 2-3/8”




ldentify When Plunger Becomes Stuck

Pressure Increases By ~3 ps|

299 0.z
e maneanii 1o
296 Blast from Gas Gun Re-Starts
k=)
w
0o = i
@
s 293 |
% Plunger Sticks 1 -0
A Y/ﬁ_._._
290 |
— Tubing Psig 1
— Casing Psig
— Acoustic
287 I 03
70 71 72 73

Elapsed Time - Minutes



Paraffin Stops Plunger Fall

9 Shots Used to Push Plunger to Bottom

O RawDats | SelectCycle| CycleLimits |  PlungerFall |  Gas Fropeties |  Cycle Analysis | Plets |

150.04

149.0

Pressure Pulse Sent Down Tubing
148.07 from Gas Gun Applies Force to Top
147.0 of Plunger to Push & Re-Start Fall
146.0

145.0 | =
144.0—-
143.!]—-
142.!]—-

111.0] Tubing Pressure Signal Becomes Flat when Plunger Stuck

140.0 - T - . - . : . . .
100,773 101.467 102.162 102.856 103.551 104.245

ﬂ J ﬂ ¥ -fxis Range |4 mins Full Trace | Options I




Chemical Treatment Down Tubing

Tends to Slow/Stops Plunger Fall

0 -0
50 L P o
o, = L1400
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= e e P 0 S
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L 2007 g@ o 4200 1
— ! | I .
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< : \ w —
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-300 Ej E};
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Elapsed Time - Mins



Increase in Gas Flow Rate Past Plunger

Results in Plunger Slowing Down...

80.0 r 0
78.0 [
= [ _ LY
5 760 SV F-1000 £
~ (o]
740 [ e
d Open --2000 <
= 72.0 [ @
& 2
700 : Z
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2 680 =
= [ 3
e 66.0 - -400.0 3
64.0
62.0 : - . . . . L 500.0
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60.0 -0
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. 0.0 F3000 T
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2 3/8” By-Pass Shut-in Period
Notice Pressure and Acoustic Signals

B I

3 Psi Step

Average Tight Spotin |

| Fall Velocity  Tubing Plunger
After | 911 Ft/Min Sticks at 60th

 Flow | Shut-in Joint (1866 ft)

0694 1389 2083 2778 3472 4167




Count Signals from Plunger in Collar:

Acoustic Signal During Shut-in (1 minute)

Faw Data ] Select Cycle ] Cycle Limit: B Plunger Fall ] Gas Properties ] Cycle Analysis ] Plots ]

co c1 c: C3 Cc4 Cf C6 CF 8 |I35| cinD 1 Cpz C13 C14 Cgs C16 Cpy C18 Cj9 Cpo C21 Cp2 CE3

i

|<i---| {{{| Curzor }}}l ---}I|
1266 . e | =+ | 'j' ! Add | |

[4 1 | # | Timelming) | Welocity | Depth | -
Co 0,968 0.00 0.00
1 1.003 7EE. 36 71.09
C2 1.044 AEE.43 E2.19
C3 1.081 848,05 93,28
C4 1117 874,55 124.38
CH 1.153 848,05 155,47
Average Fa” CE 1.189 -8E61.09 18657
. . C7 1.225 874,55 1766
Vel OCIty 911 Ft/Min N 1.260 §80.43  248.76
C9 1.296 574,55 27986 W
Aeeg. Plunger Wel [Gaz] | -911.021  ft/min Awvg. Jtzdmin [Gas) | 28,8535 Auto Select | Wiew Data. . |

Awg. Plunger Vel [Lig) | 415285  ftY/min - &wg. Jtsdmin [Lig) | 1337.47 Remove Collars | ? | < Pg Up | ‘Pg Diwn >




Fall Velocity — Bypass Valve Closes
“VelocityandDepthGraph @R

Cloze Collar # C97
’7 Depth to FPlunger 3016.27 - Ft Plunger Fall Welocity -948.56 - Ft/hin Elapzed Time 3.478 - Mins

Export...
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o
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Valve Closed S,
Flunger Hits Liquid - 7153
1 Bottom of Tubing - ¥1232.00 Ft

-1200 T T T 1 T T T T T T T T T 2000
0.000 1. 736 34972 5.208 G999 3621 10417 12,153

Elapsed Time - Mins

By-pass Plungers Just don't Work in my wells. Why?




2 7/8 iInch Bypass Plunger w/ Standing Valve

Hits at Bottom Very Hard ~ almost 60 Mile/Hr

2 3 B 3[4] [C
7O'OL ] [ ]Fell 5339 Ft [B] [3][4] |
gnoégf:i/mliz Rise Velocity
e 556 Ft/Min
|
50.0- | ‘
/ - Casing
0.0 \ Tubing \ \\
| \
30.07 / \\ Gas Flow Rate: ” \
-l i | 5000 m3/D \
. . Gas Velocity \ AN N
20.0- | =447 ftlsec \ . |
| Near Critical MWMJ
A Line Pressure 30 Psia
10.0 | . . |

| | | | |
10.431 13.903 17.376 20.848 24.320 27.792



2 7/18 iInch Bypass Plunger
Fall Velocity Range 5000-1000 ft/min

hR oo/
= e e 5
T -2000- =R o
1 ‘Ej i =
> | -2400 =
g ? 3
2 -3000- b D Fell 5339 Ft é
& | ey in 1.73 Min a00
S 4000 3083 ft/min g
=
‘ - 4800
‘500‘;& i . Plunger Hits quid - 524271 Ft |
¥ Bottom of Tubing - 5339.24 Ft SR ”””””””””””””””” R i
60 MPH | ,
-6000 \ I \ I \ r \ I \ I \ 6000
10.417 10.764 11.111 11.458 11.806 12.153 12.500

Elapsed Time - Mins



Tubing Pressure Helps to ldentify
Downhole Problems

Plunger falls
Past Hole at 1 |  ~3psiDrop when

1872 feet and 1 | Released from Catcher
Pressure from iR
Casing Flows |
Into Tubing f Hole in Tubing 59" Joint

65733 0511 12 280

[C]

. . ‘ |
Rapid Tubing i Suddenly Starts ~ Suddenly Stopped~_

Pressure
Increase if

Plunger has .
Sudden Stop ] Plunger’'s Weight is Supported by Tubing

|
|
|
|
|
|
A

T T T T T T T
Fae4 13.040 18.596 294151




Hole in Tubing

Hole was 156 jts from surface or 5054' based
on 32.4' joint lengths

Hole measured with micrometer to be 0.160”
by 0.125".




Pressure Increases as Plunger Falls Past Hole

Tubing Pressure - Psi

Plunger Fall in Well with Hole in Tubing - Tubing and Casing Pressure Equalized
Notice Tubing Pressure Drops approx 3 psi when Plunger Begins Fall
Pressure Drop Begins to Equalize When Plunger Falls Past Hole

488 - -0
\ 5 Tubing Pressure
486 g n adf T 1000
\%f D .
484 % 2000
482 3000
Pressure Drop due to:
__|Weight/Area = 2.31 Psi
480 Terminal Velocity Force = 4000
Friction on Plunger
478 Qnepth: 5050 Feet 5000
476 6000
Y \
472 Py 8000
4TD T T T T T T T T T T BDDD
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

Elapsed time - Seconds

Plunger Depth - Feet



Plunger Fall Velocity Slows Past Hole

B Velocity and Depth Graph

Cloze E wport... | Frint... | [ Irwert Welocity Axis

Collar # C156
Depth to Plunger 5054.40 - Ft Flunger Fall Yelocity -227.75 - FtiMin Elapzed Time 23.613 - Mins

Plunger Sldwed
from 217 ft/min
When Falls:Past

Hole@ 50550' Ll i
T

E [-]
-210

asftl 7 3 ] | T lhmhlin rﬂl!

H | "|1 ! l|

-225

laa4 -1afbun|d oy yidag

=
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=
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=
]
=
)
=
I
L
[
1]
o
=
=
o

-zanBottom of Tubing - F77S.00 Ft
0.000 & .4

Elapsed Time - Mins

Liquid in the bottom of the tubing provides a pressure seal




Fall VeIOC|ty Slows |n Dewated WeII

(] "J'eln::lty and Depth Graph = |@E|

Cloze E=part.. | Frint... | I Irvert Velocity fAxis

Collar # C265
Depth to Plunger 8294 50 - Ft Flunger Fall Welocity -209.44 - Ft/bin Elapzed Time Y2937 - Minz

i
; Plunger Slowed from 200 ; J &
| el ft/min once plunger goes ———
! ", past Kick off Point 8234 Ft L
I -160 i
E = g rrrr.rrrr-'frr,, E +
! % 180 - =
#1807 : ; .“ 1 -ao00 =
l % 1 nn o B nﬂ'l'ra'-rn.ﬂ., 7l 1II J' foes 't"li ?". L= | '|' ]I gl ] T1lr [ I ] ;
! 2 200- ) I.l'l ﬂ"ll 5 | rl i l urfj ‘]Tﬂ 2 _g_n
o oo : : T
o 220 ! reoo0
: g
o
2900 r,
] 2000
e Plunger Hits Liqu i_d_'_%‘]‘@“_ =
2O e Tk g ST IRE - e e e e e e e b
-280 ; : : : : : : : ; : : 10000
27778 34.722 41667 45 611 565 556 B2 500 69,444 76.389
Elapged Time - Mins

What Effect Does Wellbore Deviation Have on Plunge Fall Velocity?



Horizontal Well Impacts Velocity
Viper Plunger Fall Slowed

0 IR e Down from 344 to 280 ft/min
ooty 3373 Fonin_ Elaneeg| AfLET gOING past Kick off Point
-0
L 1000
I o
F o | o000 %
¢ : -
. ] i "u [ a000
uﬂn.-'::z:pniril l n r: E
3861.55 | © - e, [
T T T T T T T I . S000
4690.00 5 556 8.333 11.111 13829 16 GE7
Elapsed Time - Mins

Cumulative Harizontal e 0T @ Deviation Have on Plunger Fall Velocity?

mplete) Displacement




Horizontal Well Impacts Velocity

Dual Pad Plunger Increased
" metvebaydis | Speed from 230 to 450 ft/min once
Plunger Goes Past Kick Off Point

acity -230.08 - Fr/Min

]

- 1000

- 2000

- 2000

laa4 -Jabun|d o) ydaq

- 000

T T T | T | T Y T Sooo
469100 3 11.111 13820 16 667 19.444 il

Elapsed Time - Mins

Cumulstive Horzortal o, 2 SPeed VS Padded Plungers Increase Speed?

miplete] Dizplacement




8318.00

ger in Deviated S-Curve

250 300 350 400 450 500

—+—Plunger Fall
Velocity

A Well
Inclination

Depth (ft)]

2500
3000
3500
Pad Plunger Looses Seal
4000 5 4 @ 20 Deg of Inclination
4500 Speeds Up from 220
ft/min to 360 ft/min
5000
0 5 10 15 20 25 30 35 40 45

Well Inclination (degrees)



Depth (ft)

Brush Plunger in Deviated S-Curve

Velocity (fpm)

500

1000

1500

2000

29500

3000

3900

4000

4500

5000

400 4350 500 550 600 650
I ‘—_:__ -+ Plunger Fall
A N I — Velocity
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= 3
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= h A A
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A [ .
A A I =
[
1

——When Inclination > 20 Deg
: Extra Friction Slows Down
I from 500 ft/min to 425 ft/min
|

10 15 20 25 30 35 40 435
Inclination (degrees)



Depth (ft)

500

1000
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2500

3000
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4500
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Solid Plunger in Deviated Well

Velocity (fpm)
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|
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4 ' When Inclination > 20 Deg
s I Extra Friction Slows Down
1 from 500 ft/min to 425 ft/min
(i) 5 10 15 20 25 30 35 a0 45

Inclination (degrees)



Fall Velocity Is Faster at Low Pressures

Slows as Pressure Increases

240.0 --100.0
| Dual Pad Plunger Slower
2 2200 L.,,',," 1320 =
li *'I é
= £
¢ 200,01 --164.0 f
S )
w 0,
2 180.0- 1960 2
o -
2 =
2 160.0 | 2280 =
h e
St
1400+ - . - ; - ; - . - . - . -260.0
3.502 10.447 17.391 24.336 31.280 38.224 45.169
Elapsed Time - minutes

F'Iu:ntlnu:rernent| 3 seC "| | ﬂ H-fs Hange:| 44.000 mins FuIITran::e\
.



Fall Velocity Increases as Pressure Drops

Plunger Fall Velocity Changes as a function of
Presssure Change

250 . Dual Pad Plunger Fall Velacity
Faster 1.75 Ft/Min with Each
1 Psi decrease in Pressur

. Fall Velocity (Ft/Min) = -539.28 + 1.75(Avg Thg Psi)

Avg Plunger Fall Velocity - Ft/Min .

-ﬁuu rrrryprrrrerprerrirprrirrprrrr i rrrirprrrrpyrrrrprrr iy r T irrp T e Trrp Tl
40 50 60 /0 80 90 100 110 120 130 140 150 160 170

Tubing Pressure - Psig




Bypass Slow at High Pressure

Shut-in Time needs to be 2.66 Hours

2.375" Dual Pad Bypass &
Plunger when Tubing
651 Pressure 1732 to 2213 Psig
_ - 2400
- 704
= | 2
. FA500 B
A ,. ri'm! 3
2 i l -l .!!i '.'H' 5 r _Avg Veloqity s
< 8011 . i | ll ‘| 784 ftImin |_ ¥
= sy WHHE 0 4 b
| I B R L PYNYe
'QD_E'EI"E'n?.'?'T"b"@"1'1:1'3'2'9'66'F't"""""""""'""' """""" R Sttt
Normally Dual Pad Bypass Plunger Fall > 1000 Ft/Min
12000

95 - : : i - . : . : : :
0.000 27078 05056 83333 111.111 1358.889 166 667

Elapsed Time - Mins



Fall Velocity Change is Non-Linear w/ Pressure
700 | | |

“Viper Plunger falls @ 350 ft/min”

Changes speed 1 ft/min per 1 psi,
& does not fall much slower than
180 ft/min @ High Gas Pressure
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New Fall Velocity Model Based on Gas Density

= 600 \
= ,\ Viper Plunger Fall Velocity
", 500 N Calculation Based on Gas —
% \* ¢ Density Model at Pressure
O 400 1. and Temperature —
= o[ o P
= A RS
£ 300 * -
Q L 2
> 4 Hh&fL*- ¢
= 200
E .
- 100 ¢ Measured Fall Velocity
— Predicted from Model
0

0 100 200 300 400 500 600 700 800 900

Tubing Pressure Average During Fall - Psig



Control Fall Velocity with Orifice Size
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Plunger Fall Velocity

Determined by Orifice Selection

10 mm 8 mm 4.7 mm oI




“Select Correct Plunger for the Well” some wells need fast

plungers and some wells casing pressure builds slowly
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B -0AasSs Casing Pressure - Psig - Plunger too Much Liquid
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Plunger Fall Velocity Impacted By:

Diameter of Plunger — Larger Diameter Falls Slower

Effectiveness of Seal between Plunger and Tubing —
Better Seal Plunger Falls Slower

Brush stiffness — If the Bristles do not provide a
effective seal then the plunger falls faster

Increased friction due to contact with the tubing —
Plunger Falls Slower

Old age/increased wear — as the plunger wears out
the worn plunger falls faster

If Gas can pass through plunger (i.e. Bypass) —
then a plunger falls faster

When the plunger becomes stuck and stops —
usually indicated by a 3 psi increase Iin pressure

If the Tubing is Sticky — the plunger falls slower




Plunger Fall Velocity Impacted By:

9. Wellbore Deviation — more than 20 degrees of
deviation impacts plunger fall velocity

a. Padded Plungers Faster due to Loss of Seal
b. Solid Plungers Slower due to Increased Friction

10. Gas Flow Rate Into The Tubing — gas flow
Into tubing reduces plunger fall velocity

11. Pressure or Density of Gas

a. High Pressure and plunger fall is Slow
b. Low Pressure and plunger fall is Fast

12. Liquids increase density — plunger falls slow

a. Surfactant lightens gradient and plunger falls
faster, but more time may be required

b. High pressure also causes plunger to fall more
slowly through liquid




Plunger Life Cycle

1.

Well is flowing above critical with all
flow in Mist flow, no liquid gradient at
any time.

Well begins to bubble and slug
(Usually high speed bypass candidate
If +15 ft/s velocity is available.)

Well begins to have difficulty
maintaining seal due to velocity getting
below 15 ft/s (usually good application
for padded bypass plunger)

Well requires shut-in time to build
pressure to maintain velocity of
plunger (quick-drop application).

Well requires build time (conventional
plunger lift applicable as fall time is not
Important)

Well requires substantial build time
(high efficiency seals require more fall
time but have a better seal).

Economics need to be reviewed for
rod pump, compression, chamber lift
or other forms of lift.




Questions?




