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PLUNGER LIFT SURVEY ANSWERS THE
FOLLOWING WELL PERFORMANCE QUESTIONS:

¢ Where is the plunger? Surface? In or above the liquid?
On Bottom?

¢ What is the depth to the top of the liquid in the Tubing?
¢ What is the producing and Static BHP?
¢ Is liquid in the casing annulus above the tubing intake?

¢ What are the casing and tubing pressures during the
operational cycle?

¢ Does tubing gas/liquid pressure push liquid out of

tubing?

¢ What is the maximum production rate available from the
well?

¢ What is the gas flow rate? From Formation? Annulus?
Flowline?

¢ What is the gas gravity?

¢ Are there restrictions to plunger fall in the tubing? 2
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How: Listen to Plunger

Signals During Shut N
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Wired Technology for
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Conventional 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 liquid and plunger to the surface

How much Casing Pressure is Required?

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 !



How Does Conventional Plunger Lift Work

A] Valve Closes,
Shut-in Begins
and Pressure
Starts Increasing
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Opens, Tubing Pressure Closes, Cycle
Unloading Spike Maximum, Repeats
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[&] Valve Closes (Shut In Begins) 2.267 1370
[1] Plunger Hits Ligwd 47.467 2355
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Plunger Controller acts as an on/off
switch to Control Motor Valve.

Define Cycle T Cycle Limits T Plunger Fall T Gas Properties ]
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E@ Selection: min
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— Casing Pressure — Tubing Pressure
300 ] N Echometer Online : PlungerTracking-Conv 2020 3 : Plunger Normal Cycle . D‘ﬁ
1™ Valve Closed - Open —
280 - i
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220 1 E
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180 - . . i
; Off Time (Length of Shut-in) ;
160 - . Elapsed time surface valve is closed (No Sales) :
] *  Flow shut-in as plunger falls to tubing bottom i
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Elapsed Time
Cycle Starts With: Marker Action Time (clock) -l Tub__ (psi{(g)) ~-| Cas_(psi(g)) - Acoustic
‘ (] valve Open (Unloading Begins) A|Valve Close (Shut-In Begins) | 09:12:39 AM 1374 192.7 -0.005035698
—m B| Valve Open (Unloading Begi... | 10:19:36 AM 2730 306.0 0.013272762
‘ Ei# Valve Close (Shut-in Begins) | C|Valve Close (Shut-In Begins) | 10:42:44 AM 1251 168.2 -0.010887086

[ Annotations... \

69267 Valve Opens(Unloading)

v‘ [ Apply To Marker l E] E]lo




When the Flow Line Motor Valve Closes
Shut-in Begins (Flow down flow line stops)
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Identify Shut-in Begins When Tubing Pressure Just Starts to Increase

Zoom in X-axis Range to see Details




Unloading and On Time (Length of Flow)

) . Elapsed time valve is open (Gas sold)
After-flow . Liquid is Unloaded from well
. Gas is produced and liquid loading up

.

Define Cycle T Cycle Limits T Plunger Fall T Gas Properties ]

E@ e T ) —
o — Casing Pressure —— Tubing Pressure — Tubing Acoustic o
i . % rl ....... 4 4 4
300 e Unloadlng »i{ NW‘ After-flow Gas R?
] Gas il
280 o Surface valve open, plunger held at surface
0. Liquid by differential pressure. Well is selling gas.
: ! Most liquid produced tends to fall back,
240 accumulating at the bottom of the tubing.
i | I
220 - | o~
2I]I]—f \

1| Surface valve open
180+ | and stored casing
pressure expands to
1| lift the accumulated
140]| liquid and plunger to
1| the surface

160 -

120 -

| 1I]:22:|33 AM | | | | 1I]:2B:|IJEAM | | | | 1I]:33:I4IJ AM | | | | 1I]:39:|13AM |
Elapsed Time
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Shub-in Time Period 1| Plunger Hits Liquid 09:57:50 AM 2357 273.2 0.001957268
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Unloading Afterflow — 3| Liguid Arrives 10:29:53 AM 126.3 2351 0.025217682
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Unloading begins when Controller opens
motor valve between tubing and flow line.

Casing Pressure Noisy when Liquid and
Decreases Plunger Arrive at Surface
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When Shut-in Begins the Tubing Pressure
1 1 1 Drops as Plunger Starts to Fall

Pressure Drop =
Weight / Area
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PSI Plunger weight (8 Ibs) / Area of 2-3/8"




Take Guess Work Out of Setting Shut-in Time

Define Cycle T Cycle Limits T Plunger Fall T Gas Properties ]
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Time-Feriod 2| Plunger Arrives 77.868 293.0 471.5 0.431897640
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See Plunger Fall in Gas and Liquid
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Count Collars for Fall Velocity & Depth

Define Cycle T Cycle Limits T Plunger Fall TGasProperties]
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Velocity: Plunger Fall Speed Between
Two Consecutive Counted Collars

Plunger Velocity @ Joint 22 equals the change
In depth divided by the change in elapsed time.

Velocity = (D, - D) / (T, -T.,) =-231.8 ft/min
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Normal Fall Velocity [During Shut-in]

Velocity and Depth Graph @ @
Collar # C227
Depth To Plunger: 7309 .40 ft Flunger Fall Velocity: -134 .79 ft/min Elapsed Time: 47 4571 min
a0l % Falling through Gas Gradually 7 . i
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Passive Monitoring Requires

High Resolution Pressure & Acoustic Data

Acoustic Signal

Signals Show Plunger Falls Past
— 80t and 81st Tubing Collar —
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Gas Properties Determined by Fall

Gas Properties )

Define Cycle Cycle Limits Plunger Fall
| Ii"_'.' Determine Gas Specific Gravity by Selecting Echo Repeats | |Acoustic Velocity: 1364.53 ft/sec |
e || < E65 1370.34 -/l €|[ ][ remoe |[ Done | »|[ 5
A J CaL 1Ta10.03 A i i - S i
E57 135?'1? ubing Acoustic
E67 1352.78 C65 Yegs C66 E67
y E7¥41337.32
0.03]
0.01]
=0.01/ “
-0.03]
U T U U U T U U U T U U U T U A T U U U T U U U T U . U T U U U T U
10.444 10.556 10.667 10.778 10.88%8 11 11.111 11.222 11.333
{ O Enter Gas Specific Gravity, Composition Analysis, or Acoustic Velocity Acoustic ”«felocity: 1369 58 ftisec
{ U Retrieve Gas Gravity from Previous Acoustic Test _ _
Acoustic Velocity: 757 .14 fifsec

The liquid level test used for analysis:
10/15/2004 05:08:10AM

Plunger_Hole in Tbg Deep

Acoustic Velocity 1364.53

| Gas Specific Gravity 0.65400 (ir=17 | 21
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Graphical Displaygf.the Plunger Cycle o X
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Dry Gas Pressure Required to Float Plunger at

Constant Height at Low Pressure Constant Flow
4.0

Sorted by Pressure
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Conventional Brush Plungers

i
i

f\.

Strengths

1. Initial Efficiency very high if brush bristles fill tubing

(most available in conventional)

2. Abllity to move sand, fibers allow for sand to be In
fibers without sticking plungers

Weaknesses

1. Wears out quickly, both speed and efficiency change
2. Loss in efficiency make control more difficult.

3. Expensive and difficult to re-wrap.
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Manufacturer Designed Brush Stiffness

and Seal Impact Fall Velocity

450

a ‘DWEII 1 @Well 2 mWell 3 WP X

400

New Brush Brush Plunger Efficiency
350 - - -

Fall Velocity Misconception
300 L_Ranges from

160 — 425

250 ——Ftivhia—

]
=
=

Fall Velocity (ft/min)

=

150

100

20

Ferguson Mega Lift Multi Brush Ferguson Cut- PCS
Brush Brush Down Brush Undersized
Brush
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When Shut-in Begins the Tubing Pressure
Instantly Drops when Plunger Starts to Fall

Weight Supported
by Flowing Gas

Vel

1
| Pressure
Drop

4

L

Pressure Drop =

219.0 -
218.0-
217.0-
21E.I]—-
213.0-
214.0-

213.0-

Tubing Held Weight

- Released from Catcher

o —

Pressure
Drop

212.0
0.415

0762 1109

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



Tubing & Casing Pressure
React to Plunger Falling in Well

] FE Selection: [39.000 |min

— Casing Pressure —— Tubing Pressure —— Tubing Acoustic

Tubing Pressure Increase &
Casing Pressure Drops
when Plunger on Bottom

140

" r'"'f'"“-' nir m

130 - L i
' Plunger Weight Remains

120 ~ 3 psi Drop when Plunger
' Released from Catcher

F---------- ------------. - -

Echometer Online : PlungerTracking-Conv 2020 3 : Plunger SV PushLiquidOutTubing
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ldentify When Plunger Becomes Stuck

Pressure Increases By ~3 psi

Echometer Online : PlungerTracking-Conv 2020 3 : Plunger StopsinTightSpot
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Paraffin Stops Plunger Fall

9 Shots Used to Push Plunger to Bottom
j!qr\‘/ -; %Fp Selection: [4.000 |min

—— Tubing Pressure — Tubing Acoustic

Y
iPressure Pulse Sent Down

iTubing from Compact Gas Gun
iApplies Force to Top of Plunger

ito Push & Re-Start Fall \

i Tubing Pressure Becomes
i Constant when Plunger Stuck

1
h 1
1
— I ==
VAV ARVAVing "T |
L | "L ' ' | ' ' ' | ' ' ' |

105.556 106.667 107.778 108.889

Plunger Lift Seminar : Plunger_StickingParaffin MovewGG



Chemical Treatment Down Tubing

Velocity and Depth Graph

Collar # C61
{Depth To Plunger: 1969 .04 ft Flunger Fall Yelocity: -56 08 ftfmin Elapsed Time: 24 216 min |

Plunger Does Not
Reach Bottom...

(ftfrmin)

Jgbun|4 o1 yidaq

Fast Plunger Arrivals
are a Symptom of
Sticking Plunger

(u)

Flunger Fall Velocity

Chemicals in Tubing
A& Tends to Slow/Stops

End of TubingB585 1t
J T T J T T T T T T T T T J T T J T
5.556 11.111 16.667 22.222
Elapsed Time (min)

| i | L) Invert Velocity Axis i

Echometer Online : PlungerTracking-Conv 2020 3 : Plunger ChemicalDownThg 31




Increase in Gas Flow Rate Past Plunger

Results in Plunger Slowing Down...

80.0- o
78.0- [
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° -60.0 [ Z
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2 3/8” By-Pass Shut-in Period
Notice Pressure and Acoustic Signals

08/13/2004 01:10:41PM

—— Tubing Pressure — Tubing Acoustic

B

410 -

400

390 -
380 -

Shut-in

Average
Fall Velocity
911 Ft/Min

Acoustic

3 Psi Step

Tight Spot in
Tubing Plunger
Sticks at 60th
Joint (1866 ft)

! |
1.111
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Fall Velocity — Bypass Valve Closes
Velocity and Depth Graph |

Collar # C97
{Depth To Plunger: 3016 21 ft Flunger Fall Yelocity: -948 66 ftfmin Elapsed Time: 3478 min |

| i
: Plunger Slowed from 950

ft/mln to 366 ft/min due to
alve Premature Closing

Jabun|4 o1 yidan

(1)
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=
=
=
(&)
)
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N
@
o
-
i
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@ 3016’ Bypass
Valve Closed

-Seatmg Nlpple?’183 ft
I]

By-pass Plu'nqers Just dzcmbﬁetiWamlmin my wélls. Why?

| Export l | L Invert Velocity Axis
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2 718 iInch Bypass Plunger w/ Standing Valve

Hits at Bottom Very Hard ~ almost 60 Mile/Hr

Al [ B 3[4] [C
007" Plrell 5339 F P S
| A Lo Ll Rise Velocity
60-0'4_4 3083 ft/min 556 Ft/Min
. |
|
50.01 | . ,Y
/ v”/ Casing |
| F'\\
40.01 | \
30.0- / \ Gas Flow Rate: \\
. | \ \
[/ | Gas Velocity \ 5000 m3/D fl
20 O-/ = 44.7 ft/sec 176.6 MscfD W\J
| . Near Critical Ww,“
A Llne Pressure 30 PS|a
10.0

| ' | '
10.431 13.903 17.376 20. 848 24. 320 27. 792 35



2 7/18 Inch Bypass Plunger
Fall Velocity Range 5000-1000 ft/min
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= .2000 =8 7 8
> 2400 2
3 | | ? 3
< -3000- By=gs Fell 5339 Ft -
—_ I | ‘ J\ “g | . . ] «Q
g i 0 o in .73 Min | @
- o | iU T -
[aB) | n J i A : T
=2 4000%& . | sy Rlelc 3083 ft/min o
-1 I ““ -
o ‘ f
|| | I | - 4800
'500% ,,,,,,,, yp o o 9  Plunger Hits Tiquid - 524271 Ft |
60 MPH’ Bottom of Tubing - 5339.24 Ft U 7777777777777777777777777777777777777777777777 I
-6000 \ I \ I \ r \ I \ I \ 6000
10.417 10.764 11.111 11.458 11.806 12.153 12.500

Elapsed Time - Mins
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Tubing Pressure Helps to

ldentify Downhole Problems

—— Tubing Pressure — Tubing Acoustic

240 —————————————————
I f II Echometer Online : PlungerTracking-Conv 2020 3 : Plunger_Hole 59jt _______ e
Plunger falls | |
Past Hole at 239 ~ 3 psi Drop when :
238.5

1872 feet and <«—Released from Catcher ! .

Pressure from 233_2 b .:,-.*”"’ﬂ‘
Casing Flows [ I“Wimrwﬂmnw PR R

Into Tubing  P% Hole in Tublng 59" Joint

0 I‘I 2.?I?B S 5.5;55 | 3333 M. 111
—— Tubing Pressure — Tubing Acoustic
: : ] LY e
RMCUBISIIe 50| |« Syddenly Starts Suddenly Stopped —= ,
Pressure ] | i
578
Increase If ] . ! |
1 [yl T w.#a, _ b ]
Plunger has [E&8 !
Sudden Stop - Plunger’s Weight Transfers on to Gas i
] Then Back to Being Supported by Tubing |
5?2_' Echometer Online ; PlungerTracking-Conv 2020 3 : Plunger_ StupsInTlghtSpnt ’21;?

5. 555 1. 111 16. EE? 22. 222




Fall VeIOC|ty Slows |n Dewated WeII

[ "J'Elnclt'_.r and Depth Graph |- |@g|

Cloze Ewpart... | Prirt... | [ Irvert Welociby Sxis

Collar # C265
Depth to Plunger 3294.50 - Ft Flunger Fall Welozity -209.44 - Fr/Min Elapzed Time 72,997 - Mins

|
; 2 Plunger Slowed from 200 J °
i o~ ft/min once plunger goes \
' ", past Kick off Point 8234 Ft 1.
I 160 - i
E = E rrr.rrrr-r'rrr, E +
i = rrrrrr"'rrr, 2 E o
e oy oy R o g 020l (el i [0 2
| £ , B J ='|‘1r-- LS LN e Tl =
I £ 7 1 i 111]1 i bR e e L -
E 2 z00- .,"’5;,"” ! | i l]lij ] 2.0 L 5 =
E ] ) = =n1n l o iy, O " Ll.'-ilil‘
e b F [] L] 1 | i
o .z204 s000
= &
&
240 i
] L 2000
e Plunger Hits Liquid - 4582 Ft
R i T e g ey RS e R s R e e R e e e TR
-za0 ; : ; : : : : : : : : : 10000
27T.77E 34722 41 GET a6 55 556 G2 .500 G994 FE.389
Elapsed Time - Mins

What Effect Does Wellbore Deviation Have on Plunge Fall Velocity?
38
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Clean-out Plunger Fall Slowed

Down from 344 to 280 ft/min

After going past Kick off Point

4 |
ﬂ _ﬂ
1000
g
- 2000
$
3000
%3361.55’ e
MAM 13.889 16.667
Elapsed Jime {rm .
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Horizontal Well Impacts Velocity

Echometer Online : PlungerTracking-Conv 2020_3 : Plunger_Deviation_Impact th Graph Du al Pad PI u nger

Deviated Wellbore Profile Increased Speed from 230
Welbore Depths: 230.08 vmin t0 450 ft/min once Plunger

Measured  True Vertical
1965.22

304,20 |3304.20
430118 |4268.37
458661 |44B1.63
BO0E.SE  |4B1E.14
505243 |4B2270
A038.43  |4625.38
Bh1.6E |4BR2.23
Bhdd 33 |4BR2.23
FRS7.74 |4B5E.5
B423.06  |4B56.33
f046.26  |4675.89

—
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FEIDGI  |46094.4 Plunger Hits LiquifRe4575 ft

TE72E0 (463242 — S| S e
4891.00 ; 19.444 22,222
7024 (468963 min)
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2318.00

ger in Deviated S-Curve

250 300 350 400 450

Velocity

A Well
Inclination

v

2500

Depth (ft)]

3000

3500

10

A
Ak
= A
A3
—t A M
A et

‘ - —

—

Pad Plunger Looses Seal
@ 20 Deg of Inclination
Speeds Up from 220
ft/min to 360 ft/min

15 20 25 30 35 40

Well Inclination (degrees) 41

500

—+—Plunger Fall

45



Depth (ft)

500

1000

1200

2000

2900

3000

3500

4000

4500

2000

Solid Plunger in Deviated Well

Velocity (fpm)
300 350 400 450 500 550 600 650
|
Q—é* - R
A Ao, l "%.
l 1 _‘..— ——
A A A ‘ﬁ
i — |
St | &
——— A i
e — L M
A A
g . 4t
A
= —+—Plunger Fall
. A A ! ——y_ — Velocity
L a4t : = A Well
. A A I . =~ ) il Iﬁﬁuhatiﬂn
A k/ When Inclination > 20 Deg
s . Extra Friction Slows Down
' from 500 ft/min to 425 ft/min

0 5 10 15 20 25 30 35 40 45

Inclination (degrees)
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Turner Unloading Velocity
(w/ hole angle adjustment)

r 70.25
F 70.25 :
N, oo —p,)| " Fin(.7(00 - )P
v, =1.5934
30 0? 0.740767

I_ ) | s B
Where Turner Adjustment TNO/Shell Angle Correction
P, = gas phase density, lbm/ft3
o = liguid phase density, lbm/ft3
G = surface tension, dynes/cm
N,. = Weber Number (use 60 for original Turner)
&, = hole angle (Deg from vertical)

C

Vv = critical velocity of liquid droplet, ft/sec

43



Turner Angle Modification (TNO-Shell)

TNO/Shell Modification for Hole Angle

35% increase at 37°

6 +— When Inclination is 0-75 Deg then additional gas
1T above Critical Rate is required to maintain flow.

“ 1+ Depending on hole angle Plunger Lift may need
, [ to beinstalled with gas rate greater than Critical.

c
@)
=
@®©
&)
=
©
o
=
—
o
c
—
-]
l_

Hole Angle, Deg




Fall Velocity is Faster at Low Pressures

Slows as Pressure Increases

240.0- -100.0
X Dual Pad Plunger A ' Slower
2 220,01 oy A 1320 2
@ pi'~’f' | S
o J“ | ®
g 200.0- 1640 <
= >
& | =
2 180.0- | 196.0 <
- | b
2 | =
= 160.0- [ 2280 =
= —
| Fast
140.,0 ———————————— .260.0
3.502 10447  17.391 24336 31280  38.224  45.169
Elapsed Time - minutes
Plot Increment | 3 sec ¢ ‘ I ﬁ X-Axis Range: ‘ 44000  mins  Full Trace
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Fall Velocity Increases as Pressure Decreases

Elapsed Time - Minutes
0 25 50 75 100 125 150

Echometer Online : PlungerTracking-Conv 2020 3 : Plunger_FallVelocity ThgPres

0 : ' 240
Fall Velocity for Each Cycle
—— -255.8 Ft/Min 163.0 Thg - Psig
-100 —— -319.8 Ft/Min 130.7 Thg - Psig [ 200
= —— -355.9 Ft/Min 102.0 Thg - Psig 2
= -394.8 Ft/Min 73.3 Thg - Psig E
S -200 - o 4781 Ft/Min 41.6 Thg - Psig [ 160
&, — Tubing Pressure - Psig E
-
£ 300 - ¢ 120 &
o = ; o
2 -400 = c
e O
o =
500 \ \ i
- \
Dual Pad Plunger Fall Velocity Faster 1.75
-600 1 Ft/Min with Each 1 Psi decrease in Pressure 46




Slide 47

Measured Fall Velocity in 40 Different Wells

Measured] Model

Average | Average | Average |Difference] Model's
Fall Fall Fall Measured] Absolute

Pressure | Velocity | Velocity | - Model | % Error

(Gas) (Gas)
psi ft/Min ft/Min ft/Min %

140 296 412.9 -116.9 39.5
53 232 674.0 -142.0 26.7
265 244 298.1 -54.1 22.2
99 404 492.0 -88.0 21.8
234 264 317.7 -53.7 20.3
152 330 396.0 -66.0 20.0
146 338 404 .2 -66.2 19.6
181 446 362.0 84.0 18.8
411 291 237.4 53.6 18.4
273 359 293.5 65.5 18.2
247 312 363.3 -91.3 16.4
268 352 296.3 55.7 15.8
260 260 301.0 -41.0 15.8
310 322 274.9 471 14.6
193 406 350.6 55.4 13.6
129 493 430.3 62.7 12.7
186 405 357.3 47.7 11.8
292 319 283.5 35.5 11.1
218 369 329.5 39.5 10.7
216 370 331.0 39.0 10.5

“All Same Type of Cleanout

Plungers Installed in Wells

Avg Error = 0.7 Ft/Min
Avg Abs Error=11.7%
Abs Avg Error =40.1 Ft/Min

495G £25 ££3.0 £3.4 9.4
322 296 269.6 26.4 8.9
147 442 402.8 39.2 8.9
151 366 397.3 -31.3 8.6
300 305 279.6 254 8.3
268 319 296.3 22.7 7.1
352 241 257 .4 -16.4 6.8
235 338 317.0 21.0 6.2
250 292 307 .1 -15.1 5.2
193 334 350.6 -16.6 5.0
247 297 309.0 -12.0 4.0
282 299 288.7 10.3 3.4
245 300 310.3 -10.3 3.4
358 264 255.1 8.9 3.4
275 286 292 .4 -6.4 2.2
800 165 164.0 1.0 0.6
177 366 366.5 -0.5 0.1
130 429 428.7 0.3 0.1

a7
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Slide 48

Plunger Fall Velocity Model Macro EXCEL

Spreadsheet

B4 - B | 300
A B

James F. Lea & Lynn Rowlan Plunger Fall Velocity Model
Title/Identification: Example
Plunger Weight, 1lbf 7.16
Measured Fall Velocity, ft/min 300
Average Temperature @ Measured Vel, F 135
Average Presssure @ Measured Vel, Psia 261.7
Gas Specific Gravity (Air = 1) 0.65
Mole Fraction H2S (Decimal Fraction) 0
Mole Fraction CO2 (Decimal Fraction) 0
Fall Velocity Calculations:
Initial Pressure, Psia 14.7
Final Pressure, Psia 825
Pressure Step, Psi 25
Temperature, Deg F 135

Calculate Fall Velocity ‘ |

Input Known
Fall Velocity to
Calibrate Model
For Fall Velocity
Calculation
Specify
Pressure Range
Click Calculate
Fall Velocity
Button to Plot
Calculated Fall
Velocities

Go to Output
Worksheet to
see Plot

48
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General Plunger Velocity Fall
Model From the Drag Model

stepl (Cdx A = Wt x 2gc/([Z7]V2)

- \/ 2Wt gc / (CdA)

Step 2 \/@

General Model

Where

Step 3 V= C/ CZ.\/ZthC/(CdA)

Echometer Plunger Fall Performance Coefficient: C 49



Dry Gas ~ Terminal Plunger Fall Velocity Measured In

Laboratory: Specific Gas Rate to Float Plunger

Tubing Pressure - Psia

0 200 400 600 800 1000
= 0
=
w 200
2 Model Input:
'g 400 300 Ft/Min @
E 600 261.7 Psia
s 800
o 1000
S
= 1200

0 Lab Measured Cleanout Plunger Fall

1400 Velocity at 17.3 Psia of 1352.5 Ft/Min

1600 50




Plunger Fall Performance Coefficient [C] for

Different Plungers in Same Well
C @ Average P, T, and Plunger Velocity

Avg Fall| Avg ~v
Plunger Velocity | Pressure
Description Picture Ft/min Psia C

Dual Pad w/ Seal D | 2366 | 1839 | 1735
Dual Pad -239.5 1714 | 169.3
Single Pad -335.0 179.7 | 242.7
Solid Pad Combo -372.9 167.5 | 260.7
-445.3 161.2 | 305.3

Solid




Plunger Fall Velocity - Ft/Min

Predicted Plunger Fall Velocity at Different

Pressure Using [C] for Different Plungers

Tubing Pressure - Psia

120 130 140 150 160 170 180 190 200
200 | ‘40
C=169.
250 tryet-pid —c=473.5
Dual Pad - '
300 pualPad w/ Seal C=242.7
Single Pad_—"| — C=
450 +—SolidPadCombo —— C=305.3
500 ——
Solid dma AWM =
| | V=C/.p

550




Plunger Fall Velocity - Ft/Min

Measured Plunger Fall Velocities Compared

-160

-180

N N N
5 N ©O
© © ©

-260

W N
S 0
& o

-320

-340

to Predicted Fall Velocity by

—eo Plunger Fall Velocity

V==C/p

Elapsed Time - Mins

Echometer Online : PlungerTracking-Conv 2020 3 : Plunger SV OpenClose dual pad

1

4
'r o
i - :
E BRELE
' ¥

o
g1 ¥ ki SIS
! g ], & : jl
’% '-f :
gd 3 NS !
; ==
|
‘ . =
! Gas Gas & Liquid & SV
| Only Gas & Liquid Opens / Closes
10 20 30 40

1000

2000

3000

4000

5000

6000

7000

8000

9000

Depth to Plunger - Ft




Change in Plunger Fall Velocity Directly

Related to Change in Low Gas Flow Rate

160.0- When SV Opens Instantaneous Gas (.0

Inflpw Reduces Plunger Fall Velocity _

E | 32.3 MscfD 360 5
§ 200.0- J o
. NM 22.0 G
2 220.0- W“ 220 4
L& Q
s ‘ | :
2 2400 ( 80 P
& @
2 260.0 R
3 6.0
T 200 l 39.766

2000 32.3 MscfD = 78.8 Ft/min @ 5800 Ft @ 219 Psia
T80 M302 4714 8T M9 /A9
Elapsed Time - minutes

-20.0

Echometer Online : PlungerTracking-Conv 2020 _3 : Plunger SV _OpenClose dual pad
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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 In pressure

If the Tubing Is Sticky — the plunger falls slower

O.L. Rowlan, J. McCoy, J. Lea,, R. Nadkrynechny, C. Cepuch, ” Measured Plunger Fall Velocity Used to Calibrate New Fall Velocity
Model”, SPE 164495 presentation at the SPE Production and Operations Symposium held in OKC, OK, U.S.A., 23-26 March 2013 55




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 56



By-pass and 2 Piece Plungers

1. Plungers with gas bypass ~ fall very fast
a) Bypass may close
b) Cylinder may catch ball, before bottom

c) Heavy Plungers can hit bottom hard and cause
damage

d) Impact of plunger at top/bottom require Liquid to
cushion/absorb energy

2. Benefits of Fast Fall against flow
a) Many cycles per day possible
b) Able to lift high liquid rates

c) Maintain Low FBHP (no shut-in required)

57




Source: Dr. James F. L

Possible
I liquid
load
IF Gas

—O

|
\

Ball and cylinder Cylinder slides
rise together over rod- ball falls

§

Ball goes to
bottom

Cylinder released
& rejoins ball

\

Ball & cylinder
rise again




Data Collection — for Fast Falling Plunger

30 HZ © N0|se” @ 480 HZ Becomes Data

490 — Tubing Pressure — Tubing Acoustic —— Tubing Pressure — Tubing Acoustic
130 HZ SEOm1480 HZ RO
480 ]
f 460 ]
470 ] -
460 450
50 240 ]
440 . :
1 1.0 min 430
430 _
1242:43PM 124256 PM  1243:09PM  124323PM  1243:361  11:4743AM  11A7B4AM | MATS5AM
—— Tubing Pressure — Tubing Acoustic — Tubing Pressure — Tubing Acoustic
485 460-
] Ir//l 458 ]
480 - M e 455-:
] I 454
475 ] | ] r
: / 452
_ ~ ;
470 450 .
| i | . | Coll
61 min Noise 0.1 min ollars
1243:03PM  1243:04PM  12:43:05PM  1243:07PM  12:13:08 PM ATIEAM  MATSTAM  A1A7:38AM AAT39AM  AATAOAM  44:17:41 AM
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Define Cycle T Cycle Limits T Plunger Fall T Gas Properties ]

« » Selection: [0.983 |min
—— Tubing Pressure — Tubing Acoustic
288 ] ch [C Ch Tchd Jchd [ckd [ckd [ckd [cE1 IckE4 IcBd [ckd [chd [ckd [cdo Cq1] [c52
] cp ch4 |c17 |ckd 1ced Ickd |ck9 |cBA |ckd |cBq |ckq |chdq |cpq [cso
1 chq |d21 |ck4 Ickq |cBd |cBA |cBd |cBd |ckd |chg |che
286 s
] Q cal
] || S U LT Sleeve+Ball
m P F L]
1B =l 400|Ft/Min
282 &
280 - @ Nt
] N
278 - N 10 ht
1 v
i g T
276
Hosndr i Wttt e gy . MWMWWW«WWWW
274
272
ﬁ1:ﬂd:l2? PM 61:04:3? F'I'-.r'll | | 01:04:48 F'N:I 61:{]4:53 F'N:I | | i.'ll1:|]5:||.'lﬂ Fl‘.rl'l | | i.'ll1:|]5:l|9 i
Elapsed Time
Cursor min ‘ {-I ‘ -}I ‘ Add Collar Auto Select ‘ Remove All
# Time (clock) - Velocity (ft/min) Depth (ft) < [
C49|12:37:57 PM -2931.52 1526.22 A
C50|12:37:58 PM -2342 15 1557 .37 M
C51(12:38:01 PM -791.74 1588.52
r&2112-38-03% PM _88a 1/ 1R10 RA &

Average Plunger Vel (gas): -1215.49 ftimin

Average Jtsimin (gas). 39.024

- Echometer Online : PlungerTracking-Conv 2020 _3 : Plunger_2Piece_SleeveCatchesBall

12/28/2016 01:16:18PM




Zoom In to See Sleeve Fall Fast (480 HZ)

— Casing Pressure — Tubing Acoustic

Elapsed Time of 8.0 Seconds

215

214.5 -

214

213.5

|

213 -
212.5 ] Can Deteljmine 3189 ft/mim Sleeve Fall Velocity
] |
212 -
80 60017 60035  60.052 60069  60.087 60104

Elapsed Time (min)



2-Plece Plunger Performance

Field data shows 2-piece plunger fall velocity can be
measured using acoustic plunger tracking techniques

Need to use High Speed Data Acquisition (480 HZ)

Software improved visualization displays 100 echoes per
minute at reasonable scale to determine plunger velocity
2-plece plunger

— Fell 2200 ft/min against flow,

— Fell against 3600 ft/min no flow

— Sleeve caught the ball prior to reaching the BSA

Common problems are: 1) broken plungers, 2) damaged
BSAs and 3) loaded wells due to sleeve falling off rod

62



Optimize Plunger in Well

 Published fall velocity for a plunger type are NOT
accurate, because fall velocity is significantly impacted
by gas density.

 Using Measured Plunger Fall Velocity with the Model to
Predict Plunger Fall Velocity at other P & T.

« Changing the Plunger Cycle Impacts Operating
Pressure, Model Calculates Velocity at New P & T.

« Each plunger type has its own Performance Coefficient

« When changes to the well cycle impact the operating
pressure, use model to determine the change in time
required for the plunger to fall to bottom during shut-in.

63



Conclusions

 All plungers have faster fall velocity at low pressure vs
slower fall velocity at high pressure (Gas Density).

« Gas Density and C are used to Predict Plunger Fall
Velocity through Gas at any P & T in the Tubing

« BUT, Plunger Velocity Relative to the Tubing Changes
as the Upward Velocity of the Gas Changes — When
Gas Velocities are Slow

 Gas Flow Impact on Plunger Fall Velocity is Negligible
when Gas Flow is Turbulent

 Plunger Fall Velocity Directly Impacted when Gas Flow
Is Laminar when Gas Flow Rates are Slow
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