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Introduction

« Pump Stroke Will Increase, when the Dynamic
Motion of the Beam Pump System Adds
Momentum to the Rod String

« Pump Stroke Will Shorten, when the Rods
Stretch to Pick Up the Pump Fluid Load and to
overcome Coulomb Friction

« Surface Dynamometer Card Sloping Up or

Down from Left to Right Defines:
 Up to Right an "Over Travel Card Shape“
« Down to Right an “Under Travel Card Shape”

 Rod Stretch Creates Under Travel Cards.

« Pumping Fast or High Plunger Velocities
Created by the Sudden Release of Pump Load
Creates Over Travel Dynamometer Cards. ,




Dynamometer Displays SR Pumping System Performance
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Recommendations For Producing
Sucker Rod Lifted Wells

« Recommended 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.

 Use predicted and measured dynamometer data as
cross-check; calculate what is measured

 Rod Parts are often caused by wear

 Rods-on-Tubing Contact

« Pump fillage (fluid pound or gas interference)

 Avoid Sudden impact loads (tagging) on upstroke or
down stroke
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Peak Polished Rod Load

Feak Load Min Load Fower

Polished Rod | 20.45 k| 5.12 kb | 21.3 we
Purmp | 7.53 k| =0.20 kw| 17.5 wp

Stroke Length = 168.00 in |
31.80, 20.45)
Ne—

~—

PPRL due to acceleration force ‘1'1.

applied at the surface above the
Wrf to apply a static force F_ at the

PPRL experienced during the pumping cycle depends on pumping
speed, faster SPM then more acceleration and higher peak load.




Minimum Polished Rod Load

Feak Load hlitn Load Fower

Palished Rod | 20,45 ki 5.12 wp 21.3 wp
Pump | 7.53 ki | -0.20 k| 17.5 wp

Stroke Length = 168.00 in

Acceleration force at the surm : 11

the static force F_ carried by the traveling
valve Is transferred to the standing valve.

(124.64, 5.12)

IBIEII | I1EIIEII | I12|DI | I1:|IEII | I1E:|1EII | in
Minimum polished experienced during the
pumping cycle is a function of pump speed.
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Echometer Online : Over Travel 2020 21 : Normal Dyno

MPRL/PPRL > 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/PPRL Limit=1.9

OK 0.25>0.19




kb  Stroke Length, SL = 45.39

] ' r&pe9in
= l Under Travel
MW+ FoFL=14.89 Kib | B
14+ Under Travel Surface card
_ slopes upward from left to right.
12
' Pump plunger moves less than
10_WUrf = 10,08 Kib the polished rod stroke.
.1 EPT = SL-Static Stretch+Qvertravel Underh'l;ravel IS due to rod
|EPT=45.4-39.0+12.2=18.6"| stretch from fluid load,
: T - downhole friction or other
54 v open | reasons.
l VClose  FoMax - 4.82 Kib
4 Static Stretch: Under Travel cards include:
; Noeg =y stuck pumps, plunger is too
. Tubing = 3% large for the rod string, sand
- a , or scale problems, too tight
] Overtravel =12.2 : :
_ stuffing box and/or paraffin.
=
~ [Eimeon]  her-2340m

' ' ! U Echometer Online : Over Travel 2020 21 : Undertravel 8
0 10 20 30 40




Over Travel

Over Travel Plunger stroke
ax Increases due to pumping speed.
Slope Down
to the Right Surface card slopes downward
from left to right.

The 13.74 SPM adds momentum
to the rods increasing stroke by
31.2” inches.

Over Travel cards include: parted

rods, TV stuck open, hole in
Static Stretch = 23.0” pump barrel, flowing wells,
Overtravel =31.2" unseated pumps, gas locks, worn
pumps, fiberglass rod strings or
pumping at a very fast SPM.

Echometer Online : Over Travel 2020 21 : Overtravel 9
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Example Well

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

2. 2 inch diameter plunger with anchored tubing
a) Fluid Load 6802 Ibs
3. Tubing Fluid Gradient 0.433 psi/ft

4. 76 API Designation rod string

a) 41.2% - 7/8" and 58.8% - 3/4” rods

b) Weight Rods in Fluid — 8,288 Lbs

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

d) Fo/SKr =0.268 with 26.8 in of Stroke lost to Stretch

11



Pump Stroke Less by Static Stretch

Dynamometer Cards at Pumping Speed of approximately 0 SPM

Dynamometer Cards

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

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




Pumping Speed at 5 SPM

Pump Stroke 1.7 inches longer due to Over-travel from SPM>0

Dynamometer Cards

< 100 in >
14,950 i B R

S 11217 Peak PR Load, PPRL = Wrf + F1 -
SRRl <~ _Min. PR Load, MPRL = Wrf — F2~"
3 i e —lp
o 7475 i .
o 26.8 in
— 0

- —L (R = (my
Wrf = 8,288 Lbs a2 o = &
F1 =8700 Lbs N _
E2 = 1775 Lbs Fozition {in)

FFEL 16,938 |bs
Furnp Stroke 75010
Fo/Skr 0263

MFHL B.513 bz
Static Stretch 26.9 1n
Er 28d bR

wertravel 1.7 1n
.t 334 |bAn



Rod String 76 Design loaded to 100% of the

Allowable Modified Goodman Stress

Dynamometer Cards

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

Purp Stroke 87.7 10
FodSkr 0268

Static Stretch 26,3 17
Er 284 |BAR

Uwertravel 13.8 1n
k.t 234 b
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As N/No’ increases, then more Over Travel occurs
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FIGURE 4.1 405
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Compares the Plunger Stroke Factor, Sp/S, A2l Eo/SKr
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Problems Associated with Pumping
Off more than 2% of 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

16




Fo/Skr & N/No' Rod Design Practice

1st company’s rod design practice where:
Fo/SKr<0.2 and N/No0’<0.2 Maximum
LONG AND SLOW IS THE WAY TO GO

2"d company designed rod strings where:
Fo/SKr>0.2 and N/No’>0.2 Minimum
SHORT AND FAST IS LOWEST COST

Did design practice impact faillure Rates?

17




DIMENSIONLESS SPEED, N/No

Note: The analog computer dynamometer cards on
this exhibit were conceived by Sucker Rod Pumping
Research, Inc., and publication is made possible by

Rods Here Due to

Undertravel

2 3 4 i - .6

DIMENSIONLESS LOAD, F,/Sk, 18




il >n¢ Company - H

Note: The analog computer dynamometer cards on
this exhibit were conceived by Sucker Rod Pumping
Research, Inc., and publication is made possible by
cooperation of the American Petroleum Institute.

%

DIMENSIONLESS SPEED, N/No

Company H

Says
Never Design

Rods Here

D
+ S ) >
= N
_ >
[~

A
-

P

= NP ) g

NO — Do Not
Design Rods Here

DIMENSIONLESS LOAD, F,/Sk, 19




Both had 0.4 Failure Frequency

1.80
Rod, Pump, & Tubing Total Failure Frequency by Cnmpany| % wAl8arE)
1.60 - + B(2532Y)
5 From ALEOC o C(12237)
40 +  D(2205/Y)
1.20 + E(BI7M)
+ F(3769/Y)
1300 + G(5T3TH)
+ H(178477)
e o J(5447Y)
0.60 ¢ K(295/)
L(BaaA)
. — AYERAGE
— Ay StoEy
e — Avi+Strey
0.00 Sucker Rod Design had NO (Zero) Impact on Failures

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 20



What did Companies J and H
have In Common?

. Practice of Operating Pumps Filled with Liguid

. Active Program where Technicians:
a) Acquired Data

b) Analyzed Problems
c) Followed-up Recommendations

. Practiced a “Company” Methodology to Analyze,
Optimize, and Trouble Shoot Wells

. Tracked Cause and Condition of Failed Downhole
Equipment in a Failure Data Base

. Determined to investigate Root Cause of Failure and
Correct the Problem.

21



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

22




Full Pump MTBF for SPM x Stroke

¢+ MTBF w/ Full Pump ~ 100% Run Time

® MTBF - If Pump Off >2% Time
— Average MTBF w/ Full Pump ~ 100% Run Time
—Predicted MTBF - If Pump Off > 2% of Time

Impact of Polished Rod Velocity on MTBF

L L J

sar MTBF when Pump Full and Run Time 10

FNSS

. * *

i\

- > 2% of Time N
)111(Polished Rod Velocity) +18.196 \.

500 600 700 800 900 1000 1100 1200 1300 1400
“The Use of Polisheo_l Rod Velocity and MPRL/PPRL Ratio {SL*SPM} Polished Rod VE'OCit\F _ infmin

an Indicator of E3 gquen A 0183




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

24



“Long and Slow” VS “Short and Fast”

1. “Long and Slow” OR “Short and Fast” is NOT
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

25



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.

26



No - Undamped Natural Frequency
Synchronous Speed of Straight Uniform Sucker Rod String

No =15V /L

No = 15 x 16300 / 5000 = 48.9

TN

No — Undamped natural frequency , SPM
V. — Velocity of Sound in Steel, ft/sec

V. = 16,300 ft/sec
L — Length of Rod String, Ft

N — Current Pumping Speed, SPM

No’ — Natural Frequency adjusted for Taper — Fc x No
Fc =1.093 No’'=1.093 x 48.9=534

N/No’ - Dimensionless Speed Ratio

27



Peak-to-Peak Load Echo Moves Further Apart
as SPM: 4.85=>6.12

Natural Frequency
adjusted for Taper =
45.88 SPM

192.

Elapsed Time Between
Repeating Load Peaks
= 1.31 Seconds

192 O Echometer Online : Over Travel 2020 21 : DynoChangeSPM 28




Polished Rod Load - Klbs

Polished Rod Velocity -in/se

Loads Echo Peak-to-Peak at Rod Frequency

20

16

12

=60 -
=80 -

/\ —4.85 SPM 5.44 SPM —56.12 SPM
=, s\

0 2 4 6 8 10 12 14
Elapsed Time - Seconds
/lf___‘““-.. —4.85 SPM 5.44 SPM —6.12 SPM

A |~

20 0 2 + N o N_ s /i B

N SN /

Polished Rod Velocity N

Increases as SPM increases
Elapsed Time - Seconds 29



Upstroke Fluid Pound
Delayed Closing of TV on Up Stroke

Tubing anchored or unanchored

Traveling Valve Ball/Seat not closing properly at beginning of
upstroke: Flow restricted by very viscous fluid in pump OR TV ball

prevented from going on seat OR flow area smaller than plunger
above pump to small OR damaged/pitted TV ball.

30



Shock Loads Increase Rod Failures
Gunk In Pump Two TVs In Pump

Echometer Online : Over Travel 2020_21 : Gunk in Pump Echometer Online : Over Travel 2020 21 : TV Double Valve

W + Fo Max
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A - J
@, ' @ .
Field Details t Chamber { Analysis Plots Raw ]
J— ~—— (W Replay | [T Events |
— Pump Load ( KIb) — Polished Rod Load ( KIb ) .
25 > tl olfoKke 2 01 1b l> I
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xE 20 %
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2l 5] 7\ 2
° : 3
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Erratic Behavior Due to

Delay in TV Ball Going on Seat

07/15/1996 01:24:00PM

Avg Stroke LeTgth =|1EE.DU in
15
10
- ':L“”ﬂ:i}ﬁ_'b_
3] 1SV Close
1 |
i |
7| |
1l |
0 i | |
|
Avg MP‘T=153.9!53 in | |
AvgEPT=14821in | | |

T T T T T T T T T T T T T T T T T T T T T T T
0 20 40 60 a0 100 120 140 160 in



Shock Loads Increase Rod Failures

Gunk In Pump

18.75 -

15.63 -

12.50 -

9.38 1

6.29

3.134

3.13

Failure Frequency (/well/year)

From ALEOC

=
=
=

0.30

0.20

0.10

0.00
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> (0.1 Second 7,000 Lbs

f Impacts Rods on Upstroke

Echometer Online : Over Travel 2020 21 : Gunk in Pump

(sq7)1) peo poy paysijod

.
o

6.0
Elapsed Time ! }

Mechanical Net Gearbox Torque (Existing) - (I{in-Lh|

624 Kin-Lb 38.6% Overload

|
|
™, P |
|

3 A / e

pr ﬂ.-"“\'

iy ==} f i 3
|
I

90% Reductlon In Life of 456 Mark Il Gearbox

2.0

4.0
Elapsed Time (Sec)

6.0 8.0
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High Speed Acquisition - TWM

[ 30 Hz,jpg @ 100% (Background)

|| )

o Acguire Mode

" Recall Maode

F2 Setup

F3

EBase
“Well File

FA4

=
=0

i
Seleck

Tesk

+
+‘ -|'|
’ %]
2 F
o g
==
...
|

[&] "W - Examples: V11
File Mode Option Tools Help

— O X

nLn:uau:Il

Acceleration ]

Power ] Cument ]

LOAD (Klbs)

-0.0075

-0.0085

00100

1. Data can be acquired at time intervals of
15, 30, 60, 120, 240, 480, or greater HZ.

2. A high speed laptop computer allows
data to be recorded at the optimum
resolution of state-of-the-art instrument
using sigma-delta analog to digital
converters, precision sensors, and
shielded cables.

00:00

DISPLAYING Data, Press START button to start recording.

[Alt-0] Record 1.0 Minutels) of Data. ..

Manual Data Recording

[Al-5] START |

240 samples per second best



High Speed Data Acquisition - TAM

Preferences

X

LInits

"

v

Workarea

Theme

Y i

App
Settings

"

Sample
Rate

Dynamometer
HT

ERT

CBE

HT

Wireless Well Analyzer
100 Hz | |120Hz -]
400 Hz | |240Hz ~|
Sensor Information
60 Hz ~| [0}

Serial Mumber: WHT S001
System Type: Wireless
Acquisition Rate: B0 Hz

Sensor Firmware Wersion:

4-23-13

Coefficients:

C1: -2 6440 C4: 0.0000
2 23 5380 5 0.0000
3 0.0000 Ch: B5 4080

Zero Offset; +0.53 Kb
Zero Date: 06/10/2015 13:40:04
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Sampling Rate Important for
1/10 Sec Duration High Speed Event

oo Tl Al Ial T T Tl Tal Tal Tal T

w AL LI LR
JANANENANANLNANANANES
NErIrIFArArATArararal

METRVTEVEVEVRY YR
VL VT VT VE VTV VT [T VT T

-0.15 1 Secon

1. Blue - 20 Samples per Second results in 2 data values acquired

during event.
2. Black - 240 Samples per Second results in 24 data values
acquired during event

3. Sampling to slow can completely miss occurrence an Event

39




Setup Hardware |

Base not connected

Lightning P38 St
#2H

5Un
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0000000000000 L)
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-Echometer Online : Over Travel 2020 21 : Pump Off Tag
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FZI f
1
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Dynamometer

Fi1

History. .
F12

Utilities

F1
Help

e

HT 1074

S )

2 Optional H 7 Optional E‘

Liguid Level
e

05/27/2014 01:02:21PN | 05/27/2014 01:07:16PM | 05,57 5014 01:18.06PM

240 HZ Instability in Wave Eqg ~ Fixed

Beta Jan 22 2015 15:58:46 E E! ﬂ

FI0Dick Sansor te

Al

L Test Info J (R . Comrments: |test PRT - Dynamometer Test 240 HZ | [ Report l
Field I Details I Chamber \ Analysis Plots \ Raw J
Peak Load Mir Load Pt [” Replay | LE EventsJ
i Polished Rod | 38.09 x| 21.34 x| 14.1 wp b] T >)
||
i Pump | 7.21 ki =7.79 k| 7.3 wp =
|| kb
| || —ARD = & %
| Stroke Length = 168.00 in Adj Pump Displacement
| i | j Pump Disp © 107 seup
E | Calculated Fluid Load Max| §.52 Kb
| E oy | Surface Eficiency|  mmm= o
‘R rf+Fo FL = 31.09 Klb
ah 304 _ Pumping Speed @ 240Hz| 6,162 spm
ﬂ b otor to Pump Efficiency —— O
= 25.87 Kib
T e e e Pump Intake Pressure| 644 psi (g)
| | | DampUpl 0,160
. | | | Damp Down 0160
7N : I I Adj Fillage @ 44.17 o
PDP = i :
3688 psi () ] Equivalent Gas Free filage =76.05in | | | Ad EFT @] 66.5
Enter Tubing ’
| | | Pressure 386-0 psi [g]
L H— |
] o Mg LEeexin
e L o . 2738, 599— v e T T -
0 A |
805 psi (g) —frd Close | | |
=k EPT=88.03in | |
= R o [ e i o e e R i ) O T T o o .
735 psi (g) 0 20 40 60 80 100 120 140 160 in [ Amotations |
Stroke: 1 00:00:12 unanchored kil 406 mwin ¥ 153 ibin [ Pump Card Analysis |




High Speed and High
Resolution Data Acquisition

1. Noisy or poor quality data requires
special processing/smoothing to
prevent false load spikes.

2. High speed/high resolution data
required to see character of sudden
Impact loads.

3. High speed/high resolution data is
used to clearly analyze the severity
of sudden impact loads. .




High Speed Sampling Shows Correct Tag Force

16.25 -
13.75-
11.25-
8.73-
6.25 |
3.?5-

1.254

1.25

3.754

6.25

1Wrf + Fo Max

1047

'_C— TAG

30 Samples/Second

0 118.9

Echometer Online : Over Travel 2020 21 : Tagging - Sampling Speed

17.50 1 Wrf + Fo Max

15.00 -

12.50

10.00

7.50

1047

2.50 6500 Lb TAG
-2.00 / |

240 Samples/Second
€.l L —118.7
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Notice Gas Compression TV Open Reflection
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Incomplete Pump Fillage

 Pump load on the up stroke is the same when a pump is filled
with liquid or not filled (pumped off) and the rod weight is the

Same.

« During incomplete pump fillage portion of the down stroke the
loads applied by the pump to the rods is higher thereby
causing the pump stroke to be longer than when pump is full.

 If the pump position during the stroke were plotted relative to
the tubing, then bottom of stroke can be farther down when

the pump is not full.
e A fluid pound Pump-OFF tag can occur, because:

1.

2.
3.
4

Plunger over travels on the down stroke

Plunger moves deeper into the barrel

Tagging due to pump spacing,

Higher load on down stroke and higher downward inertia is

created by higher downward velocity.
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Video Shows VSD Changing
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Gas Interference Seen in Pump

When SPM Is Slowest
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NO Gas Interference When SPM iIs Fastest

Pumping Fast Exceeds Gas Separator Capacity
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Compare SPM Slowest to Fastest
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Plunger Suddenly Slows to Open TV

Over Travels on Up and Down Stroke
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Over Travel on Upstroke
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Is Over Travel Good or Bad?

1. Good because Pump Displacement
Increases with Increase in SPM

2. Bad because Failures “tend” to increase
with increased SPM

3. Operating within a pumping speed 5-10
SPM range Is common practice and
fallures rates should not increase when
pumping within this speed range.
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Conclusion

« Pumping speed creates dynamic forces that impact the
elongation of the rod string. These forces may cause
over and under travel of the pump plunger.

 Sudden release/application of pump load results in
plunger position changing relative to the pump barrel.

 Zero position for the plots of surface and pump card is
typically the same for most diagnostic wave equation
since about 1984.

e Plotting surface and downhole cards with a common
zero position is useful to compare the magnitude of the
surface and plunger travel

 Plotting the pump card position relative to the pump
barrel is useful to compare plunger position of a pump
filled with liquid versus a pump that is not filled.
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