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Analysis of Dynamometer Measurements w/

File Mode Option Tools Help

i Acquire Mode

v :
Qe e o For Het Torgue Caloulations se:;

" Counter Balance Effect [Weights level]

Uit Clazs |D:unventi|:|nal Ii

AF |E'32DD'EEE'1DD {* Counter Balance Morment [Existing]
Stroke Length |1|:||:|_|:||:|E| j in F09.526 Kin-lb Counter Weights. .

b anufacturer | LUFKIN

Rotation & D COw Weight OF Counter Weights (5308

[Alt-2] Prim

" Need Pumping Unit Information:
" Type, Unit Geometry, Direction of
Rotation, Prime Mover Information

[&lt-3] Electric kotor Parameters

Full Load |35— Amps [Alt-4] Power Cost
Consumption 5 e/KwH
Rated RFM 1100 anEUmption ¢

Demand |3 B
Synchronouz RPM |4 200
Voltage (480 Phaze |2 -

MFG




Well Bore Tab Need: rod Types, Rod Lengths, Rod
Diameters, Pump Plunger Diameter, Pump Intake Depth,

File Mode Option Tools Help

i Acquire Mode

File b grnt ] General ] Data Guide ] Suface Equip. B Wellbore Conditions ] Prezs. Transient Data l

+ Recall Maode

Tubing 0B {2 375 i Tilbing 0. SR 500 2

_Tubing ... |
_CasngD... |

- Fump Intake |5226.00 ft
Cazing OD |5.5EIEI in Cazing |D...

Ave Joint Length | 31.700 ft [2h-4] Palizhed Fod

Diameter |1_25|j| | in
Anchor Depth (510000 ft

[&lk-5] Rod Taotals
Total Rod Lenath: {5200 ft

WraTDtaI RodWeight: |g22q9 75 I3

Top Taper Taper 2 Taper 3 Taper 4 Taper & Taper B
Red Type [D ~] [o ~| o | [none +] | E4]
Length |1100.00 |3575.00 225,00 | | |

Diameter (0875 «| [0750  +| [08  +| | N F-| |

Wwieight |2433.2 62909 497.7 |

Damp Up (005 Damp Down 10 05

Seleck - d KE Corection |0.00 ft
Test |

[A-2] Rod String

Dewviated wWellbare ... |




Conditions Tab Need: producing & Static BHP,

Fluids’ gravities, and Production rates, Tubing Head

Pressure —— Tubing Fluid Gradient
[ TWM - Examples : V11 @@

File Mode Option Tools Help

(" Acquire Mode File Mgmt] General] Drata Guide] Surface Equip. welbore [ Conditians l Prezz. Transient Data]

¢ Hecall Mode

Freszure [Al-1) Production [Alt-2]
Static BHP [451.3 ail [14 BEL/D

Static BHP Method |GAUGE

=
Static BHP Date [07-12:90 =

Wiater |50 BEL/D

Gas {400 Mact/D

Producing BHP [82.4 psi [g] Date |09/21/1998 =

Producing BHP Method |.-'3u:|:|usti|: j

Temperatures [Al-4]

Produci —

Tubing Fluid Gradient Method

F':": Tubing Fluid Gradient O ptions:

Prod * |szevalue Calculated From Production Information  |0.435 pzifft

Surface Prod

™ Usze Entered Walue paidft | deg 4P

| SpGrH20

E

ak.

F
Caging Pres —

L = B i D= | |07 P |

Chanhge In Frezsure |I].E pi

Tubing Fluid Gradient...
Qwer - Change ln Time |2 25 min

Save | ?| {F'gL||:|| F'ngn}|




Measured & Computed Valve Loads

ETWM - Examples: ¥11 <¥Yalve> acg-[08/12/02 17:04:08]

File Mode Option Tools Hel
- : Wrf = Wra - Wra*0.128G
Sl O valve &nalysis

" Recall Mode

F2 Setup
wot

F3

EBasze :.:-
Wiell File |

FG Analyze

Traveling &nd Standing % alve Loads [K-Lbs] we Time [zec]

s

: |
1B OR AT WE|GHT + FLUID LOA |
X" [y B L
_ |
_ |

|
lspuvkntweienr 0|

T T
25.00 S0.00

Traveling Walve Analysis Standing Walve Analysiz

Calc. Boupant Bod */fgt. + Fluid Load |1 2062 Calz. Bouyant Rod at. ’3|]41 IbF

Meazured Load (11629 Ibf Meazured Load 2002

Leakage |01 BEL/D Intake Prezsue 1231_3 pzi [g]

<~Left | Righty | — }— <~-Let | Right->| —

Leakage |nterwal

[T Show Acceleration Data

Caleulated Fluid Load |4EI2'I o] Auto Lo, | ) | A PgDwns 1




Buoyancy Force not

Buoyancy Force, FI dependondeptnor

pressure
Steel Rods ~ Fb = Wra*0.128*G

—Weight of the steel weight

PEEEEt

Buoyant force Is
due the density of
the fluid displaced

Wrf=Wra-Fb by each rod.




Symptoms of Well Flowing up Tubing and/or

Casmg: Measured TV and SV loads Approximately Equal

O valve Analpsis l
Trawveling &nd Standing “alve Loads [K-Lbz] w2 Time [zec) HT310

ny -, Measured SV Load

4BUOYANT WWEIEHT + FIO oS | ngh Due nght FlOWIng
- |  Tubing Gradient
|

|

|

|

uﬁﬁwg’wﬁﬁﬂwﬂ M ’( L@Jﬂr w

1

(] EE.II:II:I SD.IDI:I ?S.II:II:I '1I:II:II.I:II:I '125I.I:II:I '15I:II.I:II:I '17-"5I.I:II:I
Trawveling “alve Analyziz Standing * alve Analpsis
Calc. Buoyant Bod "t + Fo Max |12721 Ibf Calc. Buayant Rod wat. | 7335 Ll
Leakage Interval IMeasured Load |8433 Ik Meazured Load |8435 Ik I
52000 == Leakage [0.2 BEL/D TSR e T 1]
>l k| k- 1] g-Lett | Right—s | —j— <Let | Right> | _j_

[ Show Acceleration D ata

Calculated Fluid Load |4346 kf Used Normal Gradient 0.445 psi/ft el e




If PRT Used for Valve Checks

. O ‘valve Analpsis l
1 . Verlfy Traveling &nd Standing alve Loads [K-Lbz] vz Time [zec] FRETHE1

Correct SV
Check
Load IS

Selected 1 * #\.\

Click |

T

Apply
button to .

5 BOUANT WEJEHT + FLUID LOAD
AdJ USt SV L= o 31 .IEE EiE.IEEI 125|.IIIIII 15Eil.25 1E=TI.5I:I 218|.T-’5
to Buoyant

Rod Wat. Cale. Boupant Rad'Wat. +Fluid Laad [12082 Ibf Calc. Boupant Rod'wat. 2041 Ibf

Leakage Interval Measured Load |-I 8763 I Meazured Load |'| Ra01 Ibsf
|5 EBC Leakages |-0 3 BEL/D

Sen| | = — <—Let | Right-> | _I—

- Adjust 5% To Boupant Bod gt
Calculated Fluid Load (4021 Ibf Apply ‘ Reset |

Traveling % alve Analysiz- 1 - Standing Y alve Analysiz




If PRT Used for Valve Checks

A.I:ter O valve Analyzis l
Traveling And Standing Yalve Loads [F.-Lbz] vs Time [zec) FRTHE1
Clicking

=10

Apply _ |
button to BOUYANT WE IO | | .
Adjust SV 5 |
to Buoyant i\ \ | “

Rod Wat. . |

JI(=1u) IR TR
| !

The
Selected
SV ChECk | 3125 6250 125.00 156,25 187 50

= - Traveling W alve &nalysiz- (I - Standing YW alve Analysiz
Load is

Calc. Bouyant Bod 'Wat. + Fluid Load (12052 Calc. Bouyant Rod 'Wat. {2041

adjusted to
exactly

match the
Calc. o < Left | Right z\ — }— < Left | Right - > |

B u Oyant - Adjust 5V To Boupant Rod wigt.
Rod Wgt Calculated Fluid Load {4021 (a1 Apply Reset ‘ 5 ‘ Tl | D 1

Leakage Interval Measured Load |10902 Meazured Load 5041
Leakage |-.0.3




BOULNW WE ﬁT + FC
- H ‘ M‘\‘\‘{r\

J U | W‘W

PRT Load Cell

HT Load Cell




Standing Valve Check Procedure =i

Standing valve check load is taken during the down
stroke by gently using the brake to bring the pumping
unit to a stop about % from the bottom of the stroke.




Perform Two Standing Valve Checks

4 TWM - Examples: ¥11 =Surface Card> acq-[08/12/02 17:01:01]
File Mode Option Tools Help

" Acquire Mods Instruction [ Load ]

LOAD (Kibs)

5.7 1

03:00

FG Acouire 00:00
Datal |

RECORDIMG Data, Prezs STOF button to stop recarding.

b eazured Load ]EDB# bz

b anual D ata Recording

? | <F'g|_||:|] F'ngn>|




On Downstroke:
Check Standing Valve Load

1) Pumping cycle was
on the :

Downstroke when the TV 2189 psi
was open and SV was BRoga
closed for a standing valve [N

load check.

2)  Static pressures across the °F *"|“ %'—"-THUHE LENGTH
plunger are equal for SV SNl A _
Load Check(shown). il J 2189 psi

3) SV load measures the ) AFTER SV CLOSE
weight of the rods buoyed [SIoH === AND TV'OPENS:
In the tubing fluid. s ) : Pb = Pdis

Pb > Pintk




14.06

12.50

10.94 -

9.38

F.814

6.25-
|
4 . - . .
0 2500 5{:1:17 7500 10000  125.C

4.69

FAd

1.96

~ Standing Valve Test

0 ' T 100.0

Standing Valve Load Test (above right) is a representative and correctly
taken standing valve test load. The load trace is located at the standing (SV)
load line and is sometimes called Wrf. The rod string load is measured, not the
load on the “standing valve”. This test records the load on the sucker rod string

I]l—.‘__ e

when it is immersed in well fluid and the standing valve is not leaking. SV load
trace will usually be a flat line showing no weight gain unless the standing valve

Is leaking, or there is leakage from the pump or tubing.




Traveling Valve Check Procedure

The traveling valve check load test is taken during the
upstroke by gently using the brake to bring the pumping
unit to a stop about % from the top of the stroke.




Perform Two Traveling Valve Checks

ETWM - Examples: ¥11 <Surface Card> acq-[08/12/02 17:01
File Mode Option Tools Help

" Acquire Mods Instruction [ Load ]

12.7

—
n
i
oy
—_
=]
I,
]
|

03:00

00:00

F& .ﬂ.cqui'FEi
Datay |

RECORDIMG Data, Prezs STOF button to stop recarding.

b eazured Load 11 1620 bz

b anual D ata Recording

? | <F'g|_||:|] F'ngn>|




On Upstroke:
Check Traveling Valve Load

1) Pumping cycle was
on the

Upstroke when the TV
was closed and SV
was open for a
traveling valve load

check.
2) Pressure Inside the s iy o
pump are equal to the ) AFTER TV CLOSES
pump intake pressure. (W] AND SVOPENS:
Pdis > Pb
3) When stopped on i Pb=Pintk

upstroke TV Check
weighs = Wrf + Fo.




14.06

12.50

10.94 -

9.38

F.814

b.23

4'59{_59_59?_,.5; -------- I | | | I
o1 [ B iﬁfﬂ 5000 7500 10000 12500
1.55—- | .

ﬂ i/ Traveling Valve Test
- | | 9"-?‘;"&-“

Traveling Valve Load Test (above right) is a representative and correctly
taken traveling valve load test. This load trace is located at the traveling (TV)
load line and is sometimes called Wrf + Fluid Load. The test records the load
on the rod string immersed in well fluid, plus the fluid load applied to the rod

string by the pump plunger. When the traveling valve is not leaking, the load
trace will usually be a flat line showing very little weight loss of the fluid load.

Normally, the TV load leaks between the pump plunger and barrel clearances.




% 2500 50,00 75,00
“,  Traveling Valve Test

Traveling Valve Load Test showing load loss during the traveling

valve check. The weight loss is usually associated with a leaky traveling valve
or slippage of fluid due to the diametric clearances (0.008” above) between the
pump plunger and the pump barrel. This load must be taken while the pumping
unit is stopped on the upstroke. After the pumping unit stops, the TV load
should be approximately egual to the Wrf + Fo from the Fluid Level.




TV Leaks

1.

Possible problems:
worn plunger or barrel, pitted ball, cut

seat, tubing leak, or well flowing off.

Leakage rate indicated by
changes in the polished rod

load due to changes in the 2189 p5|

difference in pressure
across the plunger

Liquid leaking past traveling
valve and/or plunger enters
pump barrel and

Differential pressure
decreases across plunger.

Pump load on the rods
decreases, resulting in a

R T

STATIC
CONDITIONS

x| STROKE LENGTH

700 psi

Z AFTER TV CLOSES
AND SV OPENS:

Pdis > Pb.
Pb = Pintk

e
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|
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L
%
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TV Check Shows Leaks

O alve Analysis I
Traveling And Standing Valve Loads [K-Lbz) v Time [zec)

T

5.5
E'D]‘QDU__hJTW HT Ui LoAD ﬂ

4.5

.0

3.5

3.0+
2-5_' ! W L
E.III—- |

|

1.5

I I I I
1] 25.00 S0.00 400 100.00

Traveling Valkve Analpsziz — — Standing Yalve Analpsis

Calc. Boupant Fod Wat. + Fluid Load [4791 |k Calc. Boupant Rod 'wat. | 2681 |bf

| Leakage Interval teasured Load |4765 I Meazured Load (2728 |k

| | seC Leakage |12.7 BEL/D Intake Prezzure 13294 pzi [g]

-3 I::--| |<-- --}II < --Left | Right-- J— < - Left | Fiight --- gl —_}—




SV Leaks

1. Liquid leaking past
standing valve leaves
pump barrel and

2. The leak causes
Increasing differential
pressure across
plunger, and results in
the plunger applying
fluid load to rods.

3. Both pump rod load
and

Possible problems:
pitted ball, cut seat, hole in pump

parrel, or damaged pump parts.

STATIC
CONDITIONS

E% %smuus LENGTH

J 1500 psi

AFTER SV CLOSE
AND TV OPENS:

Pb > Pintk
Pb = Pdis




SV Check Shows Leak
1 Valve Analsis |

Traveling &nd Standing Yalve Loads [F.-Lbg] v Time [zec) FRTE05

{ BRI AN ElizH I‘

I I I I I
15.63 31.25 : G2.50 7813 93.75

Traveling Valve Analysis — | T — Standing Yalve Analyziz -

Calz. Bouyant Bod wiat. + Fluid Load [16670 Calc. Bouyant Rod 'wiat. |11625 |bsf

| Leakage Interval teasured Load 15702 Measured Load |12476 |k

| 15 SEC Leakage {01




Zero Load Line ~ Down Stroke

PU m p Card Reference: Fo From Fluid Level ~ Up Stroke

Normal Pump Card Loads:

SV Open Upstroke:
Fo Max = (Pdis — 0)*Ap
Fo = (Pdis - Pintk)*Ap

TV Open Downstroke:
Fo=0

Reference Lines:

Fo Max - assumes pump intake
pressure is zero, where well provides
no help in lifting the fluid to the surface.

Fo From Fluid Level - assumes
pump Intake pressure determined from

- fluid level shot, where well’s PIP
Fo ~ Height of Pump Card provides help in lifting the fluid.

Fluid Load Lifted by Rods . Zero Load Line —assumes

pressure above and below the plunger
AN~ are equal; no friction due to fluid
displacing through SV on down stroke

_—




Zero Load Line
Load Reference Line ~ Down Stroke

Steps in the
Pump
Operation

Plunger
Stroke

and TV Opens:
Pb = Pdis
Pb > Pintk

D - A, the fluid in the
pump is displaced

through the traveling
valve into the tubing
and ZERO fluid load
IS on rods.

D) Pump discharge pressure (Pdis) equals the
static tubing pressure (Pb), and the traveling

valve opens. Pdis now carried by tubing.




Fo From Fluid Level
Load Reference Line on Up Stroke

Fo =
(Pdis-Pintk)*Area Pump

Plunger
Stroke
Length
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After TV Closes
and SV Opens:

Pdis > Pb
Pb = Pintk

B) Standing Valve opens, when rods stretch to pick
up fluid load, Fo, from tubing.

C) Standing valve closes.

I

Steps in the
Pump
Operation

B-C Plunger applies
Fluid load, Fo, to the
rods as well fluids are
drawn into the pump.




Reference Loads for the Downhole
Pump Card

Understanding the pump card basic loads are critical to
analyzing and troubleshooting downhole problems:

1 Zero Load




Buoyancy Force

Acting on a sucker rod
was defined long ago.

Archimedes’ Principle:

Defines the buoyancy force to be
equal to the weight of the volume
of fluid displaced by an object.

Wirf=Wra-0128 x Wra x SG

Wit - Weight of Rods in Fluid
Wra - Weight of Rods in Air

Impact of the buoyancy force: SG - Tubing Fluid Specific Gravity

« Rods suspended in a fluid appears to weigh less, Wrf.

« Wrf=Wra, minus the buoyant force, 0.128xSGxWra.

« Buoyant force does not depend on the depth
(pressure) at which the object is submerged, but the
specific gravity, SG, of the fluid displaced.



True Load = Dynamic Load - Buoyancy Force

€ Solved Wave
Eq. without
gravity term

No Buoyancy
Effective on
Dynamic
Pump Loads

P e——

N P ' Pump Card
loads shifted
1226 Lb Buoyancy Force / down below

the zero load
line.

Predicting Behavior Sucker Rod Systems, S. Gibbs, SPE588, July 1963




_oad(true) = Load(eff) - POAO

Ao IS the
outside
Cross
sectional
area

Po Is the
hydrostatic
pressure @
Ao

100 120 140

- POAO

Interpretation of Calculated Forces on Sucker Rods, J.F.Lea, SPE25416, Feb 1995



Where does “PoAo0” come from?

APl RP 11L Equation for Calculating Wrf by Displaced Volume
Wrf = Wra — Fbuoy = Wra(l — 0.128G6G)

Fbuoy = Wra * 0.128 * SG

Density Ratio (Water/Steel) = 62.4/487.5 = 0.128
Volume(Rod) = Wra/Z487.5

Fbouy = Volume(Rod) * 62.4 * SG

Volume = Length * Area

Fbouy = Length * Area * Gradient

Buoyancy Force calculated by Pressure Equilibrium POAO

P1 = Pressure

P2 = P1 + Length * Gradient

Fbuoy = (P2 -P1) * Area = (Pl + Length*Gradient - P1l) * Area
Fbuoy = Length*Area*Gradient

Wrf = Wra — AoPo
Ao = (wt/ft) / density
= 2.90 / 487.5 x 144 = 0.8566 sq 1In
Diameter 1” Rod = 1.044” (True Diameter)




Buoyancy — Tubing Fluid Gradient
Tubing Fluid Gradient = 0.432 | Tubing Fluid Gradient = 0.0

TV (m

Wra = 11942

| Fbuoy = Wra - Wrf |

Fbuoy = 1518




Missing Buoyancy — Hole in Tubing

Wrf + Fo Max
IWrf + Fo Max

Rods Lighter than
Wra because Rods

Above Hole in Air
and Rods Below
Hole Rods in Fluid

)
] Missing Buoyancy |
9% 120089 | © | 100.d




Tubing Fluid Gradient — Wrf & Pdisp

17.50

.

_azing Preszure O BHF l

Cazing Pressure

|3DEI.EI psi (]

Cazing Preszure Buldup
11.1 pl

2.a0 mir

Gaz/Liquid Interface Pres.

|3'| 20 pzi [g]

Liguid Level Depth
MO |283.80 ft

Fump Intake Depth
MDD |B4034E R

VD |5408.46

Farmation Depth
MO 1584318 |

"Well State:

| Producing

Anrlar
Gas Flow

L tactdD

# Liguid

e

Liguid Below Tubing
ol o %
W ater W %
% Liguid Below Tubing

|4E %

medEethang_|

Fump Intake Pressure

| BE2.7 psi [g]

PEHP

| firA pzi [g]

Reszervar Prezsure [SEHP]

|23?‘B.4 pzi [g]




Questions ?



