Introduction — Basic Loads

®Recording load and position data on sucker
rod lifted wells with a dynamometer transducer
has been performed in the oll field for many
years.

&®Early Dynamometer Examples:
— 1950’s the popular Johnson-Fagg dynamometer .
— Leutert dynamometer .

& Current portable dynamometer technology :
— High performance digital data acquisition systems
— Quick, accurate data, safe and easy to use .
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What i1s Force or Load?

1. Weight of the rods in fluid, Wrf, is a force.
2. Rods have weight due to gravity.

3. Rod Load is the amount of force that the
Earth gravity exerts on the rod’s mass.

4. Gravity pulls the rods down toward the
center of the Earth.

When you step on a /el
exert a force on the scale. The force you
apply to the scale compresses a spring,
which moves the needle.

Dynamometers are used to determine
the Rod Load, PRL, during a Stroke?




Popular 1950’s Portable Dynamometer

Disadvantages:

1) Recorded position
was distorted

2) Installation of this
dynamometer
between the
polished rod clamp
and carrier bar was
difficult and time
consuming

Johson-Fagg% r

Polished Rod Load Compressed Steel Rings




Popular 1950’s Portable Dynamometer

ntegral Hydraulic

pump extends two

pistons supporting the

oad using hydraulic

pressure

. Calibrated springs in
the registration unit
convert the hydraulic
pressure into load

. String attached to the
wellhead turns the
registration unit in
proportion to the
polished rod position

Inaccurate load measurement of up to 40% is a
documented problem when using the Leutert




Example Leutert Dynamometer Card

1. Scribed load and position onto the wax dynamometer
card for each stroke

2. Disadvantage of wax dynamometer card systems is that
the load and position traces have to be tediously
digitized by hand, before any detailed analysis can be
performed



Use Any of these Dynamometer Transducers
to Perform a Dynamometer Survey




Dynamometer Card Definition

Load(F.-Lbs) vz Pozition [in]

Wirf + Fo Max

1)

2)

Surface dynamometer
card Is the plot of the
measured rod loads at
the various positions
throughout a complete
stroke; the load is usually
displayed In pounds of
force and the position iIs
usually displayed In
Inches.

Pump dynamometer card
Is a plot of the calculated
loads at various positions
of pump stroke and




1986 Glen Albert Developed an Electronic
Downhole Dynamometer — Used by SANDIA

-Size--Description---———————-— Length Ea.--Number--Cum.Depth
1.5" Polished Rod 30" 1 0"
1.0" APl Grade "D" Steel 4" 1 4"
1.0" API Grade "D" Steel 2" 1 6"
1.0" APl Grade "D" Steel 6" 1 10"
1.0" APl Grade "D" Steel 25" 510) 1510°*

0.875" APl Grade "D* Steel 25" 64 3112*F

0.75" APl Grade "D" Steel 25" 65 4739"

1.5" Sinkerbars 25" 10 4991 "
Flexbar Stabilizer 4+ 1 4997 "
2”7 Pump 24" 5060*"

Well Depth: 5278" w/ Casing of 5.5" to 5090*
Tubing: 2.875" to 5060", seating nipple — 5060"
, tubing anchor - 4970"

1936 W.E. Gilbert of Shell developed a mechanical downhole dynamometer




SANDIA Downhole Dynamometer
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Surface Load 1960s, S.G. Gibbs
14,820 Lbs at Mathematically “Wave Down"
Top of Stroke

Surface Dynamometer Card:
Load vs: Polished Rod Position

Surface Dynamometer Card

G
NN

[T "—""‘_
Fluid Load 6,280

Lbs at point C el Stroke \ength -Inches

Sucker Rods:
10,434 Lbs (Wrf)

Polished Rod Load - KLbs

Fluid Load O

_ Pump Dynamometer Card: Load
Lbs at point D

vs. Pump Rod Position




Acquire Load & Acceleration Versus Time
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Acceleration

Surface Card

Load [K-Lbz] w2 Plunger Poz. [in]

1l Fo Max
12.5 -
10.0
7.5
5.0 Pump Card
2.5

0
-2.5




Advanced Dynamometer Analysis Parameters

Theze parameters determine how the strokes are proceszed within the Dynamometer Analyzis.

Stroke Processing Method |Hi3tu:ugram with fixed interval. [Default] j

Claszic Method, simple croszing detection.
Hiztogram with fixed interval, [Default]

TWM: User Help Level

Show additional WARMIMGS when performing critical functio _
confirmation when deleting 'well Files. " Low Passz Filter

Show hintz when cursar iz placed over data input prompts. H f* Moving Average Filter

required data for the given entny.
: : 2 Filter “width az Fraction of Sample B ate |1
Shaw hints when cursor iz placed over Application Controls.
activate zpecific functions. [ Example, Given 30 Hz, 1.0 zets width ta 30 paintz. |

Allaws torque analysiz when taking measurementz with a FRT

Show advanced analyziz sectionz throughout application. SO RESET to Default |

the experienced uzer. Cancel

Show dialog when screen zize or colar iz not optimal for Tha/hd
Show Data Guide Tab
Tt Modules

v Acoustic [Single Shat] s | St k P - g
v Diwnamometer [Surface Card, Travleing YWalve, Counter Balance) 2 I@ I ro e ro CeSS I n

v Power/Curent Measurement
[ Liquid Lewvel Tracking I\/I et h O d

v Preszure Tranzient Test

v General D'ata Acquisition
v Plunger Lift Fle Maode Option Tools

~ poniotode | g p_ Conents Try Filter Widths:
Program Diagnostic [Debug Log) “ Recal Mode 05, 10, or 4111

| Enable Debug Logaing to Trace File Abouk TWH, ..,

- PHUOWELL 3
Log Level [e.g.. 0--5): |IZI well: |
1 Created Or:




Classic Stroke Processing Method
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One Stroke of Polished Rod Acceleration
Integrated to Determine Polished Rod Velocity

Select Left Auis: | Polished Rod Acceleration (In/sec™2) =] Select Right Axis: | Polished Fod Yelocity (In/sec] =

Select Horizontal fis: | Elapsed time [Sec] | ¥ Base Hiw Off Lift Az
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Polished Rod Velocity Integrated to
Determine Polished Rod Position

Select Left Axiz: lF'u:uIishEd Rod Paszition [In] s Select Right Axis: IF'::uIishEd Rod Yelacity [In/zec) |2
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Stroke Length 100.255” Calculated
from Integration of Accelerometer Data

File Mamt | General|  DataGuide K Surface Equin-| Wwelbore | & Condtions | Press. Transient Data |

[U|::_E]"“If;|::::rzrl_l rEfI — - For H_ et Torgue Calculations Use; L e a.V e t h e St r O k e
Litachure IFE [ Counter Balance Effect [weights lewvel]
Unit Clazs | Conventional L e n g t h B I an k an d
e $Esi o Stroke Length for

Unit Calculated

E . MOTE:
War n I n g DI S p I a.y ed The Calculated Stoke Length and the *ell File Stroke Length are significantly different.
Selec a uze in analysis:

If ERROR > 10%
Between Well File

! " Calculated Stroke Length from acceleration data
an d Cal C u I at ed [*] Calculated Straoke Length l'll:ll:l—
St r O k e L e n g t h [*] Senosr Data Used In Stroke Length Calculation

3 Choices?




Surface Unit Not Selected and Stroke

Length Left Blank  rwould caiculate

Data Guide [ Surface Equip. | & ‘wellbore | & Conditis

File kgmt l General l Frezz. Tranzient Data ]

[Ak-1] Surface Unit

b anufacturer | [Mone] ~

Unit Clazz | J

For Met Torque Calefllations ze;

{+ Coyrfler Balance Effect fweights level]

. Kb

AP I o | (" Counter Balance Morment [E xisting]

I Stroke Length | j i I J
Fotation  ( Cwt  ( COW O RawData ] Err-:urs.-"'-.:'-.farningsl Dverla_l,ll Dyna Eards] Rod Loading Analyziz Plok
Select Graph: |.-'1'-.|:|:e|eratinn j
1 bl 2 4 ] =]
Hard Tag Near
Bottom of Stroke
Results in TWM
100313
Calculated Surface ~
<L 1.00000
Stroke of 4.1” =
§ 0.99533 1
099375 +
009063
0.ae750 T T T T T T T T 1
100,00 110.00 120.00 130,00 140.00 150.00 160.00 170.00 120,00 120.00 200.00
Time (Seconds)




What i1s Wrong with My Well?

R aw Data] Ern:urs.-"-h-“amings] Owerlay O Dyna Cards l R aw Data] Ern:nrs.-"-.-'v"amings] Owerlay O Cyna Cards l
Load [F.-Lbz] ws Palizhed Rod Poz. [in) = Loadk-Lbz] ws Pozition [in] FF

] Rod Part? Tag 12" from
e - Bottom of Stroke

21.875

12.500
9375

G250 1

3125

1]

Load [K-Lbz] ws Plunger Poz. [in]

i1431.a

kr 1130 Ibfin Kt 1345 Ibfin  Dyna Card Ophions. .. Kr 1130 Ibfin Kt 345 lbfin  Cwna Card Dptinns...|




Sucker Rod Loads

Understanding six(6) basic loads are
critical to analyzing the sucker rod
pumping cycle:

e Zero Load [0O],

* Peak Polished Rod Load [PPRL],
* Minimum Polished Rod Load [MPRL],
* Counterbalance Effect [CBE],
e Standing Valve Load [SV], and the
* Traveling Valve Load [TV].




Wirf + Fo Max

Normal Dynamometer Card

CBE

SV measurgd)

PPRL Peak Polished Rod Load
experienced during a stroke.
Wrf + Fo Max (TV) Weight of
Rods in Fluid plus the fluid load
applied to the rods by the pump
CBE load at the polished rod
due to the effect of the cranks
and weights when horizontal.
Wirf (SV) Weight of Rods in
Fluid, TV open and plunger is
applying no load to the rods.
MPRL Minimum Polished Rod
Load experienced during the
pumping cycle.

LOAD RANGE (PPRL — MPRL)
used in calculating % rod
loading based on max and min
sucker rod stresses and API
Modified Goodman Guide




Dynamometer Survey Analysis

Raw Data ] ErroreMa arnings ] Owerlay O Dyna Cards l Torgue ] Rod Loading ] Load/Current ] Fowe 4

Load(K.-Lbs] w= Poszition [in)

TV {m

Surface Card

|Fo Max

Select Display Options for Dynamometer Cards

Drynamarmeter Card Display Optionz

<]

Surface and Pump Cards on One Plot
Fod/Tubing Stretch On Surface Card

Tubing Stretch on Pump Card

< E ]

kM eazured Load

keazured Load

<l

Calzulated Buapant Rod ‘WWeight + Fluid b ax

<]

Calzulated Buaopant Rod Y/eight

<

Fao Max Line

<

Fo Calculated From PIP of Fluid Level &nalysiz
| Fo Calculated Fram Y alve Check Analpziz
v Zera Load Line

v Pump Fillage Line

321 b kb 1924 Ib/in  JLwna Card Options. .. ’




Zero Load Line

1) The zero load
IS the
starting point.

2) Setthe Zero
offset during
calibration
process for
no-load
conditions
on the load
cell.

Zero Line




Peak Polished Rod Load, [PPRL]

Peak polished rod load is the maximum load
experienced during the pumping cycle.

Load [K.-Lbz] vz Polizhed Rod Pas. [in)




Minimum Polished Rod Load, MPRL

Load [K-Lbz] ws Palizhed Rod Posz. [in]

Minimum polished rod load is the minimum
load experienced during the pumping cycle.




Measured and Computed Valve Loads

Traveling &nd Standing “alve Loads [K-Lbg] v Time [zec]

HT5013

F_LUlT_L o '“, F:

I I
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-Traveling ¥ alveWnalyzis

Calz. Bouyant Rod wat. + Fluid Load {12062

Leakage Intersal Measured Load |12057

IE SEC Leakage |-00

I. “IEI:I oo
— Standing ' alve Analyzis —
Calz. Bouvant Bod gt Ye04d
Meazured Load [2089
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Standing Valve Load Line

SV Test
Measures:

Weight of the
Rods Buoyed
in Fluid (Wrf)

Zero Line

SV =W ,0-W,.*0.128% SG,




Traveling Valve Load Line

TV Test
Measures:

Weight of the
Rods Buoyed
in Fluid (Wrf)

plus

Zero Line

Fluid Load (Fo)

1V = Wia=W *0.128 % SGrbg +AP* Ap




Counterbalance Effect Load Line

Counterbalance
Effect Line
(CBE):

Weight at the
polished rod that
balances the
counterweights
on the upstroke Zero Line
with cranks level.

Fo

CBE=1.06%( W, ++2)

2




POLISHED ROD TRANSDUCER

ACCELEROMETER FOR POSITION

PUMPING

CARRIER

7/

Adjusting
Knob

«— POLISHED ROD
TRANSDUCER—

WELL ANALYZER
ROD LOAD

FAST, CONVENIENT, REASONABLY ACCURATE
LOAD AND POSITION DATA.




Min. Pump Card Load Sets on Zero Load Line

Load [K.-Lbz] vz Polizhed Rod Poz. [in]

Load [K.-Lbs] we Polished Bod Pos. [in)

25.000
21 .8?5—-
18.?50—-
15.625—-
12.500

0375 H

G250

1]

Load [K-Lbz] vz Flunger Poz. [in]

21.875 4
18.750 —
15625 —
12500 —

9,375

G250 4

3.125

o

Load [K.-Lbz] vz Plunger Poz. [in)

— 3000 Lb TAG

Load Shifted by Tag

——

CORRECTED




30k HORSESHOE TRANSDUCER

POSITION FROM ACCELEROMETER

1. Highly accurate transducer '7

2. Provide a precise load value. 30 /

3. Load cell placed on polished
rod between the permanent
polished rod clamp and the
carrier bar.

4. Sensor acquires the
acceleration of the polished
rod.

5. Software calculates velocity
and position of the polished
rod by integration of the

acceleration signal vs. time.




Place 30k HT on Carrier Bar
Below Polished Rod Clamp.

The brake or
clamps could
slip and for
safety reasons
NEVER place
hand between
carrier bar and
polished rod
clamp.




50k HORSESHOE TRANSDUCER

INCLUDES ACCELEROMETER

SAFE, FAST, CONVENIENT, ACCURATE LOAD & POSITION




Spool & Washers Mounted on Well

1. Permanently Install
Spool Assembly on the
Well.

2. Spool fits over the
polished rod between
the carrier bar and the
permanent polished
clamp.

3. Spool assembly consists
of upper washer, lower
washer and 5" long (2"
OD) steel tube; separate
the two washers.




Use Existing Load Cell
with Special Accelerometer

1. Operator has Load Cells
mounted on many wells.

2. Replace external string
box or position
transducer Is used to
determine position

3. Special accelerometer
transducer determines
position, similar in size
to the PRT but containing
only the accelerometer

function.
4. Can be be used with any Quickly installed onto the polished
type of load cell. rod below the carrier bar.



Questions?



