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Generalized Synthetic Pump Cards

Tre Tollcaving (pamip cards ars In o {2} groups 1) the group of camds on the ek has fobing anchored and
Z) the group on the rightt has umanchored fublng. These generlzed syrieic pump cards represent
pumplng sysEms sxpersncing some of the more common problems.  The cards Hlusrae cferem

endHors and mafunclions of equioment The ks shown ar= as Tollows:
NPT = hMagmum Funger Trase!
EPT = Efecthie Funger Travel
Fo = Dflersriial Loac On Flnger
ARCHORED THAHCHCRED
] ":r-
T Mormal Furping-Ful flouid and ro
Fo o= Pumo furcioning procery. win PO
onchored, EFT=RFT. With
A ]_ uranchored fubing, EFT<FT,
foe T —ef MPT

EPT—
Leaking teseing vabee, TV, o encessie B.'r'_ e
phnger slippage cawses deay In plcking
up Tuikd load from A to § and oremaune
uninsdng from C %o 0, The FaveEing vake,
TV, k& efisciive only during a partion of the &
upstoke
: B —

Leaking sianding wvalse, BV, causes
premaiune icading of rods from A 90 B
and a deiay In wnkoading o Cio D,
[the sismding vave, 5, 1o eff=cive oy
during a portion of the downstnoke. A
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Eeyvere fizld pound, wel ks baing
pemped off  Fump componsris
funcioning properte

& card whose Indhidusl =Marcts may not readiy be evident. The ubing streich conatamt, K, superimpesed
on e card may a%ord an iRrsight inio the probiem.

Anchored orf Unanchored Tublng
'—G—HFT—J

L) VAo can pumip. Mo 3ppanens twining B
movement Im=ther case.

[Righf]l Traveling ‘Vaiue not dosing propers:
Flow reshicied by very wiscouws fuid In pump
o Tow area smaler than plonger above 'n
memp i small
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Flat Pump Card Load Lines

1) TV Stuck Open - Looks like Deep Rod Part but
you can often tag or jar the rods and knock the
debris out of the pump and re-start pump action.

2) Deep Rod Part — Plots on the Zero Load Line

3) Shallow Rod Part — Plots below the Zero Load
Line by the amount of missing rod weight in fluid
no longer attached to the polished rod.

4) Tubing Blown Dry — Plots as a flat line @ a height
of Wra-Wrf pounds above the zero load line.

5) SV Stuck Open — Plots on the Fo from the Fluid
Level line.

6) Blocked Intake — No fluid entry into pump and low
slippage through pump clearances




Horse Shoe Pump Card
Flat Load Lines

' SV Stuck Open and You Catch It

E____ = s _ o —_— S T — R —— — T .

Shallow Rod Part
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SV Sticks Open ~ TV OK?

IWrf + Fo Max
Wrf + Fo Max

T FoMax Fo From Fluid Level {
|
|
|

PRT Pump Card Always

| on Zero Load Line
LC——— =

Polished Rod Horse Shoe
Transducer o Load Cell




SV Stuck Closed ~ TV OK?

.007Wrf + Fo Max

Pump Card Between | Tight Clearances
Zero Load Line and | Blocked Intake w/ No
Fo From Fluid Level 501 Fluid Entry; Then

| Pump Card @ Fo Max

99.2

100.0




Lost TV Load

Load(k.-Lbs] vs Position (in]

8.004

1.00

6.00 -

5.00 1

4.00

3.00

2.004-

1.00+

|Wif + B Max

5.5

HTBED  pepy 745 PPUMPL 39

MPRL |3512 MPUMPL |.229

Calculated Flud Load Max (26810 b

Palished Rod Power (1.8 HP
iy

Folizhed Rod / Motar EFF.
Strokes Per Minute (6,04

PunpCadHP 15 HP
Pump /Motor EE. | %
Pump Displacement |75 ~ BEL/D
Purnp Intake Pressure. . | 392 pilgl
DampUp fnps
¢ Reset

Cramp Down 10,05
Tubing Head Pressure (53,10 psi (]

Effective Flunger Stroke

¢~ Leh| Fight 3| _j_ top

06 % |44 in

Shoke {11 = ?| c:F‘ngp‘ Fal

Strokes 10 seconds apart.

Is this a deep Rod Part?

Load(k.-Lbs] vz Position [in]

8.00

1.00+

6.00 1

3.00

4.00

3.001

2.00+

1.001

-1.00

|Wif + Fo Max

Stroke 13

—
D

0 ' 55.6




aj TV Ball did Not Seat
NN
E gul k ‘ * “ h ‘ * h ‘
<
0
ie
“-WWW“
% 100.00 20000 0 | 56,5
Time {Seconds) Position (Inches)

Trash in TV Notice normal appearing Surface Dynamometer
Card, on the 13™ stroke TV became stuck open due to trash.

Same type of surface card could occur, if Pump unseated, Pull
Rod became unscrewed or parted, or rods parted at the pump.




Surface card OK.

VERLAY of Load [K.-Lbz] ws Pozition [in)




Missing Pump

No Fo Rods

i Pull Rod Unscrewed

Rods Parted at Pump

No fluid load from pump being
applied to rod string. Parted
rods are overtravel cards,
because there is no loss of
downhole stroke due to the
static stretch of rods picking up
fluid load. Measured surface
dynamometer card loads are
near standing valve load (Wrf).

Note that both the standing and
traveling valves measured test
loads are at the calculated
standing valve test load.

Sometimes trash in the pump
keeps the traveling valve ball
from going on seat. Tagging on
the down stroke before pulling,

may knock out trash.




Deep Rod Part

Plunger & Polished Rod Velocity Equal
1. No Fluid Produced to Surface

2. No Fluid Load — No Pump — No Rod Stretch
Pu ” ROd on s Plunger Does Not Stop while Rods Stretch
4. Momentum of Rod String results in Slight

Pu m p Parted | Over-travel of Rods at Pump Depth

18.75

60 |

13.634

12.50 1

9.38+

6.251

3.134

Q_M

Plunger [Pump) Velocity (Infsec)
(oasiul) Aj1oojen, poy paysiiod

0 20 40 60 80 100

'3'130

Elapsed Time (Sec)




-5.00

Missing 3536 lbs

[
Missing 3536 lbs

192.0

2.50 M

0

102.4

Rods Parted Higher
Above Pump results in

dynamometer cards load
measured below weight of
rods in fluid. The actual
location of the rod part will
determine the trace’s relative
position with respect to the
theoretical weight of rods in
fluid.

Rod parted at a depth of 5365
feet results in 3536 Ibs
missing weight of rods in fluid.




— [&lt-2] Bod String
= = N Top Taper Taper 2 Taper 3 Taper 4
Missing 37 3/4 S o | o | o o
Length |1527.00 |2475.00 | 235000 |275.00
| .
R O d S P a rte d 53 65 Dismeter [1000 =] [0875 <] [os0 =] [1E00 =
Wwieight |5573.2 |5474.6 |3815.1 |1795.5
Damp Up ID.DE Drarnp Diown !EI.I:IE
Pu m p Card Load(kK.-Lbsz] vz Pogition [in] HTEROO7 FRRL [13252 FPUMEL [2207
1500w OV:i14555Lbs MPRL |3220 MPUMPL |.4077
Set S B el OW t h e Calculated Fluid Load Max |5E25 Ib
Zero Load Line 1B Polished Rod Power [47 HP
c T Folizhed Rod # Matar EFF. | F4
B y Wel g ht Of 10.00 Strokes Per Minute |505
MlSS|ng Rods ' Pump Card HP [0.2 HP
7.50+ Pump ¢ Mator EFf. | 2
FeMax Purmp Dizplacement |20F 2 BEL/D
5.00 Purnp Intake Pressure... | |4E|2|1? pai [g]
' DamplUp [0p05 .
24 Damp Down IF w
M I S S I n g : j - I 19'2 . Tubing Head Pressure |15I]_|] pzi [g]
. . ) Effective Plunger Stroke
Wrf 3536 Ibs . Missing 3536 Ibs R L s
?c‘wd g ) | \
-5.00 : ,
0 192.4 Stroke |1 - i | < PglUp ‘ Fg D =




[&lt-2] Rod Sting -

Missing 37 3/4™ N o | o | o

Length {1527.00 |2475.00 |963.00 |275.00
R O d S P a rte d 5 3 6 5 . Diameter jmnn | Jn_a?a =] ]III.?'EEI =] ]-_:'_:-'_t. =l
Weight |55732 |5474.5 |1563.3 |

Damp Up JD.DE Damp Down 1|:|_|:|5

HTS007 prRL 3232 PPUMPL [574
MPHRL 15225 MPLMPL |-289

Calculated Fluid Load Max |BE25 [

Folizhed Rod Power ]4.?" HF
Faolizhed Rod & kMator Eff. | &

Load(F-Lbz] vz Position [in]

Adjusted Rod
Length, then
Pump Card

Strokes Per Minute |6.05
sets on Zero |
. | SVllOlg LbS Purnp Card HP 1-IZI.3 HF
Load LI ne 7.681- Furnp / Motor EF, ] ot
1 Pump Displacement | 207 5 BBLAD
6.25 __I_:!]_ Max Pump Intake Pressure... | 13|:I'| 1.2 psl [g]
4.69- Dramp I—ll:' |:||:|5

Dramp Do iEI 05 ﬂ]
Tubing Head Pressure 115[!.[! pzi [
No Pump -

1.56 - - Effective Plunger Stroke

NO FO ROdS 1 T 5---Left] High[---il ,'_‘}_'. ."-".l:lptm:-:. \
HF_GE__F'_ 192.0 e

Ja253 = [1804 in

i I 19?]4 Stioke m ? ‘ < Pglp | Pa D »




Location of Pump Card with Respect to
Basic Loads are Critical to Analysis

1) Location of Pump Load can be Used to Identify
and Troubleshoot Problem in the Well.
2) Pump card that plots as a flat line could be:

TV Stuck Open Tubing Dry
Deep Rod Part SV Stuck Open
Shallow Rod Part Blocked Intake

3) OK Pump Card should plot between Zero Load

Line and Fo from Fluid Level Line

4) If Polished Rod Transducer used to acquire
dynamometer data and pump card is flat
 Difficult to identify problem
o All of the loads plot on the zero load line.




20m [ Rods Parted at Pump E=lelsB2ETaeS

18625

s . Usually Rod Part occurs
SY at or near peak load.

o0

w0 | . Deep Rod Part Load
Ended Near SV Load.

5125

: & . Shallow Rod Part Load
e — Ended Near Zero Load
Rods Parted Shallow Line.

33100

34200

Both Polished Rods
came off the carrier bar.

259300

24400

oo

Shallow Rod part
releases more energy
and usually results in
more damage to Surface
Equipment and Rod
String.

15500

14600

3700

4300

-100

-5000 i 14 24 47 AR 70 84 a7 112 126 140 154 165




Synthetic Pump Cards:
Normal Full Pump

Tubing anchored, EPT=MPT. Unanchored tubing, EPT<MPT

1. Pumping-Full of Liquid

2. No gas in Pump.

3. Valves Not Leaking

4. Pump functioning properly.



Faw Data 1 E rrorsMA armings ] Cwerlay [ Cuna Cards ] T argque ] Rod Loading ] Analyziz Plat 1
Load [K.-Lbz] v= FPolizhed Rod Poz. [in] PET132 PPRL 72755 FELIMEL h =IE
15 :
] MPRL [3482 MPLIMPL {1371
14 -

1 Calculated Fluid Load kMax 131 47 Ib
13 _ f

| Folizhed Bod Power JE.E HF
12 1 Polished Rod / Motor EFf. | %

Tubing Head Prezzure ]SEI.EI pzi (3]

11 - Strokes Per Minute ]E_EEI
10 4 Furnp Card HF 11_8 HP
1 Purnp / Mator EFF. ] =
0 85.2
: Purnp Dizplacement |E|4_|:| BEL/D
Load [k.-Lbs] vz Flunger Fos. [in) Pump Intake Prezsure..( | I'I 381.7 ; psi [g]
3.750 i I Damp Up In_nq
e L o e e e b T LT b i << Reszet
3.125 | Fo Max T b * i Damp Do |0.04
2.500- uoing |

r— Effective Plunger Stroke -

< Left| Right 3| _ ]_ EEE{%BS-\

iEIEI.'I 2 z |78.2 I

Stroke |1 - ?‘| {F'ngp] Fag Dwn =

Eor |1?‘1 IbAity kit |4E1 lbtin  |Dyna Card Dptinns...l




Fluid Level: Split Tubing Joint 4052’

Select Liquid Level K Depth Determination i Cazing Pressure l EHP ! Callars l
Sec a u] = 10 12 14
I c -l L
E
=
Explos=|pr |
¢ ||:| 1000 2000 |3|:u:u:| |¢u:u:u:| |5|:u:u:| |a|:u:u:| |?
JTS 'sec i1 4 8145 & ozt Vel iggﬂ ft s RTTT l'l 4.744 ZEC IE'I 2094 Jis 15585.51 ft
= :
g [7.0 to 8.0[Sec] ] s ! i v Apply Automatic Caollar Count
" Fine |
l<- - -x]
| -
L e |
SEE
Filter Type : | High Pass W Show Depth Reference Line
[ 1224 wv Scale: | Down | Rst [4056.54  ft == - —

Analyziz Method: !Manual - ! ! < PgUp Pag Dhwn > I




f.814

B.25
4.69 1
3.134

1.36 -

/l Eluiid Load Loss
A

{ 7

FoMax Fo From Eluid | pvel

-.t'

| 85,

2

Fluid Load LosSS reflects a

surface dynamometer card when
actual fluid load is less than the
pre-calculated fluid load. This
can be caused by a tubing or
pump leak, a worn out pump,
leaky valves or a high tubing-
casing annulus fluid level when
the net lift, H, has arbitrarily
assumed or established at pump
depth, L.

Split Tubing Joint 4000’
Fluid Level 6583’
Pump Depth 6975’
Net Lift 2583’

Hole in Tubing is detected using
dynamometer, because Net Lift
shown by the pump card Fo is
much less that Fo required by
fluid level and full pump card’s
valves are OK .




Is the ball/seat Or plunger/ barrel worn out?

Load(k.-Lbz] w= Pozition [in]

Wit + Fo Max

__I_:p DA e o From-Floid-Eevel

T4 pepL [R00s PPLIMPL

MPRL (2490 kFLMPL |-

Calculated Fluid Load kax

Folizhed Rod Power
Palizhed Rod / Matar EFF.

Strokes Per Minute

FPump Card HF |0, HF
FPurnp # toatar EFF. 4
FPump Digplacement |29 9 BEL/D

Pump Intake Preszure... | |744.7 pzi [g]

Diamp Up (002
<< Rezet

Dlamp Down {002

Tubing Head Pressure [12.0 pzi (3]

Effective Plunger Stroke

<~ Left| Right | = ] S Appros. \

|E|E|.I35 4 |35.? Tyl
Stroke | 5. =




NO, Damaged TV Ball and seat.

LI:IEII:I[K.LtIS] vz Position [Iﬂ] WERLAY of Load [K-Lbz] we Position [in]

“"1wif + Fo Max

T y ) Overlay of many Dynamometer
| bt A Cards shows each stroke is
different.

Worn pump plunger/barrel
cards usually overlay.

Stroke 4




Hole In Pump

oyn-Flaid-Eevel

Well has a bottom hold down pump
and the tubing anchor is not set.
The hole in the pump barrel is about
56 inches from bottom of the stroke.

On the upstroke the fluid load is
suddenly lost, which causes a much
longer downhole stroke (over
travel). When the bottom of the
plunger is lifted past the hole, then
the tubing pressure leaks between
the outside of the pump barrel and
the inside of the tubing.

The pumping unit wobbled real bad
when on the downstroke, often an
indicator of deep parted rods.

TV and SV load checks equal, if
stopped early on upstroke the fluid
load would have been measured.
Don't always stop in same place for
valve checks when trying to trouble-
shoot a problem.




Fo = 6000 Lbs

I

Tubing

2500 psi

80 psi

«—— Seating nipple

100 psi




Hole in Pump
Split Barrel @ 4.8 Ft

« Pump Spaced 1 Ft
off bottom

o Split Barrel From
Fluid Pound

« Pound Damages
and Weakens
Pump Barrel.

Po From Fluid Level




Hole in Pump Barrel 40.5 Inches From Bottom

£ Hole in pump barrel
due to corrosion

Well #11

Wrf + Fo Max

Fo Max 4Q 5

roMax " 7117 Fo From Fluid-Level -

as plunger
passes hole

i
0 r_*v —— oA
N\

75.3



When the Plunger Goes Past the Hole ~ Fluid
Load Released and the Plunger Takes Off

4— At Hole Fluid

] Load Released
Wrf + Fo Max

N
Q

<

Pump Load (KLbs)
'_\
o

=
<

N
o
o

Elapsed Time (Sec

<— Plunger Velocity
Oscillates

|Fo ex. | Fo From Fluid Level

10” Plunger
Over Travel

Polished Rod Velocity (In/sec)
(oasyu)) A1901A (dwng) 1ebunid

Elapsed Time (Sec




HEhi
| Stroke: 1 00:00:06

Etroke Length = 64,00 in

| - MET J 7332 in
EPT =[73.32 in

0 20 40 60 4




Data was collected on this well because
the production to the tank had fallen off.

Worn Barrel

Load(k.-Lbzg] w= Posgition [in] PRT92E
FPRL |2|:|:321 PPUMPL (4727
Kr & Kt MPRL [9451 MPUMPL |-458

Calculated Fluid Load k4 ax |55?4 (]

Polizhed Rod Power [11.0 HF
FPolizhed Rod / Matar EFF. | 4

Strokes Per Minute |1 .93

FPump Card HP |?'.E HF
Pump / Motar EFF. | 4

Pump Dizplacement |235_|:| BEL./D

Pump Intake Preszure... | |832.El pzi [g]

Damp Up |p.05
<< Heszet

Damp Do |I:I.|:IE

""""""""""" Fa Fram Flald Level

Tubing Head Pressure [100.0 pzi [3]

Effective Plunger Stroke

£ - Left | Right --- 3| “_Ij;” El-"-“:-ﬂl:;lt:lr'p:l;.E \
BEI'T |1 Q0.0 4 |EE.? i

2.50 ' T
0 86.0 Stroke ﬁ ? | < FPglUp | Fg I::"-"'-'r"3“|

kr & Kt 1168 b ik kb |BE1 [ Diyna Card Options. ..




Synthetic Pump Cards:
Improperly Spaced Plunger

Tubing anchored, EPT=MPT. Unanchored tubing, EPT<MPT

Pump is tapping at bottom of stroke(left). Pump is tapping
at the top of stroke(right). Damage to pump, rods, and
tubing is likely.




7.00 -
6.00-
5.00 i
4.00-
3.00-

2.00

k.r

1Fgd Max
1.00 -

Unanchored Tubin

Loadk.-Lbs] we Pozition [in]

343

12.0

lbfin Kt |970 Ib/in  Cyna Card Options...

HLTO24  ppp FaTE

FFPUMPL

MPRL |4004

Calculated Fluid Load kM ax

Folizhed Rod Power
Faolizhed Rod # Motar EFF.

Strokes Per Minute

Furmp Card HF
Furnp / kotar EFF.

Fump Dizplacement

Furp Intake Pressure. ..

pFLIRPL

1313

0.8

5.06

0.7

207

Drarmp Up

Cramp Down

Tubing Head Pressure

— Effective Plunger Stroke

IF"F".EE & lE?.E I

53k

0.05

0.05

BO.0

1520

-753

|

e

HP
=
BBL/D

pzi [a]

<< Heszet

pzi [g]

Approe.
Beszt Pos.

Stroke I 1 L.

?‘l < Pg Up | Fqg D =




Severe Tag on Steel Rods

Load(F.-Lbz] ws Pozition [in] FPRTE25

PPEL [21500 PPUMPL [5a2m
25.00 - MPRL |5239 MFPUMFL |-2669
Calzulated Fluid Load Max 4818 [
: HF
20.00. Folizhed Rod Fower |16.3
Folizhed Rod / Maotar EFF. 4
Strokesz Per Minute (1040
15.00 Purmp Card HP |95 HF
Purnp /# Mator EFF. x
FPurmp Displacement |7220 4 BEL/D
10.00 4 Pump Intake Pressure... | |44.6 psi (0]
Lamp Up 004
<4 Rezet |
Damp Down |0.04
L Bt G e ey~ Wl —anpe A SR
Anchored Tubing Head Pressure |RO.0 pzi [g]
r— Effective Flunger Stroke- =
I] Bl | L | : | TR R T O I N | 'Ill.l'
g £ - Left | |Right - = PRros.
/\ 131.2 e I = - .ji Eest Pos. J
' 2669 Lb TAG [4523 3 [533 i
.00 : ' '
0 144.0 Stroke |10 = ? I < PgUp ] Fig D }1

E=

kr (374 Ibin kt {980 Ibfin  Dwna Card Options...




