Controlling Runtime

Marginal Oil and Gas Well Commission of Oklahoma



Many Sucker Rod Lifted Well Problems
Often Caused by Partial Pump Fillage

& More efficient operations and lower electrical
power usage will result if wells are operated
with a pump that is filled with liquid.

®Full pump fillage also requires an efficient
downhole gas separator that results in a full
pump if sufficient liquid Is present to fill the

pump.

®Full pump fillage generally requires
controlling the run time of the pumping unit to
match the pump capacity to the maximum well
inflow rate.




Optimize Efficiency of Well
Before Installing TIMER or POC

€ |s the PBHP low compared to SBHP at all
times?

€ Is the mechanical equipment properly
loaded?

& s the pump full of liquid when liquid exists
In the casing annulus above the pump?




Pump OFF and
Tagging

Pump intake is set
below the fluid and gas
entry zone and the well
initially starts with the
pump filled with fluid.

For efficient operation
and reduced risk of
fallure:

1) Re-space pump

2) Reduced to 5 SPM
or control run time
using a percentage
timer or POC.

25.00

20.00+

Continuous pumping at 10.4 SPM
the well is tagging and pounding

1 fluid with the pump is 47 % full.

15.00 W

10.00

5.00-1Y 2™




Best Wellsfor Controlling Run Time

A well with a high static pressure and a low
Pl is a good well for POC.

Because during the down-cycle, the well
will continue to flow into the well annulus.

Pumping capacity should be designed
such that the unit will pump about 120-
130% of the maximum that the well will
Inflow.



Fluid L evel @ Pump - Fluid Pound?

Timer or Pump Off Controller Candidate

Load [K-Lbs] vs Polished Rod Poz. (in] HTRO12 el State:
FFRL i1 3973 FRLIMPL ;4435

15.0 1
MPRL [5a87 MPUMPL[644
—annular ————————
Caleulated Fhid Load | I |
alculated Fluid Load 13755 | Gag Flow

Polished Fiod Power [5.0 B Meci/D
Palished Rod / Mator Eff. [38.1 |
|
l

|F‘n:u:|uu::ing

2 Liguid

Stiokes Per Minute | 973 9

Pump Card HF IE,EI HF

Fump / Mator EFf, ||33_5 %

Pump Displacement (1371 BEL/D

Load [K-Lbz] vs Plunger Posz. [in] Purnp Irtake Pressure [313 pzi [g]

Damp Up (005
<< Feset

Damp Down (005
Pump Intake Pressure

Tubing Pressure (44,10 psi [g) I -
405 pai (o]

- Pump Fillage Adjustment
vl PEHP

Lot | mght-y| —}— 34 pilg

Fillage IEEI.EEE 4 fpprox. Best Pos. 1 Reservon Fressure [SBHF)

853 psila)
Shoke I 1 [ i




From Full Pump to Pound

Raw Datai

ErrorsMamingsl Overlay O Dyna Cards Fod Loadingl

Load(K-Lbs] vws Pogition [in] HLTO24
PPRL |1D388 F'F'UMF'L’2835

Pump Capacity Exceeds |E= i ek
. Calculated Fluid Load b i2?28 [
Inflow of Fluids from Well y e
L Folished Rod / Motor EF. =
Strakes Per Minute i11.21
Purnp Card HF |2.7 HP
Purmp /# Matar EF. ! i

Pump Displacement 193_4 BEL/D
Pump Intake Pressure... i 135.2 psi[a]

Darmp Up ]D.D?

< . !DD?‘— <4 Reset I
] amp Down 0.
___________________________ Level

FRRL |10451 PPUMPL!2928 ' Tubing Head Pressure i34.D psi [g]

11.25- Krd: Kt MPRL [77a5  MPUMPL[TET

Tarque i Analysiz Plat i

FawData|  Enos/Wanings|  Ovellay I DynaCards

Load[k-Lbz] vs Position [in] HLTO24

Torquei Fod Loadingi Analysis F'Ioti

— Effective Plunasr Stroke

10.00 - Calculated Fluid Load Max |2726 b | 2 - Left I Riight - > ._j_ EEE{T:’%S. |
Polished Fod Power |2.3 HF 349 iS‘I = - |31 = e

Polizhed Fod / Motor ER. I b
Strokes Per Minute |1'I.'I'I

8.79

i 7.0 swoke [ ] 2| <Paup | PaDuns]

7.90

Purnp Card HP |1 5 L Krkt |230  IbAn Kt 1308  Ibfin  DpnaCard Dptions...l
6.29 Pumnp / tatar EF e
Purnp Displaceng® {50 5 BEL/D

5.00

Purnp Inta EEEUNE. . |44.?‘ psi [g)

Control Pump Run time

_ Damp Up [0 07
3.7 £< Reset '
sl by Matching Pump
2504 Tubing Head Prezsure |34.0 pzi [a]

1.25]

0

e _|‘ Displacement To Inflow

!149.34 z [17.3 in .
e Of Fluids from Well.

.25

Er kb |20 bfin Kt [1308 Ibdin DynaCardUplinns...l




Problems Associated with
Pounding Fluid

Pounding causes vibration throughout the
whole system. This causes:

Rod buckling

‘Pump wear

*Tubing wear

*\VIbration stresses

«Severe rod loading changes

‘Pumping unit vibration




Timers and Pump-off Control Systems

®Both timers and pump-off control
systems can be used to control a
pumping unit motor

®Timers are preset to turn the motor on
and off at specific times

® Pump-off Control systems shut down
the motor when partial pump fillage iIs
detected, then, turn the motor on after a
preset elapsed time




Instrumented Beam Pump System
(Courtesy Weatherford, EP Systems)

A - Rod Pump Controller B - Polished Rod Load Cell C - Position Sensor Switch
Optional: D - Continuous Position Transducer E - Beam-Mounted Strain Gauge




Pump-off Control System

4 POC monitors pump
fillage when the
motor is operating '

4 POC shuts down the
motor when partial
pump fillage is
detected

& After a preset down
time, POC starts the

motor and again

monitors pump
fillage

Pump Card




Surface and Bottom Hole
Dynamometer Cards

Progressing from
1. Full
2. to about 80% pump fillage
3. to about 50% pump fillage.

TIME ZERO +30 SEC. + 60 SEC.

@“WW




Set pointsfor POC: About right

2 MIN. AFTER START-UP
~=-=168 MIN. LATER




15 Minute Percentage Timer

€ Reduce electricity
demand charges

& Relatively simple to
operate

& Relatively inexpensive

¥ Should be considered
for low cost intermittent
pumping unit operation

& Timers must be
manually set.




Two styleof timersare used in theailfield. A percentage

timer controlsthe percentage of timethat the pumping
unit oper ates.

A Interval timer controlsthetimeintervals (usually 15
min) which the pumping unit oper ates.

They can cost from $25 to $200 each.



Wellbore Pressure at End of Off Cycle

& \Wellbore pressure at end of off cycle should
be < 10% of SBHP

& An estimated wellbore pressure at the end
of the off cycle can be calculated from the
well test, casing size, tubing size and casing
pressure

& Best procedure is to shot fluid level at the
end of the off cycle for PBHP (<10% SBHP)

€ A 15 minute on and off cycle time generally
results in a low PBHP In most wells




Per centage Run Time from
Well Test and Pump Capacity

& Desired percentage of pumping unit
operating time Is approximately the
percentage of pump capacity that equals
the well’s production rate

€25 % of 200 BPD (pump capacity) = 50
BPD (well’'s maximum production rate)




Percentage Run Time from
Surface and Pump Dynamometer

Load [K.-Lbz) vz FPolizhed Rod Posz. [in)

1375 9

1250

11.25

10.00 -
2.5

F.A0

5.25 0

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

FRTEE1 FFRL [154

MFPRL |5 4

Calculated Fluid Load

Falished Rod Power
Folizhed Fod / kotar EFf.

Straokesz Per Minute

Fump Card HF
Pump # bator EFF.

Purnp Dizplacement

Fump Intake Prezsure

Fluid Pound
27% Pump Fillage

Cramp Up

Darmp D owen

Tubing Preszure

FFPLIMFL

MPLMMPL |-

0.0

0.05

0.0%

— Pump Fillage &djuztment

GO0

HP
=
STE/D

pzi (]

£ Reszet I

pzi [g]

<—Left | Right—3 |

Fillage IEE.EIE x

—

Approx. Best Poz. I




Procedureto Initially Set the 15 Minute
Percentage Timer

®Initial Setting

—Percentage of dynamometer
pump fillage when the well is
produced continuously.

—Percentage of QRod calculated
pump capacity that equals the
well’s maximum liguid
production rate.




Procedureto Adjust the
Per Centage TIMEr - continued

& Stroke Count (for adjusting timer)

—Increase run time if the pump is full
at the end of the run cycle

—Decrease run time if the well
“Pounds Fluid” excessively at the
end of the run cycle




Start-up Power Consumption

& A beam pump motor during start-
up uses approximately 3 times full
load power for about 0.7 seconds

&®Electricity usage during start-up
IS less than electricity usage
during one stroke of normal
operation




Startup Motor Power

O Power/Current Paower Tu:urquel Power Hesultsl

P ower Current

0.7 seconds

normal operation\

Fovuer (KMIN & Current (Amps)

M

Current |1 0R451 e-005 Ampz 225 S

Fower (000286242 KW 00677594 Kin-lb




Minimizing the Demand Charge

& Average electricity demand during a 15
minute period will be minimized when
the motor demand during operation Is
averaged with zero demand during
motor rest which necessitates that both
the on and off cycles occur within a 15
minute period.

€ Demand will be minimized when the on and
off times total 15 minutes




Power Usage During
|ntermittent Motor Operation

M inutes of Run Time
-5 0 5 10 15 20

4

50 - Z

-33% 0% 33% 67% 100%
Percentage of Run Time




Electricity Cost Comparison
With Cycle Times of 15 Minutesand 12 Hours

Cycle Time
Minute

On Time
Minutes

Motor Power
Consumption Charge

Demand Charge

Total Monthly Cost

12 Hour

1 Hour

20 HP
$54
$120

$174

15

1.2

20 HP
$54
$12

$66



Dynamometer T est

Continuous Oper ation

Load [K-Lbz] ws Faolizhed Fod Posz. [in] FETSS]

PFRL [12.5 FPFUMPL |4.9
12,75 5
] MPRL [E.5 MPUMPL [0.0
1250
11 .25 Calculated Fluid Load |3£|E||:I b
I Polished Fiod Power |25 HF
10,00
. Faolizhed Rod # katar EFF. |55_3 =
275 4
1 Strokes Per Minute |62
A0+
] Fump Card HF |'|_E HF
525y ' 100 .0
. Pump # katar EFF. |35_.-.1 X
FPump Dizplacement |35_? STE/D
Load [K-Lbs] ws Plunger Pos. [in] Pump Intake Pressure |'| 436 pzi [g]
o | Damp Up [0.05
] << Heset
g Cramp Doven |III.EIE
3 . Tubing Prezsure |E|:|_|:I p=i [g]
o Fl ul d Pound Fump Fillage Adjustmemnt
27% Pump Fillage o= Fenes)  — —
-1 —
a . Fillage |EE.EIE A Spprox. Best Pos. |
o 24945
Stroke |1 ‘-'l " | < Pg Udp | Pngn:=—|




Acoustic Test
Continuous Oper ation

Select Liguid Lewel ] Depth Determination ] Cazing Prezzsure O EHF Collars ]
Froduction

ai Current Fatential Casing Pressure Froducing
i
E 5.7 STB/D Tee Dsi ()

Wwiater (40 4325 STE/AD
| | Cazing Prezzure Buildup Lular

Gas | 0.0 M=ct/D 0.2 psi Gas Flow
5 M=cfD

IFR Method  [vogel ~] |2.00 min
% Liguid

PEHFE/SEHP |I:I.22 Gaz/Liquid Interface Fres. Ii
a1

|24.2 p=i [d]

Fiuid Denzities .
Lieni Lzl
0il [40 deq AP il Bais

MD [S024.98

Froducting E fliciency |EI‘| g

Wt ater |1_I:|5 Sp.Gr.HZO

Gas Grawvity |1 .28 Air =1 :
Formation Depth

5235

BAcoustic YWelocity |920.937 kAL

Fump Intake Preszure
| |55.4 p=i [g]

Purmp Intake Depth  [MMD] |5'I 73 FEHP
Total Gaseous Liquid Column HT (TwD] [148 ‘ [33.6 psi [a]
Equivalent Gas Free Liguid HT [TWD] |1 20 Reszervoir Prezsure [SEHP)

Commemt |5DD

?| -::F"ngp|




DYNAMOMETER TEST

61 Strokes immediately after well down for 10 minutes. Starts up
With Low Pump Fillage Indicates Poor Downhole Gas Separation

FawData O Overlay Dyna Cards I Hod Loading I Load/Current I Fower Torgque I Fower Hezults I
MWYERLAY of Load [F.-Lbz] we Pozition [in] PETEE

15.00

1375 4

12.50 4

11.245 1

1000 S

5 75 RN

1
100.0

Electrical Efficiency is39% mainly dueto a poor gas separ ator

Stroke IE‘I_ af IE.'I—




Initial Power Analysis

Faw Data ] Owerlay ] Dyna Cards ] R od Loading ] Load/Current ] Power Torgue O Power Results
b onthly Operation Costs [30 Days per Month]:

Furn Time |24 hirAday
Cost With Gen. Credit |'I 22.42 ;3

Recommended kMinimum ME M O kMatar |?.E HF

Rated HF |30 HP

Cost Mo Gen. Credit |152.68 ¥
ozt Mo Gen. Credi | Rated Full Load &MPS |‘”-5

Themal AMPS [24.2

Demand Cost 40,65 $

Oil Prad. Cost |53.8

Grozs [nput |5_?
Met Input |-'-1.Ei

Liquid Prad. Cost [10.5

il Praduction |B 3 . |51
emand |2

Average |2|:|_ N

' ater Production |4|:|

— —— - Current
Soverage Power

‘with Generation Credit |34
Mo Generation Credit |4_2

&g, Power

Syztem Efficiency |39_'|

e

Stroke |'| ‘"| ? | < PglUp | F'ngn:>|




REWORK

€ REDUCE PBHP TO A MINIMUM

€®INSTALL COLLAR SIZE GAS
SEPARATOR

€ INSTALL TIMER




After Installation of Collar Sized Gas Separator, Well Starts
Pumping with Complete Pump Fillage After Being Down 10 Minutes

FawData O Overlay Diyrna Cards I Fod Loading I Load/Current I Faweer Torque I Power Results I
OWERLAY af Load [K.-Lbs) ws Pogition [in) FRT474

14 5

144

13

12 1

A 37 Full

i ! <m——

Strokes

]
100.0

Electrical Efficiency increased from 39 % to 54%




Acoustic Test After Collar Size
Gas Separ ator | nstallation

Select Liguid Lewvel ]

Productian
Current

Depth Determination ]

Fatential

ol |g_4

2.5 STE/D

Wl ater |4I:|

[40.5 STE/D

Gas |4

[4.0 M scf/D

IPR kMethod |".'."|ng,-|
PEHP/SEHP

Froducting Efficiency
Fluid Denszities

=l

[0.05
EEE

il |4|:|

deg.aF

W ater |1 05

SplarHZ20

G as Grawvity |1 .35

A =1

Acoustic Welocity 394,471

|

Pump Intake Depth  [MD] |523?

Total Gazeous Liquid Colummn HT [TWD] |3
Equivalent Gas Free Liguid HT [T |3

Caomment

Cazing Pressue O BHF

Cazing Prezssure
|20.9 psi (]

Caszing Prezsure Buildup
0.5 psi

|2.00 rriiFy

Gaz/Liguid Interface Pres.

|3EI.4 pzi [O]

Liquid Lewel
MO 523355

Formation Depth
MO 5247 ft

Collars ]

Froducing

Annlar
Gas Flow

|EI Mzt
% Liguid

N

Purnp Intake Pressure

|3'I 3 p=i [aO]
FEHF

|35.B p=i [a]

Rezervor Prezzure [SEHF]
[1000

< Fglp




Raw Data Overlay l Civna Cards ] Fod Loading Load/Current ] Fower Torgue O Fower Results

Manthly Operation Costs (30 Days per Month] Frecommendsad Minimum NEMA D Motor [12.7 HP
Fun Time [= hir/day

Cost With Gen, Credit [33.25 i

Cozt Mo Gen. Credit |95.25 % - P ated Full Load AMPS
Demand Cost |233.41 %

Thermal AMPS

Rated HF |20 HF

Uil Prad. Cost |38.0 /bl

Gross [nput |93

Liguid Prod. Cost [7.3 i/bbl

Met |nput {9.1

Oil Production |24 STBAD
Whater Produchion |25 STBAD

Demand |7.0
Average |20 8

——— - Current
Ayerage Power

wWith Generation Credit 6.5
Mo Generation Credit |59

Byyig. Power Facto

Suztem E flicienoy |53,,‘-‘




Analysis And Wor kover Results

€4 Run time was reduced from 24 hours per
day to 8 hours per day and the production
iIncreased slightly.

& Electricity bill was reduced from $201 per
month to $94 per month.

& Expected equipment life was improved by a
factor of 3.




Program to Calculate Pump Off Time and Max Off Time

Enter SPM & Pump Displacement far Initial Full Stroke
Enter Purmp Displacement for one of last5 Pump Off Stroke

1)
2]
3] Enter Tested Daily Water Production
4]

Enter Seating Mipple Depth and Depth to Bottom of Perfs.

Assumes well under Purp off controlwith Pump SND below Perfs,
Initial Strakes must start up full and aperate until the number of strokes
to Purnp Off occur. Then the POC shuts down welll far Max Off Time.

Load|F-Lbs) vs Pasiion jn) HT577 - F&'S'E_“ FHJHH—EEEE‘.
7.00 - FRL |1£.'-'!| BFLIMFL 140
Coaloulsbed Flud Losd Mas | 2353 b
6,801 Poliched Alod Power [15 HF
Polsked Flod / Mot ER x
5,00 5 wokes Por Mircte [1023
Pump CadHP 1320 HF
4.00 . 2
3,00 :
Damp Up (005
J iLF
2.00 Damg Do [00R —_—
80 Tubing Hesd Pressas (10 p ol
1.
Eflective Plunge Smoke
fanrmenwai
" S £ —Left | Fight ;| _‘r- |
[T3e % (45 in

100 TS 7| craue ||

Loosaec¥ Lt v Prcsifion [in]

HTST  peey IrIEH ERUMEL |_?35?

Initial Rate for Full Pump (BPD) {15
Final Pump Off Rate (BPD) a0.3
Initial Strokes Per Minute {(SPM) 10.289
Daily Test Water Production {BPD) Al
SHD: Seating Nipple Depth (Ft) 2947
Depth to Bottom of Perf (Ft) 2910

235 x| 23752 23052 | 2375 «
Tubing and Casing Size 4.5 2.0 3.3 (AL
Annular Capacity (BBLS1000 Ft) 10.77) 14.44] 1832 3604
Pump Off Time - Minutes a01 1052 1363 2682
Number of Strokes to Pump Off 82 108 140 276
Fill Up Rate - Ft‘Min 3224 2456 1.895] 0.963
Max Off Time / Cycle (Min] 1148 1507 1952 3841
Total Time Per Cycle {Min) 1949 2559 33.16] 6523
Number Cycles Per Day 7388 5628 43431 2208
Example: Swaind - 07/1205

(((ECHOMETER)))

£.00+ MFRL 2104 MPUMPL 412
Caiculsted Flad Losd Mas (23658 b
.00+ Poished Flcd Powes [T HP
Paolshad Rod ¢ Maton E8 | k
5004 Strokas Per Mirts |1{I$E
Pump Card HP [10 HF
4.00- K Fump / Motor EA %
p Dplacemsnt (303 §ALT
3.00 P Infake TTEr i et gl
1 Ramp Upr o 08
200+ ! il
Darp Down 005 —
sl Tubig Head Brecre [2010 pet g}
Effeschie Plunger Stoke:
3 §Let| - —
460
W @ x [os in
1.00 5

575 7| <Pous |



Calculate Pump Off Time and Max Off Time

\ K :
eed to Know Assumes well under

Pump off control
with Pump SND
below Perfs. Initial
Strokes must start
up full and operate
until the number of
strokes to Pump Off
occur. Then the
POC shuts down
well for Max Off
Time.

1. SPM & Pump
Displacement for
nitial Full Stroke

2. Pump Displacement
for one of last 5
Pump Off Stroke

3. Tested Daily Water
Production

4. Seating Nipple Depth
and Depth to Bottom
of Perfs.

Seating Nipple Depth Depth to Bottom of Perfs

Excel Spreadsheet: Fillup PumpOffRates. XL S



Questions?



