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Introduction

Morethan 400,000 wellsin the United States operate with beam pump artificial lift equipment. Most
of these wells have a pump capacity that exceeds the production rate of thewell. Also, most of these wells
pump 24 hours per day. These wellswould operate more efficiently and at alower cost with adevice that
reduces the amount of pumping unit operating time. This reduction in operating time decreases both
electricity and maintenance costs.

Fluid flowsinto the wellbore when the pressure at the bottom of thewellboreislessthan the pressure
in the reservoir. In beam pumped wells, this liquid in the wellbore is removed by a reciprocating pump
which hasacapacity that isafunction of pump size, pump stroke length, pumping speed, run time and other
factors. In most beam pumped wells, the pump capacity exceeds the liquid producing capacity of the well.
Therefore, the pump could be operated periodically and yet the pump would remove practically all of the
liquid from the wellbore. Whilethe well is shut-in, however, the pressure at the bottom of the well should
be maintained at alow value compared to the reservoir pressure so that maximum inflow™* into thewelIbore
will occur. It is important, when producing a well on intermittent operation, that the liquids above the
formation and the bottomhol e pressure be maintained at |ow values so that the desired maximum inflow of
liquid into the wellbore will occur.

Wellsthat operate 24 hours per day and have a pump capacity in excess of thewell's producing rate
"pound” liquid during the pump down stroke. This"pounding” of the pump plunger against theliquid causes
vibration throughout the entire pumping system. The shock loading can cause rod buckling, pump wear,
tubing wear, severerod |oading changes and pumping unit vibration even to the extent that the vibration can
be visually observed and oftentimes even heard. These changes in loading are easily measured using a
dynamometer system. Changesin rod loading on the downstroke al so affect the pumping unit balance and
motor power requirements. Longer life will be experienced by the pump, rods, tubing and pumping unit
system if the plunger does not "pound" liquid near the middle of the down stroke. Operating the pumping
system with a pump barrel full of liquid will result in longer equipment life.

This paper discusses various methods of controlling the operating time of electrically driven beam-
pumped systems where the pump capacity exceeds the liquid producing capacity of thewell. Two types of
devicesare commonly used to control pumping unit runtime. An electrical manually-set on/off timer can be
used to control when the pumping unit motor operates. Or, an automatic pump-off-control (P-O-C) device
can monitor a parameter that relates to pump fillage and shut down the pumping unit motor when partial
pump fillage or liquid no-flow is detected.



Pump-Off-Control Systems

A P-O-C device monitors some parameter of the pumping system. The polished rod load, motor
current, pumping unit rotational speed, vibration, liquid flow, liquid level or some other parameter of the
pumping system is monitored to detect when the pump is not full of liquid. The P-O-C device shutsdown
the pumping system when the pump isnot filled with liquid. The on/off pumping cycleisasfollows. First,
the P-O-C stops the pumping system. The down timeallowstheliquid flowing from the formation into the
wellbore to accumulate into the annular space between the casing and tubing above the pump. After a
predetermined down time, the pumping system automatically starts and a sensor monitors some parameter
relating to pump fillage. Initially, the pump should befull of liquid. Later, when theliquidinthewellbore
has been produced and a reduction in pump fillage is detected, the pumping system is again shutdown to
permit liquid to accumulate in the casing annulus. This cycle generally reduces the operating time and
operating expense without loss of oil production. Numerous papers®>*>°"®have been written on different
sensors and techniquesthat are used to control apumping system by monitoring aparameter that varieswith
pump fillage.

A substantial advantage of a P-O-C system over continuous operation or a timer is that the well
performanceismonitored. With some P-O-C's, the amount and variance of run time are obtained which can
indicate potential additional oil production, pump slippage and poor pump performance. Remote monitoring
of the polished rod loads or other parameters allows early detection of abnorma well performance.
Problems can be corrected immediately, if desired, which will result in maintaining the desired production.
The main disadvantages of the P-O-C systems are the cost (between $500 and $5000 per well) and the
additional personnel required to monitor the P-O-C system and each well's performance.

Many papers have been written on pump-off controllers and many patents'® exist. These systems
have been improved over the years with better sensors, electronics, software and cabling so that excellent
overall performanceisusualy obtained. A P-O-C will reduce operating costs and el ectricity costs and will
justify the cost of installation on appropriate wells.

Timers

A timer can also be used to control pumping unit run time. Two different types of timers™ are
commonly used in the oil field. A percentage timer controls the percentage of time that the pumping unit
operates, or, an interval timer controlsthe timeintervals (generally in 15 minute periods) that the pumping
unit operates.

Thetimer issimpleto operate and inexpensive. It can normally beinstalled for $200 or less. Some
solid-state percentage timers'® cost lessthan $25. Generally, asmall step-down transformer and low voltage
relay are also used which cost about $50. The main disadvantage of the timer is that the operator must
correctly set the timer to operate the pumping system for the optimum amount of time. The most accurate
method for determining proper run time is to use a computerized dynamometer? that obtains a surface
dynamometer card and cal culates apump card showing pump fillage. The percentagetimer should be set to
run for approximately the same percentage of time as the percentage of fillagein the pump when the unitis
operated continuously. Another disadvantage of thetimer isthat the pump condition or thewell's maximum



potential flow rate may change, and the pre-set timer will not automatically change the on and off cycle
intervals. Thisrequiresthat thewell operator perform periodic checksfor proper pump fillagewhilethewell
isbeing pumped. If thepumpisfull of liquid when the pumping cycle ceases, additional runtimeisrequired
and thetimer ON setting should beincreased accordingly (unlessthe operator desiresfull pumpfillageat all
times).

Typesof Timers

Two different types of timersarenormally used. A variable percentage timer controlsthe amount of
time expressed as a percentage that the pumping unit operates during atiming cycle. The percentage timer
setsthe on-timewhich isapercentage of thetotal cycletimethat includes both the on-time and the of f-time.

For most oil field useinthe USA, a 15-minute percentage cycle timer should be used. A discussion of the
reasons follows later. An interval timer is also used in the oil field. Most interval timers have a 24-hour
rotating disk with 15 minute on and off tabs. Thisallowsthe operator to control whether the unitison or off
at 15 minute intervals throughout the day.

Electricity Costs

One of the main purposes of timers and pump-off controllersisto reduce electricity costs. The cost
of electricity is normally based upon the electricity consumption (expressed in kilowatt-hours) and the
maximum demand (expressed in kilowatts). The consumption is expressed as thetotal usage of electricity
(in kWh) over aperiod of one month. The demand cost, however, is based upon the maximum power (in
kW) that is used during the billing interval. The average power during each 15-minute power interval is
measured. The greatest value of average power (during the 15 minute period) isused for billing purposes. If
ahigh demand occursfor abrief period of time, the demand cost is applied to the entire monthly billing. A
typical consumption chargeis 5 cents/kWh while atypical demand charge is $8/kW.

Practically all, reasonably balanced, oil field pumping unit motors consume electricity while the
rotating counterwei ghts are approximately horizontal and generate el ectricity when the counterweights are at
the top and bottom of the stroke. Some meters run backwards and give credit for generated electricity while
other meterswill not. The power metersthat do not give credit for generation have aratchet (or el ectronics)
that prevents credit for generation. If several wells operate from one utility power meter, the generated
electricity from one motor will be used by another motor.

Following are examples of electrical billing charges on asingle pumping well with continuous and
part time operation. Assume a 30 H.P. motor that is approximately 60% loaded (0.6 x 30 H.P. x .746
kW/H.P.=13.4 kW) when the pump is full and 45% loaded (.45 x 30 H.P. x .746 kW/H.P.=10.1kW) when
the pump is operating continuously with 40% pump fillage. Further assume that the pumping system could
operate on atimer approximately 40% of the time with a full pump and remove al of the liquid from the
wellbore. Further assume 5 cents per kWh consumption charge and $8 per kW demand charge. If the
pumping unit runs 100% of the time, the billing will be approximately $471 per month. The consumption
charge will be $363 (.45 x 30 H.P. x .746 kW/H.P. x 24 H/D x 30D/M x 5 centskWh) and the demand
chargewill be $108 (.60 x 30 H.P. x .746 KW/H.P. x $8/kW). If thewell is operated 40% of thetime, such
as 30 minutes on and 45 minutes off, the consumption charge will decrease to $193 (.6 x 30 H.P. x .746



KW/H.P. x 24 H/D x 30 D/M x 5 centskWh x .4). The demand charge will probably remain the same at
$108 because the maximum demand will not change if the well is shut down even once during the month.
Thetotal chargefor electricity will be reduced from $471 to $301. Should the pumping system be operated
at 6 minutes on and 9 minutes off, the consumption charge remains $193 since it runs 40% of the time.
However, the demand charge will be reduced to 40% of $108 or $43 (since the demand charge is based on
the average power in a 15 minute period) for atotal monthly charge of $236. Operating with a 15 minute
total on and off cycletimer instead of alonger cycle resultsin a savings of $65 per month. Followingisa
summary of electricity charges.

MOTOR CONSUMPTION DEMAND TOTAL
OPERATION CHARGE CHARGE CHARGE
Continuous $363 $108 $471
40% w/long cycle $193 $108 $301
40% w/15 min. timer $193 $ 43 $236

The second factor for selecting a 15-minute on/off cycle is the need for the pumper or operator to
spend a minimum of time at the well to check for proper operation of the timer. The timer, when properly
set, should cause the pumping unit to run with afull pump until near the end of the operating on cycle; and
then, stop the pumping unit, hopefully, after the pump has operated for afew strokesat partial pump fillage.
This sequence can be checked in less than 20 minutes and the timer re-set if needed.

Shorter or Longer Pump Cycle Off Times

Inflow performance relationship papers™ ** suggest that the producing bottomhol e pressure should not
bein excessof 10% of thereservoir pressure for maximum production from thewell. Applying thisconcept
to timer or P-O-C operations, if thereservoir pressureis 1000 PS|, the producing bottomhol e pressure should
not exceed 100 PSI at the end of the off cycle when liquid has accumulated in the casing annulus. The
bottomhol e pressureisthe sum of the casing pressure plus the gas column pressure plusthe pressure exerted
by the liquid column above the formation. This pressure can be determined using modern acoustic fluid
level instruments' that automatically digitize the acoustic dataand process casing pressure measurementsto
obtain the producing bottomhol e pressure. However, aproblem in the management of most wellsisthelack
of knowledge of the reservoir pressure. An inexpensive, acoustic static bottomhole pressure test is
satisfactory for determining the maximum producing bottomhol e pressure at the end of the shut-in period as
afunction of reservoir pressure.

Motor Start-Up Power Effect on Cycle Time

When amotor startsapumping unit system, electrical energy isused to start the counter-weightsand
cranks rotating. Typically, at start-up, a Nema D motor operates at three times its full load rating for
approximately 0.65 second in order to power the counter-weightsand cranksto normal operating speed. See
Figures 1A and 1B which show measured power requirements during start-up. Figure 1C shows start-up
power requirement followed by 3 cycles of rotation with a 30 H.P. motor. The energy consumed during



start-up isonly 0.01 kWh that costs 1/20 of apenny. Thus, the consumption charge for starting the 30 H.P.
pumping unit once every 15 minutes costs only $1.20/month. The demand isincreased each time the motor
isstarted during any 15 minutetime period. Each start-up per 15 minutetime period for areasonably |oaded
motor operating 50% of the time increases the demand charge by about 1%. Stopping and immediately
starting the motor once each 15-minute period affects the electricity bill less than 1% compared to
continuous operations.

A compromise exists for the length of the total on/off cycletime. An additional electrical demand
charge will apply if the total on/off cycle time is less than or greater than 15 minutes which is a
disadvantage. Heavier, more frequent cyclic loading of the equipment occursif the on/off cycletimeisless
than 15 minutes. But, the average producing bottomhole pressure is maintained at alower value that isan
advantage. Timers or P-O-C's operating on an on/off cycle time in excess of 15 minutes will increase the
demand chargeif only afew wellsareinvolved or if all wells are ever started at once. Longer cycletimes
allow moreligquid to accumulate in the casing annulusrestricting liquid inflow. The 15-minute on/off cycle
time is recommended unless other factors are more important than the ones discussed.

Procedureto Install and Set the Percentage Cycle Timer

Pump the well continuously at normal producing conditions until the production rate has stabilized.
Obtain dynamometer surface and pump cards. A qualitative polished rod transducer is preferred to a
guantitative horseshoe load cell because of rapid and ease of installation. Precision surface dynamometer
load measurements are not required for calculation of apump card and pump fillage. Some pumping units
do not need to be shut down to install the polished rod transducer. Installation of a horseshoe transducer
(which normally requires shutting-down the unit) is more time consuming and changes the plunger location
in the pump and al so changes the producing conditions of the formation which requires pumping thewell for
asufficient period of time for the well to re-stabilize. The percentage fillage of the pump card should be
multiplied by 1 to 1.1 to determine the percentage of time that the 15-minute percentage timer should cause
the pumping system to operate. If the operator prefers full pump fillage at al times, use 1.0 times the
percentage pump fillage. For example, assumethat the pump fillageis 25% on the dynamometer pump card.

The timer should be set for 27.5 percentage run time. This represents a run time of 27.5 percent of 15
minutes or 4.125 minutes. Next, shut down thewell for 10.785 minutes. Then, start the pumping unit and
monitor the performance of the pumping system during the next 4-1/8 minutes. The system should produce
with afull pump for thefirst four minutes and then begin to pound liquid dueto partial pump fillage. If full
pump fillage is not obtained for approximately four minutes, correct the inefficiency problem. The most
common cause of inefficient pump operation is gasinterference. Set the pump intake below the formation
and use a single tube below the seating nipple, or use an efficient downhole gas separator™® if the pump is
placed at or above the formation.

Another method to determine the proper percentage of run time is to shut down the well for
approximately 10 minutes. Then, start the pumping unit with a dynamometer monitoring the pump's
performance. Continue to operate the well as long as the pump is full of liquid. As soon as the pump
plunger beginsto "pound" liquid because of partial pump fillage, note the run time while the pump wasfull.
The percentage (or fraction) of timethat the pumping system should operateistherun timedivided by the 10
minute shutdown period plus the run time.




Still another technique for determining the approximate percentage timer setting isto usetheratio of
the well's production to the cal culated pump capacity. QROD' is afree, simple wave-equation predictive
beam pump program that is useful for estimating pump capacity and pumping unit loadings. Divide the
well's production by the predicted pump capacity. Thisis the fraction of run time that the pump should
operate if the pump is operating efficiently. This procedure assumes that the pump isfilled with liquid on
the up stroke and that the pump is operating efficiently. Verify pump fillage with adynamometer pump card
if possible. Use all practical methods available to optimize the setting of the timer including visual
observations.

Periodic checks are recommended to maintain the proper run time setting. Many pumping unitsthat
produce low volumes of liquid operate in the 6 to 7 SPM range. Thisresultsin approximately 100 strokes
per 15-minute period. Thus, a15-minute percentage timer approximately indicateson thedial the number of
strokesthat will be obtained during the 15-minute period. If the pumping system obtainsfull pump cardsfor
25 strokes and then obtains 10 strokes of partial pump fillage, the operator would probably desireto reduce
the run time dightly. If the timer were set at 30% run time, reducing the run time by 5% would stop the
pump from operating during thelast 5 partialy filled pump strokes (approximately) and improve efficiency.

Dynamometers offer the most precise manner for properly setting the percentage cycletimers. An
operator may visually observe the behavior of the polished rod to estimate the pump fillage. However,
complete pump fillageis often difficult to determine by observation, and it isimportant that the pump fillage
is near 100% throughout most of the pump on cycle for efficient operation.

The consumption of power should be measured at full pump fillage and the overal system efficiency
determined *# ***°. The overall system efficiency should be between 40 and 60%. Confirm that the well
pumpswith afull pump until pump cards are obtained with partial pump fillage that approximatesthe pump
fillage observed when the well is operated 100% of thetime. Confirm that theliquid level isat the pump at
the end of the pumping on cycle. Thisinsuresthat the maximum production isbeing obtained from thewell.

Operating Cost Saving Procedures

In the beam system, moderate pumping speed with moderate |oading on the equi pment will resultin
better power efficiency than lightly loaded equipment. The pumping unit should utilize along strokelength.
If the moderately |oaded pumping system pump capacity exceedsthe well's production, use atimer or P-O-
C. Gasinterferenceinthe pump isthe most common contributor to low efficiency. Set the pump below the
formation if possible and use agood natural separator™. If the pump isset at or above the formation, usean
efficient downhole gas/liquid separator having alarge, thin wall outer barrel, large inflow ports and proper
dip tube design. Using a back-pressure valve on the tubing discharge wastes electricity and increases
maintenance requirements. Free gas should be separated from the liquid downhole before theliquid enters
the pump so that excessive free gas is not present at the surface in the tubing to cause stuffing box
lubrication problems. Having 300 PSI back-pressure on a 4000 foot well will increase the electricity bill
approximately 15% and will cause additiona rod loading, gear box loading and less plunger travel.

Case Study of Timer Application

A P-O-C wasinstalled on Cobra Oil and Gas Corporation's RVOGTA8 Well. The system did not



perform properly because the pump fillage was very erratic due to gas interference. Echometer Company
personnel were asked to complete awell performance analysis. Refer to Table 1 that showsdataonthewell
(after the improved gas separator was installed).

An acoustic liquid level depth measurement indicated the liquid level to be 148 ft. over the pump
when thewell was producing at stabilized conditions. The casing pressureincreased approximately 0.1 PSI
per minute when the casing valves were closed that indicated that free gas was being produced from the
formation and was flowing up through the annular liquid. Refer to Figure 2. A dynamometer test was run
without shutting down the pumping unit in order to determine stabilized pumping conditions. SeeFigure3.
The dynamometer analysis showed that the pump fillagewas 27%. Traveling valve and standing valvetests
indicated that the pump wasin good condition. When ahigh liquid level is present above the pump and the
pump does not fill with liquid on the upstroke, poor downhole gas separation exists. The pump was set at
5,173 feet that isabovetheformation. Theformation isopen-hole (4-3/4") and wasdrilled below the 5-1/2"
casing from 5,235t0 5,247 feet. The acoustic dataand dynamometer dataindicated that the poor "Poor Boy"
gas separator wasinefficient asis often observed. Thewell was shutdown for 10 minutesand then restarted.

Low pump fillage occurred even after the well had been shutdown for 10 minutes. See Figure4. Thewell
was tested again after being shutdown for 20 minutes. Again, a dynamometer test indicated low pump
fillage and another acoustic test showed theliquid level to be highindicating that the downhol e gas separator
was still operating inefficiently.

Decisionswere madeto try to improve the efficiency of the pumping system by installing abetter gas
separator and then use atimer to control pumping unit operating time. The datawould be usedin thispaper.

The producing bottomhole pressure was approximately 94 PSI, but the reservoir pressure was
unknown. Cobra personnel elected to shut-in the well for a maximum of 5 days to obtain reservoir
characteristics. Thebuildup dataisshownin Figure5. Thewell pressuredid not stabilize, but it indicated a
reservoir pressure (P*) in excess of 1000 PSI. It aso indicated low skin and permeability. Another
interesting measurement was the flow of liquid into the wellbore after shut-in that indicated a rate of
approximately 10 BLPD that is considerably less than the production from the well. See Figure 6. This
build-up data indicates that very little additional production will be obtained after correcting the gas
interference problems. The main benefits of better gas separation and use of a timer will be reduced
electrical costs, less maintenance dueto less run time and better equipment loadings. Thelack of liquid flow
into the wellbore may indicate that some crossflow occursin the formation, and probably, the pump should
be set aslow as possible in the well.

The rods and tubing were pulled. The pump was serviced. The pump had aworn pull tube which
was replaced. The wear on the pull tube was probably the result of continuous "pounding” of the plunger
when the pump was 20 to 50% filled with liquid. The pump also had two standing valves. Only one
standing valve was used when the pump was run back into thewell. A tubing anchor wasinthewell whenit
was pulled, but the tubing anchor had a broken spring and was not run back into thewell. Thetubing string
consists of 167 joints of 2-3/8" tubing, a seating nipple and a 2-3/8" collar-size gas separator which was 6
feet long. The bottom of the gas separator was placed 3 feet from the bottom of thewell in the middle of the
producing formation.

Thewell was pumped overnight. The next day, theliquid level wastested and found to be at 166.88
joints from the surface that is at the seating nipple. See Figure 7. A dynamometer card wasrun. The well



was tested without shutting down the pumping unit and the pump card indicated approximately 30% fillage.
With the liquid level at the pump and partial pump fillage occurring, the gas separator was operating
efficiently. Thewell was shutdown for 9 minutes. Then, thewell was started and run for approximately 10
minutes. The first 36 strokes indicated full pump fillage; the next 7 strokes indicated the well was being
pumped down, and from stroke 43 to thefinal stroke 60, the pump fillage wasrelatively stable around 35%.
Pleaserefer to Figure 8. Theinstallation of the collar-size gas separator was successful. A percentage 15-
minute cycle timer wasinstalled and set to run 33% of the time.

Before the timer and gas separator installation, the well produced 8.2 BOPD and 35 BWPD with 4
mcf/d of gasper day. Thewell was produced continuously and the el ectricity bill was calcul ated at $203 per
month. After installation of the gas separator and timer, the oil, water and gas production rates increased
dlightly as was expected. The electricity bill decreased from $203 to $108 per month. The beam pump
system now operates 5 minutes on and 10 minutes off with a full pump most of the on time. Smoother
operation of the systemisobserved. Hopefully, the next downhole maintenance requirement will be at least
three times further in the future than if this job had not been performed. A payout will occur in 8 months
based upon the reduction in electricity cost and an estimated reduction in maintenance cost due to better
equipment loading and 33% run time. The overall electrical efficiency was improved from 35% to 59%.

Conclusions

A beam pump system which has a pump capacity that exceedsthe well's production can be operated
with atimer or P-O-C to improve overall efficiency. The electrical and maintenance costswill be reduced
with a properly operating timer or P-O-C. The recommended 15 minute percentage timer technique for
reducing electrical and maintenance costs is a relatively simple technique and inexpensive procedure for
reducing operating costs in wells which have a pump capacity exceeding the wells producing capacity.
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Figure 1 — Startup Power




TOTAL WELL MANAGEMENT by ECHOMETER Company

Group: vogtsherger

Well: RVOGTASCONTINOUS (acquired on: 12/04/98 00:36:54 )

Beo - 1.00 Casing Pressure Buildup
1 17.60
> »
|
[ | E 0.80
u | e 17.40 §
d - . e
| 2 os0 3
I 3 Q
" ] 17.20 o
I ® 040 2
Expipifilan 1 [« B
o | 1000 2000 ‘ B0 | a000 Ssooo B 17.00 g
Filter Type High Pass Automatic Coflar Count ~ Yes Time 10912 sec 3 0.201 IR 1 o
Acousgtic Velovity  923.417 f/s J1S5/3e0 147275 Joints  160.286 Jts [a] o - o 16.80 —
[3.0 0 40 (Sec)] Depth 502496 ft Py S 'c?f.” -e - E
. (=]
e 16.60 ~
! -0.20
! () 2.00
\ ; Delta Time (min)
P
| — B
| \ Change in Pressure 021 psi PTAS18
! S o _ Range 0-600 psi
Analysis Method: Automatic Changs in Time 200 min .
FProduction , )

Current Putential Casing Pregsure Prod: I P \ 3 /A & a A /
AWV A
Water 35 364 S1B/D
Gas 4 42 MsciD Casing Pressure Buildup Annular i p ~ " N

02 psi Gas Flow AWA AVAYS A\ 14.74
1PR Mathod Productivity Index 200 min 5 Mscf/d \/ }/ }/ }/ / }/ }‘/ }‘/V}q/ T‘/ }/ } / }'/ }/ \r/ }*/ }‘ / }\/}/ }/ / }\/ VVX/
PBIIP/SBHP 013 %% Liquid
Praduction Efficicncy 96.2 Gas/Liquid Interface Pressure 8l % / , / VA A . f P / \
242 psi(g) / f NN VAV / 14.91
o & s WYV IV VY
Water 1.05  Sp.Gr.1120 Liquid Level
Gos 128 SpGrAlR 502496 ft ; . . . ) . ;
Wy A AN e
Acvoustic Velocity 920997 fus T } }J / / -V / u /] r r r /
Formation D{;pthﬂ -
524 ~ ; N " o A AN S -
5 y / NA AT . A o
AV A
Pump Intake Depth (MD) 5173 ® Pump Intake Pressuie
Total Gaseous 1.iquid Column HT (TVD) 148 it 654 psi(g) \
Equivalent Gag Free Liguid 1T (TVD) 120 # Producing BHP - - . A e
el TR
Static BHP i
000 psi (g}
Acoustic Velocity 920997 fifs Joinis counted 153
Acoustic Velacity 14.6889  jis/sec Joints 15 liguid level 160.286
Depth to liquid level 502496 it Filter Width 13,7275 15,7275
Automatic Coblar Count Yeos Time to Ist and last Collar 0,292 10.708

Figure 2 — Initial Acoustic Liquid Level




TOTAL WELL MANAGEMENT by ECHOMETER Company

TOTAL WELL MANAGEMENT by ECHHOMETER C )
¥ ompany Group: vogisherger  Well: RVOGTASDOWNIOMIN (acquired on: 12/04/98 01:05:2

Group: vogtsherger  Well: RVOGTABCONTINOUS (acquired on: 12/04/98 00:42:5

Sen.cor':”f;}i'rl‘sxl : o ' Sensor: FRTS8]
13.75 Surface Card Overlay 15.00 Surface Card Overlay
12.50
) N
8 125 8
0
X 3
= 10.00
g g
-
- a7s
7.50
6.25 - —_—
0 100.0
Position (In) Position (in)
Sensor: PRT581 ] Sensor: PRT481
1375 Surtace Card 16 Surface Card
L~ PPRL 135 Kib PERL 135 Kib
12.50 ya MPRL 65 Klb 14 MPRL 77 Kb
E‘ e PI'MPL 49 Klb w T P PPMPL 5.1 Klb
2 11ze - MPMPL. 0.0 Kb 5 e - MPMPL 0.0 Kb
2 g < - —
§ oo ,,/ / Polished Rod Power 25 Hp 3 Polishod Rod Power 17 e
Y / Polished Rod / Motor Eff. 553 % 8 Polished Rod / Motor Eff. 474 %
b Y / §PM 62 SPM 62
7.50 N o
\ Pump Card HP 16 HP Pump Card 1P 08 HP
e.26; — 1600 | PUMp/ Motor EfF. 354 % & job.0 | Pump/Motor Eff. 224 %
Polished Rod Rosition (In) . Pump Displacement 36.7 STB/D Palishad Rod Position (in) Pump DISPIDCEITI.C‘IIE 116 STB/D
Pump Intake Pressure 0.0 psi(g) Pump Intake Pressure 0.0 psi(g)
P | Pump Card . Damp Up 0.05 & i Damp Up 0.05
e e TS S R ey Parap Down 0.05 | . Damp Down 005
- / [ Tubing Pressure 60.0  psi(p) .6 [ ) Tubing Pressure 60.0 psi(g)
B e 5
A L/ Fillage 292 % 4 [ Fillage 862 %
£ | = 1
3 I Bal/
-z [ s i
Al
! 1
 Rmm— /7
% Ba.8 . % 86.7 )
Pump Pasitlon {In} Showing stroke T of 5 Pump Position (in) Showing stroke | of 61

Initial Dynamometer Test After 10 Min. Down Time
Figure 3 Figure 4
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Figure 5 — BHP vs. Time
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Figure 6 —Liquid Afterflow vs. Time



TOTAL WELL MANAGEMENT by ECHOMETER Company

Group: vogtsherger

Well: RVOGTAS (acquired on: 01/06/99 13:02:41 )

Casing Pressure Buildup

1000 psi{g)

Acuoustic Velocity 894.471 fi/s Joints counted

Acoustic Velocity 142613 jis/sec Juints to liquid level
Depth to liquid level 523355 It Filter Width
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e Y @,
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8 o.40] o " 2140 3
Expr (3] o o - T ﬁ
o © T @
= )
Filter Type High Pass Automatic Collar Count  Yes Time  [1.702 sec ° 0.20 6.0 21.20 3
Acoustic Velocity 899 857 fiss ITS/sec 14.3472 Joints 166.886 Jts =] e &
(4.0 to 50 (Sec) | Depth 5233.55 1 ob 7 21.00 @
e | e
Vel
ey -Q.20 0.80
~ ! 0 3.00
| Delta Time (min)
1
AN
I
| \\ / Change in Pressure 0.50 psi PT4s18
B i — Range 0-600 psi
Analysis Method:  Manual Change in Time 300 min
Prudl;x;tiun o AN A A D 7 7
Current Potential Casing Pressure Producing S / \ A SN 3 AN 14.08
ol x4 85 STB/D 209 psi () W */V J '\/ / v T/ T»/ T'/ T/ / V }/ / )—/ /
Water 40 40.5 STB/D
Guas 4 4.0 Msct/D Casing Pressure Buildup Annular
.S psi Gas Tlow / / / / \/ A / / 14.11
IPR Method  Productivity Index 300 min Y Msct/D /
PBHF/SBHP 0.05 %o Liquid
Production Efficiency 98.8 Gias/Ligquid Interface Prosswe 75 % . RN R
304 psi () NASNSNAN YA / W / 14,14
Qil 40 dep API r N I T ] [ ‘ ] r
Waer 1.05 Sp.GrIi20 Liquid Level =
Gas 135 Sp.GrAlR 523355 N o N / A A A A
JAYAYS / / /‘"‘ a / / 14 62
Acoustic Velocity 894471 fi/s } i / / d / / [ / /
Formation Depth
5247 1 . . o
/ /\ /\ / \ / /\ /\/\/\A e \/\/ \/ W 1240
. Y /A A
Pump Intake Depth (MD) 5237 f Pump Intake Prossure
Total Gaseous Liquid Column HT (TVD) 3 f 313 psidg) \
Lquivalent Gas Free Liquid HT (TVD) 3in Producing DLIP A P f
358 psi(e) \WAY. \/ | /\/\/\/\/ S AVAVAVAVAVAVAY. \/\/ \/\/‘V\/\/
Static BHP i i : /

17

166 886

13.3472 15,3472
0.5 8.704

Figure 7 — Acoustic Test After Installation of Gas Separator




TOTAL WELL MANAGEMENT by ECHOMETER Company

Group: vogtsherger

Well: RVOGTAS (acquired on: (1/06/99 16:34:29 )

Sensor: PRT474

Load {K-lbs)

' 15 Surface Card Overlay

7o 100.0
Position (in)
Sensor; PRT474
16 Surface Card
PPRL 143 Kib
- MPRL 74 Klb
- e T PPMPI. 55 Kib
§ e MPMPL 00 Kib
X
3 Polished Rod Power 56 HP
k] — Polished Rod / Moter Eif. 618 %
/ SFM 62
o Pump Card HP 47 HP
[ 1o0.a | Pump/Motor FfF 522 %
Polished Rod Position {In) Pump Displacement 109.5 ST:B/D
Pump Intake Prassure 162 psi(g)
6 Pump Card 1 Damp Up 0.05
— e e T Damp Down 0.05
5 - 1 ) Tubing Pressure 44.0 psi{g)
w ! /
Ia Ul Fillage 3456 %
£ P
is ) /
s I
3 / !
2 . )/
R |
1 - I
r I
% 82.5 X X
Pump Position (in) Showing stroke 2 of 60

TOTAL WELL MANAGEMENT by ECHOMETER Compuny

Group: vogtsherger

Well: RVOGTAS (acquired on; 01/06/99 16:34:29 )

Monthly Operation Costs (30 Days / Month)

Recommended Minimym NEMA D Motor
HP

Run Time §  hr/day 127
Cost With Gen. Credit 2326 § Rated HP 30 HP
Cost No ren Credit 9525 §
Demand Cost 3841 § Rated Full [.ond AMPS 41.5
QOil Prod. Cost 38.0 ¢/bbl Thermal Amps 252
Liquid Prod. Cost 7.3 g/bbl Gross Input 93 HP
Oil 84 STB/D Net Input 9.1 HFP
Water 3s STB/D Demand 70 KW
Average 208
Power - Current
35.00 .
" N Average Power
30.00- // \ I With Generation Credit 68 KW
/ \ \ No Generation Credit 69 Kw
25.00 o \y IO N, __ | Avg. Power Factar 304 %
el T ! System Efficiency 537 %
20.00
15.00 / \\
10.00 \ i
A
5.00
O iz
.00 Showing stroke 2 of 60
Torgue = 84.5 * P[KW] * EFF / (SPM * 8V)
_ u ’ Foot Torg. ! { Upstroke Peak 234.1 Kin-lb
625 M dD ke Penk 2033 Kin-lb
g 1 Marker 2341 Kindb
Balanced Upstroke Peak 21926 Kin-lb
Bulunced Downstroke Peak 2186 Kin-lb
i/ Counter Balance Change 159 Kin-lb
/ for Adjusted Torque
J
Weight Of Counter Weights 5000 Ib
For Adjusted Torque Move 32 in
Counterweights
Strokes Per Minute 6.1
Motor/Belts Efficiency (EFF) 0.8 fraction
ﬂ/ Speed Variation 0.95 fraction
4
194 grTom TOP

Showing stroke 2 of 60

Figure 8 - Dynamometer After Gas Separator Installation
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