TOTAL SYSTEM COST COMPARISON (ESP vs. BEAM PUMP)
IN AMOCO’S NORTHERN PERMIAN BASIN OPERATING AREA

Keith Cheatham

Amoco E & P, Levelland, TX

Abstract

This paper presents the results of a Total System Cost Comparison program between Electric
Submersible Pump’s (ESP’s) and Beam Lift Pumps that are typical within Amoco’s northern Permian
Basin operating areas. This program calculates a common variable of, $/BFPD, for Total System Cost
and Operating and Maintenance Cost. This common variable may be used to help the operator make the
best decision regarding economics, on which type lift to use. The calculation takes into account all
equipment cost, all installation cost, all repair cost and all operating cost for a typical 10 year period of
time at a specified depth and volume. Also considered in calculating the repair cost for a 10 year period
of time is the type failures, cost per type failure and frequency of these failures that are typical within
these operating areas.

Conclusions

The important conclusion in system cost comparison determined by this study is that the failure frequency
of the two lift systems is the one most important variable to consider as the determining factor. The other
components of the system, equipment, servicing, power consumption cost, are much more stable, than
the failure frequency, especially on beam lift wells.

When considering the failure frequencies, power consumption, service cost and equipment cost that are
typical in this operating area, the following conclusions can be made. For producing depths of 4800 ft
and wells with 5.5" casing and when considering “Total System Cost”, the Beam Pump lift is most
economical for volumes up to approximately 320 BFPD, with the ESP lift becoming the most economical
tfor volumes over approximately 320 BFPD. However, for this same depth and casing size, when
considering only the “QOperating and Maintenance Cost”, the Beam Pump lift is most economical for
volumes up to approximately 500 BFPD, with the ESP lift becoming the most economical for volumes
over approximately 500 BFPD.

These break over points in volume, where the ESP lift becomes more economical than the Beam Pump

lift becomes less as the producing depth increases. For example: At 6300 ft and 5.5" casing and
considering “Total System Cost”, the ESP lift becomes more economical at approximately 300 BFPD and
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when considering only the “Operating and Maintenance Cost”, the ESP lift becomes more economical at
approximately 430 BFPD.

Introduction

The northern Permian basin operating area is located in West Texas as illustrated in Figure 1. The main
fields. reservoir conditions and oil properties in this operating area is listed in Figure 2.

There have been many comparisons made in the past between beam pumping units and ESP’s. However,
when considering the reasons mentioned below, it became an obvious benefit to produce this cost
comparison program.

This study 1s not intended to eliminate the need to evaluate each well on a case by case basis as to the
most economical type lift to use. However, this study is intended to illustrate that ESP type lift can be
the most economical type lift for volumes low as 300 BFPD when considering total system cost detailed
in this paper. Another important thought to keep in mind while interpreting the comparisons made in this
paper is that there are many variables in these comparisons and it is not the intention of this study to
project these comparisons to be appropriate for other operating areas. One of the big benefits of the
program developed which is the source of the comparisons reported in this paper, is that it provides the
user the opportunity to adjust the $/KWH, equipment cost, service cost. failure frequencies, etc. to fit the
area, field or specific well you are interested in evaluating.

The most common objection against the use of ESP’s has been the electrical power cost, and as you will
see. the comparisons presented in this paper, will indicate, there is in some instances, a substantial
operating cost difference. As you will see in this study, this operating cost difference is largest at the
smaller volumes and depths. Also note, that this operating cost difference is becoming less (reference
Figure 3), with the reduction in cost/KWH from the power supply companies.

In this operating area. as you will see in this paper, with alliance pricing structures established in our ESP
and Beam Pump operations, the one variable that becomes the most important determining factor in cost
comparison is the failure frequency of the two type lifts. The ESP failure frequency varies very little from
one field to the other, but on the other hand the beam pump failure frequency can vary drastically from
one well 1o the next within the same field. As a result, the cost comparison conclusions in this paper will
not be representative of all wells in this operating area.

Listed below is a summary of the many reasons considered in the decision to develop this cost
comparison program:

L. The increased emphasis on reducing operating cost created a situation where the ESP and it’s higher

KWH usage, made it a quick and easy target for reducing electrical power cost.

There is a need for a quick, easy way to make lift revision economic recommendations.

3. The excellent and continued improving ESP failure frequency needs to be considered when comparing
economics to other type lift systems.

[
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4. The lower KWH rates that are being obtained from our power supply companies has reduced the
operating cost difference from ESP to Beam. Reference Figure 3.

5. The newly acquired Centrilift alliance pricing structure created a situation where the ESP equipment
cost could be figured exactly and counted on to stay the same at least for the near future.

6. The more mature the cost reduction efforts have become, the more the need to analysis “Total System
Cost™ to attain continued cost reductions.

ESP History

The history of the number of ESP installations in this operating area is illustrated in Figure 4. As you can
see the total number of installations at any one point in time peaked in 1987 at approximately 355 wells.
Due to property divestment, CO2 flooding, less water production, lower FAP’s and the emphasis on
cutting the electrical power cost, the current number of ESP installations has been reduced to 183 wells
as of Jan. 1, 1996.

The history of our number of ESP failures by year and the corresponding failure frequency
(failures/well/year) by year is illustrated in Figure 5. As you can see, the number of failures follow along
with the number of installations to a degree. However, the failure frequency curve illustrates that our
ESP failures per installation, per year has been on a steady decline since 1979. Since 1990, this decline
rate has increased. The average ESP failure frequency for the last four years (1992-1995) is 0.231.

Another measure of our ESP performance we use in our operating area is the actual runtime and in-
service runtime in days for each failure. You can see as illustrated in Figure 6 that our runtime per failure
average per vear has over the vyears increased from around 175 days in 1975 to 944 days in 1995. Also
you will notice that the in-service runtime (accumulated in-hole service days) of the failed component has
increased from 175 days in 1975 to 1479 days in 1995.

As you will see later in this paper the “Total System Cost” comparison program uses the failure figures as
an important component in calculating the resulting $/BFPD. With this in mind, the ESP failure
frequency will be used in the program to calculate the repair and maintenance cost. Also, since the
different type failures have a wide range of repair cost, this program uses the failure frequency of each
type failure. This results in much more accurate resuits in the final analysis. The actual average
frequency for the last 4 years (1992-1995), of all type pulling jobs performed on our ESP wells can be
seen in Figure 7. You will notice that the pull frequency relating to failures will add up to our average
failure frequency for the last 4 years of 0.231 failures per well per year.

Beam Pump Performance History
In our operating area with as many fields and wells as there are, and with the organizational structure as it

1s, and with the geographic location between these fields as it is, there is not one specific individual
dedicated to maintaining Beam pump performance records. As a result, in an effort to obtain as accurate

38 SCOUTHWESTERN PETROLEUM SHORT COURSE -96



Beam pump failure rates as possible, several sources were used: CRWS reports, input from lift
coordinators, scorecards from the various operating centers, previous papers, etc..

As illustrated in an excerpt from a Dec. 17, 1991 memorandum entitled “‘Operating Expense Comparison
of Electrical Submersible Pumps (ESP’s) and Beam Pumping Units for High Volume Lift Applications”
by Joseph D. Minissale, which is included as Attachment No I, the beam pump failure frequencies are
strictly dependent on volume and depth. With all of the above mentioned sources considered, the beam
pump failure frequency at 4800 ft depth and 300 BFPD for this cost comparison, is 0.70. This might be
considered a liberal failure frequency in some areas, and not so liberal in others. Considering spot checks
from recent history on wells and the Attachment No. 1 described above, the beam pump failure frequency
will increase with increased depth and volume based on the rate of increase itlustrated in Attachment No.
l.

Listed in Figure 8 is the breakdown of pull frequencies for beam pumped wells producing 300 BFPD at a
depth of 4800 ft. The surface equipment failures such as the motor failures, sheave failures and belt
failures will stay the same for all depths and volumes assuming the proper size motors and belts are used
in each application.

“Total System Cost” Program

The Total System Cost program was developed in Excel 5.0. It consists of a main menu screen as seen in
Figure 9, where the user can enter the time period of the valuation, the current $/KWH to use for the
evaluation, and then select the corresponding button for the volume and casing size of the particular well
being evaluated.

When the user selects an ESP button, a cost comparison summary screen as seen in Figure 10 will appear,
where all on the same screen the user can edit the ESP KWH/Day and the ESP failure frequencies and
simultaneously view the resulting cost comparison, for the time period chosen, in electrical, Total System
Cost and Operating and Maintenance Cost. From this summary screen the user can, if needed, view the
detailed section of this volume and casing size selected, as seen in Figure 11. In this detailed section the
user would be able to view the entire section and edit the ESP equipment cost and service cost if needed.
From the summary or detailed screen the user returns to the main menu.

If, from the main menu, the user selects a Beam Lift button, a cost comparison summary screen as seen
in Figure 12 will appear. This Beam lift summary screen is similar to the ESP summary screen except for
the different type failures that occur on Beam lift wells. From this summary screen the user can view the
detailed section of this volume selected, as seen in Figure 13. Again in this detail section, the user can
view the entire section and edit the beam lift equipment cost and service cost if needed. From this
summary or detailed screen the user returns to the main menu.

The only other option the user has from the main menu is to select a graph display button that will display

a set of three graphs as seen in Figure 14, for the resulting Electrical, Total System Cost and Operating
and Maintenance Cost comparison for the casing size and depth selected. There is a set of these graphs
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for each depth and casing size used in this comparison program. The results in these graphs will be
based on the cost component variables as they are set at the time the graphs are produced. As the
variables are changed in the summary screens or detail sections of the program, these graphs will
simultaneously reflect the new results. Each set of graphs consist of the following:

[. Electrical Cost Per Year: This graph plots a line representing the resulting electrical cost per vear
for each volume considered in the program for the beam lift system and the ESP lift system.

Total System Cost: This graph plots a line for the resulting total system cost $/BFPD variable for
each volume considered for the beam lift system and the ESP lift system. You may notice in Figure
14, that for this particular instance, if considering total system cost, the ESP lift system becomes more
economical at approximately 320 BFPD. This is where the ESP curve drops below the beam lift
curve.

Operating & Maintenance Cost: In this graph there is a line plotted for the resulting operating and
maintenance $/BFPD variable for each volume considered in the program for the beam lift system and
the ESP system. If the user is more interested in comparing the operating and maintenance cost for
this same well, you will notice in Figure 14, that in this particular instance, the beam lift system is the
most economical up to approximately 500 BFPD. This is the approxtmate point where the beam lift
curve moves above the ESP curve.

[

LS

This program calculates cost comparisons in three ways. One of these is the electrical power
consumption cost comparison, and as a result of the initial complete new unit cost of the ESP system
being substantially less than a Beam Pump system, there is two system cost comparisons made.

e “Total System Cost™: This is where all equipment for a complete new installation is considered.
Assuming the operator has nothing on the well at the time and purchases the entire system, from the
transformers to the downhole pump. This complete new installation is considered one time in
addition to the operating and maintenance cost for the remaining 10 year period of time.

e “Operating & Maintenance Cost”: This is where the operating & maintenance cost for the 10 year
period of time is considered without the one time complete new installation cost. This cost
COmparison is more appropriate in an operating area such as this, where there is surplus equipment
available for both type systems, and day to day operating cost becomes more important.

ESP Total System Cost Details

The three cost comparisons as mentioned above (Electrical, Total System Cost and Operating &
Maintenance Cost) are calculated on one spreadsheet as seen in Figure 11 for each of the casing sizes and
volumes considered. It is in this spreadsheet, where all the components of total system cost come
together to determine a resulting $/BFPD variable that can be used for comparing. You will notice some
values are not shown to protect our commitment, and the rights of our alliance partners and suppliers.
This paper is not intended to be used as a pricing comparison from one area to the next. The following is
an itemization of all the components of the ESP lift system, with a brief description and procedure for
determining the value used for each.
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Equipment Cost: Every component of the system is considered, including the pump, intake, seal,
motor. meotor lead cable, main cable, tubing, wellhead, controller and transformers. A specific design
has been made for each volume, depth and casing size. The actual prices for each component of the
resulting design is entered. The list prices, system discounts and component discounts are used in
many different ways in this spreadsheet.

Pull/Install: This is where the pump service, spooling/banding, puliing unit and trucking cost are
entered for the typical job. The cost entered for each of these services is the average cost for a
normal job for this volume, depth and casing size. The depth of the well is especially considered in
these costs. Abnormal job cost are not considered.

Cable Repair: This is the typical cable repair cost for jobs where the cable has failed or failed hypot
test after puliing. The normal cable work cost is included in the spooling/banding under Pull/Install,
but for the few jobs we have determined by our cable failure frequency, this cable repair cost is aiso
considered. This cable repair cost is adjusted in this program by depth and cable size were applicable.

Corrosion Coating: This is the typical corrosion coating expense for the motors and seals. This
expense is used in the calculation only when applicable. Also this expense is dependent on the size
and length of the equipment.

Testing Equipment: Another cost associated with our ESP operations is the equipment testing
expense. This expense is entered and considered in the calculation where it is applicable. The size of
the unit is also considered.

Trade In Value: When a downhole component of the ESP system fails, and it is changed out with a
new component or a tested good, used component, the failed component is bought by our alliance
partner at a set percentage of list price. This credit is considered in these calculations where
applicable.

Operating Cost: This is where the electrical power consumption cost is considered in the calculation.
This calculation is based on the $/KWH and the KWH/Day, both of which can be edited by the user.
For the comparisons presented in this paper, $0.03 was used as the $/KWH and the KWH/Day was
determined by the spreadsheet as seen in Figure 15. In this spreadsheet a calculation was used to
determine a calcutated KWH/Day for each of the depths and volumes considered in this paper. Then
actual metered KWH usage for various depths and volumes were entered. An average difference
between the calculated KWH and metered KWH was determined and this was used as a multiplying
factor to all the calculated KWH figures. This adjusted KWH/Day was used in these comparisons for
ESP lift systems. Also vou will notice in this spreadsheet the electricai $/BFPD is shown. You can
see that using the final adjusted KWH/Day figures, that the electrical $/BFPD will range from $0.05
to $0.00.

Controller Maintenance: This is simply an actual average expense incurred per well per year on the
ESP wells in our operating area. This includes replacing motor protectors, fuses, etc. It is a minor
part, but it is considered.

Typical Cost/Job: This is the typical job cost for all the various jobs incurred in this operating area
on ESP wells. The equipment, pull/install, cable repair, corrosion coating, testing and trade in credit
entries are used. as appropriate. in each of these type jobs to calculate a typical total job cost.

. Failure/Frequency Job Cost: This is where the ESP lift system failure frequencies which can be

edited by the user, is used to calculated total job cost for the evaluation time period which also can be
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12.

selected by the user. The number of jobs for the selected evaluation time period is calculated for each
type job using the entered failure frequency. The calculated number of jobs is multiplied times the
previously calculated typical cost/job, to determine the total job cost for the evaluation time period
for each type job.

_Total System Cost: In this section of the spreadsheet the resulting total system cost in $/BFPD is

calculated. The total job cost including the complete new installation, electrical power cost and
controller maintenance cost for the evaluation time period are added, then divided by the number of
days in the time period and by the BFPD to determine the $/BFPD.

Operating & Maintenance Cost: This is a $/BFPD calculation which is determined in the exact
same manner the total system cost $/BFPD is determined except that the one time, complete new
installation cost is excluded. The resulting $/BFPD figure is more representative of the day to day
operating and maintenance cost.

Beam Lift Total System Cost Details

The electrical, total system cost and operating & maintenance cost vanables for the equivalent beam lift
system is calculated in a similar way to that of the ESP lift. The typical spreadsheet used for this
calculation can be seen in Figure 13. In this operating area the casing sizes common to beam lift and ESP
lift has no bearing on lift system cost in regards to beam list systems. As a result the variation in cost
calculations for the beam lift is based only on volume and depth. Again, you will notice some values are
not shown to protect our commitment, and the rights of our alliance partners and suppliers. The following
is an itemization of all the components considered in the beam lift system, with a brief description and
procedure for determining the value used for each.

1.

42

Equipment Cost: Every component of the system is considered, including all the downhole and
surface equipment. A specific design has been made for each volume and depth. The actual prices
for each component of the resulting design is entered. These prices are used in many different ways
in this spreadsheet as appropriate.

New Installation: This is where the unit installation, trucking and pulling unit cost are entered for the
typical job. The cost entered for each of these services is the average cost for a normal job for this
volume and depth. The depth of the well is especially considered in these costs. Abnormal job cost is
not considered.

Operating Cost: This is where the electrical power consumption cost is considered in the calculation.
This calculation is based on the $/KWH and the KWH/Day, both of which can be edited by the user.
For the comparisons presented in this paper, $0.03 was used as the $/KWH and the KWH/Day was
determined by the spreadsheet as seen in Figure 16. In this spreadsheet the predicted KWH/Day
generated by BLAP (Beam Lift Analysis Program) is entered as the calculated KWH/Day for each
particular design for the depths and volumes considered in this paper. Then some actual metered
KWH usage’s for various depths and volumes were entered. An average difference between the
calculated KWH and metered KWH was determined and this was used as a multiplying factor to all
the calculated KWH figures. This adjusted KWH/Day was used in these comparisons for the beam
lift systems. You can see that using the final adjusted KWH/Day figures, that the electrical 3/BFPD
for beam lift systems will range from $0.03 to $0.06.
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4. Typical Cost/Job: This is the typical job cost for all the various jobs incurred in this operating area
on beam lift wells. The equipment, installation, pulling and trucking cost are used as approprnate in
each of these type jobs to calculate a typical total job cost.

Yearly Service: This is an actual average expense incurred per well. per vear on beam lift wells in our

operating area to service and maintain the pump jack. This is only the contracted labor cost for this

service. It does not include any equipment replacement cost. It is a minor part of the total system
cost, but it i1s considered.

6. Failure/Frequency Job Cost: This is where the beam lift system failure frequencies that can be
edited by the user, is used to calculated total job cost for the evaluation time peniod that also can be
selected by the user. The number of jobs for the selected evaluation time period is calculated for each
type job using the entered failure frequency. The calculated number of jobs is multiplied times the
previously calculated typical cost/job, to determine the total job cost for the evaluation time period
for each type job.

7. Total System Cost: This is where the resulting total beam lift system cost in $/BFPD is calculated.
The total job cost including the complete new instaliation, electrical power cost and yearly service
cost for the evaluation time period are added, then divided by the number of days in the time period
and by the BFPD to determine the $/BFPD.

8. Operating & Maintenance Cost: This is a $/BFPD calculation which is determined in the same
manner the total system cost $/BFPD is determined except that the one time complete new
installation cost is excluded. This resulting $/BFPD figure is more representative of the day to day
operating and maintenance cost for beam lift wells in this operating area

h

Total System Cost Comparisons

The structure, flexibility and details of this program allow the resulting comparisons to illustrate just why
the comparisons between beam lift systems and ESP lift systems are dependent on casing size, depth and
volume. It would be impossible, or at least not practical, to illustrate each of these various combinations.
As a result, there will be 4 case comparisons presented in this paper to illustrate the effect that various
failure frequency rates have on total system cost:

¢ (Case 1: In this case, the equipment, service and electrical cost will be as described in this paper, the
average figures for this operating area. The failure frequencies for the beam lift systems and ESP iift
systems will also be as determined as the average figures for this operating area. Figure 14 shows the
graphs of the 3 cost comparison results for 5.5" casing and 4800 ft depths. As you can see in the
“Electrical Cost Per Year” graph, the beam lift system has a lower electrical cost up to 1200 BFPD.
As seen in the “Total System Cost” graph, the beam lift system is the most economical up to
approximately 320 BFPD when considering total system cost. When considering the operating and
maintenance cost, as seen in the “Operating & Maintenance Cost” graph, the beam lift system is the
most economical up to approximately 500 BFPD, where the calculated operating and maintenance
cost $/BFPD is approximately $0 063

» Case 2: All the variables are exactly the same in this case with the exception of the beam lift failure
frequencies. The 0.70 frequency used in Case 1 for the beam lift failures is doubled in this case to
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1.4 failures per well per year. As you can see in Figure 17, when considering the operating and
maintenance cost, as seen in the “Operating & Maintenance Cost” graph, the beam lift system 1s the
most economical up to approximately 350 BFPD, where the calculated operating and maintenance
cost $/BFPD is approximately $0.075.

Case 3: Again all the variables are exactly the same in this case as in Case 1, with the exception of
the ESP lift failure frequencies. The 0.231 frequency used in Case | for the ESP lift failures is
doubled in this case to 0462 failures per well per year. As you can see in Figure 18, when
considering the operating and maintenance cost, as seen in the “Operating & Maintenance Cost”
graph, the beam lift system is the most economical up to approximately 600 BFPD, where the
calculated operating and maintenance cost $/BFPD is approximately $0.07.

Case 4: Again all the variables are exactly the same in this case as in Case 1, with the exception of
the beam lift and ESP lift failure frequencies. The 0.7 frequency used in Case 1 for the beam lift
failures is doubled in this case to 1.4 failures per well per year. The 0.231 frequency used in Case 1
for the ESP lift failures is doubled in this case to 0.462 failures per well per year. As you can see in
Figure 19, when considering the operating and maintenance cost, as seen in the “Operating &
Maintenance Cost” graph, the beam lift system is the most economical up to approximately 440
BFPD, where the calculated operating and maintenance cost $/BFPD is approximately $0.08.
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Example: Beam ESP Difference
Assume: KWH/Day 720 1069 349
$/KWH $0.0400 $0.0400 0
$/Year $10,512 $15,607 $5095 *
Beam ESP Difference
Assume: KWH/Day 720 1069 349
$/KWH $0.0275 $0.0275 0
$/Year $7,227 $10,730 $3,503 *

* Assuming the$/KWH is reduced from $0.04 to $0.0275, the
difference in power cost from the ESP to Beam is reduced by
$1,592.
Figure 3 - Example of Lower $/KWH Rates Reducing Operating Cost
Difference From ESP to Beam
No Of ESP Installations

Figure 1 - Location of Operating Area
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Figure 2. Operating Ares Conditions and Properties. Year
Figure 2 - Operating Area Conditions and Propetrties Figure 4 - No.of ESP Installations
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Figure 5 - No.of ESP Failures and Frequency
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Figure 6 - ESP Failure Runtime and In-Service Time.

AmocoE &P
Northern Permian Basin Area

Pull Frequency

Type Failure or Pull Avg. No Of Pulls/Year (Pulls/Well/Year)
[Motor or Pothead Failure 25.3 0.107
Pump or Intake Failure 57 C.024
Cabie Failure 14.3 0.060
Tubing Failure 9.5 0.040
Resizes 8.7 0.037
lworkovers 138 0.058

Figure 7 - Average ESP Pull Frequency

AmocoE&P
Northern Permian Basin Area

Pull Frequency

Type Failure or Pull (Pulis/Weli/Year)
{Motor Failures 0.250
[Rod Faitures 0.200
Pump Failures 0.400
Tubing Failures 0.100
Resheaving 0.120
[Bclt Failures 0.250
mrkovers 0.058

Figure 8 - Average Beam Lift Pull Frequency
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Details Of Lift System
BFPD>] 300 | so0 | 700 | 900 | 1200 | 1500 | 2000 | 3000 | 4000

FOVS

45" Csg | (300) (700) | {900) | (1200) | {1500) | N/A | N/A | N/A

500
s ™ N ey
5.5" Csg ) 1| (1500} | {2000} | {3000 | NA

7.0" Csg \ ; . (\3°°°,> { (\@\
4.5.5.5.7.0 Cog | ) | (1200] ' N/A ‘ N/A

4800 6300 7500

4.5" Casing uS" 4800 1 | 48" Bsoﬂ [4.5" eon & 4.8" 7600 } :

Electrical Cost, ' ‘
TSC/BFPD & 5.5" Casing [s.s* 4800 ] [ 6.6" 5600 Ls.s* 6300 j L 6.5" 75@ ;

OMC/BFPD 7.0" Casing 7.0" 4800 7.0" 6800 { 7.0" 6300 u@ :

Figure 9 - Main Menu Screen

{ GRAPH ELECTRICAL Cost, TSC/BFPD & OMC/BFPD )| (  PrintDetails  ||(  Retum )
Electric Submersible Pump Operations Evaluation Time Period:l 10 fYrs
Note: Use thus screen 1o change the KWH/Day usage and the job frequency variables. Csg Size: 5.5"
Compare the calculated Elsctrical Cost, Total Syster Cost, and Oper.& Maint Cost BFPD: 300
Use *Tab' key 1o move berween fiekds. l Depth: 4800 5600 6300 7500
Electrical: KWH / Day:| 507 587 657 777
$ /| KWH: $0.0300
Job Frequency |Mtr/PH FL Freq: 0.1070 0.1070 0.1070 0.1070
Occurences/Well'Year Pp/intk FL Freq: 0.0240 0.0240 0.0240 0.0240
Cbl FL Freq: 0.0600 0.0600 0.0600 0.0600
Thg Leak Freq: 0.0400 0.0400 0.0400 0.0400
Resize Freq: 0.0370 0.0370 0.0370 0.0370
WO Freq: 0.0580 0.0580 0.0580 0.0580
Total Pull Freq: 0.3260 0.3260 0.3260 0.3260
Resulting Electrical Cost / Year: P d 6,428 94 8,508
Beam] :$3,548 84,435 | $6322 )1 86,209:
Resulting Totai System Cost / BFPD: P $0.1194 0 $0.1426 50.1616
Beam| $0.4129 ] -$09283 ] *'$0.1420% | $0.4705:
Resuiting Day To Day Operating P $0.078 $0.08 0.09 $0.109
and Maintenance Cost / BFPD: Beam $0.0514 $0.0632 -} $0.0761 $0.0895

Figure 10 - ESP Summary Screen

SOUTHWESTERN PETROLEUM SHORT COURSE -96



214

* * * Copyright 1996 Amoco Production Company * * *
300

R asing .
ESP Pump Depth —p 4800 5600 6300 7500
{equip Sywom D] Comp. 0| § List] $ Net |8 List| $ Net [$ List] $ Net {3 List] $ Net
[Pume
lhbkl
Seal
Motor
Mt Fist
Main Cable
Tubing Size:|2.378
) st B g
Controller — e ttstee m e —
Transfomers ' ] L GRAPH ELECTRICAL Cost, TSC/BFPD & OMC/BFPD ]l[ Print Details | l ( Retun
Total: B 0701 by; 43575 26457 51460} e e e e e
ullinstall: Pump Serv : Y Beam Pump Operations Evaluation Time Period:| 10 |Yn
SpiBdg : [Note: Use shis screen 1o change the KWH/Day usege and the job froquency variables. Csg Size: 4.8",5.5",7.0"
:“""’ Unt = : £ Conpare the cakculated Blectricat Cast, Total System Cosl, aad Opor.& Maint Cont BFPD: 300
B Totai: 3 3835 4103 4%1 AT Use “Tab" Koy 1o move between fiokds. l Depth: 4800 5600 6300 7500
Typical Cable Repair Cost: 857 979 1077 1245) —— "
Typical Comrosion Coafing. . o 3 s == = Electrical: KWH / Day: 324 408 486 867
Testing Equip. ety | Dee 3.5 $ | KWH: $0.0300
— : : : : Job Frequency  |Motor FL Freq 0.2500 0.2500 0.2500 0.2500
lor's
Frade in Value: Motor Occurences/WellYear Rod FL Freq 0.2000 0.2500 0.3000 0.3500
{Credit} Seal Pump FL Freq 0.4000 0.4500 0.5000 0.5500
ntake Tubing FL Freq 0.1000 0.1500 0.2000 0.2500
Operating Cost: KWH/Day D SoTFET 587 57 ize) Resheaving Frq 0.1200 0.1200 0.1200 0.1200
$7KWH:[0.0300 $0ay : 1521 1281 19.71 233 Belt FL Freq 0.2500 0.2500 0.2500 0.2500
C Maint I Well / Yr % 203 203 20| 203
Typical Cost/ Job: [ew istan S0 ) Sisa7 w7%0) WO Frequency 0.0580 9.0580 00500 0808
Motor Fasure 10081 3 11388 - Total Freq: 80 80 6780 8280
Pump Falure 9818, 10400 108, Lk Resulting Electrical Cost / Year: B 8 > 6 209
@ [Cable Fature 9830, 314 Je78 824 esp| $5882 seaz8 | srame: | ssge
= ::E;:k 13 ‘ﬁ ‘:: 1?:“ Resulting Total System Cost/ BFPD: B $0 0 $0 0
5:'1 Workover Only 844 7 ozt a2 €80 1 $0.114 $0.1313 $0.1428 $0.1616
i F;l:ng Frqu. and MUY FL Freq [X1] 10476 0.1 10707] . 0.1 11411 11 ‘% [Resulting Day To Day Operating B 0.056 0.0680 50.0809 009
ob Cost For Pp/intk FL Freq 0.02] 23%0] o) %8| 002 211 o .
a Evaluation ColFL Frog s yr T p BT ] o T o and Maintenance Cost / BFPD: £3p $0.0783 $0.0873 $0.0957 $0.1097
E'i Time Period Thi Leak Fraq 0.04 2425] _ 0.04) 2534 0.04) 26%] _ 0.04 2800)
[Resize Froq 0.04) 68 0.04) $156] 004 B448]  0.04 5650
§ WO Freq 906| __aTei| oos|  Seos| oo8| 477 Gos|
Totals 0.33] 28147 © 20273] 0| 30788| 0.3
E Total System Cost  [Job & M. Cost 78198 70487 84104 []]
; For Evaluation Etect Cost 55517| 84277 71042
Time Period Of: Totat Cost 34 130713} 143763 158108 1
©] 10} Years. CostDa %81 %3 23] Y
r‘; CostBFFD ; 512 613 044 0.1
=] Day To Day Oper.  [Job & M. Cost 3 30177 31303 32818
Z For Evaluation Elect Cost 5 §5517] 84217 71942
w Time Period Total Cost 86594 96579! 104758 1201
T CostDa 23 48] 26.19 20.7¢
o) CostUBFPD G08| .00, 0.10) 0.11
~
-
Q
8
= Figure 11 - Detail Section of Total System Cost Calculation for ESP Lift. Figure 12 - Beam Pump Summary Screen
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c * * * Copyright 1995 Amoco Production Company * * *
;:i 350 Casing JBFPD 300
Beam Pump Depth _p 4800 8600 8300 7500 50.000
§1 Equipment: (e | $ Each] $ Net | $Each] § Net [sEach| § Net |3 Each] § Net :45 000
1< [Pomp unit 1 !
Fﬁ Uit Base [ $40,000
o] Motor 1 335,000
Z Sheaves 2 $30,000
Belts 4
_l"l?l Mtr Ctir 1 $25.000
; Transformers 3 $20,000
o Pump O Ctir 1 $15,000
- Welthead 1 $10,000
m Polish Rod 1
[ Polsh Rod Clamp [} $5.000
Z Tubing 2575 $0
%] Tubing Anchor 1
I Seating Nipple 1
@] Siotted Sub 1
3 Bull Plug 1
RodsG-D: |1
0 g
Q
& E
= Rods W/S: 1~
w s
m Ve
o Rods FG: B3
=} Rod 1
Total: a3 sasaeki 84195 [y 83374
ew Installation: Unkt instadlation [ gl el
(Complete new Instattation) [Trucking Tog K" 8! ==
Trucking Rods & ] | by R
Pyl unk q
Total: 4800} i 5100 $300)
Operating Cost JKWHDay 488 Se7
$/KWH: f0.0300 oa [¥) % 12.48 1488 47.01
(72 ostTJob:  [New inatah 67366 W35, 80085 7315 #0674
Motor Falure 2 ¥ 2200, 2520 b 2925
{Rod Fatture = b 100 1300 T30 300 500 700 900 1200 1500 2000 3000 4000
Faliure ] 3608} 3708 3808 i 2908 BFPD
Tubing Feilure 150015 165058 1900/ 1
Change Spd ste - 720k b T20}25 T20]%:N 720;
Belt Faiture 120}; s20fktn 120 1
Workover 20004 ) 2200] 2400 " 2600]
Yearly Service By Contractor = o 1 K |
Failure Freq. and Motor FL Freq 0.25] 0.25) 5500f 0, 6300} 0.25 7313
Job Cost For Rod FL Freq 0.20] 2000|025 2180] - 0.3 3500] . 0.35)
Evaluati Pump FL Freq 040 - 14424] oas] _ 1e877] 050 19000] . 21453
Time Period Tubing FL Freq 0.10 1500 0.15 2478|020} 3000] ~ 0.28| 4875
aving Frq 0.12] 864 0.12; M 012 864] 0.12
Bel FL Freq 0.25 300{  0.25) 00| 025 0.2 300}
WO Frequency 0.08 1160] 008, 1276] 008 13%2] 0.08) 1 paraarre
Totals For Per. 1.38 25748] 159 29842{ 168 35006] - 1.83} 4086;
Total System Cost  |Job & M_Cost _ L0 92364 1wl 108469 129818 8 Beam
For Evaluation Elect Cost R 0. % 44348 PE 83217 4 82087
Time Petiod Of: Total Cost 12884218+ 143835 H 161836 191903}
| 10) Years. Cost/Da; 353/ NN 44.0 : $2.54)
CostiBFPD . 0,17 .13 0.15) 0.19)
Day To Day Oper. Job & M. Cost : 25098f gt 30002 35336 4114
For Evaluation Elect Cost . 3 35478] 50 44348 217 82087
Time Perlod Total Cost 3 S1476] TS T] 74440 ) 1 300 500 700 900 1200 1500 2000 3000 4000
Cost/Da ¥ 1084190 20.39) 24.26) ! 2828 BFPD
CosUBFPD e 0.08f= = 6.07) 0.08 I 0.09)
Figure 13 - Detail Screen of Total System Cost Calculation for Beam Lift. Figure 14 - Typical Cost Comparison Graphs
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ESP Electrical Power Usage

0.205

$/KWH= [ Average difference from calculated KWH:
DEPTH > 4800 5600 6300 7500
KWH/Day KWH/Day KWH/Day KWH/Day
BFPD v Calc| Test| Test [Use | [Calc] Test| Test Test| Test Calc| Test| Test T Use
300 507! 849 702] 0.38]:86¢ s87] 795 870 0 0 777 0 0 0536 58
kwH/BFPD] 1.89] 2.831 234 4.0 196| 265] 29 2.59 3121
sBFPD| 0.05| o.08l 007 0.06| oos| 009 [} 0 0.08 0 0 0.0837]
500 766] 890] 940 887] 1120 880 1085] 1090 1173 0 0 0{ 44138
xwH/BFPD] 153] 1.78] 188 1.77] 2.24] 1.76 199 2.17] 218 2.35 | 28278
s/8FPD] 0.05| 0.05} 0.06 0.05] 0.07! 005 0.06| 007 007 0.07 0 0
| e
700 1067] 1099} 1106 1237] 1385 1383 1386| 1407] 1358 1630 0 0
kwWH/BFPD} 152] 157| 158 1.77) 195 199 1.98] 2.01] 1.84 233
$/8FPD] 0.05] 0.05| 0.05 0.05| 0.06] 0.06 0.06] 0.06] 0.06 0.07 0 [}
900 1336] 1628 [ 1548 0 0 1734 2610] 0 2041{ 1817 0
KWH/BFPD] 1.48] 1.81 1.72 193] 28 2.27] 213
S/BFPD] 0.04| 0.05 [ 0.05| 0 0 0.06] 0.09| 0.07] ©0.06 0
1200 1738| 2040 1] 2014/ [ 0 2256 0 2655 0| 0
KWHBFPD| 1.45] 1.7 1.68 1.88 2.21
/BFPD] 0.04( 0.05 0 0.05 0 0 0.06 0 0.07 0
1500 2181 0 0 2526 0 0 2830} 4950 3330 0
KWH/BFPD| 189 33 2.22
$/BFPD)| 0.06] 0.1 0 0.07 0 0
2000 3707 0 0 4362 0 0
KWH/BFPD 1.85 2.18
$/BFPD 0.06 0.07 0 )
3000 5560 0 0 6543 0 0
KWH/BFPD 1.85 2.18
SBFPD 0.08 0 0.07 0 [
4000 0 7392 0 8800, 0 0
KWH/BFPD] 1.38 1.61 ¥ 1.85 2.2
s/BFPD| 0.04 0 [ 0.05 0 0 A% 0.06 0 0 0.07| 0 0

Beam Electrical Power Usage

Figure 15 - ESP Electrical Power Usage

$/KWH= 0.03 Average difference from calculated KWH: -0.1

DEPTH > 4800 5600 6300 7500
KWH/Day KWH/Day KWH/Day KWH/Day

BFPDv |Caic| Test]| Test Test Test Test

300 360| 372 0 540/

KWH/BFPD

1.8]

KWH/BFPD

S/BFPD 0.045
700 980| 770
KWHBFPDE 1.4} 11

$/BFPD
900

KWH/BFPD

KWH/BFPD)

$/BFPD

Figure 16 - Beam Lift Electrical Power Consumption.
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Figure 19 - Example Graphs with ESP F1/Freq At .462 and Beam Lift F1/Freq at 1.4.
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THE EFFECT OF DEPTH AND RATE ON
BEAM PUMPING UNIT FAILURE RATES

10
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BASED ON TRENDED FAILURE RATES
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