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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, .VBFPD. 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 A 
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 
for volumes over approximately 320 BFPD. However. for this same depth and casing size, when 
considering only the “Operating and Maintenance Cost”. the Beam Pump Iif% 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 Iii? 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 I 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 is 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 UKWH, 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 to 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: 

I 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. 

2. 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 ofJan. 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 0.23 1. 

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 year has over the years 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 UBFPD. 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 results 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 0.23 1 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 
is, 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 
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Beam pump failure rates as possible, several sources were used: CRWS reports, input from Iif? 
coordinators, scorecards from the various operating centers, previous papers, etc.. 

As illustrated in an excerpt from a Dee 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 1, 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 illustrated in Attachment No. 
1 

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 I2 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: 

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

2. Total System Cost: This graph plots a line for the resulting total system cost VBFPD 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 

3 Operating & Maintenance Cost: In this graph there is a line plotted for the resulting operating and 
maintenance UBFPD 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 Iif? system is the 
most economical up to approximately 500 BFPD. This is the approximate point where the beam lift 
curve moves above the ESP curve. 

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. 

. “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 downbole 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. 

. “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 UBFPD 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 Iif? system, with a brief description and procedure for 
determining the value used for each. 
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9 

Equipment Cost: Every component of the system is considered, including the pump, intake, seal, 
motor. motor 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 set-vice. spoolin-danding, pulling 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 pulling. 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 also 
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 $iKWH and the KWHDay, both of which can be edited by the user. 
For the comparisons presented in this paper, $0.03 was used as the UKWH and the KWH/Day was 
determined by the spreadsheet as seen in Figure 15. In this spreadsheet a calculation was used to 
determine a calculated KWI-VDay 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 you will notice in this spreadsheet the electrical $/BFPD is shown. You can 
see that using the final adjusted KWI-VDay figures, that the electrical $ISFPD will range from $0.05 
to $0.09. 
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, 

IO. 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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selected by the user. The number ofjobs 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. 

I I Total System Cost: In this section of the spreadsheet the resulting total system cost in $iBFPD 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 ZVBFPD. 

12. Operating & Maintenance Cost: This is a UBFPD 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 UBFPD 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 variables 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. 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. 

2. 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. 

3. Operating Cost: This is where the electrical power consumption cost is considered in the calculation. 
This calculation is based on the UKWH 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 UKWH and the KWH/Day was 
determined by the spreadsheet as seen in Figure 16. In this spreadsheet the predicted KWIWDay 
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 KWWDay was used in these comparisons for the beam 
lift systems. You can see that using the final adjusted KWH/Day figures, that the electrical $/BFPD 
for beam Iif? systems will range from $0.03 to $0.06. 
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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 appropriate in 
each of these type jobs to calculate a typical total job cost 
\‘early Service: This is an actual average expense incurred per well. per year 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 is considered. 
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 period that also can be 
selected by the user. The number ofjobs 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: This is where the resulting total beam lit? system cost in UBFPD is calculated. 
The total job cost including the complete new installation. 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. 
Operating & Maintenance Cost: This is a SIBFPD 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 lifl wells in this operating area 

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: 

l 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 lifl systems and ESP lift 
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 fi 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 UBFPD is approximately $0 063 

l 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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I .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 is 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 I for the ESP Iii? failures is 
doubled in this case to 0 462 failures per well per year. As you can see in Figure IS, 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. 

l 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 0.23 1 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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Figure 1 - Location of Operating Area 
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Figure 2 - Operating Area Conditions and Properties 
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Figure 3 - Exarbple of Lower $/KWH Rates Reducing Operating Cost 
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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. 
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Figure 7 - Average ESP Pull Frequency 
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Figure 8 - Average Beam Lift Pull Frequency 
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Electrical Cost, 
TSClBFPD 8 

Figure 9 - Main Menu Screen 

and Maintenance Cost I BFPD: 

Figure 10 - ESP Summary Screen 
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Figure 11 - Detail Section of Total System Cost Calculation for ESP Lift. 
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Figure 12 - Beam Pump Summary Screen 
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Figure 13 - Detail Screen of Total System Cost Calculation for Beam Lift. 
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Figure 14 Typical Cost Comparison Graphs 



Figure 15 - ESP Electrical Power Usage 
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Figure 16 - Beam Lift Electrical Power Consumption. 
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F Figure 19 - Example Graphs with ESP Fl/Freq At .462 and Beam Lift FllFreq at 1.4 
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