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SPECIAL NOTES

API publications necessarily address problems of a general nature. With respect to partic-
ular circumstances, local, state, and federal laws and regulations should be reviewed.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or fed-
eral laws.

Information concerning safety and health risks and proper precautions with respect to par-
ticular materials and conditions should be obtained from the employer, the manufacturer or
supplier of that material, or the material safety data sheet.

Nothing contained in any API publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for infringement of letters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every
five years. Sometimes a one-time extension of up to two years will be added to this review
cycle. This publication will no longer be in effect five years after its publication date as an
operative API standard or, where an extension has been granted, upon republication. Status
of the publication can be ascertained from the APl Upstream Segment [telephone (202) 682-
8000]. A catalog of API publications and materials is published annually and updated quar-
terly by API, 1220 L Street, N.W., Washington, D.C. 20005.

This document was produced under API standardization procedures that ensure appropri-
ate notification and participation in the developmental process and is designated as an API
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in writing to the standardization manager, American Petroleum Institute,
1220 L Street, N.W., Washington, D.C. 20005. Requests for permission to reproduce or
translate all or any part of the material published herein should also be addressed to the gen-
eral manager.

API standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be
utilized. The formulation and publication of API standards is not intended in any way to
inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking
requirements of an API standard is solely responsible for complying with all the applicable
requirements of that standard. API does not represent, warrant, or guarantee that such prod-
ucts do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise,
without prior written permission from the publisher. Contact the Publisher,
API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005.

Copyright © 2002 American Petroleum Institute
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FOREWORD

This recommended practice is under the jurisdiction of the American Petroleum Institute
(API) Subcommittee on Field Operating Equipment.

This document presents recommended practices for the design (sizing and selection) of
electrical submersible pumps. The intent of this document is to provide a “checklist” of
items that need to be considered when designing an ESP. It has been written for persons who
possess knowledge in basic nodal analysis and petroleum terminology.

This document includes usage of the verbs shall and should, whichever is the more appli-
cable to the function. For the purposes of this document:

Shall: Indicates the recommended practice is considered a minimum requirement that has
universal applicability to the specific activity.

Should: Indicates a recommended practice: (1) for which alternative practices may be
equally safe and/or effective; or, (2) which may not be practical under some circumstances or
applications.

This recommended practice shall become effective on the date printed on the cover but
may be used voluntarily from the date of distribution.

API publications may be used by anyone desiring to do so. Every effort has been made by
the Institute to assure the accuracy and reliability of the data contained in them; however, the
Institute makes no representation, warranty, or guarantee in connection with this publication
and hereby expressly disclaims any liability or responsibility for loss or damage resulting
from its use or for the violation of any federal, state, or municipal regulation with which this
publication may conflict.

Suggested revisions are invited and should be submitted to the standardization manager,
American Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 20005.
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Recommended Practice for Sizing and Selection of Electric
Submersible Pump Installations

1 Scope RP 5C7 Recommended Practice for Coiled Tubing

. Operations in Gas and Oil Well Services
Each component of the ESP system (pump, motor, intake, P

seal or protector, cable, switchboard, etc.) is discussed i Definiti Abbreviati d

some detail as far as what must be considered for the begg’ Ce initions, reviations an

selection at a desired rate and well conditions. Examples are Onversions

given to illustrate the basic design procedure and illustrate This section provides an alphabetic listing of all the basic

how PVT correlations, multiphase flow correlations, and terminology and symbols used throughout APl RP 11S4. In

inflow performance relationships are used. addition, the formulas to convert between English and metric
Summary designs and computer examples using theunits are given.

detailed design principles are presented which show how

design considerations fit together, and how tools such as com3.1 NOMENCLATURE

puter programs allow faster solutions resulting in easier trial

and error calculations for optimization of designs and study Bo [On;|31/E(r)nr3T ation volume factor (bbl/STB)
of eX|§t|ng installations. ) ) By Water formation volume factor (bbl/STB)

Topics such as PVT correlations, multiphase flow correla- [m3m3]
tions, and i_nflow performance relationships are discussed in i Water cut (fraction range 0 — 1)
the appendices. Hp Vertical fluid head measured from the well-

head to the working fluid level (ft) [m]
2 References He Tubing head loss due to friction (ft) [m]

This recommended practice includes by reference, eitherin  Hr Head equivalent to wellhead pressure (ft) [m]
total or in part, other standards and recommended practices J Productivity index (bbl/day/psi) [day/kPa]
listed below. The latest edition of these standards and recom- KVA Transformer power rating (kilowatts-volts-
mended practices should be used unless otherwise noted: amperage)

AP MDpymp  Measured pump intake settlng_depth (ft) [m]
Pohs Bottomhole static pressure (psig) [kPa]

RP 11S Re(;ommended Practice for thg Operation, p » Wellbore flowing pressure (psig) [kPag]
Mamtenance gnd TroubIeshootm_g of Elec- Puh Wellhead flowing pressure (psig) [kPag]
trical Submersible Pump Installauc_ms PIP Pump intake pressure (psig) [kPa]

RP 11S1 Recommended Practice for Electrical Sub- q Desired flow rate of fluid into the wellbore
mersible Pump Tear Down Report (bbl/day) [nP/day]

RP 11S2 Recommended Practice for Electric Sub- Gintake flow rate at the pump intake (bbl/day)
mersible Pump Testing [m3/day]

RP 11S3 Recommended Practice for Electrical Sub-  sCcE Standard cubic feet
mersible Pump Installations SSsu Sayhbolt Seconds Universal viscosity

RP 11S5 Recommended Practice for Application of  STB Stock tank barrels
Electric Submersible Cable Systems TDH Total dynamic head needed to pump fluid at a

RP 11S6 Recommended Practice for Testing of certain rate (ft) [m]

Electrical Submersible Pump Cable  vD,,, Vertical pump intake setting depth (ft) [kPa]
Systems VDres Vertical depth of reservoir (midpoint perfora-

RP 11S7 Recommended Practice for Application tions), (ft) [m]
and Testing of Electric Submersible Pump v ap Oil gravity term commonly used in the petro-
Seal Chamber Section leum industry (API)

RP 11S8 Recommended Practice for Application 1% Specific gravity of fluid (measured relative to
and Testing of Electric Submersible Pump pure water = 1.000)

System Vibrations Yo Specific gravity of oil (measured relative to

RP 500 Recommended Practice for Classification water = 1.000)
of Locations for Electrical Installations at Y Specific gravity of brine (measured relative to
Petroleum Facilities pure water = 1.000) Documents
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APl RECOMMENDED PRACTICE 11S4

3.2 CONVERSION FORMULAS

Length:
cm = 0.3937 in.
m = 3.281 ft
Volume:
bbl = 5.615 f¢
mS = 6.289 bbl
Density:

kg/m? = 16.01846 lbm/f

Gas-oil or gas-water ratio:

Temperature:
°C=("*F-32)/1.8

4 Basic Design Application

The flow chart illustrated below is an overview of the entire
design procedure. The diagram (see Figure 1) illustrates ESP
design as a linear process, but it actually may require a few
iterations since one particular piece of equipment may impact
previously selected equipment. For example, the additional
horsepower (HP) required for the seal section may require
you to re-evaluate your previous motor selection. Also, you
may want to make several design runs in order to optimize

m3/m3= (SCF/STB)/5.615 your equipment selection and see how sensitive your design
p ) is to key input parameters. The detail for each step is
ressure- described in the noted section.

kPa(g) = 6.894757 psi(g)
bar(g) = 14.7 psi(g)

( 5.0 Gather base data )< Data sheet

G.l Estimate operating equipmenD<— Well test

Y

(6.0 Select pump and intake )<

( 7.0 Select motor )4 1

Manufacturers
catalogs

( 8.0 Select seal chamber selection )4—

9.0 Select cable |- I

(10.0 Select switchboard/VSD and transformer)<

( 11.0 Select ancillary equipment )4

Figure 1—ESP Design Process Documents
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RECOMMENDED PRACTICE FOR SIZING AND SELECTION OF ELECTRIC SUBMERSIBLE PUMP INSTALLATIONS 3

5 Gather Base Data deliver a desired stock tank flow rate. Ideally, this behavior
I:§hould be understood or estimated taking into account not

Data is used to describe the environment where the ES only the current well data, but also for forecasted changes in
must operate. Care must be taken to quality check data from y ' 9

. . A reservoir or system performance over the expected life of the
all available sources. The primary quality limitation of an 4 P b

L . . . ESP (usually, considering a 3 — 5 year period is sufficient).
ESP design is the qua!lty of the data US.Ed in the de5|gn. ThlaSpecific attention should be paid to expected changes in aver-
performance characteristics of the pumping system, fluid ﬂowage reservoir pressure, water cut, producing gas-oil ratio

through piping and fluid PVT properties are all reasonably required wellhead pressure and inflow performance

well understood and can be mathematically modeled. If, how- . . '

ever, inaccurate data is fed into these mathematical models, Nodal analy§|§ techniques are recommende_d as the be;t

an incorrect answer will be produced. Inaccurate data carP'Ocess for defining we!l performance anq cpns@ermg Senst-

lead to improper sizing of the pump, motor, or other systemt'v'ty to changes over time or due to variations in e}vallable

components and ultimately lead to premature equipment fail—data' .These techmques can be used F’Oth numerlcally gnd

ure, workovers and deferred production. graphically to provide a good understandlng of the differential
The data input sheet shown in the appendix can be used tgressure or head that the pump must prowdg ata brqu range

gather the data required for an ESP installation design. TheOf surface flowrates and for a number of varying cor?(j|t|ons.

data elements required for an ESP design can be segregated 10 Properly select a pump to produce at a specified stock

into six categories: tank production rate, the corresponding in-situ flow rate must
1. General Information: Identifies the well and who col- P& known and both inlet and required discharge pressures at
lected the data on what date. the stock tank flow rate must be determined. Additionally, the
2. Wellbore Geometry: Describes well trajectory and fluid specific gravity must be known. Once the differential
completion equipment details. pressure requirement is known, this value can be converted to
3. Surface Information: Describes surface equipment and@n equivalent head using the composite fluid specific gravity,
conditions. which, together with the corresponding in-situ flow rate, can

4. Fluid Properties: Describes the fluid produced by the P& Used to select an appropriate pump design and number of
well and chemicals introduced for deposition prevention stages_ required to d_ellver the additional energy required to lift
and corrosion. the fluid at the desired stock tank rate. This same approach
5. Inflow Characteristics: Contains data elements that €1 be used for single-phase or multi-phase fluid applications.
describe the well's productivity. This data is critically "€ USe of computers to perform complicated inflow perfor-
important in an ESP design. Care should be taken that thignance, fluid properties or tubing pressure traverse calcula-

data is as accurate as possible tions is desirable in the latter case.
6. Design Criteria specifies the desired performance from Single operating point calculations can be effective for
the ESP installation. defining operating requirements, provided data is good, well

The first five categories define the environment in which behavior ?s stable over time and the produced fluid is a single
the ESP will operate. The sixth category defines the operating’hase fluid.
parameters desired by the well operator. For such applications, it is common to simplify the proce-

The data input sheet contains the minimum data requireddure by combining or summarizing the additional energy that
for an ESP design. Additional information that may be of use the pump must supply into a single term, Total Dynamic
to the ESP designer includes wellbore schematics, PvTHead (TDH). TDH is a summation of the of the net vertical
reportS, gas and oil Composition reportS, and water ana|ysi§“5tance fluid must be lifted from an Operating fluid level in
reports. ESP failure analyses, amp charts, and workovethe well, the frictional pressure drop in the tubing and the
reports on prior ESP installations from the well of interest or desired wellhead pressure. The TDH and in-situ flow rate can
offset wells can also provide valuable design clues. If offsetbe used directly to select an appropriate pump stage design
well information is included, make certain that the comple- and number of stages required.
tion reservoir is specified for both the well of interest and the
offset wells. 5.1.1 Pump Intake Pressure

A description of the data elements that comprise each cate-

gory can be found in the appendix Pump intake pressure can be estimated through the use of

Productivity Index calculations obtained from well tests or
51 ESTIMATE ESP OPERATING REQUIREMENTS more complex Inf_Iow Performance Relationships_. Productiv-
ity Index calculations should only be used in single phase

To properly select the pump, well performance must be fluid applications or in multi-phase fluid applications when
estimated. Fundamentally, well performance estimates definghe flowing bottomhole pressure is greater than the fluid bub-
what additional energy (i.e., volumetric flow rate and differ- ble point pressure. If there is free gas at the pump intake (i.e.,
ential pressure or head) must be supplied by the pump tgressure is below bubble point), e@ﬁ@ﬂmﬁﬁ%the
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4 APl RECOMMENDED PRACTICE 11S4

fluid is highly viscous (less than 40 SSU), use applicable5.1.2 Total Dynamic Head
computer software as hand calculations are not recom-
mended.

Pump inlet pressure is dependent on pump setting depth
Pump inlet pressure is simply the flowing bottomhole pres-
sure adjusted for change in pressure due the static gradient
the fluid (due to the vertical distance the pump inlet in placed
above the reservoir or pressure datum location) and frictionalCalculate Net Vertical Dynamic LifHp)
pressure drop in the casing between the perforations and
pump inlet (which is generally very small and is normally
ignored).

Itis quite common in ESP applications to make pump Set- petermine Friction Loss He)—refer to Hazen-Wiliams
ting depth somewnhat arbitrary, providing a safe amount of \4t in Appendix E.
submergence is available and depending on the well devia-
tion. In other cases, a safe desired pump inlet pressure is spec-
ified and the pump depth is determined which will provide

For applications pumping single phase fluid the term
Total Dynamic Head can be used to summarize the differen-
fial pressure or head the pump must supply to lift fluid at a
esired flow rate from an operating fluid level in the well to
e surface.

Hp = VDpump— [PIP/Fluid Gradient]

HF = MDpymg1000x [Friction loss for given tubing

this inlet pressure at the operating stock tank flow rate.

In most single-phase fluid applications, 100 psi inlet pres-
sure is sufficient. For unusual flow characteristics (such as
high volume), pump Net Positive Suction Head requirements

should be checked.

size and production rate]
Calculate Wellhead Tubing Pressure Heag) (

Ht = {Pwh x [2.31 ft/psi]}/y

In gassy applications, it is common to set the pump inlet as ]
deep as possible to keep pump inlet pressure as high as pos&alculate Total Dynamic Head (TDH)
ble, so less gas evolves from the fluid before it reaches the

pump inlet.

A simplified procedure for calculating pump inlet pressure

is as follows:

Calculate Well Fluid Composite Gravity
[fuxyu] +[(1-Fu)xya =y
Calculate Well Fluid Gradient
[Fluid gradient] = [Water gradiemty]

where
[Water gradient] = 0.433 psi/ft or 9.8 kPa/m
Calculate Well Flowing Pressure at Desired Flow Rajg)(

Pwt = Pohs— [0/J]
Calculate Pump Intake Pressure (PIP)
PIP =Py H{[VD res— VDpumd X [Fluid gradient]}
Calculate Intake volume at pumgpntake

Ointake = [Surface volume waterB,, at pump depth]
+ [Surface volume ot B, at pump depth]

Note: The total intake volume when below the bubble point must

include the free gas volume.

TDH =Hp +HE+Ht

6 Select Pump and Intake (see APl RP
11S2)

A pump with capacity matching desired well production
should be selected based on a expectation of well perfor-
mance based on pump performance data from a manufac-
turer's catalog. Additional operating constraints are taken into
account during this selection. These constraints include cas-
ing size, housing burst pressure limit, shaft strength, corro-
sive, abrasive or gassy environments.

6.1 MATCH PUMP PERFORMANCE TO WELL
PERFORMANCE

Submersible multistage centrifugal pumps consist of rotat-
ing impellers that are affixed to a shaft and stationary diffus-
ers that are mechanically held within an outer housing. A
matched set consisting of one impeller and one diffuser is
commonly referred to as one stage. The pump functions by
imparting kinetic energy to fluid as an impeller rotates. The
stationary diffuser then rectifies the fluid back toward the
shaft and inlet to the next impeller, converting the kinetic
energy into potential energy in the form of increased head (or
pressure). This process is continued from stage to stage. The
amount of head increase due to an individual stage is inde-
pendent of fluid density, although the pressure increase is pro-
portional to density or specific gravity.

The geometry of a pump design (e.g., number of vanes,

vane angle, vane height, diameter, vanm@'uﬁalwgs
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RECOMMENDED PRACTICE FOR SIZING AND SELECTION OF ELECTRIC SUBMERSIBLE PUMP INSTALLATIONS 5

the performance of the pump. This performance is normallythe number of stages available may not exactly match that
summarized in a pump performance curve (on either a singleequired. In most cases, this results in a very small error.
stage or multistage basis, commonly 100 stages or a specific There are two configurations of pumps. In a floating stage
number corresponding to the number of stages in a specifidesign (most common), the impellers float axially on the shaft
pump) that relates head (differential pressure), powerand the thrust of the individual impeller stage is absorbed on
required and mechanical efficiency to volumetric flow rate. specially designed pads found on the diffuser. The fixed
These curves are often drawn showing flow rate to be theimpeller or compression pump design has the impellers
independent variable with head, power and efficiency beinglocked to the pump shaft in the axial direction and no thrust is
the dependent variable. This is actually only one way of look- absorbed by the impeller rubbing on the diffuser. In the com-
ing at pump performance. For purposes of sizing, it is oftenpression pump, the thrust is transferred to the thrust bearing in
useful to understand that in fact the relationship works in thethe seal chamber. Please consult with your pump manufac-
other direction as well. The flow that a specific pump with a turer to discuss which design is better for your application.
specific number of stages can provide depends on the differ- Determine Paver Required by Pump
ential pressure imposed on the pump. Read the horsepower per stage required by the pump from

The task in pump selection is to select the appropriatethe curve at the desired pump flow rate. Calculate the total
pump stage design for the desired pump flow rate and thenmotor horsepower required to drive the pump by multiplying
select the appropriate number of stages to deliver the desirellorsepower per stage by the number of stages and composite
flow rate given the necessary head or differential pressurefluid specific gravity.
required to cause the well to flow at the desired flow rate.

Care should be taken to insure that in-situ pump flow rates [HP required] = [HP per stage][Number of stages{ y
and not stock tank rates are used to properly select stage type

and number of stages. This information should be used in selecting a proper
A simple process for pump selection consists of the follow- motor HP size.

ing steps:
Determine Stag&ype 6.2 LIMITATIONS AND CONSIDERATIONS

Depending on casing size and desired flow rate, there may Besides hydraulic performance, several other physical lim-

be several possible pump stage types available for a giventations must be considered, even in simple applications.
application. The pump stage type should normally be selected

primary on the basis of which pump will be most efficientat g5 1  gpapt Strength

the desired operating flow rate. As a rule, a pump should be

selected such that the desired operating flow rate is as near as The amount of horsepower that the pump shaft can trans-
possible to the best efficiency point and, as a minimum, Mit (torque at a given speed) should be checked to insure it is
within the recommended operating range stipulated by thewithin acceptable limits stated in the manufacturer's catalog.
manufacturer. Although many pumps can be operated Outsid@XCGEding this limitation can result in premature failure.

this range, the pump performance is best within this range

and it is within this range that pumps are commonly tested by6.2.2 Housing Strength

those adhering to APl RP11&2commended Practices for

Submersible Pump Testing The pump differential pressure under operating and shut-in

. ] conditions should be checked to insure it is does not exceed
Determine Number of Stages Required burst pressure limitations. Worst case pump head can be
Given a desired flow rate, Total Dynamic Head (TDH) determined by obtaining shut-in head per stage from the zero

required and pump stage type, read the head per stage corrélow rate point on the pump head capacity curve and multi-

sponding to the desired pump flow rate. The number of stageplying it by the number of stages. In most cases, different
required to achieve the desired flow rate will be the TDH designs are available for extremely high differential pres-
divided by the head per stage at the desired pump flow rate. sures. Exceeding this limit can result in premature failure.
Please consult with your ESP manufacturer for equipment
Number of stages = TDH/[Head per stage from pump ratings.
curve at pump flow rate]

[Shut-in pump head] = [zero flow head per stage]

Pumps are normally available with a discrete number of [Number of stages]
stages in predetermined pump section lengths (often referred
to as housings). Multiple sections may be assembled together [Differential pressure] = [Shut-in pump head]
to obtain the total number of stages required. In some cases, [0.433x ] Documents
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6 APl RECOMMENDED PRACTICE 11S4

6.2.3 Pump Thrust manufacturer to find out the free gas limitations on their
. quipment. Another design is the tapered pump, which uses
The pump shaft thrust should be calculated to use in sea) everal different volumetric stages (large flow capability on

chamber section thrust bearing design selection. While thebottom, smaller flow capacity on top). As the fluid is com-

I|m|tat|or_1 to be checked is a con5|de_rat|on of the seal Cham_’pressible, the volume becomes smaller as it travels through
ber section, the source of the thrust is the pump. The magni, pump
tude of thrust depends on the number of stages employed and ' . .

Gas separators are also available. Consult with your manu-

the mechanical configuration of the pumps being used, Thefacturer to determine which type of separator is best for your

most common form of pump is commonly referred to as a - . o
floating impeller pump. in which the oump impellers are free application. The user will also need to determine if the sepa-
g 1mp pump, pump imp rator requires additional horsepower to function. This value

to travel axially somewhat. In being free to travel, the individ- will be needed to properly size the motor
ual diffusers carry the thrust generated directly by each ’
|mpeller. The dlfferentla_l pressure developed by the pump6_2.6 Abrasives

acting on the cross sectional area of the pump shaft causes a

separate thrust load that must be accommodated for by the Abrasion resistant pump trim and features should be
seal chamber section thrust bearing. Again, this load shouldselected for applications in which abrasive solids, such as

be calculated for worst case, shut-in conditions. sand (grain size and shape is essential data), scale, etc., are
expected. While there are many different designs available,

[Floater pump thrust] = [Pump differential presswre] manufacturers are generally able to help specify an adequate
[Shaft area from manufacturers catalog] level of bearing and material options to mitigate abrasive

wear concerns. The type and volume of sand dictates the
Thrust calculations for fixed or compression type pumps materials needed and its placement inside the pump.
should be based on data provided by pump manufacturers and
worst case operation (e.g., shut-in). 6.3 CHECKLIST

a. Select the appropriate pump stage design for the desired
pump flow rate.

While variable speed drives provide additional flexibility b. Determine number of stages required.
and adjustability to ESP installations, they complicate pump c. Determine power required by pump (horsepower).
selection. Variable speed drives capitalize on the behavior ofd. Ensure the pump shaft and housing strengths are within
centrifugal pumps at different speeds (where will affinity law acceptable limits.
equations be located). As a general rule, the design shoulé. Ensure the proper metallurgy for produced well fluid is
begin at the highest frequency to be sure the equipment willselected.
be sufficient to handle situations such as lifting kill fluid upon
start-up. However, the best efficiency rate should be targetedy  Select Motor
for the frequency at which the longest running time is . .
expected in the application. While this can be calculated by A motor must deliver the horsepower required to run the
hand, the use of computer software is recommended to handiBUMP, seal chamber section, and gas and water separator, if

the conversion of pump performance data at variable speeds.requ"ed' Important considerations include temperature limi-
tation, casing size, length and size of cable, motor terminal

voltage, motor current and also the well operating conditions.
The horsepower requirements and the well conditions
As explained above, hand calculations are inadequate foshould be studied against the catalog listings to determine
applications with more than a few percent of vapor in the fluid which catalog horsepower will satisfy his requirements, i.e.,
flow stream at the inlet of the pump. In these applications,should he use a smaller catalog horsepower to meet his
computer software should be used to handle the more comrequirements or a de-rated larger horsepower or stick with the
plex inflow and multiphase flow calculations and multiphase closest catalog horsepower. All possibilities will have differ-
pump performance calculations based on PVT data and correent cost associations.
lations. Specific attention should be paid to avoid sizing The motor nameplate voltage should be selected in con-
pumps for normal operating conditions that are incapable ofjunction with the cable selection, as the different motor volt-
lifting heavy kil fluids or completion fluids during startup. age ratings will require different currents which will impact
There are design options for handling the gas, eitheron the running costs as far as cable losses are concerned. A
through the pump or separating it out of the flow stream prior realistic of run time estimate should be made so that running
to entering the pump. There are special pumps made to hanzosts and initial costs can be added together to give a cost
dle a high percentage of free gas. Please consult with youromparison for each case considered. Documents

6.2.4 Variable Speed Design

6.2.5 Gassy Wells/High Vapor-liquid Ratios
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