INTERNATIONAL ISO
STANDARD 15551

First edition
2023-09

Petroleum and natural gas
industries — Drilling and production
equipment — Electric-submersible

pump systems for artificial lift
Industries du pétrole et dugaz naturel — Equipement de [forage et

de production — Systémes de pompes submersibles électrijques pour
relevage artificiel

Reference number
1SO 15551:2023(E)

© IS0 2023


https://standardsiso.com/api/?name=44b956849fd4ad0f3a57e07f3eb38618

ISO 15551:2023(E)

COPYRIGHT PROTECTED DOCUMENT

© 1502023

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

ii © 1S0 2023 - All rights reserved


https://www.iso.org
https://standardsiso.com/api/?name=44b956849fd4ad0f3a57e07f3eb38618

ISO 15551:2023(E)

Contents Page
FOT@WOT ... vi
1 SCOPI@ ...k 1
2 NOTIATIVE FEFEI@IICES ..........oo e 1
3 Terms and defiNETIONIS ... 2
4 Symbols and abbreviated tEITINS. ... 16
5 Functional specification .
51 General.....conn
5.2 Component type............
5.3 Functional reqUIrE€mMents. ...l oy e
105 70 B - £ V) OSSO S e
5.3.2 Application parameters
5.3.3  Environmental compatibility ... s 21
5.3.4 Compatibility with related well equipment and services............focen 22
5.4 User/purchaser SeleCtions ... e
541  General ..
5.4.2 Design validation ...
5.4.3 Component functional evaluation
5.4.4 Quality grades.......n.
5.4.5 Shipping, handling and StOrage.......,.. s
5.4.6  Operator’s ManUal. ... s

Technical SPeCifiCation ...t s

5.4.7 Subcomponent condition classifications in manufacture of componen{
5.4.8 Additional docUmMENtAtioN ... e

6.1 LOT<] 0 =) U O OSSR
6.2 Design criteria
6.2.1 General
6.2.2  Design dOCUMENTATION ..o
6.2.3  MaAtIIalS ...t
6.2.4 DimensioNaPiNformation. ...
6.2.5 Component and assembled system design verification
6.2.6 Component design validation ...
6.2.7 Cemponent functional evaluation requirements..
6.2.8 (Assembled system functional evaluation......
6.2,95 )DESIGN CHANZES ....oooci e
6.3  Technical specification — All COMPONENTS ...
6)3.1 Technical characteristics.........cccoeee
6.3.2  Performance rating ...
6:4¢  Technical specification — Bolt-on discharge...
6.4.1  GeNEral ..
6.4.2 Technical characteristics for the discharge.....
6.4.3  PerfOrmance TATITIES ... st
6.4.4 Scaling of design Validation ...
6.5 Technical specification — Pump and gas handler..
0.5. 1 GEIETAL .o
6.5.2 Technical characteristics for the pump and gas handler ... 31
6.5.3  Performance ratings ...
6.5.4 Scaling of design validation
6.6  Technical specification — BoIt-0n INtAKE ...
0.6. 1 GEIETAL ..o
6.6.2 Technical characteristics for the bolt-on intake....
6.6.3  PerfOrmance FATITIES .. ...t
6.6.4  Scaling of design validation ...

© 1S0 2023 - All rights reserved iii


https://standardsiso.com/api/?name=44b956849fd4ad0f3a57e07f3eb38618

ISO 15551:2023(E)

6.7

6.8

6.9

Technical specification — Mechanical gas separators
6.7.1  GENETAL ..o
6.7.2  Technical characteristics
6.7.3  PerfOrmance FATINES ... oo
6.7.4  Scaling of design validation ...
Technical specification — Seal chamber sections.
6.8, 1 GEIETAL oo
6.8.2  Technical CharaCteriSTiCS ...
6.8.3 Performance ratings ................

6.8.4 Scaling of design validation
Technical SPeCifiCation — MOTOT'S ..o

6.10

6.11

6.12

6.13
Supy

7.2

7.3

7.4

6.9.1  GENETAL ..o (T
6.9.2 Technical characteristics
6.9.3  Performance ratings ... by
6.9.4  Scaling of design validation ...t B e
Technical specifications — Power and motor lead extension cable
6.10. 1 GENETAL ...
6.10.2 Technical characteristics.....

6.10.3 Performance ratings .................

6.10.4 Scaling of design validation
Technical specifications — Pothead..........co S
6.11.1  GENEIAL ..oty B et
6.11.2 Technical characteristics......
6.11.3 Performance ratings ...................
6.11.4 Scaling of design validation...........ccei
Assembled ESP system - Additional requirements..
6.12.1 General ... g
6.12.2 Technical charaCteriStiCs ...y
6.12.3  System CapabiliTIes ... S e
Technical specification response guideline - ESP components.............nn

7.2.1  General......pmou
7.2.2  Delivery documentation
7.2.3  OPErator’s PAAITUAL ...
7.2.4  CertificatB-Of CONfOrMANCE ..o 38
7.2.5 COomPORENT dAta SNEET ... 38
ComponentadBNtifICATION ..o 42
7.3.1  Permanent identifiCation ... e 42
7.3.2 <{Se¢mi-permanent identification
QU e 42
TA LT GEIETAL ..o 42
74.2  Quality grade reqUIremMeNnts. ... ..o 42

7.5
7.6

7.7
7.8
79

7.10
7.11

Raw materials
Additional processes applied t0 COMPONENES ... 44
7.6.1  DOCUMIENEATION....oooioriiiiiiie e

7.6.2  Coatings and surface treatments..
7.6.3  Welding ...
Traceability ...,
Calibration SyStems..........cesnrn
Examination and inspection .................
8 TN S 1§ V=) | S
7.9.2  WELA e
79.3 Component and subcomponent dimensional inspection
7.9.4  Construction fEATUIES ..o
Manufacturing non-conformance
Component functioNal EESTINE ...

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=44b956849fd4ad0f3a57e07f3eb38618

ISO 15551:2023(E)

8 Shipping, handling and storage ...

8.1 General......,

8.2 STOTAGE .k
9 Subcomponent condition classifications in manufacture of components.............ccc,
Annex A (normative) Design validation performance rating requirements by component.......

Annex B (normative) Requirements for determining performance capabilities as an

ASSEIMDIEA SYSTOINL ...

Annex C (normative) Functional evaluation: single component................ce

AnnexD (nnrm ::h'vp) Cable reference information

Annex E (informative) Functional evaluation guideline — Assembled ESP system..C} :/}................

Annex F (informative) Establishing recommended operating range of ESP system ... }..........

Annex G (informative) Example of user's/purchaser's ESP functional specification form.............

Annex H (informative) Considerations for use of three-phase low and medium vo
adjustable speed drives for ESP applications ...l ]

Annex I (informative) Analysis after ESP US€ ...y
Annex ] (informative) Downhole monitoring of ESP assembly./, .= s
Annex K (informative) Information on permanent magnetmeotors for ESP application$

Annex L (informative) USer GUIAE ... S s

L33 10] 010 4 0= 01 1O SO

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=44b956849fd4ad0f3a57e07f3eb38618

ISO 15551:

2023(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

|

The proced
described irf
different ty

editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO draws 4
of (a) patent
patent right
notice of (a)

cautioned that this may not represent the latest information, which may bé.obtained from the p

database av|
such patent

Any trade n
constitute a

For an expl
expressions
the World

WWW.iS0.0r

P 3 P d oo d 1 irntandad faoie dbc Lot oo oo faxn oo
PSS oao C arto crrO St cCraCO—TOT o5 1Tot CrrCT 1o cCTrarC

the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fo
bes of ISO document should be noted. This document was drafted in accordance\wit

P 33 d & daxz
AT CS—aSCa—Tto—0CveTO ComeTY [e99sy

ttention to the possibility that the implementation of this document may involve th
(s). ISO takes no position concerning the evidence, validity or applicability of any cla
s in respect thereof. As of the date of publication of this document, 1SO had not rec
patent(s) which may be required to implement this document. However, implementer

pilable at www.iso.org/patents. ISO shall not be held respousible for identifying any
rights.

hme used in this document is information given for the\convenience of users and doe
h endorsement.

anation of the voluntary nature of standards;-the meaning of ISO specific terms
related to conformity assessment, as wgelli'as information about ISO's adheren
Trade Organization (WTO) principles in“the Technical Barriers to Trade (TBT)
p /iso/foreword.html.

This docum

carbon energy, Subcommittee SC 4, Drilling, production and injection equipment, in collaboration wit|

European C
including loy

and CEN (Vienna Agreement).

This first ed

The main ch

the rel
specific
validati
technic

ent was prepared by Technical Candmittee ISO/TC 67, Oil and gas industries including |

mmittee for Standardization (CEN) Technical Committee CEN/TC 12, Oil and gas indu:
yer carbon energy, in accordance with the Agreement on technical cooperation betwee

ition cancels and replaces ISO 15551-1:2015, which has been technically revised.
anges are as follows:

ptionship_‘between the design verification/validation activities and the funct
ption/technical specification has been revised. In this document, the design verifica
bn activities have been tied to a “basis of design” rather than to the functional specifica
1 specification;

e are
r the
h the

b use
imed
pived
S are
htent
br all

S not

and
e to
see

ower
h the
btries
n ISO

ional
tion/
tion/

functional evaluation of assembled systems;

the practical workflow of the document.

Annex E hasbeen augmented to incorporate additional details, guidelines and options for completing

Annex L is a “user’s guide”, which has been added to this document to provide a simplified view of

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete lis

Vi

ting of these bodies can be found at www.iso.org/members.html.

© IS0 2023 - All rights reserved


https://www.iso.org/directives-and-policies.html
http://www.iso.org/patents
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=44b956849fd4ad0f3a57e07f3eb38618

INTERNATIONAL STANDARD

ISO 15551:2023(E)

Petroleum and natural gas industries — Drilling and
production equipment — Electric submersible pump
systems for artificial lift

1 Scope

Thisdocument specifies requirements for the design, design verification and validation, m4
and dlata control, performance ratings, functional evaluations, handling and storage of-tubi
electirical submersible pump (ESP) systems. Additionally, this document provides|requi
asseimbled ESP system.

This

documentis applicable to those ESP related components meeting the definition of centrif

including gas handling devices, discharge heads, seal chamber sections, intake systems, me

sepa
pOowe
the 1
such

This
Annd
evall

This
recol
funct

Fators, asynchronous 3 phase - 2 pole induction motors (herein motor), shaft coupling
r cables (herein power cables), motor lead extension, and pothead. Components suj
equirements of this document exclude previously used subeomponents, except wher
subcomponents is as defined in this document (Clause 9).

document addresses design validation performance rating requirements by com
x_A), requirements for determining ratings as an‘dssembled system (see Annex B]
lation: single component (see Annex C) and cable reference information (see Annex D).

document addresses functional evaluation guidelines for assembled ESP systems,
mmended operating range (ROR) of the ESP’system (see Annex F), example user/pu
ional specification form (see Annex G); considerations for the use of 3-phase low 4

voltage adjustable speed drives for ESP applications (see Annex H), analysis after ESP use (s

dowl
motd

This

This
pum
intak
capil
conv
Repa

thole monitoring of ESP assembly(operation (see Annex |), information on permar
rs for ESP applications (see Annex K) and users guide (see Annex L).

nufacturing
hg-deployed
rements for

ugal pumps,
chanical gas
s, downhole
plied under
e the use of

[ponent (see
, functional

establishing
rchaser ESP
nd medium
ee Annex I),
ent magnet

document also includes a user guide that offers a high-level process workflow when applying this
document.

document does notapply to: wireline and coiled tubing-deployed ESP systems, motor
b shrouds, electric\penetrators and feed-through systems, cable clamps and banding,
e screens, passive gas separators, by-pass tools, check and bleeder valves, compone
lary lines, eléctric surface control equipment, downhole permanent magnet moto
bntionally. eonfigured ESP systems such as inverted systems. This document does
ir and redress equipment requirements.

2

Normative references

shrouds and
rentralizers,
nt adaptors,
s and non-
hot apply to

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

IEC 60228, Conductors of insulated cables

IS0 9000, Quality management systems — Fundamentals and vocabulary

ISO 9712, Non-destructive testing — Qualification and certification of NDT personnel

API RP 1152, Electric Submersible Pump Testing

API RP 11S6, Recommended Practice for Testing of Electrical Submersible Pump Cable Systems

©ISO
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APIRP 11S7, Recommended Practice of Application and Testing of Electric Submersible Pump Seal Chamber

Section

API RP 11S8, Practice on Electric Submersible Pump System Vibrations

ASTM B3, Standard Specification for Soft or Annealed Copper Wire

ASTM B8, Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard, or

Soft

ASTM B33, Standard Specification for Tin Coated Soft or Annealed Copper Wire for Electrical Purposes

ASTM B189
Purposes

ASTM B193

ASTM B258
Sizes of Solig

ASTM B496
ASTM D471
ASTM E8, St

ANSI/NEMA
Portable Cal

ASTM D877
Using Disk E]|

ASTM D181
Electrodes

IEEE Std 101
Rubber Insu

IEEE Std 1(
Insulation
3 Terms

For the pury
ISO and IEC

Standard Specification for Lead-Coated and Lead-Alloy-Coated Soft Copper Wire for Elec

Standard Test Method for Resistivity of Electrical Conductor Materials

Standard Specification for Standard Nominal Diameters and Cross-Sectional Areas of
Round Wires Used as Electrical Conductors

Standard Specification for Compact-Round Concentric-Lay-Stranded-€opper Conductors
Standard Test Method for Rubber Property — Effect of Liquids
andard Test Methods for Tension Testing of Metallic Materials.

WC 53, Standard Test Methods for Extruded Dielectri¢yPower, Control, Instrumentation
les for Test

ASTM D877M, Standard Test Method for Dielectric Breakdown Voltage of Insulating Li
jectrodes

6, Standard Test Method for Dielectric<Breakdown Voltage of Insulating Liquids Using

8, Recommended Practice for Spécifying Electric Submersible Pump Cable - Ethylene-Prop
ation

19, Recommended Practice’ for Specifying Electric Submersible Pump Cable-Polyprop

and definitions
oses of this"document, the terms and definitions given in ISO 9000 and the following 3

maintain terminology databases for use in standardization at the following addresses

ISO Onl

rical

AWG

and

quids

VDE

ylene

ylene

pply.

rne’browsing platform: available at https://www.iso.org/obp

3.1
adapter
device used

3.2

IEC Electropedia: available at https://www.electropedia.org/

to connect components that are not directly compatible

adjustable speed drive
device that controls an electric motor’s speed by manipulating both the output voltage and the power
frequency being supplied to the motor

© IS0 2023 - All rights reserved


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=44b956849fd4ad0f3a57e07f3eb38618

ISO 15551:2023(E)

3.3

ampacity

maximum current that can pass through a power cable without exceeding its temperature limit for a
specific operating environment

3.4

ampacity coefficient

temperature rise of the power cable divided by the square of the amperage for a specific operating
environment

3.5

armetr

outer covering to the power cable that can provide protection from mechanical damage alnd provides
mechanical constraint against swelling or expansion of underlying materials on exposure to well fluids

3.6
assembled electrical submersible pump system
assembled ESP system

asseibly of electric submersible pump downhole equipment which includes some or all fomponents
such(as centrifugal pumps, gas handling devices, discharge head, seal chamber sections, intake system,
mechanical gas separators, motors, shaft couplings, power cable, moter lead extension, and pothead

3.7
auxiliary equipment
equipment or components that are typically selected and/orinstalled by the user/purchasgr

EXANPLE Cable protectors, motor shrouds, by-pass toolsand electrical penetrators.

3.8
axial flow stage
type|lof stage with inlet and exit flow path essentially parallel to the shaft axis

3.9
positive seal element
flexible subcomponent of a seal chamber section that functions as a positive barrier that{isolates the
wellbore production fluid from the'motor fluid, commonly referred to as bag, bladder or beflows.

3.10
positive seal element chamber
chanpber that houses thépositive seal element

3.11
barrjier
subcpmponeit of an electrical submersible pump power cable that can be applied over the insulated
conductors,and provides fluid protection, hoop strength or both

3.12
best efficiency point

BEP

pump performance values at the flow rate where the pump efficiency is highest

3.13

bleeder valve

valve placed above a check valve for the purpose of reducing pressure or draining the fluid from within
the production tubing

3.14

braid

supplementary layer of material used to provide mechanical performance characteristics to the power
cable system such as hoop strength for gas decompression

©1S0 2023 - All rights reserved 3
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3.15
bubble point
pressure at which gas begins to break out of under-saturated oil/fluid and form a free gas phase

3.16

by-pass tool

device that is installed into the wellbore along with the electrical submersible pump (ESP) assembly
that divides the tubing system to permit the installation of additional tubing string parallel to the ESP

3.17
cable band

metal band

3.18

cable clamp

device, usud

3.19

capillary li
independen
for chemica

3.20
casing
pipe extend

3.21

centralizer
device used
centre of thg

3.22
centrifugal
component
energy (veld
potential en|

3.23
chamber
subcompong

3.24
check valve
device that {

3.25

Lot s 1 daas ] L. alal Llo & A | 3 Laalos
IIdU IS USTU LU STLUTI T TITLLIILAdl SUUILITT S1IUIT yuluy PUVVCI CdAaduUlICT LU lJl UUuCLLIvIl Luuuns

lly of rigid material, for strengthening or supporting power cable to production tubing

he
[ tubing string commonly used for hydraulic control of safety valvesand sliding sleev
injection

ng from the surface and intended to line the walls of a:drilled well

to keep the electrical submersible pump assembly or other downhole equipment i
e tubing, casing or wellbore

pump

city) by centrifugal force to a fluid and stationary diffusers to convert the kinetic ener
ergy (pressure)

ent of the seal chamber section

llows onte/directional flow of fluid when a differential pressure exists

coefficient

s or

0 the

pf an electrical submersible pump system that uses rotating impeller(s) to impart kinetic

oy to

pfdetermination

statistic used to determine the strength of a fit between a mathematical model and a set of observed

data values

3.26

coiled tubing
pipe typically supplied and installed in one continuous length and wound onto a reel or spool

3.27

common hardware
hardware that does not require traceability and is included as part of an electrical submersible pump

component

EXAMPLE

Bolts, washers, screws, and snap rings.

© IS0 2023 - All rights reserved
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3.28

compact stranded

electrical conductor configuration in which a multiple-strand conductor has been compacted to reduce
its circumference while maintaining conductor area

3.29
component
individual part of an assembly

EXAMPLE Pumps (including gas handling devices), discharge heads, seal chamber sections, intake systems,
mechanical gas separators, induction motors, shaft couplings, downhole cables, motor lead extensions, and
pothpndq

3.30
compression pump
configuration where the impeller is fixed to the shaft to prevent axial movement

3.31
conductor
subcpmponent of the power cable that functions to conduct electrical power

3.32
conductor shield
layeif adjacent to the conductor to distribute voltage stress evenly over the surface of the cdnductor

3.33
confjguration
component designation that identifies the end connection designs for attaching additional components
in sefies

EXANPLE Upper tandem, lower tandem, middle/centre tandem, and single tandem.

3.34
contraction capacity
volume that a chamber or set of parallel chambers can draw in due to temperature and pressure cycles
withput allowing wellbore fluid ingress through the chamber or causing damage

3.35
coupling
devige that connects the&shafts of electrical submersible pump components

3.36
conductor resistance test
metHod for determining the cable conductor resistance value

3.37
deplpyment method

methaedused-to r]np]ny the electrical submersible pump downhaole nqnipmnnf tg its cnffing ocation

3.38

design basis

documented set of conditions, needs, and requirements taken into account by the supplier/manufacturer
in designing and establishing performance ratings of a facility or product

3.39

design validation

process of proving a design by testing to demonstrate conformity of the product to design requirements
and performance ratings

© IS0 2023 - All rights reserved 5
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design verification
process of examining the premise of a given design by calculation, comparison or investigation, to
substantiate conformity with specified requirements

3.41

deviation survey
measurement of a borehole’s trajectory over the wellbore length for the purposes of electrical
submersible pump design and application

3.42

diffuser
stationary
energy) to a

3.43
discharge H
component

3.44
dogleg sevg

pressure (potential energy)

ead
bn the output end of the pump for connecting to the production tubing

rity

total angular inclination and azimuth in the wellbore, casing or liner, caleulated over a standard le

3.45
effective di
theoretical
passes, incly

3.46
efficiency
output work

3.47
elastomer
polymer wif
high yield st

3.48

ameter

minimum diameter through which the assembled<electrical submersible pump sy
ding installation of all required electrical submers$ible pump ancillary equipment

divided by input work

h the property of viscoelasticity (elasticity), generally having a low Young’s modulus
rain

electric p
electrical ¢
barrier

EXAMPLE

3.49
electric suy

e;:etrator

nector that functions to transition power cable and/or instrument wires through a se

Wellhead§wellbore packer, electrical submersible pump pod or canister.

facé control equipment

electrical eq

tage segment of a centrifugal pump which converts the pumped fluid velocity (kilnetic

ngth

stem

ind a

aling

uipment used to control the operation of the electrical submersible pump assembly

Note 1 to entry: This electrical equipment is commonly referred to as an adjustable speed drive or switchboard.

3.50

electromagnetic region
region of an induction motor relative to the cylindrical boundary defined by the outside diameter of the
stator laminations, and the axial length which encompasses all the coiled wire of the stator

3.51

electric submersible pump assembly
ESP assembly

assembly of ESP downhole equipment that includes some or all components such as centrifugal pumps,
gas handling devices, discharge head, seal chamber sections, intake system, mechanical gas separators,
motors, shaft couplings, power cable, motor lead extension, and pothead

© IS0 2023 - All rights reserved
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enhanced oil recovery
reservoir process involving the injection of materials not normally present in the reservoir to enhance
the overall oil recovery from such reservoir

[SOURCE: ISO/TS 3250:2021, 3.1.10]

3.53
faile
item

3.54

d item
that can no longer perform its required function

failu|re mechanism

proc

Note

bss that leads to failure

1 to entry: The process can be physical, chemical, logical, or a combination thereof,

[SOURCE: ISO 14224:2016, 3.29, modified — Note 2 to entry has been deleted]

3.55

failure cause

root

cause

circymstances during design, manufacture or use, which have ledo a failure. set of circum
leadg to failure

Note
main

3.56

fault

1 to entry: A failure cause can originate during specification,'design, manufacture, installation|
fenance of an item.

inability to perform as required, due to an internal state

Note

1 to entry: A fault of an item results fromi.a failure, either of the item itself, or from a deficiency

stagejof the life cycle, such as specification;:design, manufacture or maintenance.

[SOURCE: I1SO 14224:2016, 3.33, modified — Notes 2 and 3 to entry have been deleted.]

3.57
feed

tthrough system

fixtuire which allows the-passage of electricity from one side of a barrier to another while m

seal

3.58

bf gas or liquid threugh the barrier

floa?er type pump construction

conf

3.59

guration'where the impeller is not fixed to the shaft to permit limited axial movement

stances that

operation or

F in an earlier

aintaining a

flowjingpressure
pressure in the wellbore at a specific vertical depth at a specific flow rate

3.60

fretting
special wear process that occurs at the contact area between two materials under load and subject to
minute relative motion by vibration or some other force

3.61
func

tional evaluation

test(s) performed to confirm electrical submersible pump (ESP) component operation or assembled
ESP system operation as per design

Note 1 to entry: Occasionally referred to as factory acceptance test in case of ESP component and as string test in
case of assembled ESP system.

© IS0 2023 - All rights reserved
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3.62

functional specification

document that describes the features, characteristics, process conditions, boundaries and exclusions
defining the performance and use requirements of the product, process or service

Note 1 to entry: See ISO 13879 and ISO 13880.

3.63

gas handler

component of an electrical submersible pump system that conditions multiphase flow, without gas
separation, to decrease the degradation of pump performance

3.64
gas oil rati¢
GOR
produced ggs-oil ratio

volumetric ffatio of gas to oil at standard conditions

3.65
gas separator
component pf an electrical submersible pump system that mechanically separates a portion of the free
gas from the¢ wellbore fluids prior to the fluids entering the pump or gas handler

3.66
head curve
amount of head generated by the pump as a function of flow ratéfetr a specific speed

3.67
high potential test
test compriging of applying a DC voltage higher than thehominal voltage rating of the component|for a
specified ampount of time

3.68
housing pressure rating
value of the[maximum allowable difference of internal less external pressure

3.69
impeller
stage segmgnt rotated by the shaftwhich adds kinetic energy (velocity) to the fluid being pumped

3.70

inclination
angle, measjured in degrees, by which the wellbore or survey-instrumented axis varies from a|true
vertical line

3.71
induction motor
motor
component of an electrical submersible pump system where AC power input is transformed to
mechanical torque by means of electromagnetic induction

3.72

intake

subcomponent of a pump which provides a flow path to the first impeller, constructed either integral to
the pump or bolted-on to the pump

3.73

intake screen

attachment to the pump intake used to filter solid particles from the produced fluid to protect the
internal components of the pump

8 © IS0 2023 - All rights reserved
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3.74

insulation

provision to isolate the electrical potential between conductors and other conducting materials and to
minimize leakage current from the conductors

3.75
insulation AC discharge test
test where a high AC voltage is applied until the insulation breaks down or fails

3.76
insulation resistance test

DC 1 L pa s 1 ol 1 data £ : lods 4
VJILGSC UdoTU LLOL LU TVdadIiudiT LIIT sUllCl dl CUIIUILIVUIT Ul dIT I11oUIdtIUIl D)’DLCIII

Note [l to entry: This testis performed by measuring total leakage current flowing through the\insulation system
by applying a DC test voltage lower than the nominal voltage rating of the component.

Note [2 to entry: For the purposes of this test, the DC voltage applied shall be approgimately (0,5 x nameplate
voltage) but not less than 500 V.

3.77
inversion point
water cut percentage at which the emulsion viscosity is at its maximum

3.78
inverted system
electirical submersible pump system configured with theqpiimp on the bottom and motor on the top

3.79
item|
subjéct being considered

Note [l to entry: The item can be an individual patt, component, subunit, equipment, system, plant ot installation.
Note 2 to entry: The item may consist of hardware, software, people or any combination thereof.
[SOURCE: ISO 14224:2016, 3.43].

3.80
jacket
subcpmponent of an electrical submersible pump power cable that covers the insulated conductors and
provjdes mechanical protection from the downhole environment

3.81
labyrinth chamber
chamber which/utilizes a vertical U-tube, maze-like or tortuous flow path to delay wellbore fluid ingress
throyigh thexchamber

3.82
lamination
thin electrical grade metallic subcomponents that form the magnetic core of the stator and the rotor(s)

3.83

liner

pipe extending from the surface or another point lower in the wellbore to a depth within or below the
existing casing

3.84

manufacturing

process and action performed by an equipment supplier/manufacturer that are necessary to provide
finished component(s), assembly(ies) and related documentation, that fulfil the requests of the user/
purchaser and meet the standards of the supplier/manufacturer

©1S0 2023 - All rights reserved 9
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mechanical seal
subcomponent used to prevent flow between a rotating shaft and a stationary body

3.86
megger

instrument that generates a high voltage to test the resistance of insulation

3.87

minimum allowable bending radius insulation discharge
high-voltage test which is applied to a cable at its minimum allowable bending radius until the insulation

breaks dowp/Haits

3.88

mixed flow|stage

type of stage with inlet flow path essentially parallel to shaft axis and exit between perpendicular and
parallel to the shaft axis

3.89

model

equipment with unique components and operating characteristics which ‘differentiate it from ¢ther
equipment gf the same type

3.90

motor fluid

fluid internal to the motor and seal chamber section that provides lubrication to the bearing systems,
heat transfejr to the unit skin, and dielectric insulation for the-motor

391

motor lead|extension

MLE

cable connegted to the pothead for splicing to the power cable

3.92

motor operjating temperature

temperatur¢ at or near the coils of the stator when it is energized

3.93

motor shroud

tube which fovers the motor-length of the electrical submersible pump to promote fluid flow pagt the
motor

3.94

net positive suctionhead

NPSH

head corresponding to the difference between the pump inlet pressure and the vapour pressurg¢ and

the density
3.96

ffluid and the gravitational acceleration

new subcomponent
subcomponent which meets all supplier/manufacturer specifications and that has not been previously

utilized in a

3.97
operator

component that has been either operated or installed in a field environment

user of the equipment

3.98

operator’s manual
publication issued by the supplier/manufacturer which contains detailed data and instructions related
to the design, installation, operation and maintenance of the equipment

10
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3.99
operating environment
set of downhole conditions to which the component is exposed during its full life cycle

3.100
parallel chambers
configuration of at least two seal chambers that function together to increase contraction capacity

3.101
passive gas separator
device intended to reduce the amount of free gas entering into the pump intake through a selective

fl ‘d' ol 1t . 4 £l €] £l
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3.102
perfprmance rating
techmical limit(s) of a product when functioned at defined operating condition(s) and exposdd to defined
envifonmental condition(s)

3.108
permanent identification
marling that remains legible over the intended service life of the component and/or subcoinponent

3.104
permanent magnet motor
type|of motor that uses permanent magnet rotor(s) instead of induction rotor(s) as a wpy to create
torquie

3.105
pothead
powgér connector on the end of the motor lead extension or power cable which mates to the[motor

3.106
power cable
component of the electrical submersible pump (ESP) system that connects the motor ledd extension
(MLE) or ESP motor surface electrical equipment or electrical penetrator connector to|the MLE or
motqr

3.107
primary failed item
failel component within-the electrical submersible pump (ESP) system responsible for ipitiating the
failure of the ESP system

3.108
primary failure mechanism
failure mechanism associated with the primary failed item

3.10p
pump construction

configuration of which the pump stages are assembled with respect to axial movement relative to the
shaft such as compression, floater, modular

3.110
pump differential pressure
difference between discharge and intake pressures

3.111

pump housing

tube containing pump subcomponents pertaining to the impellers and diffusers and functioning as a
pressure barrier

©1S0 2023 - All rights reserved 11
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pump shroud
tube which covers the pump length of the electrical submersible pump intended to limit free gas
migration into the pump intake

Note 1 to entry: This item is sometimes referred to as an inverted shroud.

3.113

qualified person
individual with or abilities gained through training or experience or both as measured against
established requirements, such as standards or tests that enable the individual to perform a required

function

3.114
radial flow
type of stag
shaft axis

3.115
redress
activities pe
to its accept

3.116

recertified
subcompong
in a field e
supplier/mg
subcompong

3.117
reference f
water corre

3.118
reference s
shaft rotatid

3.119
reference t
temperatury

3.120
repair
activity bey

stage
e with inlet flow path essentially parallel to shaft and exit essentially perpendicular t

rformed to a component restricted to the replacement of parts that restores the equip
able performance

subcomponent

ent that has been previously utilized in a component-that has been operated or inst]
vironment and where the subcomponent has thén been tested and/or inspected b
nufacturer using the same specifications and test equipment used in the evaluation of
ents

uid
Cted to specific gravity of 1,0 at staiidard conditions

peed
nal speed at 60 Hz operation (3 500 r/min) and/or 50 Hz operation (2 918 r/min)

bmperature
p set at 20 °C

bnd the'scope of redress that includes disassembly, re-assembly, and testing with or wit

D the

ment

alled
y the
new

hout

the replacement.of parts and can include machining, welding, heat treating or other manufact
operations Eﬂmuhmnmmwmmam_%r

3.121

reason for pull
motive for the electrical submersible pump assembly being pulled from the well

3.122

required function
function or a combination of functions of an item, which is considered necessary to provide a given

service

3.123
rotor

ring

subcomponent of a motor, mechanically attached to the shaft, whose magnetic field is induced by the
magnetic field of the stator, resulting in torque applied to the shaft

12
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3.124
safety factor
defined measure of a reduced value from a known capacity

3.125

sand cut

amount of sand or solid material in the wellbore fluid, typically expressed as a volumetric or mass
percentage

3.126

seal chamber section
compenent-of-an-eleetrical-stbmersible-pump-system-tha otpr from well
fluids and other contaminants, carries the pump thrust, maintains pressure equalization wjith wellbore
fluid|pressure and/or transmits the motor torque to the component above it

3.12y
semi-permanent identification
marking that remains legible until the component and/or subcomponent is\installed, such as, a metal
stamped nameplate or tag

3.128
seri¢s
component designation that identifies the outer diameter of itsdiousing

3.12p
shaft end play
axiallmovement the component shaft has, generally measured from a reference point

3.13D
shaft extension
meagurement of the component shaft end in relation to a reference point

3.13]1L
shaft side play
radigl movement of a component shaft, resulting from clearances between rotating and stationary
radidl support components

3.132
shipping hardware
auxiliary equipment, that is shipped as part of an electrical submersible pump compoment to help
prot¢ct the component’during the shipping and handling process

3.138
slip
difference-hetween the AC motor synchronous speed and the actual operating speed diyided by the
synchronous speed, expressed in percentage

3.134

slugging

well production characterized by cyclic flow of fluid mixtures of different densities, such as gas and
liquid or two differing liquid viscosities

3.135

solution gas-oil-ratio

amount of gas dissolved in the oil and increases with pressure until the bubble point pressure is
reached, after which it is a constant

3.136

spline type

machined configuration of the end of component shafts to allow connection by couplings to adjoining
components, such as modified SAE and involute

©1S0 2023 - All rights reserved 13
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3.137
stage
matched set

3.138

2023(E)

of one impeller and one diffuser

stage name
nomenclature given to each pump stage type that typically defines its flowrate (best efficiency point),
its size (diameter), and any special fluid handling characteristics

3.139

standard condition

Q

condition s

3.140
stator
subcompong

3.141
stock tank

wellbore flufid rate reported at standard conditions

3.142
subcomporn
portion of a

3.143
substantivg

change to thle design that is identified by the supplier/manufacturer as affecting the performance r

of the produy
3.144

synchronous speed

supply powq

Note 1 to ent
frequency (e}

3.145
tandem
designation
component,

Note 1 to enty

4L O
J

o+ 100 1. 1D (14 77 i) | A A
Ldl IUU DNI' d LJ.T,I PDIGJ dallu I I )

Vol Sala
Lnl_UU

bnt of the motor which contains laminations and coiled wire and housed in a.tube

flow rate

ent
component made up of one or more pieces

e design change

ct

br frequency divided by the number©f poles of the AC motor

'y: When expressed in revolutions per minute, the formula to calculate synchronous speed is g
pressed in Hz) times 120, divided by the number of poles.

that indicates where in the modular system an electrical submersible pump
such as a motor,“would be used

lower tanden

3.146
technical s
document t

to demonstrate its appropriateness to meet the require

3.147
test open fl

and single

pecification

ating

ower

ESP)

y: There arefour different tandem designations for ESP components: upper tandem, middle tajdem,

ow

maximum pump flow rate attainable on test

3.148

thrust bearing
device to support axial load of a rotating part

3.149

thrustload bearing capacity

axial load capacity of a thrust bearing as defined by the bearing design, lubrication fluid and operating
environment

14 © IS0 2023 - All rights reserved
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3.150
thrust washer
subcomponent mounted on an impeller which carries the axial thrust

3.151
torsional yield ratio

ratio

of the material yield point in torsion to the material yield point in tension

3.152
total demand distortion

TDD

measg

Note
valud
highg

3.15
total
THD
meas

Note
the fi

Note

£l dict i £ 4 £i1 1ot o aro £.111 A | 1
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1 to entry: It is calculated as the ratio of the root-mean-square total of the harmonic content t
expressed as a percentage. Using this measure, rather than total harmonic distortion{TH
r current THD when load is low.

B
harmonic distortion

urement of the harmonic distortion present in a voltage or currentwaveform

1 to entry: It is calculated as the ratio of the sum of the powers of\all harmonic components to
ndamental frequency.

P to entry: See H.2.

3.15

tubing-deployed electrical submersible pump

tubing-deployed ESP

ESP $ystem which is deployed into the wellboreé using jointed tubing rather than by other
means such as wireline or coiled tubing

3.15

unique identifier

uniq

3.15
wate
ratio|

Note

3.15
wire
wire
ESP s

D

1le combination of alphanumeric characters to identify a specific component

b
r cut
of produced waterg@produced liquids

1 to entry: It is €xpressed as a percentage.

7
line deployed electrical submersible pump

line deployed ESP

ystem which is deployed into the wellbore using wireline rather than by other deploy

the full load
D), allows for

the power of

deployment

ment means

such

ag }'ninfnd fubing orcoiled fubing

3.158

spec

ified requirement

design basis that the supplier/manufacturer uses for designing and establishing the performance

ratin

©ISO

gs of the product
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4 Symbols and abbreviated terms

AC alternating current
ASD adjustable speed drive
AWG American wire gauge
BEP best efficiency point

c ampacity coefficient
Cioad de-rating factor

cP centipoise

DC direct current

dv/dt change in voltage divided by change in time

E efficiency
ESD emergency shut down
ESP electric submersible pump
F, adljusted thrust
F, thrust at test revolutions per minute
g unit for g-force
G gas volume fraction
GVF gas volume fraction
head

4 adljusted head

N head at test revolutions per minute
HP horsepower
I amperagé
[EC Iriternational Electrotechnical Commission
ID internal diameter
K extrapolated temperature for zero resistance
kVA kilovolt-amperes
kW kilowatt
L, thrust test load
L nominal thrust load rating of bearing at 3 500 r/min and 5 cP lubricating fluid viscosity
MD measured depth

16 © IS0 2023 - All rights reserved
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MLE
NEMA
NDE

motor lead extension cable

National Electrical Manufacturers Association
non-destructive examination

outside diameter

adjusted power

potential of hydrogen

ISO 15551:2023(E)

PSD

sC

PVT
PWM

Qa
Cn
QceE
Qi
Qui

pump intake pressure

fluid power

permanent magnet motor

shaft mechanical power

power at test revolutions per minute
pump discharge pressure

pump setting depth

shaft power rating

shaft coupling power rating expressed in\kilowatt or horsepower
pressure, volume, temperature

pulse width modulated

flow rate

adjusted flow rate

flow rate at testrevolutions per minute
gas flow rate-out of gas exit
intake@asflow rate

intake liquid flow rate

coefficient of determination

resistance of winding at the time of motor de-energization
resistance of winding before test at a known temperature
root mean square

recommended operating range

silicon controlled rectifier

temperature

Average winding temperature rise

© IS0 2023 - All rights reserved
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T, temperature at the time R, is taken

T¢ temperature of the test fluid at the time of motor de-energization
THD total harmonic distortion

TVD true vertical depth

TVSS transient voltage surge suppressors

UL Underwriter’s Laboratories

Uy ac¢tual lubricating fluid test viscosity (absolute) in cP

1% rgtational speed in revolutions per minute (r/min)

VDC volts direct current

VFD variable frequency drive

vy aftual shaft rotational speed during test in revolutions per minute
V. r¢ference revolutions per minute

VSD variable speed drive

WAG wiater alternating gas

Y; predicted value of the dependent variable as determined by the mathematical model
Vi observed value of the dependent variable

y njean of the observed data y;

B Iput power in kilowatts (kW)

Ps flpid density

T tqrque

5 Functional specification

5.1 Genefal

The user/purchaser shall prepare a functional specification when ordering components which confform
to this document and shall specify the requirements and operating conditions as appropriate.|This
information s used by the Suppier/manufacturer to TeCONIMENd the COMpOTents for the appiication.
The user/purchaser shall specify the units of measurement for the data provided.

ESPs are designed for specific applications. When used in other applications, re-evaluation is required.
The process used for this re-evaluation shall be no less stringent or documented than that required for
the initial application, and shall be subject to approval.

The user/purchaser shall specify in the functional specification, whether the supplier/manufacturer
technical specification response is based on supply of component(s) only or on component(s) and
assembled system(s).

18 © IS0 2023 - All rights reserved
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5.2 Component type

The user/purchaser shall request an ESP system on the basis of the following conditions:

— production profile for production period (i.e. the expected operating time period of the system);
— fluid characteristics;

— deployment method of the ESP, such as jointed tubing, wireline, coiled tubing.

5.3 Functional requirements

5.3. General

The fiser/purchaser shall specify the known and anticipated application parameters @nd r¢quirements
to the best of their knowledge. Operational issues that can have an effect on the systenis operation
and ¢lurability, such as frequency of shutdowns, power interruptions, production fluid changes, power
quality and other issues, shall also be specified.

5.3.2 Application parameters

5.3.2.1 General

While installed, the ESP system shall perform in accordance with its functional requirenjents, which
are typically determined based on application parameters.

5.3.2.2 Well information

5.3.2.2.1 Requirements
The following well information, whethenplanned or existing, shall be specified:
a) geographical location;

b) operating environment, such as heavy and conventional oil production, coal b¢d methane
dpplications and source water production;

c) vell type, such as vértical, slant, deviated or horizontal;
d) yvellhead location;such as onshore, platform or subsea;
e) feservoirtype, such as carbonate, consolidated sandstone, unconsolidated sandstone, doal or shale;

f) 1eserveir recovery mechanism or process, such as aquifer drive, solution gas drive, vater flood,
thetmal or coal dewatering;

g) enhanced oil recovery, such as CO, flood, water-alternating-gas or polymer flood;

h) existing or planned power supply details, such as generator/utility, volts, frequency, kVA/Amp
supply limitations;

i) existing or planned surface equipment details, such as switchboard, 6-step ASD, PWM ASD, filtered
PWM ASD, space restrictions.

5.3.2.2.2 Supplemental Information
The following well information shall be specified, if available:

a) well profile, such as “S shaped”, “U shaped”, sinusoidal or multilateral;
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b) geothermal gradient/profile;

c) pertinent production history using ESP’s and other methods, such as other artificial lift methods or
natural flow.

5.3.2.3 Completion information

5.3.2.3.1 Requirements

The following completion information, whether planned or existing, shall be specified:

a) proposdd pump setting depth in terms of MD and TVD of the pump intake;
b) existing or planned total well depth, such as plug back depth in terms of MD and TVD;
c) depth(s) of producing interval(s), top and bottom, in terms of MD and TVD;

d) casing/|iner size including outside diameter and weight, connection type and grade of produgction
casing;

e) minimum drift diameter through wellhead to bottom of the ESP assembly;
f) production tubing size(s) including outside diameter, mass (weight),«Connection type, and gradle;
g) completion type, such as perforated casing or open hole;

h) sand control measures, such as none, slotted liner, gravel pack or sand screen;

i) ESP sysfem configuration, such as single, dual back-up/boost or y-tool.

5.3.2.3.2 Supplemental information
The following completion information shall be specified, if available:
a) well deyiation survey; or, if not provided,-as a minimum:
— inclination and estimated dogleg'severity at pump setting depth;

— maximum dogleg severity between wellhead and pump setting depth for each casing or(liner
segment that the ESP has-to pass through during installation;

b) production tubing inner,coating type and thickness;

c) completion thermal-characteristics, such as heat transfer coefficients for completion, insujated
tubing/pnnulus, oy flowing temperature profile;

d) completion‘diagram.

5.3.2.4 Operating and production information

5.3.2.4.1 Requirements

The following operating and production information shall be provided over the life cycle of the system,
such as early life, mid-life and late life:

a) expected well production flow performance, including, as a minimum, expected flow rate such as
stock tank flow rate or pump discharge rate, flowing bottom-hole pressure or fluid level at expected
flow rate for a specified depth, and any maximum drawdown limitations;

b) water cut;

c) tubing head flowing pressure;
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d) casing head pressure;
e) static temperature at a reference depth;
f) total producing gas-oil-ratio;

g) special operational conditions, such as unloading heavy completion fluids, sand face control
limitations, delayed start-up, unusual anticipated duty cycles (stops and starts);

h) minimum expected bottom-hole temperature;

i) maximum expected bottom-hole temperature.

5.3.2.4.2 Supplemental information

The following operating and production information shall be provided over the life cycle of the system,
such|as early life, mid-life and late life, if available:

a) 9dand cut;

b) vellhead flowing fluid temperature;

c) flowing temperature at a reference depth;

d) 4¢lugging tendency, such as gas, water, solids or steam;

e) dlesired operating frequency range and desired operating frequency at target rate.

5.3.3 Environmental compatibility

The user/purchaser shall specify the environniental compatibility requirements and preferred fluid
property correlations by providing the following parameters:

a) o¢il:

1) density at standard temperature and pressure or API gravity;
2) viscosity at standard conditions;

3) bubble point pressure at reservoir temperature;

4) solution gas-oif*ratio;

b) yvater:

1 pH;

2),density;

3) chloride concentration/salinity;

4) other corrosives, if applicable;
c) gas:

1) Composition, such as:

i) CO, concentration (mole percentage);
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2) spe
d) solids:
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H,S concentration (mole percentage);

cific gravity;

1) history of solids related problems (e.g. erosion, plugging, wear);

2) ero

sional velocity limit, if known;

3) morphology, such as size, structure, angularity, composition;

4) ifs

o1 b 1 b - de R | yu-. | - o N | dnn el b= bl l
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production fluid;

5) sca

e deposition tendency;

6) asphaltene deposition tendency;

7) parpffin deposition tendency.

e) other:

1) emulsion properties, such as:

i)
ii)

iii)

inversion point data (percentage water cut);
emulsion viscosity at downhole operating conditions'over predicted pump life;

emulsion forming tendency;

2) foainy oil behaviour, such as that affecting annular fluid level;

3) oth
flui

er fluid types and concentrations, su¢h’as diluent, corrosion/scale inhibitor, compl
d, dispersants and injection points injthe wellbore.

5.3.4 Compatibility with related well equipment and services

5.3.4.1 General

The user/py

the compatipility of the propesed component for the well such as material requirements, dimens

limitations,
intended ap

transportatiofy, and installation restrictions, to ensure that the component conforms 4
blication.

5.3.4.2 Agcessory equipment and well operation

The followingtopics shall be considered for the application:

nt in

ction

rchaser shall specify Telated well equipment and service considerations that can inppact

ional
o the

a) dimension of chemical injection tubing/string line and injection point such as above pump, below
pump, annulus, tubing string;

b) surface

instrumentation dimension and location such as above or below pump as applicable;

c) surface equipment dimensions, location relative to the pump and attachment to the pump such as

by pass

systems, clamps, shrouds, pod, tail pipes, backflow valves, swages;

d) well intervention limitations such as; maximum allowable pump length, maximum coiled tubing
diameter;

e) packer type, location in the wellbore relative to ESP assembly;

f) casing gasventing scheme such as vented to atmosphere, vented to production flow line, no venting;

22
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g) other completions related equipment that might impact the deployment and/or operation of the
ESP system.

5.4 User/purchaser selections

5.4.1 General

Table 1 provides the compiled list of the selection criteria for ESP components that shall be selected by
the user/purchaser. The grades can vary by component as selected by the user/purchaser. Guidelines on
the selections available is provided in 5.4.2, 5.4.3 and 5.4.4.

Table 1 — User/purchaser grade selections

Component Selected grades
Design validation Functiotril(a;:levalua- Quality control
(Annex ) (Annex Q) (14)
Vi V2 V3 F1 F2 F3 Q1 Q2 Q3
Bolt{on discharge a < a
Pump and gas handlers
Bolt{on intake a a
Meclhanical gas separators a
Seal chamber sections
Motgr
Cable, MLE and pothead
Assembled ESP system Annex BP Annex E
a  [fnavailable sections.
b Indicates that component has no grade selections.

5.4.1 Design validation

This|document provides threejdesign validation grades as indicated in Table A.1, of which one shall be
seledted by the user/purchaser:

— V1: highest gradé;
— VY2: intermediate grade;

— VY3: basicgrade.

5.4.3 C-Component functional evaluation

The user/purchaser shall specify a component functional evaluation grade for each component as
indicated in Table 1. This document provides requirements for three functional evaluation grades,
noting that some components can have fewer:

— F1: highest level of functional evaluation;
— F2:intermediate level of functional evaluation;
— F3: basic level of functional evaluation.

For assembled systems, guidelines for completing a functional evaluation are provided in Annex E.
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5.4.4 Quality grades

The user/purchaser shall specify one of the following three quality grades, which are detailed in

Clause 7:

5.4.5 Shi

Q1: highest level of quality;
Q2: intermediate level of quality;

Q3: basic level of quality.

ping handling and storage
r L=24 O O

The user/py
any special

5.4.6 Op¢d

The user/pt
required.

5.4.7 Subcomponent condition classifications in manufacture of components

The user/py
manufactur

— All Q2 and Q1 specified equipment shall be manufactured-tsing “new” subcomponents only.

For Q3 5
“new on

5.4.8 Add
The user/p

necessary tq

6 Techn]

6.1 Gene

The suppliel
in the funcf
variance(s)

The technic

rchaser shall specify environmental conditions and projected storage duration-asw
bhipping and handling requirements for the components.

rator’s manual

rchaser shall apply the following as it pertains to subcomponent classification use i
e of components:

pecified equipment the subcomponent condition classifications shall be specified as ¢
ly” or “new and/or recertified” as specified'in Clause 9.

itional documentation

irchaser may specify additional documentation, testing, and acceptance criter
meet their requirements.

jcal specification

ral

ional spegcification set forth by the user/purchaser or which identifies in detail W
o therequirements in the functional specification exist or are offered.

hl-specification comprises three classes of information relating to obligation for disclg

Irchaser shall specify if an operator’s manual for the ESP system @syspecified in 7.2.3

bl as

h the

ither

as

/manufacturer shall prepare a technical specification, which responds to the requirenpents

rhere

sure

of these documents by the supplier/manufacturer to the user/purchaser:

(e.g.an ASTM material specification and published performance curves).

and may be either provided or made available for inspection.

which there is no obligation to disclose it to the user/purchaser.

Public information: this information should be identified as such and provided without restrictions

Confidential information: this information should be identified as such (e.g. an engineering drawing)

Trade secrets: this information should be identified as such (e.g. a secret formula or process), in

The timing of disclosure may be governed by agreement between the supplier/manufacturer and
the user/purchaser, considering the development time required. The documentation and disclosure
requirements of this clause are separate from the requirements of other (sub)clauses, e.g. 7.2.

24
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The supplier/manufacturer shall document a summary of the technical specification response to the
functional specification in accordance with 6.13.

Where a covered component or system includes a non-covered component, the inclusion of the non-
covered component shall not cause the specified requirements or performance ratings of the component
or systems as established under this document to be invalidated. The evidence supporting this shall be
documented by the supplier/manufacturer. Components or systems not covered in this document can
be addressed in other national or international standards.

This document is not intended to inhibit a supplier/manufacturer from offering, or the user/purchaser
from accepting, alternative equipment or engineering solutions. This can be particularly applicable
where-there—ts—innovativeor—developing-technotogy—Wherean—atternative—is—offered—the supplier/
and completely identify any variations from the requirémpents of this

OTOE V.

ment.
6.2 | Design criteria

6.2.1 General

The [supplier/manufacturer shall demonstrate conformance to the design basis and performance
ratinig(s) of the component as per 6.2.5 and 6.2.6. Manufacturing requirements are detailed in Clause 7.

6.2.2 Design documentation
Docymentation of the design process for each type, size and model of component shall at least include:

a) design criteria with references to the essential variables considered when designing th¢ component
¢onforming to the requirements of the design;basis;

b) ¢ngineering drawings and bill of materials;
c) 43pplicable specifications and standards;

d) vyalidation testing procedures, accéptance criteria, and approved results (see Annex A)

e) design verification and ac¢eptance criteria;
f) published performance curves, where applicable;

g) design changes and\design change justifications.
6.2.3 Materials

6.2.3.1 General

Metalli© and non-metallic materials shall be specified by the supplier/manufacturer gnd shall be
appropriate for the requirements in the functional specification. The supplier/manufacturer shall have
documented specifications for all materials in critical subcomponents. All materials used shall conform
with these specifications.

Critical subcomponents include those whose function includes any of the following:
— containment of pumping pressure, e.g. pump housing, head, base, bolting;

— possible containment of well pressure, e.g. sealed vessels that well pressure can leak into in service
and that can still contain well pressure after pulling;

— transmission of torque between the ESP components, e.g. shaft, coupling, housings, head and base;

— radial or axial support of rotating components, e.g. radial bearing, bearing;
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— weight support, e.g. housing, head, base, body (of seal chamber section), bolting, tubing crossover;
— sealing element, e.g. o-ring, bag, mechanical shaft seal faces and bellows;
— power electrical conductors, e.g. conductors in cable, leads, magnet wire, terminals;

— primary power electrical insulation, e.g. insulation on cable, leads, magnet wire, terminals/
connectors.

As an exception, material substitutions in validated equipment designs are allowed without validation
testing, provided that the change in material does not constitute a substantive design change and that
the supplier/manufacturer’s material selection criteria are documented and approved by a qualified
person and meet all other requirements of this document.

6.2.3.2 Meptallic materials

6.2.3.2.1 (eneral

The supplief's/manufacturer’s specifications shall define for all metallic materials where applicalle to
the specific use of the material:

a) chemical composition according to an applicable standard or te, a”’supplier's/manufactyrer's
internal specification;

b) chemicgl composition limits;
c¢) mechanical property limits, to include as a minimum:
1) tenfile strength;
2) yield strength;
3) elonpgation;
4) harfness.
d) electrichl properties:
1) resistivity or conductivity.
e) magnetfc properties:
1) magnetic permeability;

2) core loss.

6.2.3.2.2 Welds, brazing, and soldering

Welds, brazing and soldering shall be specified appropriate to the material, function, and service of the
component and/or assembly. The supplier's/manufacturer’s specification shall include the applicable
parameters of the process and the resulting joint, including but not limited to:

a) industry standards applied to the welding procedure, process, method, etc. (e.g. ASME BPVC Section
IX or AWS B2.1/AWS B2.1M);

b) standard weld symbols;
c) basicprocess;
d) filler metal;

e) preparation, such as joint dimensions, tolerance, and contour;
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f) process parameters, such as temperature, amperage, polarity, heat treatment;

g) final parameters, such as dimensions, tolerance, contour, and defect criteria.

6.2.3.3 Coatings or surface treatments

Coatings or surface treatments shall be in response to the operating environment specified in the
functional requirements. Coatings and surface treatments addressed by this subclause are limited to
those that provide performance enhancements to erosion, anti-friction and corrosion of subcomponent
materials, which are designed to be in direct contact with production fluids as specified in the design
basis. The supplier's/manufacturer’s specifications shall specify, where applicable, the characteristics
and Icceptance Criteria of the coatings or surface treatments including but not [imited to:

a)

b) ¢orrosion and/or chemical resistance;

asic coating type, trade name or surface treatment composition;

c) lhardness;

d) I-inimum and maximum coating thickness;
e) foughness;

f) application process;

g) lbond strength;

h) ¢oupon testing;

i) defect criteria, e.g. holidays.
6.2.3.4 Non-metallic materials

6.2.3.4.1 Polymers

The supplier's/manufacturer’s specifications shall define for all polymer materials where gpplicable to
the specific use of the material:

a) fype of polymer;

b) 1mechanical propérty limits:

1) tensile strength, new and aged;

2) elongation at rupture, new and aged;

3),-“durometer (hardness) or modulus;

4) thermal conductivity;

5) thermal expansion coefficient;

6) minimum and maximum recommended service temperature.
c) electrical properties:

1) volume resistivity;

2) dielectric constant;

3) dielectric strength;

©1S0 2023 - All rights reserved 27


https://standardsiso.com/api/?name=44b956849fd4ad0f3a57e07f3eb38618

ISO 15551:2023(E)

d)

4) dissipation factor at 60 Hz.

fluid compatibility.

6.2.3.4.2 Ceramics

The supplier's/manufacturer’s specifications shall define for all ceramic materials where applicable to
the specific use of the material:

a)
b)

<)

d)

f)

6.2.3.4.3 Motor fluid

The suppliey's/manufacturer’s specifications shall define for the motor fluid:

a)
b)
‘)
d)
€)
f)
g)

28

ceramic type, name and grade;

chemical r‘nmpncifinn;

mechanfical properties:
1) grajnsize;

2) density;

3) harfdness;

4) tramsverse rupture strength;
5) corIpressive strength;

6) fragture toughness.

thermal] properties:

1) thermal expansion coefficient;

2) thermal conductivity.

electricpl properties:

1) volyime resistivity;
2) dielectric constant;
3) dielectric strength;
4) disgipation factor at 60-Hz.

minimum and maximfiim recommended service temperature.

viscosity/temperature Curve;

density;

flash point;

coefficient of thermal expansion;

pour point;

dielectric strength and testing standard utilized for measurement;

minimum and maximum service temperature.
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6.2.4 Dimensional information

6.2.4.1 Dimensional information for components

Dimensional information shall be provided for component(s) supplied, except cable (see 6.2.4.2). For
each component, the supplier/manufacturer shall specify:

a) maximum component OD;

b) component schematic, including external dimensional information;

componentmass ("Avrnight) 3nd lannth as installed and chippnd

C) r i o il aldeiail

6.2.4.2 Dimensional information for cable

For the cable, the supplier/manufacturer shall specify:
a) (veight per unitlength;

b) profile and outer dimensions;

c) shipping weight and dimensions, including reel;

d) ¢ize of each conductor in terms of total diameter equivalent,

6.2.§ Component and assembled system design verification

Design verification shall be performed by the supplier/manufacturer to verify that the component
and assembled system (if applicable) design conforms to the supplier's /manufacturer's design basis.
Design verification activities are conducted toensure that the design outputs meet the flesign basis
input requirements. Design verification ineludes documented activities, such as reviefv of design
calcylations, component testing and comparison with similar designs and historical records of defined
operpting conditions. Empirical methods and/or physical testing used in design verificatiion shall be
fully|documented and supported with drawings and material specifications. All design|verification
docujmentation shall be included.in-the component design file and shall be approved by a qualified
perspn other than the design's,eriginator.

6.2.4§ Component design validation

Design validation testing shall be performed to verify that the component design confprms to the
component perforimance rating as per Annex A. Design validation activities are conductgd to ensure
the ¢omponentperformance meets the intended application or use as defined by thg supplier's/
mantyifacturer’s)design basis. The design validation grade specifies the process of proving|a design by
testing to demonstrate conformity of the product to design requirements for each Validati¥n grade per

Anngx A5 which provides a detailed description of the three validation grades (V1, V2 and V3) in this
document.

6.2.7 Component functional evaluation requirements

Functional evaluations shall be performed in accordance with Annex C and shall be approved by a
qualified person to verify that each component manufactured meets the supplier's/manufacturer’s
documented requirements, technical specification and the functional specification. The results of these
evaluations shall be documented and shall become a portion of the quality documentation for that
component.

6.2.8 Assembled system functional evaluation

When selected by the user/purchaser, functional evaluation should be performed in accordance with
Annex E and should be approved by a qualified person to verify that the assembled system meets
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the supplier's/manufacturer’s documented requirements. The results of these evaluations should be
documented and should become a portion of the quality documentation for that system.

6.2.9 Design changes

All design changes shall be documented and reviewed against the design verification and design
validation to determine if the change is a substantive design change. A design that undergoes a
substantive design change becomes a new design requiring design verification as specified in 6.2.5 and
design validation as specified in 6.2.6.

Changes to a component identified as a substantive design change require design validation. Design

change(s) sH
or subcomp
criteria con

all be validated and verified through the same methods utilized for the original compa
bnent. Where testing is performed on subcomponent(s), the test(s) shall simulate the d
ditions of the component at its rated limits. The supplier/manufacturer shal,'docu

nent
Psign
ment

the detailed
adequately j

test results and analysis that demonstrate that the component or subcomporent(s] test

imulates the required range of design criteria conditions.
6.3 Technical specification — All components

6.3.1 Technical characteristics

The comporent shall be compatible with related well equipment and séryices as specified in Clausk 5.

While installled and operated in accordance with the functional\specification, the component [shall

perform in gccordance with the functional specification.

6.3.2 Performance rating

6.3.2.1 Shaft power rating

ence
18 r/
) and

The suppliefr/manufacturer shall specify the.shaft power rating, where applicable, at the refef
speed and temperature, typically reported @s horsepower at 60 Hz (3 500 r/min) or 50 Hz (2 9
min). The shaft power rating shall be determined through validation testing as outlined in 6.2.4
detailed in Annex A.

6.3.2.2 Shaft coupling rating

ence
18 r/
bd in

The supplie
speed and t
min). The s}
6.2.6 and de¢

r/manufacturer shall specify the shaft coupling rating, where applicable, at the refej
emperature, typically reported as horsepower at 60 Hz (3 500 r/min) or 50 Hz (2 9
naft coupling{power rating shall be determined through validation testing as outlin
tailed inArinex A.

6.4 TechTical specification — Bolt-on discharge

6.4.1 General

The supplier/manufacturer shall prepare the technical specification for the bolt-on discharge that
responds to the functional requirements. The supplier/manufacturer shall provide to the user/
purchaser the component data as defined in 7.2.

6.4.2 Technical characteristics for the discharge

The discharge shall serve as a connection between the top of the ESP pump section and the well
production tubing.
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6.4.3 Performance ratings

The supplier/manufacturer shall provide the following performance characteristics in accordance with
Annex A:

a) the maximum recommended flow capacity rating of the bolt-on discharge;

b) the pressure rating of the bolt-on discharge.

6.4.4 Scaling of design validation

Scali

wofdesionfor bollondischarge s notallowed

6.5

d)

6.5.4

Technical specification — Pump and gas handler

General

supplier/manufacturer shall prepare the technical specification for the pump and
responds to the functional requirements. The supplier/manufacturer shall provide
haser the component data as defined in 7.2.

Technical characteristics for the pump and gas handler
bump shall move fluid against a differential pressure.
bas handler shall move fluid against a differential pfessure and/or condition the fluid t

erties or characteristics of the fluid.

ler.

Performance ratings

X A:

he design performance ‘edrves - water only;

he maximum GVFrating of the pump and gas handler;
he pump stagethrust;

he housing pressure rating.

Scaling of design validation

irements for bolt-on intake and bolt-on dis¢harge do apply when integral to the p

gas handler
to the user/

b change the

ump or gas

upplier/manufacturer shall provide the following performance characteristics in accordance with

Scaling of design for the pump and gas handler is not allowed. Changes to the number o
given pump housing is not considered scaling.

6.6

Technical specification — Bolt-on intake

6.6.1 General

stages in a

The supplier/manufacturer shall prepare the technical specification for the bolt-on intake that responds
to the functional requirements. The supplier/manufacturer shall provide to the user/purchaser the
component data as defined in 7.2.

©ISO
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6.6.2 Technical characteristics for the bolt-on intake
The bolt-on intake shall:
a) provide a flow path from the well bore to the inlet of the pump, gas handler or gas separator;

b) contain a shaft to transmit torque and thrust.

6.6.3 Performance ratings

The supplier/manufacturer shall provide the maximum flow capacity and pressure rating of the bolt-on
intake in accerdance-with-AnnexA-

6.6.4 Scaling of design validation

Scaling of d¢sign for the bolt-on intake is not allowed.
6.7 Technical specification — Mechanical gas separators

6.7.1 Genleral

The supplief/manufacturer shall prepare the technical specification fer‘the mechanical gas sepafator
that responfs to the functional requirements. The supplier/manufactarer shall provide to the fiser/
purchaser the component data as defined in 7.2.

6.7.2 Technical characteristics
The mechanjical gas separator shall:

a) separatg free gas from the fluid entering the ESP pump or gas handler section and vent to bypass
the punp or gas handler;

b) containja shaft to transmit torque and thrust.

Requiremerlts for bolt-on intake also apply when it is integral to the mechanical gas separator.

6.7.3 Performance ratings

The suppli¢r/manufacturer~shall provide the mechanical gas separator performance curye in
accordance with Annex A.

6.7.4 Scaling of désign validation

Scaling of d¢sign for the mechanical gas separator is not allowed.

6.8 Technical specification — Seal chamber sections

6.8.1 General

The supplier/manufacturer shall prepare the technical specification for the seal chamber section
that responds to the functional requirements. The supplier/manufacturer shall provide to the user/
purchaser the component data as defined in 7.2.

6.8.2 Technical characteristics
The seal chamber section shall:

a) prevent contamination of the ESP motor with well fluid;
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b) provide a means for compensating for changes in the volume of motor fluid due to changes in
temperature and pressure;

c) provide a means for regulating pressure differential between the interior and exterior pressures of
the seal chamber section in keeping with the volume expansion and contraction limits;

d) handle axial thrust generated by the pump and motor, as required by design.

When the seal chamber section contains the shaft, the shaft shall provide a means for transferring the
required torque and, where applicable, thrust.

6 8 Daoxfoiias oo ki
1O, 1 C1IIULIIIIAdIICU I allllSD

The |supplier/manufacturer shall provide the following performance characteristics for the seal
chanpber section in accordance with Annex A:

a) the volume contraction capacity;

b) the operation deviation limits;

c) the thrustbearing load capacity;

d) the minimum operating speed for the thrust bearing;

e) the horsepower requirement.

6.8.4 Scaling of design validation

Scalipg of design for the seal chamber section is not\allowed.
6.9 | Technical specification — Motors

6.9.1 General

The pupplier/manufacturer shallyprepare the technical specification for the motor that fesponds to
the functional requirements.~The supplier/manufacturer shall provide to the user/purchaser the
component data as defined in 7:2.

6.9.2 Technical characteristics

The motor shall cenvert input electrical power to the required torque needed to rotate all coupled ESP
components at the-required design frequency.

6.9.3 Performance ratings

The supplier/manufacturer shall provide the following performance characteristics in accordance with
Annex A:

a) the motor voltage for minimum current;
b) the motor performance parameters:

1) motor amperage;

2) speed;

3) torque;

4) input kilowatts;

5) efficiency;
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6) power factor;

7) winding temperature rise at 100 % rated output power.

c) themin

imum and maximum internal motor operating temperature limits;

d) thelocked rotor current, torque and power factor values.

6.9.4 Scaling of design validation

Scaling of the design of the motor is allowed in accordance with A.3.7.4

6.10 Tecthical specifications — Power and motor lead extension cable

6.10.1 Gen

The supplie
cable, hereg
manufactur

6.10.2 Tec
The cable sH
a) conduct

b) insulatg

6.10.3 Per

The supplie}
Annex A:

eral

r/manufacturer shall prepare the technical specification for the power-cable and
er shall provide to the user/purchaser the component data as defined-in 7.2.

hnical characteristics

all:

electricity from the surface to the downhole motor;

the voltage supplied to the downhole motor.

formance ratings

/manufacturer shall provide the following performance characteristics in accordance

a) thecab
b) thecab
c) thecab
d) thecab

e) thecab

6.10.4 Scal

voltage rating;
temperature rating;
ampacity coefficients;
conductor size;

acceptableééminimum bending radius rating.

ing of'design validation

Scaling of th

ecdesign of the cable is not allowed.

6.11 Technical specifications — Pothead

6.11.1 General

MLE

fter referred to as “cable” that responds to the functional requirements. The supplier/

with

The supplier/manufacturer shall prepare the technical specification for the pothead that responds
to the functional requirements. The supplier/manufacturer shall provide to the user/purchaser the
component data as defined in 7.2.

6.11.2 Technical characteristics

The pothead shall:

a) conduct electricity from the cable to the downhole motor;

34
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insulate the voltage supplied to the downhole motor;

seal the connection to prevent motor contamination by well fluid.

6.11.3 Performance ratings

The supplier/manufacturer shall provide the following performance characteristics in accordance with

Annex A:

a) the pothead voltage rating;

b) the pnfhpnr‘] temperature rating;

c) the pothead ampacity coefficients;

d) the pothead differential pressure performance rating;
e) the pothead thermal cycling performance rating.

6.11{4 Scaling of design validation

Scaling of the design of the pothead is not allowed.
6.12 Assembled ESP system - Additional requirements

6.12{1 General

Wheh an assembled ESP system is supplied, the Supplier/manufacturer shall prepar
technical specification information for the assenibled ESP system which responds to the r¢
in the functional specification set forth by the user/purchaser or identifies in detail wherg
to the requirements in the functional specification exist or are offered. The supplier/m
shall|provide to the user/purchaser the component data as defined in 7.2.

The

specification response to the funcétional specification in accordance with 6.13.

6.12{2 Technical characteristics

The

move fluid to a point.
6.12|3 System capabilities

6.12{3.1< System capabilities characteristics

The

supplier/manufacturer shall deecument a summary of the assembled ESP syste

ESP assembled systém shall be designed to convert input electrical power into hydray

b additional
pquirements

variance(s)
anufacturer

m technical

lic power to

1 / £ b 11 TR R | £-11 : - A TS K 1 - g :
SUPPICT/IIdIIUIAULUL €1 SITdIT PIOVIUC UIC TIOITOWIITE S Yy SLEIIT CAPdDIIIUIES ClIdI dULETISUICS 1T

with Annex B:

a)
b)
‘)
d)
e)
f)

the axial strength and bending tensile load capability;

the surface temperature rating;

the maximum amperage rating;

the dogleg severity limits;

the maximum deviation limits which the ESP assembly may be run through and operat

the installed operating temperature range;
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g) the maximum pressurization and depressurization rates;

h) the input surface power required to the power cable at the wellhead;

i) the assembled ESP system motor fluid percentage utilization of each seal chamber contraction

capacity;

j) the minimum and maximum operating speed.

6.12.3.2 Dimensional information

The Supph rI/mnnnFnrhlrnr shall cpnr‘ify the Fn]]nuring dimensional information for the assembled

system and puxiliary components:

a) effectivp diameter;

b) system gchematic;

c) total mass (weight) with and without cable;

d) totallength;

e) bending stress analysis based on the wellbore and other pertinent information supplied ip the

functional specification.

6.13 Technical specification response guideline - ESP components

Table 2 proviides a general guideline as to how the supplier/m@nufacture shall respond to the functjonal
specificatiof. Table 2 is intended to provide a summary«of the supplier/manufacturer respons¢ and

does not replace the requirement to provide documentation in accordance with 6.1.

Table 2 — Technical specification response guideline

Case/Scenario description:

Componentjrecommendations

Description

Model name Part numbjer

Bolt-on discharge

Pump(s) 1

Pump(s) 2

Gas handler

Mechanical gas separator

Bolt-on intake

Seal chambelr section{s)

Motor

Motor lead ejktension

Power cable

Accessories

Functional specification re-
sponse

Conformance with func-
tional specification

Description of functional specification(s)
that cannot be met

Bolt-on discharge O Yes O No
Pump(s) 1 [ Yes O No
Pump(s) 2 O Yes O No
Gas handler O Yes O No
Mechanical gas separator O Yes O No
Bolt-on intake O Yes O No
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Case/Scenario description:

plied)

Component recommendations |Description Model name Part number
Seal chamber section(s) O Yes O No
Motor O Yes O No
Motor lead extension O Yes O No
Power cable O Yes O No
Assembled ESP system (if sup- [ Yes 0 No

7 Supplier's/manufacturer's requirements

7.1 | General

This|clause contains the detailed requirements to verify that each component manufacturgd meets the
requjrements of the technical specifications. Design validation perfofmance rating requjrements by
component are addressed in Annex A.

7.2 | Documented information

7.2.1 General

The [supplier/manufacturer shall establish and maintain documented information that relates to
the fequirements of this document. Documentedinformation shall be maintained to demonstrate
conformance to specified requirements. All documented information shall be legible and nay be in any

typelof media, such as hard copy or electronie,

All documented information shall be available and auditable by the user/purchaser within 14 days
after{request. The supplier/manufacttirer may limit availability and auditing of sensitive or|proprietary

docujmented information to visual, controlled access review only.

Design documents (see 6.2.2)f data and component data sheet(s) shall be retained for 1( years after
date [of last manufacture of that component.

Deliyery and manufactiring related documentation shall be retained for 5 years after date of delivery

and manufacture.

7.2.1 Delivery documentation

Docymentation supplied at the time of delivery of each component to the user/purchaser ghall at least

inclu1de:

a) identification by component, including ancillary equipment;

b) name and address of supplier/manufacturer and assembly location identification where component

was assembled;
c) serial number;
d) parts number(s);

e) nameplate values;

f) dimensions and weights of each component;

g) functional evaluation documentation according to the specified functional grade, including testing

facility location;
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h) quality documentation according to specified quality grade;
i) validation grade;
j) design summary sheets for the application, where applicable;

k) component internal fluids used, such as motor fluid type, pump preservation fluid.

7.2.3 Operator’s manual

When required by 5.4.6, the operator’s manual shall be supplied. The operator's manual shall contain
the followinginformation:

a) name ax[d address of supplier/manufacturer;
b) supplief/manufacturer component identification;

c) represeptative illustration(s) identifying major ESP components, significant~dimensions| and
configufations, and details of the interface connections;

d) handling and storage guidelines;
e) pre-installation inspection and pre-service procedures;
f) installation and removal guidelines;

g) operatihg and troubleshooting guidelines, including precautions for safe and environmerntally
acceptaple operation. Annex F provides information on re€dmmended operating range.

7.2.4 Certificate of conformance

When required by the quality grade or the user/purchaser, certificates of conformance shall be supplied.
The certificate of conformance shall state that the. component meets the following requirements:

a) quality grade;
b) functiopal grade;
c) validatipn grade.

The statement shall include th® component identification and shall be approved by the supplier's/
manufacturpr’s designated-gqualified person.

7.2.5 Component data sheet

7.2.5.1 Geéneral

When requi ad b tho A liby gradn A tha nonw/v\tvrr\]«ﬂnnv‘ A~ ant d

At 12} + chall ha i hed
ed-by-the-quality grade-or-theuser/purchaseracomponent-data-sheetshall besupplied.

The component data sheet shall contain the information as specified in 7.2.5.2 for all components and
additional information as specified in 7.2.5.3 to 7.2.5.10, where applicable.

7.2.5.2 All components

The supplier/manufacturer shall provide the following information for all components:
a) quality grade;

b) validation grade;

c) productidentification by component including ancillary equipment;

d) dimensions and weights, installed;
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e) shaft power rating, where applicable;

f) radial bearing configuration description, such as bearing material type and spacing, where
applicable;

g) spline diameter and type, where applicable;
h) materials for housings, shafts seals and fasteners, where applicable;
i) external coating types used, where applicable;

j)  maximum operating temperature rating, where applicable;

k) flange compatibility as defined by the supplier/manufacturer, where applicable;

1) 7yotational direction (bi-directional or clockwise/counter-clockwise as viewed from thg top), where
dpplicable;

m) shipping, handling and storage requirements for appropriate storagenénvironmentafl conditions
gnd duration.

7.2.3.3 Bolt-on discharge

The supplier/manufacturer shall provide the following informatjon for each type of bolt-gn discharge
to bg supplied:

a) ¢onnection specifications, such as thread type, size ahd weight;
b) fllow capacity rating;

c) pressure rating.

7.2.3.4 Pump and gas handler

The pupplier/manufacturer shall provide the following information for each type of pump and gas
handler components supplied:

a) design performance curyes* water only;
b) aximum GVF rating; water and air;

) PSH requirement;

d) pump stagethrust;

e) housingpressure rating;

f)  pump construction;

g) number of stages;
h) stage type (axial flow stage, mixed flow stage, radial flow stage), name and material;

i) pump stage coating type, where applicable.

7.2.5.5 Bolt-on intake

The supplier/manufacturer shall provide the following information for each type of bolt-on intake to be
supplied:

a) flow capacity rating;

b) inlet screen material, opening size and total inlet area, where applicable.
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7.2.5.6 Mechanical gas separator

The supplier/manufacturer shall provide the following information for each type of mechanical gas
separator supplied:

a) performance curve;

b)

inlet screen material, opening size and total inlet area, where applicable.

7.2.5.7 Seal chamber section

The supplierfmanufacturer shall provide the following information for each type of seal chamber

section supplied:

a) volumejcontraction capacity;

b) operating deviation limits;

c) thrustQearing type, load capacity, rotational direction, and location, such as.top*or bottom;

d) horsepgwer requirements;

e) minimum operating speed or speed load curve for thrust bearing;

f) total number and type of seal chamber sections;

g) positivg seal element material, where applicable;

h) chamber sequence order from top to bottom and connection type between seal chambers (parallel
or seriep);

i) total number of mechanical shaft seals;

j) total motor fluid volume;

k) check valve operating pressure.

7.2.5.8 Mptor

The suppliey/manufacturer shall(provide the following information for each type of motor supplied:

a) motor gerformance parameters in accordance with 6.9.3 and Annex A;

b) motor vpoltage for minimum current at specified load and speed;

c) motor operatinginternal temperature limits;

d) locked fotorcurrent, torque and power factor;

e) nameplate horsepower, voltage, amperage and reference frequency;

f) thrustbearing type, load capacity, rotational direction and location, such as top or bottom;

g) radial bearing type;

h) motor insulation voltage rating;

i) motor type and fluid volume;

j) connection type to the MLE, such as tape-in or plug-in.
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7.2.5.9 Power and motor lead extension cable

The supplier/manufacturer shall provide the following information for each type of cable and MLE

supplied:

a) voltage rating;

b) temperature rating;

c) ampacity coefficients;

d) conductor size;

e) acceptable minimum bending radius rating;

f) ¢onductor type, such as solid, stranded or compact stranded, conductor coating,.wherg applicable,
gdnd number of strands in case the conductor uses stranded cable;

g) ¢onductor shield material and thickness, where applicable;

h) geometry (flat or round);

i) insulation material(s) and thickness;

i) arrier layer(s) material and thickness, where applicable;

k) braid, where applicable;

1) jacket(s) material, where applicable;

m) 4rmor material and construction details, such'as thickness, width of wrap, contour| (e.g. flat or
¢onvoluted), class of galvanization;

n) aximum acceptable DC leakage value expressed in ampere/volt/length;

0) I:inimum ambient temperature for-handling;

p) eight per unitlength.

7.2.3.10 Pothead

The gupplier/manufacturer shall provide the following information for each type of potheafd supplied:

yoltage rating;
temperatupe rating;

dmpacity coefficients;

-

i ffarantial myncciirn ~cucling
GHTerettarpressutre-Eyerhig pe

thermal cycling performance rating;

minimum ambient temperature for handling;

connection type to the motor, such as tape-in or plug-in and motor series;
housing material;

sealing element material(s);

conductor insulation material(s);

conductor connection insulation material(s).
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7.3 Component identification

7.3.1 Permanent identification

Each component, with the exceptions of the discharge head and shaft coupling(s), shall be permanently
marked with the component’s unique identifier, e.g. serial number.

Components manufactured with “re-certified” subcomponents shall be permanently marked with a
unique identifier included as part of the component serial number.

The bolt-on discharge head shall be permanently identified with the material type and thread type.

Shaft couplihg(s) shall be permanently identified with a part number.

7.3.2 Semi-permanent identification

Each compgnent shall be semi-permanently identified according to the suppliet;s/manufactyrer’s
specificatiops with the following information:

a) Pump dnd gas handler: stage name, number of stages, shaft material,«pimp construction,|part
number} unique identifier, series, configuration, housing material, shaftsize, bearing material

b) Bolt-on|intake: series, part number, shaft size, shaft material, bearing material, housing materjal.

c¢) Mechanjical gas separator: configuration, unique identifier, model, series, part number, shaft|size,
shaft material, bearing material, name (such as rotary), housing material.

d) Seal chgmber section: chamber configuration, motor fluid, model, part number, unique identifier,
shaft mpterial, housing material, series, positive sealielement type and material, o-ring matgrial,
thrust Qearing type (such as standard, high load), cliamber type and sequence.

e) Motor: deries, horsepower, configuration, motorfluid, part number, unique identifier, shaft matgrial,
housing material, thrust bearing type (such as standard, high load), radial bearing matgrial,
voltage)current, frequency.

f) Power gdnd motor lead extension cable: part number, unique identifier, conductor size, length (for
main pgwer cable, length of cable)to be indicated on cable reel; for motor lead extension dable,
length to be indicated on removable tag or stamped on pothead housing).

7.4 Quality

7.4.1 General

The suppli¢gr/manufacturer shall have documented quality control procedures implemented by
qualified pefsoninél to ensure that each component supplied/manufactured conforms to the supplier's/
manufacturpt’s)applicable specifications drawings, procedures and standards. This requirement also
applies to all sub-suppliers to the supplier/manufacturer. This requirement applies to any component
or subcomponent supplied as conforming to the requirements of this document.

Each supplier of components used in the assembled ESP system shall have quality systems implemented
that validate conformity of each component to the specified requirements. Verifiable evidence of
conformity to the requirements shall be documented and provided by the supplier/manufacturer with
the component in conformance with the selected quality grade. Component validation records shall
conform to the supplier's/manufacturer's data controls.

7.4.2 Quality grade requirements

The requirements in Table 3 shall be implemented as specified in the referenced subclauses. Table 3
specifies the percentage of components to be inspected for each purchase order with a minimum of 1.
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Where the percentage of components inspected is less than 100 %, the supplier/manufacturer shall use
a documented method for determining the sample size.

For Table 3, 100 % refers to all components/subcomponents (not including common hardware) and not
100 % of the component/subcomponent itself (such as surface area).

For Table 3, subcomponent by specified sample size refers to the percentage of subcomponents to be
inspected per heat or batch lot with a minimum of 1. Where the percentage of subcomponents inspected
is less than 100 %, the supplier/manufacturer shall use a documented method for determining the
sample size.

nance to the

als apd non-metals) (see

fied supplier/manufactur-

components excluding:

wer grades.
hed to this
Table 3 — Quality grade requirements summary for ESP components/sub-comppnents
Property Q3 Q2 Q1
Matgrial certificate (met- |Per supplier/manufacturer|Subcomponents by speci- |Per Q2 with 100 % for sub-

examination for welds (see
79.2)

79:2.2)

ponents and subcompo-
nents with magnetic par-
ticle or liquid penetrant or
radiographic or ultrasonic
per supplier/manufacturer
inspection type selection
criteria.

7.5) er sample sizelexcluding:
— commonhardware — common hardware
— progess materials|— process materials
(such as penetrants, (such as| penetrants,
Solvents) solvents)
— shipping materials/|— shipping [ materials/
equipment equipment
Coatjngs and surface Per supplier/manufacturer | Per supplier/manufacturer | Subcomponents by speci-
treatments (see 7.6.2) fied sample size (hardness
shall be measyred using
coupons and/qr dedicat-
ed subcomponfent test
samples)
Non{destructive weld Visual'inspection (see Per Q3 with 100 % of com- |Per Q2

Componentand sub-
component dimensional

Per supplier/manufacturer

Critical features as spec-
ified in 7.9.3.4 on compo-

Per Q2 with crjitical fea-

tures as specif
fam} £41.]

ied in 7.9.3.4

3 u L 70 2
msp ectiot (CAs - mawsTey)

4 | AN £
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by specified sample size

10
UlT TUU /0 OT 11

nents and subcomponents

compo-

Securing of stator lamina-
tions (see 7.9.4.1)

100 % of subcomponents

100 % of subcomponents

100 % of subcomponents

Securing of rotor lamina-
tions (see 7.9.4.2)

Subcomponents by speci-
fied sample size

Subcomponents by speci-
fied sample size

100 % of subcomponents

Electrical integrity (see
79.4.3)

100 % of subcomponents

100 % of subcomponents

100 % of subcomponents

Gas block test for power
and motor lead extension
cable (see 7.9.4.4)

Per supplier/manufacturer

Per supplier/manufacturer

One sample of
duction run

each pro-
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Table 3 (continued)

Property Q3 Q2 Q1

Documentation (see 7.2)  |Per supplier/manufacturer|Per Q3 with component Per Q2 with functional
data sheet, certificate of |drawings that include ex-
conformance ternal profiles/dimensions

and a cut away view show-
ing the internal subcompo-
nents, operator’s manual

Traceability Per supplier/manufacturer |Per supplier/manufacturer|{100 % per 7.7

7.5 Raw materials

When requited by the quality grade or when specifically requested by the user/purchaser, nawmaterial
used in the manufacture of components and subcomponents shall have a material certification r¢port
to verify conformance to the chemistries and properties as stated in the supplier's/manufactyrer’s
documented material specifications. All materials shall be provided by audited and ‘approved material
suppliers. Material certifications are not required for common hardware or shipping hardware.

7.6 Additional processes applied to components

7.6.1 Dodumentation

Documentation of the processes described in 7.6.2 and 7.6.3 shall conform to atleast one of the following
requirements when approved by a qualified person:

— certificgte of conformance stating that the material and\processes applied conform to the supplier's/
manufafturer’s documented specifications and aceegptance criteria;

— material test report verifying that the matépials and processes conform to the supplier's/
manufafturer’s documented specifications and acceptance criteria.

7.6.2 Coa'[ings and surface treatments

Coatings and surface treatments shall be performed according to documented procedurgs or
internationdl or national standards)that result in a component or subcomponent that meet$ the
supplier's/r:[anufacturer's acceptance criteria.

When required by the quality grade, the surface hardness shall be measured using coupons and/or
dedicated spibcomponent, test samples, based on the supplier's /manufacturer’s sampling program.
When coupgns are used,-they shall be placed or selected to reflect known sources of potential process
variation.

7.6.3 Wellding

Welding and brazing procedures and personnel qualifications shall be in accordance with a national or
international standard, such as ASME BPVC Section IX or AWS D1.1/AWS D1.1M. Material and practices
not listed in these standards shall be applied using weld procedures qualified in accordance with a
national or international standard, such as the methods of ASME BPVC Section IX, AWS B2.1/AWS
B2.1M.

The supplier/manufacturer shall ensure that welding and brazing procedures are appropriate
for the specific well application considering issues such as corrosion susceptibility and hydrogen
embrittlement. The supplier/manufacturer shall have documented acceptance criteria for all welds.
The supplier/manufacturer shall have a documented procedure approved by a qualified person for
selecting the non-destructive weld inspection process used.
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7.7 Traceability

For Q3 and Q2 quality grades, traceability shall be in accordance with supplier's/manufacturer’s
documented procedures.

For Q1 quality grade, all subcomponents with the exception of common hardware, process materials
(such as penetrants, solvents) and shipping hardware shall be traceable to their raw material heat(s) or
batch lot(s) and shall have a unique identifier. The heat, batch and lot identification of subcomponents
shall allow for traceability of the subcomponent to the point that it is installed into the finished
component.
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7.8 | Calibration systems
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calib
acco]
proc

Tech
thosg
quali

Calib
lengf

The
capa
meas
mea
or af
oper
read

7.9

7.9.1
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rated range and shall be identified, controlled, calibrated and adjusted at specific
‘dance with the manufacturer's procedures, not to exceed one year.The supplier's /ma
bdures shall be based on an internationally recognized standard,

hologies for inspection, measuring and testing with verifiable accuracies equal to or
 listed in this document may be applied with appropriate documentation and when
fied personnel.

ration intervals shall be established based on repe€atability and degree of usage. Inter
hened or shortened based on documented repeatability, amount of usage and calibrat

ranges, calibrations, resolutions, reading"capabilities, time-based increments an
bilities shall have a confirmed accurady that allows each parameter used for acceq
ured to a level of accuracy that assures the conformance to the specified acceptance c
ured parameter shall be documented as directly as practical from the subcomponent|
sembly under test. All measuring and instrumentation systems shall be calibrate
htional system and shall betused only within their calibrated ranges that facilitatq
ngs by a qualified person(

Examination and.inspection

General

rmed ahd accepted according to the supplier's/manufacturer’s documented specifi

intervals in
nhufacturer’s
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vals may be
on history.
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riteria. Each

component
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t repeatable

h specified( by the supplier/manufacturer or user/purchaser, NDE and inspections shall be

rations. The
ified in this

supplier’s/manufacturer’s documented specifications shall include the requirements sped
subclalise'and acceptance criteria.

NDE instructions shall be detailed in the supplier's/manufacturer’s documented procedures and
conform with this document. All NDE instructions shall be approved by a qualified ISO 9712 Level
[II examiner and performed by a qualified person. Personnel performing and accepting NDE shall be
qualified in accordance with the supplier's/manufacturer’s procedures as a minimum for evaluation
and interpretation. Personnel performing visual examinations shall have an annual eye examination in
accordance with ISO 9712, as applicable to the discipline to be performed. As an alternative, the quality
manager shall be authorized to qualify quality inspector’s reading/observation capabilities based on
pre-specified criteria (such as eye examination chart readings from a specified distance).

The inspection results shall be documented.

NOTE For the purposes of this provision, ASNT RP SNT-TC-1A is equivalent to ISO 9712.
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7.9.2 Weld

7.9.2.1 General

Weld inspections shall be performed as specified by the quality grade and according to the requirements
of this subclause.

7.9.2.2 Visual inspection

All visible welds shall be visually inspected and documented in accordance with the quality grade. The
following features shall be considered unacceptable in the visual inspection of a weld:

a) cracks in base or filler metal;
b) inclusions;
c) surfacel|defects.

The implenpentation of visual inspection requires documented procedures(that include spegcific
acceptance ¢riteria and with approved and documented results. Visual inspection requires that 1D0 %
of the accessible/visible surfaces to be inspected.

7.9.2.3 Rajdiographic inspection

Radiographic inspections shall meet the requirements of a natipnal or international standard, sugh as
ASTM E94. Acceptance criteria shall be in accordance with a national or international standard, sujch as
ASME BPVC| Section VIII, Division I, UW-51 or ASME B31.3.

7.9.2.4 Ultrasonic inspection

Ultrasonicipspections shall meet the requirementsefa national or international standard, such as ASME
BPVC Clausg V, (Nondestructive Examination), Atticle 5. Acceptance criteria shall be in accordance|{with
a national of international standard, such ag’ASME BPVC, Clause VIII, Division 1, Appendix 12.

7.9.2.5 Mpgnetic particle inspection

Magnetic pdrticle inspection shall.be’in accordance with a national or international standard, sufh as
[SO 10893-5 or ASTM E709.

7.9.2.6 Liguid penetrantinspection

Liquid penefrant inspection shall be in accordance with a national or international standard, sugh as
ISO 10893-4 or ASEME165.

7.9.3 CompoOnent and subcomponent dimensional inspection

7.9.3.1 General

Components and subcomponents shall be dimensionally inspected in accordance with the quality grade
to assure conformance with the supplier's/manufacturer’s design criteria and specifications.

7.9.3.2 Shaft straightness

The supplier/manufacturer shall have documented procedures performed by qualified personnel
for shaft straightness to assure conformance with the supplier's/manufacturer’s design criteria and
specifications prior to final assembly. The documentation of the final straightness measurements shall
be provided to the user/purchaser.
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7.9.3.3 Stator bore straightness

The supplier/manufacturer shall have documented procedures performed by qualified personnel for
stator bore straightness to assure conformance with the supplier's/manufacturer’s design criteria and
specifications prior to final assembly. The documentation of the final straightness measurements shall
be provided to the user/purchaser.

7.9.3.4 C(Critical dimensional features

This subclause addresses the minimum required characteristics of critical dimensional features to aid
the supplier/manufacturer and user/purchaser in making decisions. Critical dimensional features shall
include those features necessary for reliable function of the equipment and will be documeénted by the
supplier/manufacturer using documented procedures and approved by a qualified person:

Critigal dimensional features shall at least consist of the following:
a) ghaft straightness;

b) gtator bore minimum drift diameter;

c) 1otor OD/ID;

d) alignment fit dimensions controlling mating and moving parts;

e) dimensions associated with rotating clearances, such as bearings, stage sealing fits;
f) ngth dimensions controlling stack up tolerances;

g) o-ring groove diameters;

h) gurface finish for sealing surfaces;

i) ¢xternal diameters, when critical for.the-application;

j) keyways and splines (via gages);

k) lhousing and barstock threads\required for sealing and/or alignment;
1) geometric dimensioning and tolerances where deemed important.
Featyires that do not require dimensional inspection include:

Iump stage floWw)path;

— ¢ommon haydware;

— fapes;

— 1notor laminations;

— process materials, such as penetrants, solvents;
— encapsulation materials;
— shipping hardware and materials.

The supplier/manufacturer may deem other dimensions to be critical based on the unique nature of the
design.
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7.9.4 Construction features

7.9.4.1 Securing of stator laminations

The supplier/manufacturer shall have documented procedures performed by qualified personnel
to secure the stator laminations inside the stator housing from rotating under full voltage starting
conditions. The supplier/manufacturer shall have a documented quality check procedure performed by

a qualified person to verify the laminations have been secured.

7.9.4.2 Securing of the rotor laminations
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e rotor end rings from shifting or loosening under starting or steady state-oper
[he supplier/manufacturer shall have a documented quality check procedure péiform
erson to verify the rotor end rings have been secured.

ectrical integrity

the manufacture of the stator, cable and pothead, the supplier/atanufacturer shall
procedures performed by qualified personnel to ensure the elegtrical integrity.

s block test for stranded power cable and motor lead éxtension

r/manufacturer shall have documented procedures.performed by qualified personn
block test conforming to IEEE Std 1018 or IEEE Std;1019 is performed on the manufact
randed power cable and stranded motor lead extension.

facturing non-conformance
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documentatfion and disposition of a non-conforming component or subcomponent.

Non-conforming components or subcomponents dispositioned for rework shall be reinspect¢d to
the same re¢quirements as the original component or subcomponent. Non-conforming compoments
or subcompjpnents dispositioned.for use as-is are acceptable for Q2 and Q3 quality grades proyided
that the dispositioned comporient or subcomponent is evaluated and approved by a qualified
supplier/mgnufacturer person. For Q1, use as-is also requires approval of a qualified user/purchaser
person. Responsibility for-feview and authority for disposition of non-conforming componentg and
subcompongnts shall-be Specified by the supplier's/manufacturer’s documented procedures.

7.11 Component functional testing

Functional
each component manufactured in accordance with this document. Functional test results shall be
documented, dated, and signed by qualified personnel performing the test. The testing details and
acceptance criteria shall be specified by the supplier's/manufacturer’s documented procedures.
Functional evaluation testing shall conform to requirements of Annex C.

8 Shipping, handling and storage

8.1 General

Components shall be handled, stored and shipped according to the documented processes and
specifications of the supplier/manufacturer to prevent deterioration. Components shall be packaged for
transport according to supplier's /manufacturer's documented specifications to prevent damage from
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normal handling and contamination. All material provided for transport shall be clearly identified for
removal prior to use. API RP 11S3 provides guidelines for appropriate practices of component handling.

8.2

Storage

Components shall be stored in conformance with the guidelines provided in the component data
sheet to prevent damage or deterioration under environmental conditions specified in the functional
requirements.

For components that have been stored for prolonged periods, or that have been stored under
environmental conditions that are outside those specified in the user functional requirements, the user/

purc

9

Com
recel
user

aser shall consult with the supplier/manufacturer to determine the shelf life of thecd

bubcomponent condition classifications in manufacture of componen

mponents.

ts

ponents supplied in accordance with the requirements of this document shall include new or

tified subcomponents or a combination of new and recertified subcomponents as spe
purchaser in the functional specification.

rified by the
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Annex A
(normative)

Design validation performance rating requirements by component

A.1 General

This annex
procedures
establishing
document t
requiremen
shall be rey
confirm tha
All testing s
thatinclude

Ratings sha

NOTE R{
downhole pe

specifies the validation grade requirements which include multiple individual valid
s), process(s) and test(s) and provides the supplier/manufacturer requirement
the performance ratings as specified in Clause 6. The supplier/manufacturer
he validation test procedures and results in a design validation file conforming t
[s of 7.2. The design validation file shall contain test results that validate'the desigy
iewed and approved by a qualified person other than the originator."This review
[, as a minimum, all of the design validation requirements of this document have been
hall be performed to conform to the requirements of Clause 7 and thié document proceq
acceptance criteria with the results approved by a qualified petson.

1 be established at performance identified during the validation testing process.

sults from design validation testing are not necessarily directly applicable for predicti
Fformance during operation.

A.2 Desig

This docume

— V1: Hig

technica

n validation grades
nt provides three grades of design validation for the components:

est grade - Validation grade Vl(applies to a component that satisfies the appli

include all of the design validation assumptions, calculations, evaluations, test result
pporting docdmentation used to validate the design. Validation grade V2 is a design
to accommodate use of the supplier's/manufacturer’s existing and established d

htion
t for
shall
b the

and
shall
met.
lures

bn of

rable
htion
5 and

rable
htion
5 and
htion
Psign
s the

onal,
s No

specific requirements of the design validation assumptions, calculations, evaluations, test results
and other supporting documentation used to validate the design. Validation grade V3 is a designation
provided to accommodate that documentation of design validation of the applicable component may
be determined from previously documented experience gained from manufacture of a component
and/or internal design basis documentation. For validation grade V3, it is expected that existing
information in the design validation file will be made available to satisfy the requirements of this
document.

Previous documentation or testing applicable to existing components shall be accepted at its relevant
grade. Components qualified to higher grades of design validation shall be considered qualified for
lower grades of design validation.
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Verifiable historical data shall include a minimum of 20 installations of at least one continuous year of
acceptable performance each. Components provided as V2 shall additionally conform to 6.2.9 (design

changes).

Table A.1 — Design validation grade requirements

ESP component |Requirement V3 V2 \% 1
All, where appli- Shaft power rating No specific require- |Per supplier/manufac- As per A.3.1.1
cable ments turer E—
Shaft coupling rating No specific require- |Per supplier/manufac- As per A.3.1.2
ments furer —
Bolton dis- Maximum flow capacity |No specific require- |Per supplier/manufac-
: Aspper A.3.2.1
charge head rating ments turer
Pressure rating No specific require- |y o p 322 Aspelf A.3.2.2
ments
Pump and gas Design performance No specific require- |Per supplier/manufac-
AspefA.3.3.2
handler curves - water only ments turer
Maximum GVF rating No specific require- |Per supplier/manufac- Aspel A.3.3.3
ments turer
Pump stage thrust No specific require- |Per’supplier/manufac- As pel A.3.3.4
ments tlrer
Housing pressure rating No specific requires AsperA.3.3.5 Asperr A.3.3.5
ments
Bolt{on intake Maximum flow capacity |No specific require- |Per supplier/manufac- As pell A 3.4
rating ments turer pel A.2.%
Mechanical gas |Design performance No specific require- |Per supplier/manufac-
As pert A.3.5.
sepafator curve ments turer
Sealchamber Volume contraction No(specific require- |Per supplier/manufac-
) . AspefA.3.6.2
section capacity ments turer
(_)pgratlon deviation No specific require- As per A.3.6.3 Aspef A3.6.3
limits ments —
Thrugt load bearing No specific require- |Per supplier/manufac- As pel A.3.6.4
capacity ments turer
Minimum-opetating No specific require- |Per supplier/manufac-
. Asperr A.3.6.5
speed forthrust bearing |ments turer
Horsepower requirement i(;rsl}cz)semflc require fas per A.3.6.6 As pef A.3.6.6
Motgr Motor performance pa- |No specific require- As per A.3.7.2.2 Aspel A.3.7.2.2
rameters ments I I
Motor voltage for mini-  |No specific require- As per A.3.7.2.3 Aspel A.3.7.2.3
mum current ments I ——
Scaling of desion valida- Nga specific reguire-
. ° © v N AsperA.3.74 AsperA.3.7.4
tion ments
Motor operatlpg_lnternal No specific require- As per A.3.7.5 As per A.3.7.5
temperature limits ments — E—
Locked rotor current, No specific require- |Per supplier/manufac- As per A.3.7.6
torque and power factor |ments turer —
“No specific requirements” indicates that the supplier/manufacturer has no requirement to provide any component
design validation/design verification documentation or documented and verified historical use of the component in an
environment justifiably similar to that of the functional specification.
"per supplier/manufacturer"” requires either component design validation/design verification documentation availability
or documented and verified historical use of the component in an environment justifiably similar to that of the functional
specification. Each document requires verification by a qualified person.

© IS0 2023 - All rights reserved

51


https://standardsiso.com/api/?name=44b956849fd4ad0f3a57e07f3eb38618

ISO 15551:2023(E)

mance

ments

turex

Table A.1 (continued)
ESP component |Requirement V3 V2 Vi
Power cable and . No specific require- |Per supplier/manufac-
MLE Voltage rating ments turer AsperA.3.8.2.5
Temperature rating No specific require- |Per supplier/manufac- As per A.3.8.2.5
ments turer e
Ampacity coefficients No specific require- | Per supplier/manufac- AsperA.3.8.2.4
ments turer
Conductor size ﬂii?qeaﬁc require- E?:piuppller/manufac- AsperA.3.8.2.2
Acceptable minimum No specific require- |Per supplier/manufac- As per A.5833
bending radius rating ments turer K37
Pothead Voltage rating No specific require- |Per supplier/manufac- Asgérn.3.9.2
ments turer I
. No specific require- |Per supplier/manufac-
Temperature rating As per A.39.2
ments turer
Ampacity coefficients No specific require- |Per supplier/mantfac- Asper A.3.9.3
ments turer
Differential pressure No specific require- |Per supplief/nranufac- As per A.3.9.4
performance ments turer I
Thermal cycling perfor- |No specific require- |Per supplier/manufac- Asper A.3.9.5

“No specific
design valida
environment

"per supplier;
or documentg
specification.

Fequirements” indicates that the supplier/manufacturer has no requirement to provide any comp
Fion/design verification documentation or documented and* verified historical use of the component
ustifiably similar to that of the functional specification.

manufacturer” requires either component design validation/design verification documentation availa|
d and verified historical use of the component in aht environment justifiably similar to that of the funct
Each document requires verification by a qualified person.

nent
in an

bility
ional

A.3 Meth

A.3.1 For
A.3.1.1 Sh

A3.1.1.1 (

The supplie
temperaturg

A.3.1.1.2

all components
aft power rating

Feneral

Method

od for determining performance ratings

F/manufacturer shall specify the shaft power rating at the reference speed and refef
e and the'maximum rated operating temperature, typically reported as horsepower.

ence

Verification of shaft power rating shall be through physical testing that at least includes:

a) aminimum of ten samples from the same or multiple heat lot(s) for each specific diameter used for
physical testing;

b) performance of a pull test on five of the samples in accordance with ASTM E8, in which samples are
machined only for connection requirements to the test equipment and all samples are machined
per the supplier's/manufacturer's test specimen drawing;

c) performance of torsion testing on five of the samples, in which samples are machined with all
production features, such as splines, keyways, locating grooves, and all samples are machined per
the supplier's/manufacturer’s test specimen drawing;
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d) chemical and mechanical specifications that fall within the material requirements of the supplier/
manufacturer.

Scaling of physical testing is permitted based on the following conditions:

1y

selection of three diameters of each alloy for physical testing, in which for proper scaling, the

minimum, maximum and mean diameter materials with the same production features are selected;

2)
3)

performance of physical testing of the samples;

against the test sample’s actual dimensions and material properties;

performance of theoretical analysis by finite element analysis or equivalent analysis method

4)

5)

q

\

The

pOWEe
degr
supp
elect
desig

A.3.1
The {

]

~~

whet

i

gcaling to other diameters is only permitted, if the theoretical versus physical torsiond

lier or by physical testing and approved by a qualified*person. The supplier/manuf

[omparison of the results of the physical testing and theoretical analysis by calculatj
f the torsional yield between the theoretical and physical results, in which~the y
etermined by plotting an angle versus torque graph to show the transition from line|
eformation and taking the standard 0,2 % offset on this curve;

raries less than 5 %.

theoretical or physical torque at the torsional yield point is converted to horsepowsg
br rating shall be calculated by applying a temperature correction factor, based on a yi
hdation versus temperature curve, which is determined. either from data provide

to apply additional de-rating correction factors to this'calculation, which shall be sp¢
n validation documentation.

.1.3 Calculation

haft power rating shall be calculated using Formula (A.1) or Formula (A.2).

s = Cloaq (T xV)/9 549 (tetric units)

.= Clpaq (T xVv)/63 025 (US customary units)

e

[10aq 1S de-ratingfactor, such as temperature and design margin;

P is shaft power rating expressed in kW or HP;

is rotational speed expressed in r/min;

is torque at yield point expressed in N-m or in/Ib.

ng the ratio
eld point is
ar to plastic

11 yield ratio

r. The shaft
eld strength
1 by source
hcturer may
cified in the

(A1)

(A.2)

A.3.1.1.4 Documentation and reporting

The following data shall be documented:

a) material certification data, diameter, and machined features;

b) unique identifiers and type descriptions of the test equipment and instrumentation.

The following data shall be documented during the test:

a) for pull test sample, per ASTM E8:

1) ultimate tensile strength;

2) yield strength;
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3) % elongation;

4) de-rating factors applied.
b) for torsional test samples:

1) ultimate tensile strength;

2) yield strength;

3) angle of twist (rad);

4) de-ratingfactorsapptied:
A.3.1.2 Shiaft coupling rating

A.3.1.2.1 General

The supplier/manufacturer shall specify the coupling rating at the reference-temperature and the
maximum rated operating temperature, typically reported as horsepower.

A.3.1.2.2 Method
Verification|of the spline diameters and materials shall be through physical testing that at least inclpdes:
a) aminimum of five samples from the same lot for a diameter‘dnd spline type;

b) performance of torsion testing on the five samples, in which all samples are manufactured pdr the
supplief's/manufacturer's specification:

1) prepare short sections of shafting, splined for‘the coupling to be tested, where shaft length is
thejminimum required for the test fixture/system;

2) selgct the shaft material to match the'intended rating of the coupling;

3) insert the two shafts into the_ceupling and apply torque until either the shaft yields of the
coupling fails:

— |if a shaftyields (perAy3:1.1.2), the coupling is to be rated at the same horsepower ratipg as
the shaft that yielded;

— |if the coupling fdils (such as by fracturing, splitting, deformation), the coupling is fo be
rated at 66 % of the horsepower at the torque failure point.

c) chemicgl and miechanical specifications that fall within the material requirements of the supplier/
manufafturet:

The shaft cqoupling rating shall be calculated by applying a temperature correction factor, basedlon a
yield strength degradation versus temperature curve, which is determined either from data provided
by source supplier or by physical testing and approved by a qualified person. The supplier/manufacturer
may elect to apply additional de-rating correction factors to this calculation, which shall be specified in
the design validation documentation.

A.3.1.2.3 Calculation

The shaft coupling power rating shall be calculated using Formula (A.3) or Formula (A.4).

Py = Ciyaq (T % v)/9 549 (metric units) (A.3)

P, = Ciyaq (Tt X v)/63 025 (US customary units) (A4)
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where

Cloaq 1s de-rating factor, such as temperature and design margin;

P,.  isshaft coupling power rating expressed in kW or HP;
1% is rotational speed expressed in r/min;
T is torque at yield point expressed in N-m or in/Ib.

A.3.1.2.4 Documentation and reporting

The
a)

b)
‘)

A.3.

A.3.2.1 Maximum flow capacity rating

The

on discharge. The supplier/manufacturer shall have;a’documented process that supports {
maximum recommended flow capacity. Flow capacity shall be reported as a maximu
maximum velocity.

A.3.2.2 Pressure rating

Design validation shall be performed to a documented procedure and successfully comp
supplier's /manufacturer’s established acceptance criteria for each size, type and pres

The

pressure.

A.3.3 Pump and gashandler

A.3.

The

maximum GVF at the intake, and the housing pressure rating of the pump and gas handler ¢

A.3.

3.1 Specifications

3.20 Standard test fluids

following data shall be documented:

type;
unique identifiers and type descriptions of test equipment and instrumeéntation;

orque applied, angle of twist (rad), de-rating factors applied.

2 Bolt-on discharge

supplier/manufacturer shall provide the maximum.,recommended flow capacity rating

bressure rating shall be the-value of the maximum allowable difference of internal 1

supplier/manufacturer shall specify the pump performance curves (catalogue

material certification data, part number, unique identifier (where applicable), spline diameter and

r of the bolt-
he reported
m rate and

leted to the
sure rating.
bss external

rurves), the
omponents.

Reference fluids shall be used for testing. Gas used for testing shall be air or nitrogen. Specific gravity of
the test fluids are measured/calculated at intake conditions.

A.3.3.3 Design performance curves - water only

A.3.3.3.1 General

Design performance curves shall be prepared showing the head, shaft input power, and efficiency as a
function of flow rate. The performance curves shall be created by testing at a target rotational speed of
either 2 916 r/min (3 %) or 3 500 r/min (3 %).
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A.3.3.3.2 Test points

Tests shall be performed on a minimum of three different pump sections, in three different housing

lengths.

A test point includes direct measurements of discharge and intake pressure, flow rate, and data
required to correct test fluid to standard conditions. The data to be recorded for correcting fluid to
standard conditions shall include shaft torque, rotation speed, and intake fluid temperature.

For each pump section, starting at zero flow, a minimum of seven test points shall be taken, at
approximately equal flow intervals, with the last point being recorded at a flow which results in

test open fl

AL 'T'hnn, cf:n'fing at test open F]nurl 2 minimum of seven test pninfc shall bhe take

n, at

approximat
be performsd

bly equal flow intervals, with the last point being recorded at zero flow rate. This t€st
d a minimum of three times.

shall

A.3.3.3.3 Calculations
Formulae (A.5) to (A.16) shall be used to generate the pump performance curve and shall be documgnted
per A.3.3.3.4.
Head:
H=(p,4p;) x 101 970/p¢ (metric units) (A.5)
H=(p,4p;) x 144/p; (US customary units) (A.6)
Shaft power:
P,=(v+41)/9 549 (metric units) (A.7)
P, =Wvx1)/5252 (US’eustomary units) (A.8)
Fluid powerf
Pe=(H~Qxp;)/8810 348 (metric units) (A.9)
Pe=(HXQxp;)/8463 627 (US customary units) (A.10)
Efficiency:
E=100 g P¢/P (metric units) (A.11)
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E =100 x P¢/P,, (US customary units)

Flow rate adjustment:

Qa = Qn > (vi/Vn)

Head adjustment:

H, = Hy % (v,/v,)?

Thrust adjustment:

B, = Fy x (v,/v,)?

Powgr adjustment:

wherte

B, = Py x W/v,)*

Efficiency expressed in per cent;

is the thrust adjustment;

is the thrust at test r/min;

is the head in height of water column expressed in m or ft;

is the power adjustment;

is the fluid power measured-atpump discharge expressed in KW or HP;
is the mechanical power,demanded by the shaft measured atits driven end expressed
is the power at test({/min;

is the pressureZmeasured at pump intake expressed in MPa or psi;

is the pressure measured at pump discharge expressed in MPa or psi;

is the-flow rate measured at pump discharge expressed in m3/d or bbl/d;
isthe flow rate adjustment;

is the flow rate at test:

is the test revolutions expressed in r/min;
is the reference revolutions expressed in r/min;

is fluid density measured at pump discharge expressed in kg/m3 or Ib/ft3;

(A.12)

(A.13)

(A.14)

(A.15)

(A.16)

in kW or HP;

is the torque applied to the pump shaft at the pump intake expressed in N-m or ft/Ib.
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A.3.3.3.4 Documentation and reporting

The following data shall be documented for each pump housing length tested:

a) stage name, series, pump construction type, number of stages, and unique identifier (such as serial
number);

b) unique identifiers, calibration data and type descriptions of test equipment and instrumentation.

The following data shall be documented during the test, at each of the test points:

a) intake pressure;

b) dischar
c) intake
d) dischar

e) flow rates;

f) rotatioy
g) shaftto
All raw test

Tests perfor
performed
below:

— head sh

— flow ratle shall be reported in cubic metres per day or in barrels per day;

— power §
— thrust 4

Best fit cury
reference r/

A graph of h
min, shall bg

— The horf
allows t
allow rd

be pressure;
emperature;

pe temperature;

speed;
Fque.
data should be retained in the original units of measure:

med at the target rotation speed of 2 916 r/min shall'be reported in metric units and

b1l be reported in metres of water or in feet'of water;

hall be reported in kilowatts or ih horsepower;
hall be reported in newtons.or in pounds force.

es for head and power versus flow shall be determined using all the test points correct
min.

ead and power versus flow, using the best fit curves and test points corrected to targ
p constructed-as follows:

izontal scalée of the graph shall show flow rate at the bottom of the graph using a scale
he data-oif the graph to be easily viewed. The scale on this axis shall start at zero and
preseritation of the whole curve.

— Thever

tests

t the target rotation speed of 3 500 r/min shall besteported in US customary units as shown

ed to

ret r/

that
shall

icAlavicechall chauw hoaad nawaor and officioncuucinaccalacthat allaw the datq anthe
OV e e e R ey o 5 S e eSSttt Ot ettt O e

draph

A AT A A T Ay o ¥ TTT

to be easily viewed. The scales on these axes shall start at zero and shall allow representation of the
whole curves.

The supplier/manufacturer shall report pump curves at both 2 916 r/min and 3 500 r/min. These pump
curves can be generated using affinity laws extrapolated from actual tests performed at a different
rotation speed, if required.
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3.4 Maximum gas volume fraction rating - air and water

3.4.1 General

Maximum GVF shall be determined based upon test data at BEP and reference fluid properties.
Maximum GVF rating shall be determined for each stage type, using the maximum number of stages as

determined in

Table A.2, or for specific fixed length pump and gas handler designs.

Table A.2 — Maximum allowable differential pressure by pump housing outer diameter

Pump housing outer diameter Maximum differential pressure at BEP & 100 %
liquid

cm in kPa psi
<9,78 <3,85 1379 20D
9,79 to 11,68 3,86 to 4,60 2068 30D
11,69 to 15,24 4,61 to 6,00 3447 50D
15,25 to 20,32 6,01 to 8,00 2758 40D
>20,33 >8,01 3447 50D

he following

B 500 r/min

d conditions

ed and then
bd (ensuring
inutes). The
inder of the

hta shall be

ata shall be
e process is

essure cannot

eptable by a

A.3.3.4.2 Testpoints

The test points for each stage type or specific pump and gas handler design consist of tl

steps:

a) Tests shall be performed on a minimum of one punip/gas handler component.

b) Tests shall be performed at a target rotatienal speed of both 2 916 r/min (*3 %) and
+3 %).

c) Intake pressure shall be 1400 kPa (£5-%). Intake temperature shall be at reference flui
or, alternatively, corrected to referénce fluid conditions.

d) The BEP flow rate shall be established +2 % by starting with the discharge choke clog
¢pening it until the targetrate is achieved and flow loop discharge pressure is stabiliz
pressure measurement vValues do not vary by more than 5 % for a minimum of 2
discharge choke position and rotational speed shall remain unchanged for the rem
lesting steps

e) (Gas is introduced until the free gas content at the intake (GVF) is 5 % (¥1 %). D
documented ‘after intake flow and pressure are stabilized (at values 5 %) for a minimum of
b minutes

f) Additienal gas is introduced to increase the intake GVF by an additional 5 % (*2 %). [
documented after flow is stabilized (at values +5 %) for a minimum of 2 minutes. Th

ofttintedby-inereasing GV by incrementsof 5% (290 untitpump-differenttat pres
be stabilized (at values +5 %) for a minimum of 2 minutes or head becomes zero.

g) Stepsa)tof) shall be performed atleast three times to ensure repeatability of results. Repeatability
of results is achieved, if the repeated test results are evaluated and documented as acc
qualified person.

h) The reported rating shall be the average of the test results from step g).

A.3.3.4.3 Calculations

The following calculations shall be made to generate the pump GVF rating and documented per A.3.3.4.4.
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age of free gas is given in Formula (A.17):

Vi =(100)(Qc1)/(Qqi+ Qi) (A.17)
The gas volume fraction is given in Formula (A.18):
G =(Qc)/(Qgi + Qry) (A.18)
where
Qg igtheftowTate of gasarintake;
Qp; idthe flow rate of liquid at intake.
A.3.3.4.4 DPocumentation
The following pump and test fluid data shall be documented:
a) stage name, series, pump construction type, number of stages, and uniqueidentifier (such as gerial
numben);
b) unique |dentifiers, calibration data and type descriptions of test equipment and instrumentation;
c) intake gressure;
d) discharge pressure;
e) intake ljquid flow rate;
f) intake gas flow rate;
g) intake temperature;
h) discharge temperature;
i) shafttofque;
j) rotatior speed.

All raw test

Tests perfor
performed 3
shown beloy

differen

data shall be documented in the original units of measure.
med at the tanget rotational speed of 2 916 r/min shall be reported in metric units and
v:

tial{p¥essure shall be reported in megapascal or in pounds per square inch;

tests

it the target-rotational speed of 3 500 r/min shall be reported in US customary units as

liquid f1

- 1111 PR I 1 - h] S| 1 1
W TdLE Slldil DETTPUTILCU IIT CUDIC ITIIELI S Pl Udy Ol 1T DAI'TTIS Pel udy,

(fluctuate more than £5 %).

maximum GVF shall be reported as the GVF at the point at which pressure readings become unstable

The pump design performance curves shall be generated based on the data collected in this testing as

per A.3.3.3.

A.3.3.5 Pump stage thrust

A.3.3.5.1 General

Design performance curves shall be prepared showing the axial thrust for one pump stage as a function

of flow rate,

60

atboth 2 916 r/min and 3 500 r/min, using reference fluid.
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Test points shall be taken per A.3.3.3.4 with the addition that pump shaft axial down thrust and flow
rate shall be included in the data measurements and the tested pump construction is of compression

type.

Documentation of data shall conform with A.3.3.5.3, with the addition that the pump shaft cross
sectional area shall be documented.

A.3.3.5.2 Calculation method

The total axial thrust measured at each test point shall be corrected to standard conditions and target
rotational speed. This total axial thrust value divided by the number of pump stages shall result in the

thru

The
each
cond
pum
and 4

For f
calcy
calcu

The 1
the h

A.3.3

A gr{
cons
teste
the g

A.3.3

Desij
the

Ft value per stage for the compression type pump construction.

bump shaft axial thrust generated by the differential pressure on the shaft shall'be ¢
test point by multiplying the pump differential pressure at that test point, corrécted

b shaft axial thrust contributed by the mass of the shaft and impeller assembly shall 1
ubtracted from each test point. For horizontal tests, this value shall be'zero.

oater type pump construction, the hydraulic portion of the pump.thirust at each test p
lated by subtracting the pump shaft axial thrust measured at the.test point from the t
lated for the compression type pump construction.

ingle stage hydraulic portion of the pump thrust at eachdest point shall be calculated
ydraulic portion of the pump thrust by the number of pump stages.

.5.3 Documentation

iph of flow rate versus single stage hydraulic thrust, using data calculated per A.3.3.
[ructed so that the horizontal scale is identical to the graph of head and power versus
d pump stage type and the vertical axis’shows stage thrust using a scale that allows
raph to be easily viewable and provides representation of the entire thrust curve rang

.6 Housing pressure rating

bn validation shall be performed to a documented procedure and successfully c

alculated at
to standard

fitions and target r/min, by the shaft cross sectional area. For vertical pump, tests, the portion of

e computed

oint shall be
hrust values

by dividing

5.2, shall be
flow for the

the data on
e.

bmpleted to

upplier's/manufacturer’s’ established acceptance criteria for each series, design

configuration. Test results-shall determine the maximum allowable difference of internal 1

pres
appr

bved by a qualified person other than the design engineer and the testing engineer.

not apply to housing pressure rating.

A.3.1
The

L Bolt-on intake

supplier/manufacturer shall provide the maximum recommended flow capacity

d material

a
Fss external
bure that can be-exerted on the housing, which results in the rating. The test results shall be

bcaling does

rating and

tnra dyran of+rha st alen o d ch a1l oy octmanted nracacc that cinn g tethn rating
et —teHieak HEG-S5ar t

pres

4+
T T A= Ty COoOUpPPUT TS tIICTacrirgs

A.3.5 Mechanical gas separator

A.3.5.1 General

The supplier/manufacturer shall prepare mechanical gas separator performance curves for design
validation.

A.3.5.2 Standard test fluid conditions

Reference fluid shall be used for testing. Gas used for testing shall be air or nitrogen. Specific gravity of
the test fluids are measured/calculated at intake conditions.
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st fixture

The testing fixture shall have the following features:

a)
capable

b)

of maintaining a constant pressure of 689 kPa (100 psi) =5 %.

The intake shall be isolated to assure all fluids pass through to the interior of the component and

The vents shall be isolated to assure all vented fluids are contained for measurement. The

differential pressure between the intake pressure and the gas vent shall be not greater than
0,34 kPa (5 psi).

The drive system shall be able to measure input power.

d) The tes

rate ang

the
sep
me

ab

fixture shall have a pumping method incorporated in order to generate the requitied
| pressure through the device. The pumping method shall be either of the following:

test fixture shall have a pump, which is to be connected to the dischargérside of th
hrator that is capable of producing a maximum liquid flow rate greatér than that g
rhanical gas separator and a differential pressure of 1 379 kPa (200 psi )*+10 %j;

pboster pump to provide inlet flow at the specified pressure provided that the flow r

generates is not greater than the maximum water only capacity of the component being t

(pe

A.3.5.4 De

A.3.54.1 (

Design perf
horsepower;
performanc
and 3500r

A.3.5.4.2

Testing sha
A.3.3.3.2.

A.3.54.3 (

Test points
curve being

a) Intake

FA.3.5.4.2).
sign performance curves

Feneral

ormance curves shall be prepared showing' mechanical gas separator efficiencyj
as a function of intake free gas percentage at a constant intake liquid flow rate
e curves shall be created by testing at.target rotational speeds of both 2 916 r/min (4
min (*+3 %) at the test intake pressure.

Water only test points

1 be conducted with thereference fluid to prepare a water only performance curv

hassy fluid test points

bhall be takernnbased on the following conditions and in enough quantity to fully defin
created:

ressure shall be at 689 kPa (100 psi ) +5 % throughout testing at all rates;

b) Intakel

quid flow rates shall be of 20 %, 40 %, 60 %, 80 % and 100 % of maximum of the compo

flow

b gas
f the

hte it
bsted

and
The
3 %)

b per

e the

nent,

c)

Intake free gas percentage shall start at 5 % and increase in increments of 5 % until the component

gas separation efficiency is less than 20 %. The testing shall be performed at each of the five
prescribed liquid flow rates.

A.3.5.4.4 Calculations

The calculation for percentage of free gas shall be per Formula (A.17). The calculation for P, (in kW or

HP) shall be

per Formulae (A.7) or (A.8).

The calculation for mechanical gas separator efficiency shall be per Formula (A.19).

Eyvgs=100 x Qr/Qi

62

(A.19)
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where

Qg  is the gas flow rate at inlet;

Qcce s the gas out gas exit.

A.3.5.4.5 Documentation and reporting
1) The following data shall be documented:

a) the series;

ISO 15551:2023(E)

ll)) construction type;

¢) unique identifier;

2) The following data shall be documented during the test, at each of the-test points:

4) inlet pressure;

Ib) gas exit pressure;

¢) liquid exit pressure;
d) inlet, liquid flow rate;

¢) inlet, gas flow rate.

d) test pump details, such as series, stage name, number of stages and construction.

3) The following data shall be documented or edlculated during the test, at each of the tesft points:

4) component shaft torque;

) component shaft rotation speéd.

4) The following data shall be decumented or calculated based on mass balance equationis during the

flest, at each of the test points:
3) liquid exit, liquid flow rate;
) liquid exit, gas'flow rate;

¢) gas exit,gastlow rate;

d) gas €xit, liquid flow rate.

The pas<separator design performance curves shall be generated based on the data collgcted in this
testing~as per A.3.5.4 and shall be reported along with all the data documented and cplculated in

A.3.5.4.5

A.3.6 Seal chamber section

A.3.6.1 General

To establish the performance ratings of the seal chamber section, the supplier/manufacturer shall

perform the specified actions.

© IS0 2023 - All rights reserved
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lume contraction capacity

A.3.6.2.1 General

This subclause specifies the method that determines seal chamber contraction capacity. Ratings
provided shall be at both vertical orientation and at the component’s maximum deviation limit as

specified on

the component data sheet.

A.3.6.2.2 Gravity chambers

A.3.6.2.2.1

For a chambh
type chamb
contraction
subject to th

A.3.6.2.2.2

The sweep
volumes wh

A.3.6.2.2.3

When calcu
limit, there
orientation.

Gemerat

er that relies on gravity to separate seal chamber fluid from well fluid, such asdabyn
er designs, calculations or computer-based solid modelling can be used to determin
capacity of the chamber. The calculations or models used to determine the ctapacit
e conditions described in A.3.6.2.2.2 and A.3.6.2.2.3.

Sweep volume

olume capacity of a chamber is defined as the total volume in the\chamber less any ina
ich can exist due to the physical design of the chamber.

Contraction capacity while deviated

ating the contraction capacity of the chamber wherrat the component’s maximum devi
can be features that affect the contraction eapacity based on the component’s
If the orientation of these features cannot bet¢ontrolled, the features shall be assum

be in the orientation that results in the smallest contragtion capacity for calculation purposes.

A.3.6.2.3

Positive seal chambers

Positive seall chambers, such as bags/bladders/bellows or pistons, use a physical barrier to sep

inth-
e the
y are

ctive

htion
bolar
ed to

hrate

the well fluld from the internal seal chamber fluid. For these chambers and for the purposes of this

document, fontraction capacity shall\be determined using experimental methods subject tq the

following:

a) The test fixture shall simulate a seal chamber section to support the positive seal element(s) and
provide| a path from the.internal chamber volume through a check valve which is rated fof the
specific|seal chamber<seéction design. The test fixture and testing fluid(s) shall be maintained at a
relatively stable temperature throughout the testing procedure.

b) The chamber(s)internal volume shall be filled with an incompressible fluid that has a viscosjty of
less thapn or éguial to 60 cP. The chamber(s) external volume shall be filled with an incompregsible
fluid thpthas a viscosity of less than or equal to 60 cP or, alternatively, with air or nitrogen at a
sufficiektpressureto-ensure-theinternalchamberissufficientlycontracted:

c¢) The chamber(s) internal volume shall be filled with additional fluid until such time that the internal
pressure of the chamber causes the check valve to open. Once the check valve opens, the filling
process is stopped by reducing the filling rate until such time that the check valve closes.

d) The chamber(s) internal volume shall be emptied while the positive barrier is pressurized
externally, until such a time that the differential pressure across the barrier reaches the supplier's/
manufacturer's specification for the maximum differential pressure rating for the specific seal
chamber design.

e) The expelled fluid volume from the internal chamber in step d) shall be measured and reported as
the maximum contraction volume of the chamber.
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f) Single positive seal chambers shall be tested independently to determine its contraction capacity.
Multiple positive seal chambers that are connected in parallel to increase the contraction capacity
shall be tested together to determine the contraction capacity of the combined chambers.

A.3.6.3 Operating deviation limitations

The supplier/manufacturer shall have documented procedures and acceptance criteria to support
that the seal chamber section can perform its designed function at the stated maximum deviation as
indicated on the component data sheet.

A.3.6.4__Thrust hpnring load capacity

A.3.6.4.1 General

The pbjective of the thrust bearing load capacity test is to verify the load ratingin'both the clockwise

and ¢ounter-clockwise directions of a hydrodynamic axial thrust bearing whenimmersed in lubricating

fluid| This test verification shall be performed for each combination of runnér and bearing fesigns.

A.3.6.4.2 Test equipment and procedure

The gupplier/manufacturer shall use the following test equipmenfand procedure:

a) As a minimum, the test equipment shall comprise of a“thrust bearing, a thrust runpner, a shaft,
e¢quipment required to fix the runner to the shaft, a,drive motor, a housing to contain test oil and

old test pressure, equipment to regulate test pressure, test temperature, and to monjitor the test
arameters.

b) The testshall be conducted such that the motorfluid temperature within the test apparatus is at the
fated maximum temperature of the seal chamber section as specified by the supplier/manufacturer

r higher. The temperature shall be mehitored by measuring the motor fluid temperature within
the test apparatus and shall be maintained within a range of +2,5 °C (4,5 °F) throughqut the test.

c) The test fluid shall be supplier's fmianufacturer's specified motor fluid and shall have afviscosity no
lhigher than 3 cP at the maximum test temperature.

d) The testsetup shall providetest fluid that is essentially free of debris and contaminants such as air

r water throughout the test.

e) The chamber pressure shall be between 96 kPa and 2,76 MPa (14 psia and 400 psia). Tlhe pressure
ghall be maintained within a 69 kPa (10 psi) range throughout a given test.

f) The test shall'‘be conducted at revolution speed between 2 916 r/min and 3 500 r/min.

g) A minimum of three samples shall be tested. Each sample shall be tested in both clockwise and
¢ounter-clockwise rotational direction.

h) The samples used for testing purposes shall be standard equipment and shall not have any
modifications that can affect their performance in the test, with the exception of modifications to
allow for temperature measurements of bearing pads.

i) An axial load equal to the required test load shall be applied. The sample shall be rotated for a

minimum of 30 min.

A.3.6.4.3 Test acceptance criteria

The supplier/manufacturer shall have documented procedures and acceptance criteria to support the
thrust bearing load ratings as indicated on the component data sheet.
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The bearing passes these test acceptance criteria if there is no evidence of fluid film breakdown as
determined by visual inspection of the bearing surfaces and approval by a qualified person other than
the one performing the test.

Testing shall be completed successfully on all three consecutive samples. If one of the sets of three

samples fail

s original testing, then testing shall be performed with a new group of three samples.

A.3.6.4.4 Determination of thrust bearing test load

Formula (A.20) shall be used to determine the thrust bearing load:

L, = (Lo =525 =tv 735603 tu/5)) 7.20)
where

L, is the test load;

L is the nominal load rating of bearing at 3 500 r/min and 5 cP lubricating fluid viscosity;

v, is the actual shaft rotational speed during test expressed in r/min;

U, is the actual lubricating fluid test viscosity (absolute) expressed in cP;

1,25 |is the standard safety factor.
A.3.6.5 Minimum operating speed for thrust bearing
A.3.6.5.1 General
The objective of the minimum operating speed for thtuist bearing test is to validate the ability of thejaxial
thrust bearing to handle a nominal load at the minimum rated rotational speed in both clockwis¢ and
counter-clo¢kwise rotational directions. This\test validation shall be performed for each combinption

of runner aif

d bearing designs.

A.3.6.5.2 Test equipment and procedure

The suppliey/manufacturer shalluse the following test equipment and procedure:

a) The test equipment shallbe per A.3.6.4.2.

b) The test shall be conducted at any temperature. The temperature shall be monitored by measI;Ilring
the motor fluid temperature within the test apparatus and shall be maintained within a ranjge of
+2,5 °C [+4,5.°F)throughout the test.

c) The test fluid shall be supplier's /manufacturer's specified motor fluid and shall have a viscosity no
higher tham3cPatthe maximumnr test temperature:

d) The testsetup shall provide test fluid that is essentially free of debris and contaminants, such as air

or water, throughout the test.

e) The chamber pressure shall be between 96 kPa and 2,76 MPa (14 psia and 400 psia). The pressure
shall be maintained within a 69 kPa (10 psi) range throughout a given test.

f) The test shall be conducted at the specified minimum frequency as dictated by the supplier/
manufacturer. The speed shall be held to + 0 %/- 2 % tolerance throughout the duration of the test.

g) A minimum of three samples shall be tested. Each sample shall be tested in both clockwise and
counter-clockwise rotational direction.
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The samples used for testing purposes shall be standard equipment and shall not have any
modifications that can affect their performance in the test, with the exception of modifications to
allow for temperature measurements of bearing pads.

Initial load applied to the thrust bearing before start-up shall be no less than 445 N (100 lbf). Once
the test speed is reached, an axial load equal to 2 224 N (500 Ibf) (£5 %) shall be applied. The load
shall be maintained for a minimum of 30 min.

A.3.6.5.3 Test acceptance criteria

The supplier/manufacturer shall have requirements and documented procedures and acceptance

critefiato verily the minimum operating speed as 1ndicated on the component data sheet.

Testing shall be completed successfully on all three consecutive samples. If one ofthé dets of three
samples fails original testing, then testing shall be performed with a new group of thrée samples.

A.3.6.6 Horsepower requirement

The
critefia to validate the horsepower requirement as indicated on the component data sheet.

A.3.7 Motor

A.3.7.1 Motor performance

The

supplier/manufacturer shall have requirements and documented.procedures and| acceptance

bbjective of the motor performance test is to validate the motor performance paramsgters. This is

accomplished by recording the motor amperage, speed, torque, input kilowatts, efficiency, jower factor,
and qverage winding temperature rise at 100 % gf'rated output power under specified tesf conditions.

This|test applies a load device to the motor, such'as a dynamometer.

The

fest shall be performed in a controlled”environment, where key input parameters ambient fluid

temperature, ambient fluid flow rate, mdtor torque, input voltage, input power frequency are controlled

and
rise qre measured.

A.3.7.2 Test procedures

A.3.7.2.1 General

butput parameters amperage, speed, input kilowatts, power factor, average winding temperature

This[subclause provides the details of the motor performance and motor voltage for mininpum current

test procedures;

A.3.7.2.2 \Motor performance test

To edtablish the motor pprfnrmnnrp parameters from 693 the motor shall be run in a tes ]oop under
the following conditions:

a)
b)

)
d)

The cooling fluid (water) shall be maintained between 60 °C and 71 °C [150 °F (£10 °F)].

The flow rate shall maintain a fluid velocity by the motor between 0,27 m/s and 0,34 m/s (0,9 ft/s
and 1,1 ft/s).

The input power frequency shall be 60 Hz (1 %) with voltage THD <5 %.

The casing/liner in the immediate proximity of the motor shall not be larger than two times the
diameter of the motor, and its diameter shall be reported.

The motor load shall be set at 100 % of rated output power, while energized at the voltage which yields
the minimum current at 100 % output power. The motor shall operate for a minimum of one hour to
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allow time for the fluid in the testloop and the internal motor temperature to stabilize prior to obtaining
the performance parameters. The amperage, voltage, speed, torque, input kilowatts, power factor are
measured and average winding temperature rise and efficiency are calculated. The average winding
temperature rise is calculated according to the change in resistance of the stator winding between two
states per A.3.7.3. The efficiency is calculated according to Formula (A.21):

E=(((v=xm/30) /(B x1000)) x 100) (A.21)
where

B is the-inputpower-expressedinkik

v isr¢tational speed expressed in r/min;

T istorque expressed in Nm.

ture-
5 the
bwed

The viscositly of the motor fluid used in the test shall be estimated and reported usingthe tempera
viscosity curve for the fluid and the internal operating temperature of the metor calculated a
ambient fluid temperature plus the average winding temperature rise. The minimtum viscosity all
with this vigcosity estimation method during testing shall be 4 cP.

A.3.7.2.3 Motor voltage for minimum current

ina

To verify th
test loop un
same fluid §
constant toi
(#2 %)] or m
varying volt
and data plg

e optimum motor voltage for a specified power outputirating, the motor shall be rug
der the conditions described in A.3.7.2.2. The motoxfluid used in the test shall be g
pecification used for the motor performance test-The motor load is to be maintain
que [calculated torque at 100 % output power assuming a rotation speed of 3 450 1
aintaining a constant power output of 100 % rated output power (2 %), while energiz
ages. The voltage shall be varied and at each voltage point the amperage shall be recg
tted until the minimum input current péint is determined. The voltage at which the cu

f the
ed at
min
ed at
rded
rrent

is minimize
for minimuy

1 is the motor test voltage for the moter performance testin A.3.7.2.2 and the motor volltage
h current in 6.9.3.

A.3.7.3 Mpo¢tor winding temperature:rise

A.3.7.3.1 General

The supplie
winding ten
the DC resis
before the W
of the condy
in direct prj
following pr

a)

'/manufacturer shall have requirements and documented procedures for validating motor
hperature rise, The average temperature of a winding can be determined by compgring
tance of the'winding at a specific temperature with the DC resistance at the temperature
hinding is-initially energized at the start of the test. This method utilizes the charactefistic
ctor material, where in the temperature range of interest, the winding resistance chgnges
pportion to the winding temperature. This validation test shall be performed using the
oCedure:

The first resistance measurement is taken before the motor is energized and loaded, with the
winding temperature stabilized while immersed in the test fluid. The winding resistance may be
taken between any two-line terminals, and the same two terminals are used throughout the test.
The test fluid temperature shall also be recorded at this time.

b) After the motor has been energized and loaded and stabilized per A.3.7.2.1, the test fluid
temperature shall be recorded again, and the motor shall be de-energized. At the moment the
motor is de-energized, a timing device shall be started. Within 15 s after the motor shaft stops
rotating or within one minute after the motor is de-energized, whichever can be achieved first, the
first resistance reading and the time it is taken shall be recorded.

An additional minimum of four winding resistance measurements along with the corresponding
times of the measurements shall be recorded. These measurements shall be completed within the
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next two minutes. Test fluid circulation and temperature shall be maintained constant in the test
loop after de-energizing the motor.

d) A curve shall be plotted of resistance versus time and the curve shall be extrapolated back to zero
time to determine the resistance at the time of de-energization. The curve fit of the resistance
data versus time shall have a sample coefficient of determination of 0,995 or greater. The average
winding temperature rise shall then be determined according to Formula (A.22):

Tow = [(R= Ry)/Ry x (K + Ty)] - (Ty— T,) (A.22)

where

Re is the resistance of the winding at the time of motor de-energization, determined from an ex-
trapolation of the five consecutive resistance readings taken after de-energizatign expressed
in ohms;

R,  isthe resistance of the winding before the test is started at a known stable temperature ex-
pressed in ohms;

K is 234,5 for copper conductor;
is the average winding temperature rise expressed in-2C;
¢ is the temperature of the test fluid at the time of motor de-energization expressdd in °C;

,  Isthe temperature at the time R}, is taken expxessed in °C.

A.3.7.3.2 Testing documentation

The following test information shall be documented:

a) cation of test;

b) date of test;

c) qualified person performingtesting;
d) otor description including model, serial number, nameplate power, voltage and ampere;
e) reference fluid testteémperature;
f) 1notor fluid uSed’in the test;

g) {festdatakesults.

A.3.7.4_“Scaling of design validation

Scaling of motors is allowed within a motor model and series by using per-unitized performance data
provided that the supplier/manufacturer shall test at minimum three different sizes of motors within
the model and series, the temperature rise is within 3 °C and other parameters as listed in Table A.3
are within £3 % of the resulting testing values as prescribed in Clause 6.
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Table A.3 — Per unit motor performance parameters

Parameter Per-unitized parameter
Efficiency Percentage

Amperage Percentage

Rotation speed r/min

% Power Factor Percentage

Winding Temperature Rise (°C) Degree C

For grade V2, motor performance parameters and voltage for minimum current (see 6.9.3) may be

validated uj
single moto
motor scalif
a) If a mof
voltage
configu
b) Any mo
centre

perforni

Scaling
differen

‘)

Similar perf}

equivalent magnet wire current density, ampere turns, lamination design and specification, o

power ratin

electromagmetic region. Table A.3 lists the per-unitized motor performance parameters.

The supplie
scaling of nj
documented

A.3.7.5 Mpotor operating internal ténmperature limits

The supplie
minimum a
data sheet a

A.3.7.6 Ldcked rotorcurrent, torque and power factor

To establish
following cd

g include:

configuration needs to be tested. The results shall be accepted for the other motor v
Fations for that motor size.

'/manufacturer shall have documented procedures and acceptance criteria in place fg

Ing scaling of per-unitized performance data listed 1n lable A.5 obtained from test
size, provided the motor is a smaller motor than that being validated. Other conditio

or model, series and size is available in multiple voltage configurations, enly one

is not permitted between motors which have differént lamination geometry, sug
ces in diameter, rotor/stator slot geometry.

ormance parameters can be expected on a peruhit basis for motors constructed

g per unit of rotor length and having thesame materials of construction withi

otors. All scaled motors shall have.data reviewed and verified by a qualified persor
within the design files for the comhponent.

/manufacturer shall’have documented procedures and acceptance criteria to suppof
nd maximum motgr-pperating internal temperature limits as indicated on the compq
5 approved by a qualified person.

the doeked rotor current, torque and power factor, the motor shall be tested unde
nditions:

gﬁtage

tor configuration available for the motor model and series and siz€,’such as upper tandem,
fandem, lower tandem and single, can be used for the purposes of determining
jance rating.

)

ing a
ns of

otor

r the

h as

with
tput
the

r the
and

t the
nent

r the

a)

torque measuring device.

b)

nameplate current.

amperage, torque and power factor.

70

The motor shaft shall be Tocked against rotation. The shaft Tocking mechanism shall include a

The motor voltage and frequency shall be determined by the supplier/manufacturer to achieve full

The motor shall be energized under the above conditions, long enough to measure the motor
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.8 Power and motor lead extension cable

8.1 General

This subclause includes the general cable rating and selection criteria for main power cable and MLE
cables without pothead.

A.3.

A.3.

The

chenf

8.2 Cable ratings and selection criteria

8.2.1 General

ical resistance and ampacity coefficients, shall be provided by the supplier/manufac

ratings and selection criteria shall be validated by the supplier/manufacturer through

proc
ASTI
who

A.3.
The

testi

A.3.

To d
many

a)

b)

d)

f)

bdures with acceptance criteria referencing established industry standardstby'SDOs, s

developed the original rating and/or selection criteria.

8.2.2 Conductor size

supplier/manufacturer shall validate the cable conductor size through dimensional 4
g per Clause D.2 or Clause D.3. The results shall be reviewed and approved by a qualif

§.2.3 Acceptable minimum bending radius rating

ifacturer shall use the following testing procedure:

The cable sample length for this test may.be any given length, however 40 % to 60 % o
length shall be held as a control sample which is to be maintained at the reference {
+2 °C) and used for establishing a benchmark value. The remaining cable sample len
wised for the bending test.

The cable sample used for<the bending test shall be cooled in a cold chamber to tH
lhandling temperature of the cable for a minimum of 4 h.

The sample shall be bent over a cylindrical mandrel for three full bending cycles within
f 2 minutes from+the time the sample is removed from the cold chamber. The bendin
orrespond to a~180° curve of the cable over the mandrel to one side and another 180°
pposite side’ofithe cable. For flat cable constructions, the cable shall be bent along the
gxis.

q

cable ratings and selection criteria, such as conductor size, voltage rating, tempetg

/, IEC and NEMA as reviewed and approved by a qualified person whajis-other thary

ture rating,
turer. These
Hocumented
uch as IEEE,

the person

nd resistive
ied person.

etermine the minimum bending radius rating.of finished ESP downhole cable, the supplier/

f the sample
emperature
gth shall be

e minimum

amaximum
g cycle shall
curve to the
minor cable

The diamieter of the mandrel shall be determined by minimum rated bend radius for the cable.

After the bending test is completed, the cable sample shall remain at the reference t

emperature

(FZ27CJTor a period of Z4 h'and shallthen be subjected to tests as speciiied 1n C.8.Z. The test results

are considered acceptable if the voltage breakdown value is within 90 % of same test
on the control sample.

s performed

Testing shall be completed successfully on all three consecutive samples. If one of the sets of three
samples fails original testing, then testing shall be performed with a new group of three samples.

A.3.8.2.4 Ampacity coefficient

A.3.8.2.4.1 General

The objective of the ampacity coefficient test is to validate the ampacity coefficient value of the cable.
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Test equipment and procedures

The supplier/manufacturer shall use the following test equipment and procedures:

a) Asaminimum, the test equipment shall comprise of the cable and equipment necessary to maintain
electrical integrity of the connection. Test equipment shall pass the specified current through
the device and allow for equal current among phases. Conductor temperature shall be physically

measur

ed or derived through calculation based on resistance measurements.

b) The sample length shall be a minimum of 30 cm (11,8 in).

¢) A minimum of three samples shall be tested. Samples may be modified for conductor temperature

measur

d) The tes
referen

e) Eachsa

bment purposes, provided the modification does not impact the performance of the sa

L for the temperature rise shall be performed in air at atmospheric pressurejand
fe temperature (+2 °C or 3,6 °F).

to be used for testing are listed in Table A.4, to which the following applies:

— sep

sanmples;

— the

— on

amperage can be DC or AC (RMS);

h given test, all three conductors shall have equal anmiperage such that the phase fur

from the average amperage is no more than 1 % differentthan the average.

Table A.4 — Amperage test value by conductor size

ple.

the

ple shall be tested at a minimum of two amperages. The upper and lower-test amperages

hrate test samples do not need to duplicate the exact amperageS/used to test preyious

thest

Cdnductor size Minimum ulzlp;;i zgperage dur- | Maximum loivr\lrgl; séttlperage dur-
2/0 AWG 190 47
1/0 AWG 151 38
1 AWG 118 30
2 AWG 94 24
25 mm? 70 18
4 AWG 59 15
16 mm?2 45 12
6 AWG 37 10
10 mm? 28 10

f) The ten
conduct

nperature of the air in the test chamber shall be monitored and adjusted so tha

or-temperature is within 10 °C (18 °F) of the maximum rated temperature of the cablel

t the

g) The test conditions are considered stable when the conductor temperature and air temperature
change no more than 1 °C (1,8 °F) in 30 min.

A.3.8.2.4.3

Construction of ampacity coefficient

A curve showing the expected temperature rise versus amperage shall be constructed following
the general form of temperature rise equals the ampacity coefficient multiplied by the square of
the amperage in the device. The data points shall be curve fitted using a polynomial according to

Formula (A.23):
2 (A.23)

AT =c x

The value of c is the resulting ampacity coefficient.
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A.3.8.2.4.4 Test acceptance criteria

The calculated ampacity coefficient shall not be greater than the rated value by more than 5 %.
The coefficient of determination for the polynomial curve using the calculated coefficient and the
experimental data should be at least 0,9.

A.3.8.2.5 Voltage rating and temperature rating

A.3.8.2.5.1 General

The
rati

A.3.8.2.5.2 Test equipment and sample preparation

The
cablg using the following procedure:

a)

b)

Additional samples and additional teinperatures are acceptable.

)

d)

)

g)

jective of the volt nd temperature rating t i validate the vol n
gs of the cable.

supplier/manufacturer shall validate the voltage and temperature ratings-of the pow

As a minimum, the test equipment shall comprise the cable and testiequipment necessa
¢able under various conditions.

A minimum of 12 samples shall be tested. Three or more-Sdmples shall be tested at
ollowing conditions:

naged;
ged in nitrogen at maximum temperature rating{r higher;

ged in water at maximum temperature rating or higher;

emperature

er and MLE

I'y to age the

each of the

ged in mineral oil IRM902 in accordance with ASTM D471 at maximum temperatufre rating or

igher.

The samples used for testing purposes shall be standard equipment and shall n
modifications that can affect their performance in the test.

The length of the aged ¢able samples for testing shall be of a length sufficient that the ¢
ils a minimum of 30.¢m long after any contaminated ends of the cable have been cut off
lhave been prepared for discharge testing.

esign. The temperature shall be monitored by measuring the test fluid temperatur
est apparatus and shall be maintained within a range of +2,5 °C (¢4,5 °F) through

dditional tests performed at temperatures other than the maximum rated temper
i : . . .
nitrogen, water and mineral oil).

bt have any

able sample

ind the ends

The samplés-for aged testing shall be aged at the maximum operating temperature for the cable
b within the
but the test.
hture of the
ples aged in

The pressure shall be greater than 700 kPa (101,5 psi) and less than 700 kPa (101,5 psi) above that
which is sufficient to maintain water in liquid phase at the test temperature. The pressure shall
be maintained at a single value, +100 kPa (x14,5 psi), throughout the test, prior to increasing the
temperature by heating. The pressure shall be maintained via a regulator or similar device.

The aged samples shall age at the test temperature for a minimum of 28 d for all samples aged
in nitrogen, water and mineral oil. If testing more than nine aged samples, shorter times are

acceptable for additional samples.
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A.3.8.2.5.3 AC discharge testing

The supplier/manufacturer shall validate the AC discharge of the power and MLE cable using the
following procedure:

a) All samples, new or aged, shall be tested to full discharge (failure) in the same manner:
— the discharge test temperature shall be 20 °C (¥2 °C) (68 °F (£3,6 °F));
— the test atmosphere shall be water.

b) The samples shall be prepared so that the cable ends are clean and well insulated from the electric
ground [and from the other phases. Following the aging tests, it is acceptable to cut away enlds of
cable thiat can be contaminated between the conductor and the insulation.

c) A wateq] tank shall be prepared which is designed so that the water within the tank is*grounded.
The sample shall be bent so that some part of the cable is totally immersed in waterwhile the fable
ends arg kept out of water. AC voltage shall be applied to one phase while the{ether two phiases,
cable afmor and, if applicable, metallic or semi-conductive sheath or layer are short-circuitged to
ground] The voltage shall start at zero and be increased at a rate of no more than 1 000 V/k. All
phases pf all samples shall be tested with the same voltage increase rate within +5 %.

d) The voltage shall be increased until a short circuit occurs and thete iS conductance between the
tested phase and ground. The test shall be completed a second time to measure the full discharge
on the second attempt.

e) The profcess shall be repeated for all phases of a given sample.

f) The process shall be repeated for all samples.

A.3.8.2.5.4 | Test acceptance criteria

The supplief/manufacturer shall have documented procedures and acceptance criteria to verify the
voltage and temperature rating of the cable. These acceptance criteria shall at least include:

a) established criterion for un-aged discharge (failure) voltage;

b) demonstration that a full discharge (failure) voltage is greater than the voltage rating when
exposed to maximum rated temperature for a minimum period of one year.

Documented accelerated testihg'methods are acceptable.

A.3.8.2.5.5 | Documentation

The supplief/manufacturer shall have testing results reviewed and approved by a qualified person|. At a
minimum the follewing data shall be documented:

a) Cable m dell txjrpe anr‘ lat arhatch nuumhor

TIor o T O ooter oot

b) date of testing;

c) testtemperature;

d) duration of aging;

e) firstand second breakdown voltage for each phase of each sample;

f) accelerated test method used, if applicable.
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A.3.9 Pothead

A.3.9.1 General

The supplier/manufacturer shall provide the rating of potheads.
A.3.9.2 Voltage rating and temperature rating

A.3.9.2.1 Test equipment and sample preparation

device that simulates the pothead to motor connection sealing interface and pressure
¢haracteristics of a seal chamber section. Test equipment shall be used to agethe equiy
rarious conditions.

A minimum of 12 samples shall be tested. Three or more samplées-shall be tested at
ffollowing conditions:

inaged;
dged in nitrogen at maximum temperature rating or higher;

q

jged in water at maximum temperature rating or higher;

q

q

iged in mineral oil, i.e. IRM 902 per ASTM D471, at maximum temperature rating or hi

Addi
‘)

fional samples and additional temperaturesare acceptable.

The samples used for testing purposes shall be standard equipment and shall n
modifications that can affect their.performance in the test.

d) The equipment shall be subjected to vibration at 1 g and 60 Hz in a radial direction fo

ot less than 6 h before use.in‘the test. During the vibration conditioning procedure, th
Ioes not have to be filled with fluid and may be vibrated at any temperature. The equ
The samples for aged testing shall be aged at the maximum temperature rating for

ot be modified after exposure to the vibration.
design. The temperature shall be monitored by measuring the test fluid temperatur

nitrogen, water and mineral oil).

read using the

f cable and a
pqualization
ment under

each of the

sher.

bt have any

 a period of
P equipment
pment shall

the pothead
b within the
but the test.

ples aged in

he : 2 ate 2 00 kPa 0 A 2 :
(101,5 psi) gauge pressure above that which is sufficient to maintain water in liquid ph
temperature. The pressure shall be maintained at a single value, #100 kPa (14,5 psi),

f)

an 700 kPa

ase atthe test

throughout

the test, prior to increasing the temperature by heating and the pressure shall be maintained via a

regulator or similar device.

g) The aged samples shall age at the test temperature for a minimum of 28 d for all three s
aged in nitrogen, water and mineral oil. If testing more than nine aged samples, short
acceptable for additional samples.

A.3.9.2.2 ACdischarge testing

amples each
er times are

The supplier/manufacturer shall validate the AC discharge of the pothead using the following procedure:

a) All samples, new or aged, shall be tested to full discharge (failure) in the same manner:
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harge test temperature shall be 20 °C (¥2 °C) (68 °F (£3,6 °F));

atmosphere shall be air with a humidity content less than 30 % relative saturation.

All aged samples shall undergo inspection or other testing method to confirm if there has been any

fluid contamination into the sealing areas of the pothead. If the pothead sealing is found to have
failed and the pothead is contaminated, the sample may not be used for discharge testing.

The samples shall be prepared so that the cable ends and pothead terminals are clean and well

insulated from the electric ground and from the other phases. Following the aging tests, it is
acceptable to cut away ends of cable that are contaminated inside the insulation.

— thedisc
— the test
b)

c)

d) Voltage
and, if 3
voltage
of all sa

e) The vol
tested f
on the s

f) The pro

g) The pro

A.3.9.2.3

The supplie
voltage and

a)

b) demong
expose(

establis|

Documentedl accelerated testing methods.are acceptable.

A3.9.2.4 1

The supplie
least the fol

a)
b)
‘)

pothead
date of 1

test ten

pplicable, metallic or semi-conductive sheath or layer are short-circuited to ground

nples shall be tested with the same voltage increase rate within +5 %.

fage shall be increased until a short circuit occurs and there is conductance betwee
hases and ground. The test shall be completed a second time to measure the full disc}
econd attempt.

cess shall be repeated for all phases of a given sample.

cess shall be repeated for all samples.

[est acceptance criteria

/manufacturer shall have documented procediires and acceptance criteria to verif;
temperature rating of the pothead. These acceptance criteria shall at least include:

hed criterion for un-aged discharge (failure) voltage;

tration that a full discharge (failure) voltage is greater than the voltage rating \
| to maximum rated temperature-for-a minimum period of one year.

Documentation

~/manufacturer shalbhave testing results reviewed and approved by a qualified persq
owing data shallbe documented:

model, type@nd lot or batch number;
esting;

perature;

shall be applied to one phase while the other two phases, cable armor, pothead holising

The

shall start at zero and be increased at a rate of no more than 1 000 V per second) All phases

h the
arge

 the

when

n. At

d)
e)
f)

76

duration of aging;
first and second breakdown voltage for each phase of each sample;

accelerated test method used, if applicable.
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A.3.9.3 Ampacity coefficients

A.3.9.3.1 Test equipment and procedures

The supplier/manufacturer shall validate the ampacity coefficient rating of the pothead using the
following procedure:

a) As a minimum, the test equipment shall comprise the pothead, a device that simulates the motor
connection, and equipment necessary to maintain electrical integrity of the connection. Test
equipment shall pass specified current through the device and allow for equal current among
phases. A minimum of one conductor temperature inside the pothead shall be physically measured

r derived through calculation.

b) minimum of three samples shall be tested. Samples may be modified for conductor femperature

easurement purposes provided the modification does not impact the perfornrance of|the sample.

c) The test fluid for the temperature rise test shall be water. The watep it the test fixture shall
¢irculate to maintain a constant temperature around the test equipmentithroughout the test.

d) IKach sample shall be tested at a minimum of two amperages, subjéet to the conditions|specified in
Table A.4.

e) $eparate test samples do not need to duplicate the amperages.used to test previous samples.

f) The amperage can be DC or AC (RMS).

g) On a given test, all three conductors shall have equal amperage such that the phase fyrthest from
the average is no more than 1 % different than the average.

h) The temperature of the test fluid shall be:mdified so that the conductor temperature is within
10 °C of the maximum rated temperature of the pothead. The temperature shall be monitored by
measuring the test fluid temperature within the test apparatus.

i) The pressure shall be no greater than'700 kPa (101,5 psi) above the pressure necessary|to maintain
yvater in liquid phase at test fluid‘temperature.

j)  The test conditions are considered stable when the conductor temperature and fluid femperature
¢hange no more than 1 £C)(1,8 °F), and the test pressure changes no more than 20 kPa (2,9 psi) in
30 min.

A.3.9.3.2 Construetion of ampacity coefficient

A curve showingsthe expected temperature rise versus amperage shall be constructed per A.3.8.2.4.3.

A.3.9.3.3 JTest acceptance criteria

The acceptance criteria shall be per A.3.8.2.4.4.

A.3.9.4 Pothead differential pressure cycling performance

A.3.9.4.1 Test equipment and procedure

The supplier/manufacturer shall validate that the pothead is capable of experiencing the rated pressure
cycling performance using the following procedure:

a) Asaminimum, the test equipment shall comprise of:

the pothead and a device that simulates the motor connection;

— ahousing to contain test fluid exterior to the pothead/motor simulator and maintain and measure

pressure;
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— ahousing to contain test fluid interior to the simulator and maintain and measure pressure;
— adevice to measure temperature.

NOTE The motor simulator does not require electrical integrity, it is only a test to determine the ability
to seal.

b) A minimum of three samples shall be tested.

c¢) The samples used for testing purposes shall be standard equipment and shall not have any
modifications that can affect their performance in the test.

d) The equipmentshattbesubjected to vibrationm at t gand 60 Hz ima direction cor entwith adial
directign on the ESP when attached, for a period of not less than 6 h before use in the test} The
equipment shall not be modified or repaired after exposure to the vibration.

e) The test shall be at the maximum operating temperature for the pothead design. The temperature
shall befmonitored by measuring the test fluid temperature within the test apparatus and shall be
maintained within a range of +2,5 °C (24,5 °F) throughout the test.

f) The test shall use two test fluids. The fluid outside the device under test‘shall be water. The|fluid
inside the device under test shall be motor fluid with a viscosity of hio more than 8 cP at test
tempergture. The two fluids shall be immiscible and clearly show contamination in either diredtion.

g) The testsetup shall ensure that the test fluids are essentially free’of debris and contaminants,|such
as air o water, throughout the test.

h) The tesf pressures shall be greater than 206,8 kPa (30 psia) and sufficient to maintain watler in
liquid phase. The pressure(s) shall be changed throughout the test to achieve pressure cycles|. It is
acceptaple to change either pressure outside the pothead/motor connection or the pressure ipside
the connection to change the pressure differential\across the connection.

i)  Once th stabilized test temperature is achieyed, the maximum internal differential pressure|shall
be applied to the connection and held for;atminimum of 5 min. After the hold period, the pregsure
differential shall be changed to result in the maximum negative pressure differential rating| The
rate of pressure change shall be no more than 6,9 kPa (1 psi) per second. The maximum negative
pressure differential shall be heldifor a minimum of five minutes. After the hold period, the
differential pressure shall be clranged until it reaches the maximum internal differential pregsure
rating. The rate of pressure change shall be no more than 6,9 kPa (1 psi) per second. The process
shall be|repeated to reach therated number of pressure cycles or for 100 total cycles, whicheyer is
greater,

A.3.9.4.2 Test acceptance criteria

The supplier/manifacturer shall have documented procedures and acceptance criteria to validate the
pothead differenqtial pressure cycling performance rating as indicated on the component data shedt.

Testing shaltbecompletedsuccesstutty omatt three consecutive samptesf ome o esetsof three
samples fails the testing, then a testing shall be performed with a new group of three samples.

A.3.9.5 MLE pothead thermal cycling performance

A.3.9.5.1 Test equipment and procedure

The supplier/manufacturer shall validate the MLE pothead rated thermal cycling performance as
reported on the component data sheet using the following procedure:

a) Asaminimum, the test equipment shall comprise of:

— the MLE pothead and a device that simulates the motor connection;
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a housing to contain test fluid exterior to the pothead/motor simulator and maintain and measure

pressure;

a housing to contain test fluid interior to the simulator and maintain and measure pressure;

a device to measure temperature.

NOTE For the purposes of this test, motor simulator does not require electrical integrity.

b) A minimum of three samples shall be tested.

c) The samples used for testing purposes shall be standard equipment and shall not have any
fnodifications that can alfect their performance in the test.

d) The equipment shall be subjected to vibration at 1 g and 60 Hz in a direction consistént with radial
direction on the ESP when attached, for a period of not less than 6 h before usé in the test. The
¢quipment shall not be modified after exposure to the vibration.

e) The test shall use two test fluids. The fluid outside the device under testshall be watgr. The fluid
inside the device under test shall be motor fluid with a viscosity (of) no more than [8 cP at test
femperature. The two fluids shall be immiscible and clearly show eofitamination in eithpr direction;

f)  The test setup shall ensure that the test fluids are essentiallyAree of debris and contaminants, such
s air or water, throughout the test.

g) The test pressures shall be greater than 206,8 kPa (30.psia) and sufficient to maintain water in
iquid phase. The exterior pressure shall be maintained greater than the interior pregsure with a
ressure differential equivalent to the maximum-egative pressure differential rating of the MLE
othead throughout the test.

h) Once the maximum test temperature is reached, the temperature shall be held for a minimum of
% min. After the hold period, the temperature shall be decreased until the temperature equals the
Einimum temperature for the thermal*cycle rating. The rate of temperature change shall be no

ore than 1 °C (1,8 °F) per minute..The minimum temperature shall be held for a minimum of 5 min.
After the hold period, the temperature shall be increased until it reaches the maximum femperature
fating. The rate of temperatuxe e¢hange shall be no more than 1 °C (1,8 °F) per minute.[The process
ghall be repeated to reachtherated number of thermal cycles.

NOTH The purpose of this test is only to determine the ability to seal at the rated temperature fange.

A.3.9.5.2 Test acceptance criteria

The jsupplier/mantfacturer shall have documented procedures and acceptance criterial to validate

the NILE pothead rated thermal cycling performance as reported on the component data $heet. These

acceptancescriteria shall at least include the absence of leakage in either direction across fhe seal and
the apbility'to hold the rated pressure differential in both directions.

Testing—shat-be-completed—steeessfullyonal-three—consecttivesamples—Hone-efthesets of three

I a

samples fails the testing, then a testing shall be performed with a new group of three samples.
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Annex B
(normative)

Requirements for determining performance capabilities as an

assembled system

B.1 Gene€

This annex
capabilities

a)
b)
c)
d) byaqud

in accor

in accor

Testing resy
who perforr

All testing s
procedures

NOTE R{
downhole pe

B.2 Meth

B.2.1 Axial strength and bendingtensile load

The supplig
tensile load

the functionpal specificatiohy-Axial strength of the assembly under bending moment forces shg
by performing a stress analysis calculation. This stress analysis calculation shafll be

determined
performed 4

B.2.2 Sur

on calibjrated equipment;

ral

provides the supplier's/manufacturer's requirements for establishing perforni
and related testing of the assembled ESP system. Testing shall be performed:

dance with the requirements of Clause 7;

dance with an approved procedure with specified acceptance criteria;

lified person.

Its shall be documented and shall be approved by a qualified person other than the pe
ned the testing.

hall be in accordance with the requirements 0f-7.2, 7.3, 7.4, 7.6 and 7.8 and to docu
which include acceptance criteria with the results approved by a qualified person.

sults from design validation testing arermot necessarily directly applicable for predicti
Fformance during operation.

od for determining systent capabilities

r/manufacturer shallspecify the axial strength, in terms of both maximum alloy
and maximum allowable compressive load that the ESP system may be exposed t

nd reviewed by a qualified person.

face temperature rating

ance

rson

ment

bn of

yable
per
11 be

nmnnv

The suppliek

et erSaatt SPTCTT et R e RaadamtH-wen—StHe—ainpieRt—temper

ture

conditions under which the ESP system may be installed. This rating shall be established based upon
documented historical record of field installations and performance and/or full-scale testing.

B.2.3 Amperage rating for the assembled ESP system

The supplier/manufacturer shall specify the maximum amperage rating for the assembled ESP system
during operation, including start-up conditions. This rating shall be determined by the supplier's/
manufacturer’s calculations based on the environment as specified by the functional specification. The
supplier/ manufacturer shall specify the component that limits the rating.
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B.2.4 Dog leg severity limits for the assembled ESP system

The supplier/manufacturer shall provide the dogleg severity limits for the assembled ESP system
determined using stress analysis calculations. The stresses in the ESP system shall be calculated. Both
the stress value and the maximum allowable stress value for the ESP assembly shall be provided at:

a)

b) the ESP assembly setting depth.

B.2.5 Deviation limits for the assembled ESP system

the most severe dogleg point in the well survey from the surface to the pump setting depth;

The
degr
oper

B.2.(
cap3

The
envil
up ¢
base
shall
oper
full d

B.2.]

The
for t
detel
the f
rate

B.2.3

The
to pi
spec

supplier/manufacturer shall provide the maximum deviation angles reported as. th
bes from vertical which the ESP assembly may be installed through and at which\the
hted.

b Minimum, maximum and differential operating environment temperatu
bility for the ESP assembly

b number of
ESP may be

re

supplier/manufacturer shall specify the minimum, maximumy and differenti
onment temperature capability for the assembled ESP system-during operation, in
nditions. This capability limit shall be determined by the stupplier's/manufacturer’s
l on the environment as specified by the functional spedification. The supplier/m
specify the component(s) that limit(s) the capability.of.the assembled system. The
hting environment temperature rating for the seal chiamber section shall be calculat
ontraction capacity utilization of the upper most chamber of the seal chamber section

/ Maximum pressurization and depressurization rates

supplier/manufacturer shall specify the maximum pressurization and depressuri
he assembled ESP system during operation, including start-up conditions. These rg
'mined by the supplier's/manufactuter’s calculations based on the environment as
inctional specification. The supplier/manufacturer shall specify the component(s) tha
yalues.

B Power requirements

supplier/manufacturer’ shall calculate the required input power in kVA and kW at t
operly operate the-assembled ESP system within the environment specified by th
fication. The «alculations shall include the motor kVA/KkW requirements at the

ter

information shall'be provided to the user/purchaser in response to the functional specif
valug¢ reportedsshall not consider any kW losses due to harmonic distortion.

B.2.

inals, and the‘additional requirements due to the losses in the cable and motor lead ext

operating

ca‘luding start-

calculations
anufacturer
differential
ed based on

vation rates
tes shall be
specified by
[ limit(s) the

he wellhead
b functional
motor input
ension. This
ication. The

amber

Assembled ESP system motor fluid percentage utilization of each seal ch

contractiomcapacity

For each seal chamber or set of parallel chambers, the supplier/manufacturer shall report the
percentage of nominal motor fluid contraction capacity that is used when the ESP system cools from
the expected maximum ESP operating temperature to the expected minimum well static temperature
(when the ESP is not operating) as specified in the functional specification.

To determine the oil volume relevant for a given chamber or set of parallel chambers, the calculations
shall include:

a) the volume of the motor fluid in the motor(s);
b) the volume of oil in any of the seal chambers below the given chamber;
c) any additional volume of oil in additional component or device below the given chamber.
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For a gravity-type chamber, the calculations shall also include the total volume of the chamber itself. For
a positive seal type chamber, or set of parallel seal chambers, the volume shall also include the motor
side of the positive chamber when the positive seal device experiences maximum internal differential

pressure.

For the purpose of the calculations, the entire volume of motor fluid shall be considered to be either

a) atthe estimated internal operating temperature of the motor for the application, or

b) based on documented evidence of actual temperatures of the motor oil in the motor and seal.

The calculated contraction shall be the change in volume of the motor fluid that results between the

estimated i
of the well.
parallel cha

B.2.10 Min

The supplie
speed for t}
The supplie
bearings, m

B.2.11 Ma>

The supplie
speed for t
specificatio]
ratings, eros

iternal motor operating temperature and the minimum expected bottom-hole temper4
'his contraction volume shall be divided by the rated capacity for the chamber typé ot
mbers and corrected for operating deviation where applicable.

imum operating speed for assembled system

r/manufacturer shall have a documented process to determine thesminimum oper
ne assembled ESP system for the environment specified in the dunctional specificg
F/manufacturer shall consider conditions, such as pumping fluid to surface, lubricati
ptor fluid circulation, minimum start/break frequency and dowmnhole gauge requiremgd

fimum operating speed for assembled system

r/manufacturer shall have a documented process to-“determine the maximum oper
he assembled ESP system for the subsurface.ehvironment specified in the funct]
1. The supplier/manufacturer shall consider,cenditions, such as exceeding compq
ional velocities and well drawdown limitatiens.

ture
bet of

ating
tion.
bn of
bnts.

ating
ional
nent
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C.1 General

Annex C
(normative)

ISO 15551:2023(E)

Functional evaluation: single component

Thisjannex contains requirements for the functional evaluation procedures that verifyrthe|ability of an
ESP ¢omponent to conform to the functional specification. Up to three functional grades afe specified,
depending on the component. Each component shall perform within the acceptance criterfia specified.
The results of each functional evaluation shall be documented and shall be approved by a qualified

person.

The failure of a component to conform to any specified criteria requires-the functional evaluation to be
haltdd. The functional evaluation testing may then be restarted at the beginning after th¢ component
is cofrected. In the case a supplier's/manufacturer’s specified testing system anomaly dogs not cause

ano

detrniLmental effect on the component, the testing can continue ftom the point of interruption. Testing
alies/interruptions shall be documented in the testing results.

All tgsting shall be in accordance with the supplier's/manufacturer’s documented procedutes and shall
be pérformed by a qualified person. This testing shall be'performed prior to delivery and/or transfer
of ownership to the user/purchaser. All testing shall‘be performed in accordance with 7.2, 7.3, 7.4, 7.6
and }.8 and to document procedures which include\acceptance criteria with the results agproved by a

qualified person.

Prevjous documentation or testing applicable’ to existing components shall be accepted at|its relevant
grade. Components qualified to higher grades of functional evaluation shall be considered fjualified for
lower grades of functional evaluation-

“in ¢onformance with supplier's/manufacturer's specifications and acceptance criterja” requires
component functional evaluation documentation availability as well as documented prpcesses and
procedures as approved by d qualified person.

C.2

Ther are no functional evaluation requirements or grades for the bolt-on discharge head.

C.3
Table aVl

Bolt-on discharge head

Pump and gas handler

ponent(s).

Table C.1 — Functional evaluation grades for pump and gas handler

F3

F2

F1

Hydraulic evaluation

In accordance with API RP
11S2

Per F3, with two addition-
al test points taken:

1. between minimum
operating limit and
BEP

2. between BEP and
maximum operating
limit

Per F2 with pass/fail cri-
teria at £3 % tolerance on
flow and head, and +5 %
tolerance on power, a min-
imum of 93 % of published
efficiency
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Table C.1 (continued)

supplier's/manufacturer’s
specifications and accept-
ance criteria

11S8 with the following

exemptions:

— for component
outer diameter
<15,24 cm (6 in):
maximum  velocity

amplitude for vertical
test is 0,508 cm/s
(0,200 in/s) [0,137 g
rms], for horizontal
testing is 0,396 cm/s
(0,156 in/s)"{0,107 g
rms]

— for component outer
diatmeter 215,24 cm (6
if)y maximum velocity
amplitude for vertical
and horizontal
testing is 0,635 cm/s
(0,250 in/s) [0,172 g
rms].

Allvibration spectrums shall

be taken over a frequency
range of 0 Hz to 600 Hz.

F3 F2 F1

Mechanical - shaft exten- |In conformance with Per F3 Per F3
sion, shaft end play and supplier's/manufacturer's
shaft side play specifications and accept-

ance criteria
Mechanical - shaft total In conformance with Per Clause C.9 Per Clause C.9
indicator run-out supplier's/manufacturer's

specifications and accept-

ance criteria
Vibration In conformance with In accordance with API RP [Per F2

C.4 Bolt-on intake

There is ong functionalsevaluation grade for the bolt-on intake. The requirement is to functio
evaluate th¢ shaft rotation, shaft extension, shaft end play and shaft side play in conformance

supplier's/manufacturer's specifications and acceptance criteria.

C.5 Mechanical gas separator

nally
with

Tables C.2 outlines the two functional evaluation grades for the mechanical gas separator.

Table C.2 — Functional evaluation grades for mechanical gas separator

end play and shaft side play

manufacturer's specifications and
acceptance criteria

F2 F1
Mechanical - shaft rotation In conformance with supplier's/ Per F2
manufacturer's specifications and
acceptance criteria
Mechanical - shaft extension, shaft |In conformance with supplier's/ Per F2
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Table C.2 (continued)
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F2

F1

Mechanical - shaft total indicator
run-out

In conformance with supplier's/
manufacturer's specifications and
acceptance criteria

Per Clause C.9

Mechanical - rotor

In conformance with supplier's/
manufacturer's specifications and
acceptance criteria

Rotor subcomponents shall be dy-
namically balanced per supplier's/
manufacturer's specifications and
acceptance criteria.

Vibration

In conformance with supplier's/

In accordance with API RP 11S8

manufacturer's specifications and
acceptance criteria

with the following exenjptions:

— for component joufer diameter
<15,24 cm()(6' in]: maximum
velocity, amplitude| for vertical
test i8-0)508 cm/$ (0,200 in/
sec)\y10,137 g | rms], for
horizontal testing is 0,396 cm/s
(0,156 in/s) [0,107 g rms]

‘—  for component oufer diameter
215,24 cm (6 in]; maximum
velocity amplitude| for vertical
and horizontal |testing is
0,635 cm/s (0,250 in/s) [0,172 g
rmsj.

All vibration spectrumg shall be
taken over a frequency range of
0 Hz to 600 Hz.

Supplier/manufacturer shall have
a documented procedurje to ensure
that shaft radial supporft bearings
are adequately lubricat¢d during
vibration testing.

C.6 | Seal chamber section

Tabl¢ C.3 outlines the €hree functional evaluation grades for the seal chamber sectionf If the seal
chamber section is infegral to motor, Clause C.8 applies.

Table C.3 — Functional evaluation grades for seal chamber section

F3 F2 F1
Hydrostatic evaluation In accordance with API RP |Per F3 Per F3 and including a
- positive seal elements, |[11S7 pressure bleed off test
relief valves, mechanical during the air test using a
seals, housing joints pressure gauge to ensure
pressure holds for a mini-
mum of 5 min
Mechanical - power loss, |Inaccordance with APIRP |Per F3 Per F3 and loaded power
shaft extension, shaft end |11S7 loss per supplier's/manu-
play and shaft side play facturer's specifications
and acceptance criteria
Mechanical - shaft total  |In conformance with Per F3 Per Clause C.9
indicator run-out supplier's/manufacturer’s
specifications and accept-
ance criteria
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Table C.3 (continued)

F3 F2 F1
Seal fluid - dielectric In conformance with In conformance with Per F2
supplier's/manufacturer's |supplier's /manufactur-
specifications and accept- |er's specifications and
ance criteria acceptance criteria
Vibration In conformance with Per API RP 11S8 with the |Per F2
supplier's/manufacturer's |following exemptions:
specifications and accept- f
ance criteria - or component
outer diameter <15,24 cm
(6 in): maximum velocity
amplitude for vertical test
is 0,508 cm/s (0,200 in/s)
[0,137 g rms], for horizon-
tal testing is 0,396 cm/s
(0,156 in/s) [0,107 g rms]
— for component
outer diameter >15,24 cm
(6 in); maximum velocity
amplitude for vertical
and horizontal testingis
0,635 cm/sec (0,250\11/s)
[0,172 g rms].
All vibration spectrums
shall be taken over a
frequency range of 0 Hz to
600 Hz:
C.7 Motars
C7.1 Fur]::tional evaluation
Table C.4 ouftlines the three functional evaluation grades for the motor.
Table C.4—Functional evaluation grades for motors
F3 F2 F1
Hydrostatic pvaluation In conformance with Supplier/manufacturer Per F2
- pressure t¢st for leaks._{supplier's /manufacturer’s |shall perform testing in
(vacuum or pressure) specifications and accept- |conformance with suppli-
ance criteria er/manufacturer speci-
fications and acceptance
criteria
Mechanical —standara Trconformarnce with Suppiter/manufacturer PeT F2
idle/coast, kW supplier's/manufacturer’'s |shall perform testing in
specifications and accept- |conformance with suppli-
ance criteria er/manufacturer speci-
fications and acceptance
criteria
Mechanical - load test No requirement No requirement Per A.3.7
Electrical functional eval- |Per C.8.2 Per F3 Per F3
uation testing - insula-
tion resistance test, high
potential test, dielectric
oil breakdown, phase
imbalance
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Table C.4 (continued)
F3 F2 F1
Mechanical - shaft ex- In conformance with In conformance with Per F2
tension, shaft end play supplier's/manufacturer's |supplier's/manufacturer’s
and shaft side play (if specifications and accept- |specifications and accept-
applicable) ance criteria ance criteria
Vibration In conformance with In accordance with API RP |Per F2
supplier's/manufacturer's |11S8 with the following
specifications and accept- |exemptions:
ance criteria —  for component
outer diameter
<15,24 cm (6 in):
maximum velocity
amplitude for vertical
test is 0,508 cm/s
(0,200 in/s) [0,137 g
rms], for horizontal
testing is 0,396 ¢my/s
(0,156 in/s) [0207 g
rms]
— for compOnent outer
diameter’ >15,24 cm
(6>.1n); maximum
velocity amplitude for
vertical and horizontal
testing is 0,635 cm/s
(0,250 in/s) [0,172 g
rmsj.
All vibration spectrums
shall be taken over a
frequency range of 0 Hz to
600 Hz.
C.7.2 Electrical functional testing procedure
The purpose of the electrical’functional testing procedure is to verify the electrical intggrity of the
manfifactured ESP motor._This test is typically performed at no load conditions. The tegt procedure
shallf be per supplier's/manufacturer's established procedures and acceptance criteria [which, as a
minimum, conforms-te’the following:
a) All electricalconnections shall be clean.
b) Phase-to-phase resistance shall be measured by balancing within +3 % of the av¢rage of the
resistance of all three phase-to-phase measurements.

c) T IS Utation Tesistance test from phase to ground siatt be performed foratt three phiases. Motor
winding phases may be tied together or tested separately. The motor housing temperature shall be
between 10 °C and 40 °C and shall be recorded. The supplier/manufacturer shall have established
acceptance criteria for either current leakage or minimum resistance.

d) High potential test of insulation system from phase to ground shall be performed for all three
phases using a direct current test voltage of (1,5 x {nameplate voltage} + 1 000) x 1,7. Motor
winding phases may be tied together or tested separately. The motor housing temperature shall be
between 10 °C and 40 °C and shall be recorded. The supplier/manufacturer shall have established
acceptance criteria for either current leakage or minimum resistance.

e) Following motor rotational testing, an insulation resistance test shall be performed in accordance
item c). The motor housing temperature shall be at a minimum of 40 °C and shall be recorded. The
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supplier/manufacturer shall have established acceptance criteria for either current leakage or

minimum resistance.

f) The dielectric strength of oil shall be tested in accordance with ASTM D877 or ASTM D1816. Oil
shall successfully test to a dielectric strength of a minimum of 20 kV direct current. This test shall
be performed as the last step in the testing process. The oil sample shall be taken from the motor

base end.

C.8 Cable and MLE

C.8.1 Fll]:l.iuudi evaluation
1

Table C.5 0

ines the three functional evaluation grades for the cable and MLE.

Table C.5 — Functional evaluation grades for cable and MLE

resistance

supplier's/manufacturer’s
specifications and accept-
ance criteria

F3 F2 F1
Electrical - insulation In conformance with In accordance with API PerF2
resistance tgst and high supplier's/manufacturer's |RP 11S6, IEEE Std 1018 ox
potential tegt for EPDM specifications and accept- |IEEE Std 1019
or polyethyléne insulated |ance criteria
cable
Electrical - insulation In conformance with Per F3 Per F3
resistance tgst and high supplier's/manufacturer's
potential tegt for other specifications and accept-
insulation tyjpes ance criteria
Electrical - gonductor In conformance with Per D:34 and Clause D.4 |Per F2

Electrical - insulation

No requirement

No requirement

Full alternating curre

it

discharge discharge test (see C.4.2)

Electrical - pninimum No requirement No requirement Full alternating currept

allowable bending radius discharge test per AN$I/

insulation discharge NEMA WC 53/ICEA T-27-
581

C.8.2 Insulation AC discharge test

C.8.2.1 Gdneral

The purpose of the\insulation AC discharge test is to determine the voltage at which the insulatipn of

an insulated conductor breaks down or fails. This test shall be performed by meeting the following

requirements:

a) three samples shall be selected from the length of finished cable to be tested to full discharge

(failure) in the same manner;

b)

c) the test atmosphere shall be water;

d)
ground;

e)

88

the discharge test temperature shall be 20 °C (¥2 °C) (68 °F (3,6 °F));

the samples shall be prepared so that the cable ends are clean and well insulated from the electric

a water tank shall be prepared which is designed so that the water within the tank is grounded.
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C.8.2.2 Testing procedure

The
a)

b)

c9

C.9.
The

insulation alternating current discharge shall be validated using the following procedure:

The sample shall be bent so that some part of the cable is totally immersed in water while the cable
ends are kept out of water. AC voltage shall be applied to one phase while the two other phases are
shorted to each other and the cable armor and, if applicable, metallic or semi-conductive sheath
or layer are short-circuited to ground. The voltage shall start at zero and be increased at a rate of
no more than 1 000 V per second. All phases of all samples shall be tested with the same voltage
increase rate within +5 %.

etween the
1 discharge

esed pe ad round. tst shl b omlee sen te o ar h fL

ecord the sample information and insulation breakdown voltages.

Testing results shall be interpreted within the limits set by the supplier/manufacturer.

Measuring shaft runout

1 General

purpose of the measuring shaft runout procedure;is to specify the method for meapuring shaft

totallindicator runout (TIR) on the top and bottom efids of ESP components. This procedure applies to

the fpllowing components:

pump or gas handler;

geal chamber section;

]:take;
echanical gas separator.

This|procedure does not apply’to components with less than two journal bearings on the shaft.

If th¢ construction of soiMe components does not allow easy access to both ends of the shaft, only one

end

shall be measured.

This proceduremeasures the total indicator runout at the ends of a shaft that is (typically) supported by

jour

al type.bearings that have a relatively loose fit. Measurement results shall be within the limits set

by tHe supplier/manufacturer. The total indicator runout measured is twice the actual shafft deflection.

C.9.
The

a)

b)

Procedure

measuring shaft runout procedure is as follows:

The component shall be supported on a flat surface that gives even support along the entire length
of the component or on moveable stands that support the component at the two quarter points.

A dial indicator base shall be mounted on the exterior of the component or on another stationary
surface, as close to the end as practical. The indicator base may be magnetic or a clamp type. The
indicator measurement precision shall be 0,02 mm or 0,001 in.

The indicator probe shall be positioned such that it contacts the major diameter of the shaft splines.
Shaft spline types, shaft extension and indicator configurations can vary considerably. A qualified
person experienced in measuring shaft runout should supervise and approve the test setup.
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d)

f)

90

Working from the end of the component that is opposite of the indicator setup, the shaft shall be
slowly rotated 360° while an observer notes the maximum deflection of the indicator. Components
for which only one end of the shaft is accessible and short components, such as bolt-on intakes,
require special care in rotating the shafts to avoid false readings.

Steps a) to d) shall be repeated for the other end of the shaft, if applicable.

Total indicator runout for the component shall be reported for each end of the shaft.
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Annex D
(normative)

Cable reference information

D.1 General

Thisjannex covers detailed information and references pertaining to copper power cable eqnductors.

D.2 | Metric conductors

D.2.1 Conductor properties

Unleps otherwise specified, conductor sizes specified in metric sizes\shall meet the reqyirements of
IEC §0228 for conductor dimensions, resistance, resistance testing and temperature corredtion.

D.2.2 Metric cable conductor dimension table

Tabl¢ D.1 provides cable conductor dimensions for commotjcable construction types. Tablg D.1 shall be
used|to provide conductor size ratings per A.3.8.2.2.

Table D.1 — Cable conductor min and max dimensions for common metric sizes

Conductor Nominal weight Maximum diameter of conductor
. Solid Stranded Strgnded com-
Site Area (class 1) (class 2) pact
(class 2)
;F:gs cmil in2 mm2\p 1b/kft | kg/km in mm in mm in mm

10 mm? | 19644 | 0,0155 10 59,7 88,5 0,146 3,7 0,165 4,2 0,1%7 4,0
16 mm? | 31109 | 0,024-8 16 95,6 140 0,181 4,6 0,209 5,3 0,205 5,2
25mm? | 49305 | 0,0388 25 149,2 222 0,224 5,7 0,260 6,6 0,2%6 6,5

D.2.B Metric.conductor resistance tables

Tabl¢ D.2 prevides cable conductor nominal resistance values for common cable construction types.
Tabl¢ D.2 shall be used to confirm quality for various conductor sizes per D.2.1.

Table D.2 — Common copper metric conductor resistance values at 20 °C

Maximum conductor resistance values at 20 °C
Conductor size Solid (class 1) Stranded, circular 2o)r compacted (class
Bare Coated Bare Coated
Trade name Q/kft Q/km Q/kft Q/km Q/kft Q/km Q/kft Q/km
10 mm? 0,558 1,83 0,561 1,84 0,558 1,83 0,561 1,84
16 mm? 0,351 1,15 0,354 1,16 0,351 1,15 0,354 1,16
25 mm? 0,222 0,727 0,224 0,734 0,222 0,727 0,224 0,734

Table data were sourced from reference documents and further requirements in D.2.1.
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Table D.3 shows the resistance values of the same cables at 25 °C. This is for simplicity when comparing
them to the values found in the references that use 25 °C as the reference temperature.

Table D.3 — Common copper metric conductor resistance values at 25 °C

Maximum conductor resistance values at 25 °C
Conductor size Solid 7-Wire stranded or compact
Bare Coated Bare Coated
Trade name Q/kft Q/km Q/kft Q/km Q/kft Q/km Q/kft Q/km
10 mm?2 0,571 1,87 0,574 1,88 0,571 1,87 0,574 1,88
16 mm? 0,359 1,18 0,362 1,19 0,359 1,18 0,362 119
25 mrp?2 0,227 0,74 0,229 0,75 0,227 0,74 0,229 0,75

Table data were sourced from reference documents and further requirements in D.2.1.

D.3 AWG|{conductors

D.3.1 AWG conductor dimensions

D.3.1.1 Gdneral

Unless othefwise specified, conductor sizes specified in AWG sizes'shall meet the requirements in this
subclause.

D.3.1.2 Sollid conductors
Solid condug¢tors shall be in accordance with ASTM B258.

D.3.1.3 7-wire stranded conductors

7-wire strarjded conductors shall be in accordance with ASTM B8.

D.3.1.4 7-wire compact stranded conductors
7-wire compact stranded conduetors shall:
— bein acfordance with@ASTM B496 for sizes of AWG 2 and smaller;

— have a diameter of\92 % of the ASTM B8 requirements for the equivalent AWG size for sizes larger
than AWG 2.

D.3.1.5 AWG-<cable conductor dimension table

Table D.4 provides cable conductor dimensions for common cable construction types. Table D.4 shall be
used to provide conductor size ratings per A.3.8.2.2.
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Table D.4 — Cable conductor nominal dimensions for common AWG sizes

Conductor . Nominal diameter of conductor
Nominal Wi P
Size Area weight Solid i 1r¢;sitran " | 7-Wire compact

AWG cmil in2 mm?2 | lb/kft | kg/km in mm in mm In mm
6 AWG 26240 |0,0206 | 13,3 79,4 118 0,162 411 — — — —
4 AWG 41740 |0,0327 | 21,1 126 188 0,204 | 5,19 0,232 5,89 0,213 541
2 AWG 66360 |0,0521| 33,6 206 306 0,258 6,54 0,292 7,42 0,268 6,81
1 AWG 83690 00657 | 424 260 386 0,289 735 0,328 8.33 0.298 7,57

1/0|AWG | 105600 | 0,0829 | 53,5 | 319,2 475 — — 0,368 | 9,35 0,387 8,56
2/0|AWG | 133100 | 0,1045 | 674 | 402,7 599 — — 0,414 10,8 —+ —
Conductor Nx:;;lil Nominaldiameter of condfictor
Size Area Solid sz;:\:ligz d 7-Wirecompact
AWG cmil in2 | mm?2 | Ib/kft |kg/km| in mm in mm In mm
6 AWG 26240 |0,0206| 13,3 | 794 118 | 0,162 | 414 — — — —
4 AWG 41740 |0,0327| 211 126 188 | 0,204¢.5,19 | 0,232 | 5,89 | 0,213 5,41
2 AWG 66360 |0,0521| 33,6 | 206 306 | 0,2585| 6,54 | 0,292 | 7,42 | 0,268 6,81
1 AWG 83690 (0,0657| 42,4 | 260 386 | 0,289 | 735 | 0,328 | 8,33 | 0,298 7,57
1/0JAWG | 105 600 [0,0829| 53,5 | 319,2 | 475 — — 0,368 | 9,35 | 0,337 8,56
2/0AWG | 133100 | 0,1045| 674 | 402,7 | 599 — — 0,414 | 10,8 — —

D.3.2 AWG copper conductor resistance

D.3.2.1 Solid bare conductors

Solid bare conductors shall e it accordance with ASTM B3.

D.3.2.2 Solid tin coated conductors

Solid| tin coated cenductors shall be in accordance with ASTM B33.

D.3.2.3 Solidlead coated conductors

Solid|lead coated conductors shall be in accordance with ASTM B189.

D.3.2.4 7-wire stranded bare conductors

7-wire stranded bare conductors shall be in accordance with ASTM B8, Class A stranded conductors.

D.3.2.5 7-wire stranded tin coated conductors

For 7-wire stranded conductors where each individual wire is tin coated, the nominal resistance of the
overall conductor shall be one seventh the resistance of an individual coated wire in accordance with
ASTM B33.
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D.3.2.6 7-wire stranded lead coated conductors

For 7-wire stranded conductors where each individual wire is lead-coated, the nominal resistance of
the overall conductor shall be one seventh the resistance of an individual coated wire in accordance
with ASTM B189.

D.3.2.7 7-wire compact stranded non-coated conductors

7-wire compact stranded non-coated conductors shall be in accordance with ASTM B496.

D.3.2.8 7-wire compact stranded tin coated conductors

For 7-wire [compact stranded conductors where each individual wire is tin-coated, the(hothinal
resistance df the overall conductor shall be one seventh the resistance of an individual tin«coated|wire
in accordan¢e with ASTM B33.
D.3.2.9 7-wire compact stranded lead coated conductors
For 7-wire [compact stranded conductors where each individual wire is léad=coated, the norninal
resistance df the overall conductor shall be one seventh the resistance of ah individual coated wire in
accordance with ASTM B189.
D.3.2.10 AWG conductor resistance tables
Table D.5 provides nominal copper cable conductor resistance values for common AWG table
constructiop types. Table D.5 shall be used to confirm quality~fer various conductor sizes per D.3.1.
Table D.5 — Nominal AWG copper condiictor resistance values at 20 °C
Conductor Nominal conducter resistance values at 20 °C
size Solid 7-wire stranded or compact
Bare Coated Bare Coated

AWG Q/kft | Q/km | Q/kft |vQ/km CF Q/kft | Q/km | Q/kft | Q/km qF

6 AWG 0,3952 | 1,297 | 0,406(7) 1,334 | 09716 - - - - -

4 AWG 0,2485 | 0,815 | 0,2557 | 0,839 | 09716 | 0,2530 | 0,8300 | 0,2631 | 0,8631 | 0,9p1 6

2 AWG 0,1563 | 0,513 {6,609 | 0,528 | 09716 | 0,1590 | 0,5220 | 0,1653 | 0,5428 | 0,9p1 6

1 AWG 0,1239 | 0,407) 0,1275| 0418 | 09716 | 0,1270 | 0,4170 | 0,1307 | 0,4292 | 0,9f16

1/0 AWG || 0,0983 | 0,322 | 0,1006 | 0,330 | 09766 | 0,000 | 0,3280 | 0,1029 | 0,3376 | 0,9}Y16
2/0 AWG || 0,077 9\Y0,256 | 0,0798 | 0,262 | 09766 | 0,0795 | 0,2610 | 0,0818 | 0,2686 | 0,9Y1 6

Table data spurcéd-from reference documents and further requirements in D.3.2.1 to D.3.2.9.
Table D.6 shbws the resistance values of the same cables at 25 °C. This is for simplicity when comparing

them to the values found in the references that use 25 °C as the reference temperature.
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Table D.6 — Nominal AWG copper conductor resistance values at 25 °C

Nominal copper conductor resistance values at 25 °C
Conductor size Solid 7-Wire stranded or compact
Bare Coated Bare Coated
AWG Q/kft Q/km Q/kft Q/km Q/kft Q/km Q/kft Q/km
6 AWG 0,402 8 1,322 0,414 6 1,360 - - - -
4 AWG 0,253 3 0,831 0,260 7 0,855 0,257 9 0,846 0,268 2 0,880
2 AWG 0,159 3 0,523 0,164 0 0,538 0,162 1 0,532 0,168 6 0,553
HAWE 81263 6415 6;136-6 6426 61295 6425 ;1332 0,438
1/0 AWG 0,100 2 0,329 0,102 6 0,336 0,1019 0,334 0,102 9 0,344
2/0 AWG 0,079 4 0,261 0,081 3 0,267 0,081 0 0,266 0,083 4 0,274

Tabl¢ data were sourced from reference documents and further requirements in'D.3.2.1 to D.3.2.10.

D.3.3 Resistance and temperature for copper AWG conductors

D.3.3.1 General

Temperature correction on resistance or conductivity of cableconductors shall be in accofdance with
temperature coefficients found in ASTM B193, based on conductor material and conductivity factor.

D.3.3.2 Temperature correction factor table for copper AWG conductors

Tablg¢ D.7 shows the correction factors to correct measurements from measured temperatjure to 20 °C
and the correction factors to calculate the nomiinal resistance at service temperature bpsed on the
valug¢ at 20 °C. The conductivity factors from the Table D.4 shall be used to determine the[appropriate
corr¢ction factor.

To uge these correction factors, Formulae’(D.1 and D.2) apply:

Ra0 =Ry *Tcr (D-1)

R =Ry0*(1/Ter) (D.2)
where

Ry Résistance at 20 °C, measured or calculated;

Ry Resistance at temperature T;

T temperature correction factor from temperature T to 20 °C;

(1/T¢g) temperature correction factor from 20 °C to temperature T.
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Table D.7 — Cable conductor temperature correction factors for copper AWG conductors

Multiplication factors to...
correct measurement to 20 °C, based on con- correct 20 °C value to serv ice tempera-
Temperature ductivity factors (%CF) ture, based on cor;wdu)ctlwty factors (1/
CF

100 97,66 97,16 96,16 100 97,66 97,16

°C °F unitless unitless unitless unitless unitless unitless unitless
0 32 1,085 1,083 1,083 1,082 0,921 0,923 0,924
10 50 1,041 1,040 1,040 1,039 0,961 0,962 0,962
15 5p 1,020 1,020 1,019 1,019 0,980 0,981 0,941
20 68 1,000 1,000 1,000 1,000 1,000 1,000 1,000
25 707 0,981 0,981 0,981 0,981 1,020 1,019 1,019
30 8b 0,962 0,963 0,963 0,964 1,039 1,038 1,038
35 96 0,944 0,946 0,946 0,946 1,059 1,058 1,057
40 104 0,927 0,929 0,929 0,930 1,079 1,077 1,076
45 113 0911 0912 0,913 0,914 1,098 1,096 1,096
50 122 0,895 0,897 0,897 0,898 1,118 1,115 1,115
55 131 0,879 0,882 0,882 0,883 1,138 1,134 1,134
60 140 0,864 0,867 0,867 0,869 15157 1,154 1,133
65 149 0,850 0,853 0,853 0,855 1,177 1,173 1,172
70 158 0,836 0,839 0,840 0,841 1,197 1,192 1,191
75 167 0,822 0,826 0,826 0,828 1,216 1,211 1,210
80 176 0,809 0,813 0,814 05815 1,236 1,230 1,249
85 185 0,797 0,800 0,801 0,803 1,255 1,250 1,248
90 194 0,784 0,788 0,789 0,791 1,275 1,269 1,247
100 212 0,761 0,765 0,766 0,768 1,314 1,307 1,306
120 248 0,718 0,723 0,724 0,726 1,393 1,384 1,342
140 284 0,680 0,685 0,686 0,688 1,472 1,461 1,458
160 320 0,645 0,650 0,652 0,654 1,550 1,538 1,535
180 396 0,614 0,619 0,621 0,623 1,629 1,614 1,611
200 392 0,586 0,591 0,593 0,595 1,707 1,691 1,648
220 428 0,560 0,566 0,567 0,569 1,786 1,768 1,764
240 464 0,536 0,542 0,543 0,546 1,865 1,845 1,840
260 500 0,515 0,520 0,522 0,524 1,943 1,922 1,917
280 536 0,495 0,500 0,502 0,504 2,022 1,998 1,993
300 572 0,476 0,482 0,483 0,486 2,100 2,075 2,070

D.3.4 Conductor resistance test

D.3.4.1 General

Testing of the cable to determine its conductor resistance value shall be per ASTM B193.

D.3.4.2 Allowable resistance

The resistance of single conductor and multiple-conductor parallel-lay cable shall be no more than the
102 % of the appropriate value in Table D.2 or Table D.5 (as appropriate) corrected to test temperature
per D.3.3.2.
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The resistance of multiple-conductor twisted assembly cable shall be no more than the 104 % of the
appropriate value in Table D.2 or Table D.5 (as appropriate) corrected to test temperature per D.3.3.2.

D.4 Other conductor configurations

Conductor configurations other than those in D.2 and D.3 shall be in accordance with an appropriate
standard or other requirement that consider dimensions and resistance. These conductor configurations
shall be evaluated based upon supplier's/manufacturer’'s procedures and evaluation criteria and shall
be implemented by a qualified person.
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Annex E
(informative)

Functional evaluation guideline — Assembled ESP system

E.1 General

The suppliefr/manufacturer should provide verifiable evidence that the components offered, €4
effectively assembled and operated as a system to meet the requirements of the application@as.speq

n be
ified

by the user/purchaser. This should be determined through the series of tests as described.in'this annex

and additiopal evaluations performed by a qualified person(s) assigned for the assembled ESP sy

evaluation.

The user/py
acceptance

supplier/md
objective of
assembled s

Testing should be performed:

a) inaccor
b)
c)

d) byaqud

in accorf

Calibration
Testing resy
performed {

The assembh
component{
as per Anne

E.2 Mech

Th mechani

on calibjrated equipment;

rchaser should select the desired system functional evaluation grade) Testing parame
criteria and order of the testing should be agreed between thé\user/purchaser an
nufacturer before performing the tests, as applicable to the-project requirements
these tests is to verify the compatibility of the components, 6perational performance
ystem as designed and system integration interfaces.

dance with the requirements of Clause 7;

dance with an approved procedure with spe¢ified acceptance criteria;

lified person.

certificates should be presented prior to the start of the system functional evalus
Its should be documented and approved by a qualified person other than the person|
he testing.

led ESP system to(be’subjected to functional evaluation tests should comprise
that have successfully completed their respective component functional evaluation
X C.

jJanicalccompatibility test

ral.¢ompatibility test verifies the mechanical compatibility and interface of the ESP sy

stem

ters,
1 the

The
fthe

tion.
who

only
tests

stem

components

. Fhis test may be performed horizontally or vertically in the supplier's/manufacty

rer’s

facility. The user/purchaser should specify the components that are required for this test. During
the testing, all equipment selected (ESP and auxiliary equipment) should be mechanically coupled
and flanges fully secured. For components with rotating shafts, shaft end play and rotation should be
verified after mechanical make-up of each component in the assembly. This test is considered successful
if all mechanical connections can be made up without damage and shaft settings (where measurable)
are within the supplier's/manufacturer's specifications and the shafts of the entire assembly rotate
freely. Rotation of the assembly shafts can be verified visually or by measuring voltage generation from
the motor while turning the upper most shaft in the made-up assembly.

E.3 Stack-up test

The objective of the stack-up test is to verify the ESP system assembly and installation procedure is safe
and fit for purpose. This test should be performed with the ESP system placed vertically. The pump is
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not started in this test. The stack-up test can mimic the rig floor activity. Unexpected “hold-up” points

and clearance issues should be considered in this test.

Evaluation of the activities on the rig floor allows the user/purchaser to find strengths and

weaknesses

in the procedure. This test can be extended by the user/purchaser to include operations, such as running
through hanger profile, assembling electric penetrators in the ESP packer, set and release of ESP packer.

The information from this test can be used to refine the mechanical compatibility t

est and aid

understanding of how the ESP system is handled and assembled such as where to spot spoolers, hang

goosenecks and minimizing hazards.

E.4 | System integration test (SIT)

E.4.1 General

The purpose of the SIT is to verify the performance of a complete system and to)identify a
that fould lead to early failures. For the purpose of this test, the equipmentutilized for te
specified by the user/purchase as follows:

a) ISP components: these components should be either the specific serial numbered
intended for installation or components of the same model and désign.

b) ESP cable: upon user's/purchaser's request, this cable shauld'be either the specific seri:

|
¢able intended for installation, cable of the same model and design, a load cell and/
¢able system simulator to mimic the cable systenielectrical characteristics, or a
thereof.

c) Power equipment, such as ASD, transformers,-¢ontrol systems: This equipment should |
gpecific serial numbered equipment intended for installation, equipment of the sam{
dlesign, other equipment that is suitable for the purposes of the test, or a combination t

E.4.2 Assembled ESP system functional evaluation grade

The tiser/purchaser should specify an assembled ESP system functional evaluation grade
Tabl¢ E.1. This document provides-requirements for the following three functional evaluati

— IF1: highest level of functienal evaluation;
— F2: intermediate level of functional evaluation;

— IF3: basic levelhoffunctional evaluation.

E.4.3 Requirements

To ensufe‘the system as a whole operates as designed and meets specification, the ES

hy deviation
st should be

components

] numbered
br electrical
rombination

be either the
b model and
hereof.

detailed in
on grades:

P should be

functionally operated as per user's/purchaser's requirements, such as target flow rates, p

bwer supply

frequency, operating frequencies and test fluids. The duration of the evaluation of the

ESP system

should be specified by the user/purchaser. The elapsed time should start immediately after achieving

stable head and horsepower readings. Heat build-up should be avoided at the test fluid.
The ESP system under test should include its respective downhole sensor.

During the SIT, the following parameters should be measured and documented:

a) intake and discharge temperatures;

b) intake and discharge pressures;

c) voltage and current RMS values at wellhead/wellhead penetrator and at power supply

d) power supply frequency;
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e) downhole sensor measurements;

f) mechanical torque and speed at pump’s shaft.

Upon user's/purchaser's request, a torque cell should be used to directly measure the mechanical
torque demanded by the pump’s shaft. This approach provides more accurate data than the alternative
of estimation or indirect measurement based on rotation and electric current.

After the last hydraulic evaluation test, the supplier/manufacturer may remove the torque cell. From
this point, the SIT should proceed for the remainder of the duration.

Upon user's/purchaser's request, the SIT should be performed with the ESP string placed in a dummy
well.
E.4.4 SIT procedure

At every time interval specified by the user/purchaser, the tests listed in Table E.1 should’be perfo
as a minim@im. The testing results should be documented and approved by a qualified person

than the perison who performed the testing.

Table E.1 — Functional evaluation grades for SIT

‘med
bther

F3

F2

F1

Hydraulic evaluation

In conformance with
supplier's /manufacturer's
specifications and accept-
ance criteria

Per F3 with two_additional
test points taken:

1. between = minimum
operating limit and
BEP

2.\“between BEP and
maximum operating
limit

Per F2 with pass/fail
criteria at £3 % tolerajnce
on flow and head, and
+5 % tolerance on pover,
and a minimum of 93 %
efficiency as comparegl to
published values

Vibration

In conformance with
supplier's/manufacturer's
specifications anhd accept-
ance criteria

Per API RP 11S8 with the
following exemptions:

for component outer
diameter <15,24 cm
(6 in): maximum
velocity  amplitude
for vertical test is
0,508 cm/s (0,200 in/
sec) [0,137 g rms],
for horizontal
testing is 0,396 cm/s
(0,156 in/s) [0,107 g
rms]

for component outer

Per F2

diameter 215,24 cm (6
in); maximum velocity
amplitude for vertical
and horizontal
testing is 0,635 cm/s
(0,250 in/s) [0,172 g
rms].

All vibration spectrums
shall be taken over a
frequency range of 0 Hz to
600 Hz

The supplier/manufacturer in consultation with the user/purchaser should develop a rigorous test
procedure to demonstrate the system is fit for purpose through a series of tests that force the system
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into alarm and trip scenarios. These scenarios may be created within the ESP control system and/or
externally, depending on their nature, such as operation, ESD or other control safety interlocks and
interdependencies. If the power supply is housed in module, then air pressure and volume should be
verified to ensure conformance to design requirements.

E.4.5 Analysis after SIT

E.4.5.1 General

After the conclusion of the SIT, the ESP string should be dismantled. Each single component should be
subjected to an analysis as described in E.4.5.2 to E.4.5.6, according to the respective grade specified at
its cgmponent functional evaluation documentation.

E.4.53.2 Pump and gas handler

The pump and gas handler should be subjected to the functional evaluation &s)specified |n Table C.1,
exclyding hydraulic evaluation and vibration.

E.4.53.3 Bolt-on intake

Independent of the chosen SIT functional evaluation grade, the bolt-on intake should functionally
evalyate the shaft rotation, shaft extension, shaft end play andéshaft side play in conformapce with the
supplier's/manufacturer's specifications and acceptance critetia.

E.4.5.4 Mechanical gas separator

The mechanical gas separator should be subjected to the functional evaluation as specified|in Table C.2,
exclyding vibration.

E.4.53.5 Seal chamber section

The feal chamber section should be(subjected to the functional evaluation as specified jn Table C.3,
exclyding vibration.

Dieldctric oil should be sampled, at a minimum, from each seal chamber, at its lowest sanpling port,
with|the string placed in a vertical position and in accordance with ASTM D923. No oil repl¢nish should
be miade before sampling.

Upor) user's/purchaser’s request, the water content on those samples should be evaluated ir] accordance
with{ASTM D1533)to’evaluate any water ingress during the SIT.

E.4.5.6 Motor

The jmetoer should be subjected to the functional evaluation as specified in Table C.f, excluding
mechanical = standard i{ﬂp/rnncf, kW: mechanical = load test; and vibration

Dielectric oil should be sampled, at a minimum, from upper motor head and lower motor head and base,
at its lowest sampling port, with the string placed in a vertical position and in accordance with ASTM
D923. No oil replenish should be made before sampling.

Upon user's/purchaser's request, the water content on those samples should be evaluated in accordance
with ASTM D1533 to evaluate any water ingress during SIT

E.5 Power test

The objective of the power test is to verify that the power supply equipment, as described at the

technical specification, is appropriately sized to start and run the ESP motor to full load conditions
when connected to the correct power cable system, or if the user/purchaser agrees a load cell and/or
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electrical cable system simulator. The specific equipment to be utilized for this test should be per E.4.
If the motor designed for the application is unable to achieve 100 % motor load in the test conditions,
an alternative larger pump can be required for test or a dynamometer can be substituted for the pump.

E.6 Calculating ESP system efficiency

The ESP system efficiency can be calculated as the total amount of hydraulic power imparted into the
fluid by the ESP pump divided by the electrical power supply output at a measurement point prescribed
by the user/purchaser (e.g. wellhead/wellhead penetrator). The calculation should incorporate
all known PVT data to ensure best possible accuracy of the hydraulic power estimate used for the
calculation.
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Annex F
(informative)

Establishing recommended operating range of ESP system

General

This
and 4
apply

F.2

F.2.1

Axia
are g
be c(
whic

I

_

annex describes the factors to be considered for defining a recommended operating
stablishes guidelines for creating the ROR. Some factors are application specifig;while
 to a certain stage design regardless of the application.

Considerations for ROR

Axial thrust forces

thrust forces are application specific because, in addition to’hydraulic stage design, 4
ffected by the fluid density, operating r/min and number,of pump stages. These fa
nsidered when comparing the generated axial thrustforces to the thrust bearing log
h the following applies:

loater pumps: Axial thrust forces on floating pump impellers can cause excessive we
vashers, especially when abrasive particles aré,present in the well fluid.

NOTH
operd
syste

F.2.2

[ompression pumps: Axial forces on compression pump impellers are transferred
earing, typically in the seal chamber section.

umps with modular thrustbearings’Axial thrust forces are transferred to modular thr
cated in the pump section. Accelerated wear can occur on these bearings in excessive
onditions, especially when abrasive particles are present in the well fluid.

umps with hydraulic pistons for controlling axial thrust: Down thrust forces are equ
hydraulic piston in/the top of the pump. Hydraulic piston size should affect the re
perating range seléeetion.

The ROR<ofja particular pump stage can vary depending on pump construction. A

ting range cambe extended beyond the efficient operating range of the pump depending
Im supporting the pump, its construction type and thrust curve.

Flow and pressure limits

fange (ROR)
others shall

hrust forces
rtors should
d limits, for

ar on thrust

to a thrust

ustbearings
Hown thrust

alized using
commended

pump curve
n the thrust

w required

Appl

| 34
to cool the motor or a maximum pressure that needs not to be exceeded in the pump housing or
maximum flow rate to prevent erosional velocities.

F.2.3 Power limits

Application specific limits to ROR can include constraints, such as motor input power limits, motor
operating temperature or amperage limits, and component shaft power limits.

F.2.4 Shape of head/flow rate curve

Centrifugal pump head versus flow rate curves (per A.3.3.2) can show a droop, dip or flat region in the
body of the head curve. When the head curve is flat or has a dip for a range of flow rates, the flow rate
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of the pump can be unstable and therefore the pump ROR may be set to avoid operation in areas of the
pump curve.
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Annex G
(informative)

Example of user's/purchaser's ESP functional specification form

This annex provides a form, which can be used by the user/purchaser to assist in specifying the
functional requirements of the ESP system as required in Clause 5. This form is not necessarily inclusive

of all requirements.

Compjany name

Contact

Case/[Scenario description/Identifier:

Techniical specification response required: |Component(s) only [1 Components and assembl

Operating envi-

Coalbed methane [0  Heavy oil 0 Conventignatoil 0 Source water [
ronment:

ed system [

T Other (O

Well type: Vertical 0  Directional 0 Slant [0 <Horizontal (1

Well Jocation: Onshore [ Offshore 0 Subsead |Geographicallocation:

R €SET" carbonate 0 Shale 0 Unconsolidated sandétone O Coal I Consolidated|
voir type:

sandstone [

Reservoir recovery process:

Aquifer drive O Solution gas drive [I*Water flood 1 Coal dewatering 1 Thermal [

Enhapced oil recovery: CO, flood, (3 WAGO  Polymer flood O

Existing or planned power supply details: Generator L1 Utility [ volts Hz
KVA/Amp supply limitations:

Existing or planned surface equiipment:
Switchboard O0  6-step ASD{CJ~"PWM ASD O Filtered PWM ASD O Medium voltage
Spacerestrictions [1

Well Profile: -\ S-shaped 0  U-shaped [0  sinusoidal 0 = multilateral [

Geotlllermal gj@:{bnt/profile: please attach

ction history: please attach

depth [PSD] (measured depth [MD])

Pump setting depth [PSD] (true vertical depth [TVD]) m - ft
Existing or planned total well depth: TVD/MD / m - ft
Producing interval depth (top) TVD/MD / m - ft
Producing interval depth (bottom) TVD/MD / m - ft
Casing outside diameter mm - in
Casing weight and grade kg/m - Ib/ft

Casing connection type

Minimum drift diameter through wellhead to bottom of ESP
assembly

mm - in

Tubing outside diameter mm - in

© IS0 2023 - All rights reserved

105


https://standardsiso.com/api/?name=44b956849fd4ad0f3a57e07f3eb38618

ISO 15551:2023(E)

Tubing weight |kg/m - Ib/ft
Tubing grade

Tubing thread/type/size

Completion type: perforated casing [0 hole O

Sand control: none [ slotted liner 0 gravel pack 0  sand screen [

ESP system configuration: single[d  duald otherOd

ESP deployment method: conventional tubing [ coiled tubing 0  wireline OJ

Well deviatignsurvey (please attach) or as a minimuin: .
J
degrees (\"1,

Inclination t pump setting depth
degrees/100 ft or degregs?@d m
N

Dogleg severity at pump setting depth

Maximum dogleg severity between wellhead and degrees/100 ft or d gQ S/
| N

™

pump setting depth:
Tubing innef coating type and thickness (if applicable)

Completion|thermal characteristics such as heat transfer coefficients f&@,t\gmpletion, insulated
tubing/annylus or flowing temperature profile (please attach) A

Completion ﬁiagram (please attach) iﬁ -

Well inflow performance expressed as (please attach)

expectef flow rate min/target/max as stock tank flowrate or pump discharge rate (B
m3/day)

FPD -

— flowing|pressure or fluid level at expected flow<rate min/target/max for a specified depth

(kPa - psi)
— Gas volyme fraction anticipated at expected flow rate min/target/max

Min Target Max

Stock tank production rate m3/day - BFPD
Flowing pressure (at production rate) kPa - psi
Flowing prefssure reference depth {datum) mTVD - ftTVD
Water cut %
Tubing head pressure kPa - psi
Casing pressure kPa - psi
Bottom-hol¢ temperature °C-°F
Reservoir sfatic pressure kPa - psi
Reservoir sfatic pressure reference depth mTVD - ftTVD
Total producing gas oil ratio Sm>/sm>- sci/stb
Expected producing gas volume fraction %
Maximum drawdown limitations mTVD

Sand cut

%

Special operating conditions (such as heavy completion fluids, sand face control, delayed start up):

Wellhead flowing fluid temperature (range)

°C-°F

106
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Flowing temperature at reference depth °C-°F
Reference depth m - ft
Slugging tendency?

Yes - No
If yes, due to sand? gas? steam?
Desired operating frequency range Hz
Desired operating frequency at target rate Hz

Please attach any materials, material requirements and dimensional limitations:

0il dEnsity at standard conditions or API gravity

0il Vilscosity at standard conditions

cP

Bubble point pressure at reservoir temperature

kPa - psi

Solut

jon GOR

sm3/sm3- s¢f/sth

Wate

r PH

Wate

I density

Wate

I salinity/chloride concentration

ppm

Gas specific gravity

Co, (

mole %) [H,S (mole %)

If yes

Sand

Erosi

please describe:

morphology (please attach) - referte.5.3.3:

bnal velocity limit (if known):

History of solids related problems such as plugging and erosion of downhole components?

Yes [0 No (I

Scale
Paraf
Asph
If yes

tendencies anticipated? Yes[O No[l
fin deposition anticipated? Yes[d Nol[l
hltene depositionanticipated? Yes[0 No [

Foamy oil behaviour?

Emulsions?

Yes O
Yes O

to any above items provide details (inversion point, emulsion viscosity data, water che

mistry, etc.)

Treaf
well?

If yes

ing chemicals being injected in the

pleasedescribe:

Yes[O No[

Oper

htormanuals required?

Yes[O No[O

Subc

New only [

mponent condition classifications acceptable (for Q3 componentsonly):

New and/or re-certified: [

Component

Selected grades
Design validation Functional evaluation Quality control
(See Annex A) (See Annex C) (7.4)
\'%t V2 V3 F1 F2 F3 Q1 Q2 | Q3

Bo

It on discharge

Pump and gas handlers

Bo

It on intake
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