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Nationales Vorwort

Dieses Dokument (prEN ISO 15551-1:2014) wurde vom Technischen Komitee ISO/TC 67 fMaterials,
equipment and offshore structures for petroleum, petrochemical and natural gas industriesi, Subkomitee SC 4
lDriling and production equipmenti in Zusammenarbeit mit dem Technischen Komitee CEN/TC 12
Materialien, Ausriistungen und Offshore-Bauwerke fiir die Erddl-, petrochemische und Erdgasindustriei
(Sekretariat: AFNOR, Frankreich) erarbeitet.

Fir Deutschland hat hieran der Arbeitsausschuss NA 109-00-01-04 AK fiBohr- und Férdereinrichtungen -
Spiegelausschuss zu ISO/TC 67/SC 4i im Normenausschuss Erddl- und Erdgasgewinnung (NOG) des
DIN Deutsches Institut fir Normung e. V. mitgearbeitet.

Dieser europaische Norm-Entwurf enthalt unter Berlcksichtigung des DIN-Prasidialbeschlusses 1/2004 nur
die englische Originalfassung der ISO-Norm.

Dieser Norm-Entwurf enthélt neben den gesetzlichen Einheiten auch die Einheiten {°Fi, fbbli, ffti, fhpi, fin
(inch)i, fib (pound)i, fib/ft%i, flbfi, fippmi und fipsi (psig)i, die in Deutschland nicht zugelassen sind. Es wird
ausdricklich darauf hingewiesen, dass die Anwendung dieser Einheiten im nationalen amtlichen und
geschaftlichen Verkehr aufgrund des Gesetzes Uber Einheiten im Messwesen nicht zulassig ist.

Umrechnung:

Nicht-SI-Einheit SI-Einheit Umrechnung

°F °C °C = (5/9) (°F-32)
bbl dm® 1 bbl = 158,987 dm®
ft m 1ft =0,3048 m

hp kw 1hp =0,74 kW

in (inch) mm 1linch =254 mm

Ib (pound) kg 1llb = 0,453 592 37 kg
Ib/ft® kg/m® 1 Ib/ft® = 4,882 kg/m®
Ibf N 1 Ibf =4,448 222 N
ppm mg/kg 1 ppm =1 mg/kg

psi (psig) kPa 1 psi =6,894 757 kPa

Fiur die in diesem Dokument zitierten Internationalen Normen wird im Folgenden auf die entsprechenden
Deutschen Normen hingewiesen:

ISO 9000 sieche  DIN EN ISO 9000
ISO 9712 sieche  DIN EN ISO 9712
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Nationaler Anhang NA
(informativ)

Begriffe, Symbole und Abklrzungen

Die Benummerung der folgenden Begriffe, Symbole und Abkiirzungen sind identisch mit der Benummerung in
der englischen Fassung.

3 Begriffe

Fur die Anwendung dieses Dokuments gelten die folgenden Begriffe. Die Definitionen der in diesem Doku-
ment verwendeten, aber im Folgenden nicht definierten Begriffe in Zusammenhang mit dem Qualitatssystem
sind ISO 9000 zu entnehmen.

3.1
Adapter
Einrichtung fur das Verbinden von Bauteilen, die nicht direkt kompatibel sind

3.2

drehzahlveranderbarer Antrieb

Einrichtung, die die Drehzahl eines elektrischen Motors durch Anderung der Frequenz des ihm zugefiihrten
Stroms regelt

Anmerkung 1 zum Begriff: Der Begriff Ndrehzahlverar]derbarer Antriebi ist austauschbar mit anderen gebrauchlichen
Industriebezeichnungen fiir diese Einrichtung, wie z. B. NAntrieb mit variabler Frequenzi oder NAntrieb mit variabler Dreh-
zahli.

3.3

Strombelastbarkeit

Héchstwert des Stroms, den ein Stromkabel fiihren kann, ohne die Temperaturgrenze fur eine bestimmte
Betriebsumgebung zu Uiberschreiten

3.4

Strombelastbarkeitskoeffizient

Temperaturanstieg des Stromkabels, dividiert durch den Quadratwert der Stromstarke fur eine bestimmte
Betriebsumgebung

35

Armierung

aulRere Abdeckung des Stromkabels, die gegen mechanische Beschadigung schitzen kann und Quellung
oder Ausdehnung darunter liegender Werkstoffe aufgrund der Einwirkung von Bohrlochfluiden mechanisch
begrenzt

3.6
zusammengesetztes ESP-System
Baugruppe von Bohrlochausriistung, die einige oder alle Bauteile nach diesem Teil der ISO 15551 umfasst

3.7

Hilfsausristung

Ausristung oder Bauteile, die auRerhalb des Anwendungsbereichs dieses Teils der 1ISO 15551 liegt/-en und
Ublicherweise durch den Nutzer/Kaufer ausgewahlt und/oder eingebaut wird/werden

BEISPIELE Kabelschutzeinrichtungen, Motorummantelungen, Umfuhrungsmittel und elektrische Gasabscheider.
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3.8
Axialstufe
Stufentyp, bei dem der Zu- und Ablaufweg im Wesentlichen parallel zur Wellenachse sind

3.9

sackartige Trennwand/Blase/Faltenbalg

flexibles Unterbauteil eines Dichtungskammerabschnitts, das als positive Sperre wirkt, welche das Bohrloch-
Forderfluid vom Motorfluid trennt

3.10
Kammer mit sackartiger Trennwand/Blase/Faltenbalg
Kammer, welche die/den sackartige Trennwand/Blase/Faltenbalg enthalt

3.11

Sperre

Unterbauteil eines ESP-Stromkabels, das Uber den isolierten Leitern angebracht werden kann und Fluid-
schutz und/oder Ringsteifigkeit bietet

3.12

Punkt des besten Wirkungsgrads

BEP

Leistungswerte einer Pumpe bei der Durchflussrate, bei der sie ihren hdchsten Wirkungsgrad erreicht

3.13

EntlGftungsventil

oberhalb eines Ruckschlagventils angebrachtes Ventil zum Zweck der Verringerung von Druck oder des
Entfernens von Fluid aus den Férdersteigrohren

3.14

Umflechtung

zusatzliche Werkstoffschicht, um dem Stromkabelsystem mechanische Leistungseigenschaften wie Ring-
steifigkeit fur die Gasdruckentlastung zu verleihen

3.15
Siedepunkt
Druck, bei dem Gas beginnt, aus untersattigtem Ol/Fluid auszutreten und eine freie Gasphase zu bilden

3.16

Umfuhrungsmittel

Einrichtung, die gemeinsam mit der ESP-Baugruppe ins Bohrloch eingebracht wird, die das Steigrohrsystem
teilt, um das Einbringen eines zusatzlichen Steigrohrstrangs parallel zur ESP zu ermdglichen

3.17
Kabelbinder
Metallband zur Befestigung von ESP-Stromkabeln an Fordersteigrohren

3.18

Kabelklemme

gewohnlich aus biegesteifem Werkstoff bestehende Einrichtung zur Verstarkung oder Abstiitzung von Strom-
kabeln an Férderrohren

3.19

Kapillarleitung

unabhéngiger Steigrohrstrang, der gewdhnlich der hydraulischen Regelung von Sicherheitsventilen und
Schiebehulsen fir die Chemikalieninjektion dient

Anmerkung 1 zum Begriff: Diese Einrichtung wird gewohnlich als Chemikalieninjektionsleitung oder Regelleitung
bezeichnet.
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3.20
Futterrohr
von der Oberflache ausgehendes Rohr, das zum Auskleiden der Bohrlochwéande vorgesehen ist

3.21

Futterrohrgrofle

Nenn-AulRendurchmesser des Futterrohrs (od), Masse (Gewicht), Innendurchmesser (id) und/oder
Bohrerdurchmesser entsprechend der Festlegung in ISO 11960

3.22

Zentrierer

Einrichtung, die verwendet wird, um die ESP-Baugruppe oder andere Ausriistung im Bohrloch in der Mitte von
Steigrohr, Futterrohr oder Bohrloch zu halten

3.23

Kreiselpumpe

Bauteil eines ESP-Systems, das (ein) sich drehende(s) Laufrad/-rader verwendet, um kinetische Energie
(Geschwindigkeit) durch Zentrifugalkraft auf ein Fluid zu Gbertragen, und feststehende Diffuser, um kinetische
Energie in potenzielle Energie (Druck) umzuwandeln

3.24
Kammer
Unterbauteil des Dichtungskammerabschnitts

3.25
Ruckschlagventil
Einrichtung, die den Durchfluss von Fluid in nur einer Richtung gestattet, wenn ein Differenzdruck anliegt

3.26

Bestimmtheitsmalf}

statistisches MaR zur Bestimmung des Ubereinstimmungsgrades zwischen einem mathematischen Modell
und einer Reihe von beobachteten Datenwerten

Anmerkung 1 zum Begriff: Das BestimmtheitsmaRR wird typischerweise unter Verwendung der folgenden Gleichung
berechnet

c 2
PACEED!
R2 —1_i=1
S —2
D 0i-)
i=1
3.27

Spiralsteigrohr
Rohr, das typischerweise als durchgehende Rohrlange geliefert und verlegt wird und auf einer Haspel oder
Spule aufgewickelt ist

3.28

spiralsteigrohrgefiihrte ESP

ESP-System, das unter Verwendung von Spiralsteigrohren statt miteinander verbundenen Steigrohr-
abschnitten oder einem Kabel in das Bohrloch eingebracht wird

3.29
ubliche Ausrustung
Ausrustung, deren Rickverfolgbarkeit nicht erforderlich und die Teil eines ESP-Bauteils ist

BEISPIELE Schrauben, Unterlegscheiben und Halteringe.
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3.30

Kompaktlitzenkabel

Konfiguration eines elektrischen Leiters, bei der ein mehrstrangiger Leiter verdichtet wurde, um den Umfang
unter Beibehaltung der Leiterflache zu verringern

3.31
Kompressionspumpenkonstruktion
Konfiguration, bei der das Laufrad an der Welle befestigt ist, um Axialbewegung zu verhindern

3.32
Leiter
Unterbauteil des Stromkabels, das den elektrischen Strom fiihrt

3.33

Leiterabschirmung

an den Leiter angrenzende Schicht zur gleichmafRigen Verteilung der Spannungsbeanspruchung Uber die
Oberflache des Leiters

3.34

Konfiguration

Bauteilbezeichnung, welche die Endanschlusskonstruktionen fiir das AnschlieRen zusatzlicher Bauteile in
Reihe festlegt

BEISPIELE Oberes Tandem, unteres Tandem, mittleres/mittiges Tandem und einzelnes Tandem.

3.35

Kontraktionsfahigkeit

Volumen, um das sich eine Kammer oder eine Reihe paralleler Kammern aufgrund von Temperatur- und
Druckzyklen verringern kann, ohne den Bohrlochfluideintritt durch die Kammer zuzulassen oder Beschadi-
gung zu verursachen

3.36
Kupplung
Einrichtung zum Verbinden der Wellen von ESP-Bauteilen

3.37

Einfuhrverfahren

Einbringverfahren

Verfahren zum Einfuhren der ESP-Bohrlochausriistung in die festgelegte Lage

3.38

Validierung der Konstruktion

Prozess der Prufung einer Konstruktion zum Nachweis der Ubereinstimmung des Produktes mit den
Konstruktionsanforderungen

3.39

Verifizierung der Konstruktion

Prozess der Uberpriifung der Grundlage einer Konstruktion durch Berechnung, Vergleich oder Untersuchung,
um die Ubereinstimmung mit den festgelegten Anforderungen nachzuweisen

3.40
Abweichungsmessung
Messung eines Bohrlochverlaufs Uber die Bohrlochlange fir die Konstruktion und Anwendung von ESP

3.41

Diffusor

feststehendes Stufensegment einer Kreiselpumpe, das die Geschwindigkeit des gepumpten Fluids (kinetische
Energie) in Druck (potenzielle Energie) umwandelt
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3.42
Forderkopf
Bauteil am Ausgang der Pumpe zum Anschliel3en an die Foérdersteigrohre

3.43

Bohrloch-Abweichung

Gesamt-Abwinkelung und -Azimut im Bohrloch, Futterrohr oder Liner, berechnet tiber eine Normlange, z. B.
Grad je 30 m oder Grad je 100 FuR3

3.44

Wirkdurchmesser

theoretischer Mindestdurchmesser durch den das zusammengesetzte ESP-System hindurchgeht, ein-
schlief3lich Installation sémtlicher erforderlicher ESP-Hilfsausriistung

3.45
Wirkungsgrad
Quotient aus abgegebener und aufgenommener Leistung

3.46

Elastomer

Polymer mit der Eigenschaft der Viskoelastizitat (Elastizitat) sowie gewdéhnlich einem niedrigen Elastizitats-
modul und einer hohen Streckgrenze

3.47

elektrischer Durchgang

elektrischer Steckverbinder fir den Durchgang von Stromkabeln und/oder Messgeratedréhten durch eine
Sperrschicht

BEISPIELE Bohrlochkopf, Bohrloch-Packer, ESP-Gehause oder -Behélter.

3.48

elektrisches Oberflachen-Steuergerat

elektrisches Gerat zur Steuerung des Betriebs der ESP-Baugruppe, gewdhnlich bezeichnet als drehzahl-
veranderlicher Antrieb oder Schalttafel

3.49

elektromagnetischer Bereich

Bereich eines Drehstrommotors innerhalb der zylindrischen Hulle, die durch den Auf3endurchmesser der
Statorschichten bestimmt wird, und der Axiallange, die die gesamten Drahtwendeln des Stators einschlief3t

3.50

Durchfuhrungssystem

Befestigung, die den Durchgang von Elektrizitat von einer Seite einer Sperre zur anderen unter Beibehaltung
der Gas- oder Fluiddichtheit der Sperrschicht ermoglicht

3.51
Schwimmpumpenkonstruktion
Konfiguration, bei der das Laufrad nicht an der Welle befestigt ist, um begrenzte Axialbewegung zuzulassen

3.52
FlieBdruck
Druck im Bohrloch in einer bestimmten vertikalen Tiefe bei einer bestimmten Durchflussrate

3.53

funktionelle Bewertung

Prifung(en) zum Nachweis, dass der Betrieb eines ESP-Bauteils oder eines zusammengesetzten ESP-
Systems der Auslegung entspricht
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Anmerkung 1 zum Begriff: Gelegentlich bezeichnet als werkseigene Abnahmeprifung bei ESP-Bauteilen und als
Strangprufung bei zusammengesetzten ESP-Systemen.

3.54

Gassteuerung

Bauteil eines ESP-Systems, das den mehrphasigen Durchfluss ohne Gasabscheidung bestimmt, um die
Verschlechterung der Pumpenleistung zu verringern

3.55

Gas-Ol-Verhaltnis

gefordertes Gas-Ol-Verhaltnis

volumetrisches Verhéltnis von Gas zu Ol bei Standardbedingungen

3.56

Gasabscheider

Bauteil eines ESP-Systems, das einen Teil des freien Gases mechanisch von den Bohrlochfluiden trennt,
bevor die Fluide in die Pumpe oder die Gassteuerung eintreten

3.57
Druckhdhenkennlinie
von der Pumpe erzeugte Druckhéhe als Funktion der Durchflussrate bei einer bestimmten Drehzahl

3.58
Gehéausenenndruck
Wert der maximal zuldssigen Differenz zwischen Innen- und Auf3endruck

3.59

Laufrad

Stufensegment, das von der Welle angetrieben wird und dem gepumpten Fluid kinetische Energie
(Geschwindigkeit) zufiihrt

3.60

Neigungswinkel

Winkel, gemessen in Grad, mit dem die Bohrloch- oder Messgerateachse von einer tatséchlichen vertikalen
Linie abweicht

3.61

Drehstrommotor

Bauteil eines ESP-Systems, bei dem zugefihrter Wechselstrom mittels elektromagnetischer Induktion in ein
mechanisches Drehmoment umgewandelt wird. Auch bezeichnet als Asynchron- oder Kéafiglaufermotor

3.62

Zulauf

entweder in die Pumpe eingebautes oder an die Pumpe geschraubtes Unterbauteil einer Pumpe, das einen
Durchflussweg zum ersten Laufrad bietet

3.63

Zulaufsieb

Anbauteil am Pumpenzulauf zur Filterung von Feststoffpartikeln aus dem Forderfluid zum Schutz der innen
liegenden Bauteile der Pumpe

3.64

Isolierung

isoliert das elektrische Potenzial zwischen Leitern und anderen leitfahigen Materialien und minimiert
Leckstrom von den Leitern
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3.65
Umkehrpunkt
prozentualer Wasseranteil, bei dem die Emulsionsviskositat ihren Hochstwert erreicht

3.66
invertiertes System
ESP-System, bei dessen Konfiguration die Pumpe unten und der Motor oben angeordnet sind

3.67

Ummantelung

Unterbauteil eines ESP-Stromkabels, das die isolierten Leiter bedeckt und mechanischen Schutz gegenuber
der Bohrlochumgebung bietet

3.68

Labyrinthkammer

Kammer, die mittels senkrechtem U-Rohr, labyrinthartigem oder verwinkeltem Durchflussweg den Eintritt von
Bohrlochfluid in die Kammer verzdgert

3.69

Kernblech

dinne metallische Unterbauteile elektrischer Qualitat, die den magnetischen Kern von Stator und Rotor(en)
bilden

3.70

Liner

Rohr, das von der Oberflache oder einem anderen Punkt tiefer im Bohrloch bis in eine Tiefe innerhalb oder
unterhalb des bestehenden Futterrohrs verlauft

3.71

Herstellung

durch einen Ausristungslieferanten/-hersteller ausgefiihrte Prozesse und Tatigkeiten, die erforderlich sind,
um fertige Bauteile und Baugruppen sowie die zugehoérige Dokumentation bereitzustellen, und die die
Erfordernisse des Nutzers/Kaufers erfillen und den Normen des Lieferanten/Herstellers entsprechen

Anmerkung 1 zum Begriff: Die Herstellung beginnt, wenn der Lieferant/Hersteller den Auftrag erhalt, und endet in dem
Moment, in dem Bauteil(e)/Baugruppe(n) und die zugehdrige Dokumentation einem Transportunternehmen tbergeben
werden.

3.72

mechanische Dichtung

Unterbauteil zur Verhinderung von Durchfluss zwischen einer rotierenden Welle und einem feststehenden
Gehéause

3.73
Isolationsmessgerat
Messgerét, das eine hohe Spannung erzeugt, um den Widerstand der Isolierung usw. zu prifen

3.74

halbaxiale Stufe

Stufentyp, bei dem der Zulaufweg im Wesentlichen parallel zur Wellenachse ist und der Ablauf zwischen der
Senkrechten und der Parallelen zur Wellenachse liegt

3.75

Modell

Ausristung mit besonderen Bauteilen und Funktionsmerkmalen, die sich von anderen Ausristungen
desselben Typs unterscheidet
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3.76

modulare Pumpenkonstruktion

Konfiguration, die sowohl Kompressions- als auch Schwimmpumpenkonstruktionen innerhalb eines einzelnen
Bauteils einsetzt

3.77

Motorfluid

Fluid im Innern des Motors und des Dichtungskammerabschnitts fir Schmierung der Lagersysteme,
Warmeibertragung an die Hulle der Einheit und dielektrische Isolierung gegenuber dem Motor

3.78

Motoranschlussiberstand

MLE

an den Endverteiler angeschlossenes Kabel zum SpleiRen mit dem Stromkabel

3.79
Betriebstemperatur des Motors
Temperatur an oder nahe den Statorwendeln, wenn diese mit Strom versorgt werden

3.80
Motorummantelung
Rohr, das den Motor Uber die Lange der ESP bedeckt, um Fluid am Motor vorbei zu leiten

3.81

Nichtkonformitat

Nichterfullung einer festgelegten Anforderung, wie z. B. Abweichung einer Ausrustung, eines Teils, einer
Vorgehensweise oder eines Verfahrens von einer festgelegten Norm

3.82
Betreiber
Nutzer der Ausriistung

3.83

Betriebshandbuch

durch den Lieferanten/Hersteller herausgegebene Publikation, die ausfihrliche Daten und Anleitungen
hinsichtlich Konstruktion, Einbau, Betrieb und Wartung der Ausristung enthalt

3.84
Betriebsumgebung
Reihe von Bedingungen im Bohrloch, denen das Bauteil Uber seinen gesamten Lebenszyklus ausgesetzt ist

3.85

parallele Kammern

Konfiguration von mindestens zwei Dichtungskammern, die zur Erhéhung der Kontraktionsféhigkeit
zusammenwirken

3.86

passiver Gasabscheider

Einrichtung, die fur die Verringerung der freien Gasmenge vorgesehen ist, welche durch einen selektiven
Fluidzulaufpunkt oder einen gerichteten Fluiddurchflussweg in den Pumpenzulauf eintritt

3.87

dauerhafte Kennzeichnung

Kennzeichnung, die wahrend der vorgesehenen Lebensdauer des Bauteils und/oder Unterbauteils lesbar
bleibt

10
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3.88
Permanentmagnetmotor
Motortyp mit Permanentmagnetrotor(en) statt Drehstromrotor(en) als eine Art der Drehmomenterzeugung

3.89
Endverteiler
Stromsteckverbinder am Ende des MLE oder Stromkabels, die mit dem Motor zusammenpassen

3.90

Stromkabel

Bauteil des ESP-Systems, das die elektrische Ausristung an der Oberflache oder den Anschluss des
elektrischen Durchgangs mit dem MLE oder Motor verbindet

3.91

Pumpenkonstruktion

Konfiguration, bei der die Pumpenstufen unter Berlicksichtigung der Axialbewegung gegeniber der Welle
angeordnet werden, z. B. Kompressions-, Schwimmer-, Modularkonstruktion

3.92
Differenzdruck der Pumpe
Differenz zwischen Férder- und Ansaugdruck

3.93

Pumpengehéause

Rohr, das zu Laufradern und Diffusoren gehérende Unterbauteile der Pumpe enthélt und als Drucksperre
wirkt

3.94
Pumpenummantelung
Rohr, das die Pumpenlange der ESP bedeckt, um freie Gasmigration in den Pumpenzulauf zu begrenzen

Anmerkung 1 zum Begriff: Diese wird mitunter als invertierte Ummantelung bezeichnet.

3.95

zugelassenes Teil

Teil, das im Rahmen eines zugelassenen Qualitatssicherungsprogramms hergestellt wurde und die Leistung
des urspringlichen Teils erreicht oder Giberschreitet

3.96

qualifizierte Person

Individuum, das Fahigkeiten aufweist, die es durch Ausbildung und/oder Erfahrung erworben hat und die es in
die Lage versetzen, eine geforderte Funktion auszufiihren, wobei als Bewertungsgrundlage anerkannte
Anforderungen wie beispielsweise Normen oder Priifungen gelten

3.97

Radialstufe

Stufentyp, bei dem der Zulaufweg im Wesentlichen parallel und der Ablauf im Wesentlichen senkrecht zur
Wellenachse ist

3.98

Sanierung

an einem Bauteil durchgefuihrte Tatigkeiten, die auf das Ersetzen zugelassener Teile begrenzt sind und durch
welche die urspringliche Leistung der Ausriistung wiederhergestellt wird

3.99

Referenzfluid
Wasser, korrigiert auf eine relative Dichte von 1,0 bei Standardbedingungen

11
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3.100
Referenztemperatur
20 Grad Celsius

3.101

Reparatur

alle Uber den Geltungsbereich der Sanierung hinausgehenden Tatigkeiten, einschlielich Demontage,
Remontage und Prifung, mit oder ohne Ersatz zugelassener Teile; sie kann maschinelle Bearbeitung,
Schweil3en, Warmebehandlung oder sonstige fertigungsbezogene Arbeitsschritte umfassen, durch welche die
urspriingliche Leistung der Ausristung wiederhergestellt wird

3.102

Rotor

mechanisch an der Welle angebrachtes Unterbauteil eines Motors, dessen Magnetfeld vom Magnetfeld des
Stators induziert wird, wodurch ein Drehmoment auf die Welle aufgebracht wird

3.103
Sicherheitsbeiwert
festgelegtes Mal eines verringerten Wertes einer bekannten Férderleistung

3.104

Sandanteil

Anteil von Sand oder Feststoffen im Bohrlochfluid, typischerweise angegeben in Prozent (Volumenanteil) oder
Prozent (Massenanteil)

3.105

Dichtungskammerabschnitt

Bauteil eines ESP-Systems mit einer oder mehreren der folgenden Funktionen: Schutz des Motorinnern
gegenuber Bohrlochfluiden und anderen Verunreinigungen, Aufnahme des Pumpenschubs, Halten des Druck-
gleichgewichts mit Bohrlochfluiddruck und Ubertragung der Motordrehzahl auf das dariiber liegende Bauteil

3.106

semi-permanente Kennzeichnung

Kennzeichnung, die bis zum Einbau des Bauteils und/oder Unterbauteils lesbar bleibt, wie z.B. ein
gestempeltes Metalltypschild oder ein Anhanger

3.107
Serie
Bauteilbezeichnung zur Kennzeichnung des AulRendurchmessers eines Gehduses

3.108

serielle Kammern

Konfiguration von mindestens zwei Dichtungskammern, die fir den erhdhten Schutz der darunter liegenden
Unterbauteile redundant wirken

3.109
Axialspiel der Welle
Axialbewegung einer Bauteilwelle, gewohnlich von einem Bezugspunkt aus gemessen

3.110
Wellenende
Messung des Endes der Bauteilwelle im Verhdltnis zu einem Bezugspunkt

3.111

seitliches Spiel der Welle

Radialbewegung der Bauteilwelle aufgrund von Zwischenraumen zwischen rotierenden und feststehenden
Lagerbauteilen

12
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3.112

Versandausriistung

Zusatzausristung, die als Teil eines ESP-Bauteils versendet wird, um den Schutz des Bauteils wahrend des
Versand- und Handhabungsprozesses zu unterstiitzen

3.113

Schlupf

Differenz zwischen der Wechselstrommotor-Synchrondrehzahl und der tatsachlichen Betriebsdrehzahl,
dividiert durch die Synchrondrehzahl, in Prozent

3.114

diskontinuierliche Férderung

Bohrlochférderung, die durch zyklischen Durchsatz von Fluidgemischen unterschiedlicher Dichte, z. B. Gas
und Flussigkeit oder zwei Flissigkeiten mit unterschiedlichen Viskositaten, gekennzeichnet ist

3.115

Gas-Ol-Verhaltnis in Losung

in Ol geloste Gasmenge, die sich mit steigendem Druck bis zum Erreichen des Siedepunktdrucks erhoht und
danach eine Konstante ist

3.116

Keilwelle

maschinell bearbeitete Konfiguration am Ende von Bauteilwellen, um das Verbinden mit benachbarten
Bauteilen, wie z. B. modifizierten SAE, Evolventen u.a., durch Kupplungen zu ermdglichen

3.117
Stufe
zusammengehdriger Satz aus einem Laufrad und einem Diffusor

3.118

Stufenbezeichnung

Bezeichnung jedes Pumpenstufentyps, die gewohnlich dessen Durchflussrate (bep), GréRe (Durchmesser)
und alle besonderen Fluidférdereigenschaften angibt

3.119
Standardbedingungen
1 atm (14,7 psi) und 15 °C (60 °F)

3.120

Stator

Unterbauteil des Motors, das Kernbleche und Drahtwendeln enthalt und von einem Rohr umschlossen ist,
auch bezeichnet als Wickelstator

3.121
Lagertank-Durchflussrate
bei Standardbedingungen aufgezeichneter Bohrlochfluiddurchsatz

3.122
Unterbauteil
Teil eines Bauteils aus einem oder mehreren Einzelteil(en)

3.123
Synchrondrehzahl
Netzstromfrequenz, dividiert durch die Anzahl der Pole des Wechselstrommotors

Anmerkung 1 zum Begriff: Bei Angabe in Umdrehungen je Minute lautet die Gleichung zur Berechnung der Synchron-
drehzahl: (Stromfrequenz x 120)/Anzahl der Pole.
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3.124

Tandem

Bezeichnung, die angibt, an welcher Stelle des Modularsystems ein ESP-Bauteil, z. B. ein Motor, angewendet
wirde

Anmerkung 1 zum Begriff: Es gibt vier verschiedene Tandembezeichnungen fiir ESP-Bauteile: oberes Tandem,
mittleres Tandem, unteres Tandem und einzelnes Tandem.

3.125
offener Priufdurchfluss
maximal erreichbare Durchflussrate der Pumpe bei Priifung

3.126
Axial-Traglager
Einrichtung zur Auflagerung der Axiallast eines rotierenden Teils

3.127

Axiallast-Tragfahigkeit

Axial-Tragfestigkeit eines Axial-Traglagers entsprechend Traglagerkonstruktion, Schmierfluid und Betriebs-
umgebung

3.128
Axialscheibe
auf einem Laufrad angebrachtes Unterbauteil, das den Axialschub aufnimmt

3.129

Torsions-Streckgrenzen-Verhéltnis

Verhaltnis zwischen der Streckgrenze des Werkstoffs bei Torsionsbeanspruchung und der Streckgrenze des
Werkstoffs bei Zugbeanspruchung

3.130

steigleitungsgefuhrte ESP

ESP-System, das unter Verwendung von miteinander verbundenen Steigrohrabschnitten in das Bohrloch
eingefuhrt wird statt mit anderen Mitteln, wie z. B. Kabeln oder Spiralsteigrohren

3.131
eindeutige Kennzeichnung
einmalig vergebene Kombination alphanumerischer Zeichen zur Kennzeichnung eines bestimmten Bauteils

3.132
Wasseranteil
Verhéltnis des geférderten Wassers zu den geforderten Fllssigkeiten, in Prozent

3.133

kabelgefuhrte ESP

ESP-System, das unter Verwendung eines Kabels in das Bohrloch eingefiihrt wird statt mit anderen Mitteln,
wie z. B. miteinander verbundenen Steigrohrabschnitten oder Spiralsteigrohren

4 Symbole und Abkurzungen

AC Wechselstrom (en: alternating current)

ASD drehzahlveranderbarer Antrieb (en: adjustable speed drive)

AWG amerikanische Norm fir Drahtquerschnitte (en: American wire gauge)
BEP Punkt des besten Wirkungsgrads (en: best efficiency point)
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Strombelastbarkeitskoeffizient (en: ampacity coefficient)
Lastminderungsfaktor (en: derating factor)

Centipoise (en: centipoise)

Gleichstrom (en: direct current)

Spannungsanderung, dividiert durch Zeitdnderung (en: change in voltage divided by change in
time)

Wirkungsgrad (en: efficiency)
Notabschaltung (en: emergency shut down)
elektrische Tauchpumpe (en: electric submersible pump)

eingestellter Schub (en: adjusted thrust)
Schub bei Priifdrehzahl (en: thrust at test rpm)

Einheit der g-Kraft (en: unit for g-force)
Gas-Ol-Verhéltnis (en: gas oil ratio)
Gasvolumenanteil (en: gas volume fraction)
Druckhéhe (en: head)

eingestellte Druckhéhe (en: adjusted head)
Druckhéhe bei Prifdrehzahl (en: head at test rpm)

Einheit der Pferdestarke (HP, en: horsepower)

Stromstéarke (en: amperage)

Internationale Elektrotechnische Kommission (en: International Electrotechnical Commission)
Innendurchmesser (en: inside diameter)

extrapolierte Temperatur bei Nullwiderstand (en: extrapolated temperature for zero resistance)
Kilovoltampere (en: kilovolt-amperes)

Kilowatt (en: kilowatt)

Prufschublast (en: thrust test load)

axiale Nenn-Traglast des Lagers bei 3 500 U/min und 5 cP Schmierfluidviskositat (en: nominal
thrust load rating of bearing at 3 500 rpm and 5 cP lubricating fluid viscosity)

Messtiefe (en: measured depth)

Motoranschlussiuberstandskabel (en: motor lead extension cable)
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mity tatsachliche Viskositat des Schmierfluids bei Prifung (en: actual lubricating fluid test viscosity)
(absolut), in cP

NEMA National Electrical Manufacturers Association (en: National Electrical Manufacturers Association)
ZfP zerstorungsfreie Prifung (NDE, en: non-destructive examination)

od AuRendurchmesser (en: outside diameter)

P, eingestellte Leistung (en: adjusted power)

P, Leistung bei Prifdrehzahl (en: power at test rpm)

pH Potenzial von Wasserstoff (en: potential of hydrogen)

Di Pumpenansaugdruck (en: pump intake pressure)

Do Pumpenférderdruck (en: pump discharge pressure)

P Fluiddichte (en: fluid density)

Py Fluidleistung (en: fluid power)

PID Regler mit programmierbarem Digital-Eingang (en: programmable input digital controller)
PMM Permanentmagnetmotor (en: permanent magnet motor)

Py Wellenleistung (en: shaft power)

PSD Pumpeneinstelltiefe (en: pump setting depth)

PVT Druck, Volumen, Temperatur (en: pressure, volume, temperature)

PWM pulsweitenmoduliert (en: pulse width modulated)

Pse kw Wellenschaft-Nennleistung (en: shaft coupling power rating), in Kilowatt

Pgc pp Wellenschaft-Nennleistung (en: shaft coupling power rating), in Pferdestarken
0 Durchflussrate (en: flow rate)

0, eingestellte Durchflussrate (en: adjusted flow rate)

On Durchflussrate bei Prifdrehzahl (en: flow rate at test rpm)

OccE Gasdurchflussrate des Gasaustritts (en: gas flow rate out of gas exit)

Oci Ansauggasdurchflussrate (en: intake gas flow rate)

Oy Ansaugflussigkeitsdurchflussrate (en: intake liquid flow rate)

R? Bestimmtheitsmal} (en: coefficient of determination)
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Wicklungswiderstand zum Zeitpunkt der Motorabschaltung (en: resistance of winding at the time
of motor de-energization)

Wicklungswiderstand vor der Prifung bei bekannter Temperatur (en: resistance of winding before
test at a known temperature)

Effektivwert (en: root mean square)
empfohlener Betriebsbereich (en: recommended operating range)
Drehzahl in Umdrehungen je Minute (en: rotational speed in revolutions per minute)

Bezugsdrehzahl (en: reference revolutions per minute)
Prufdrehzahl (en: test revolutions per minute)

gesteuerter Siliciumgleichrichter (en: silicon controlled rectifier)
Nennleistung der Welle (en: shaft power rating)
Temperatur (en: temperature)

Temperatur des Priffluids zum Zeitpunkt der Motorabschaltung (en: temperature of the test fluid
at the time of motor de-energization)

Temperatur zum Zeitpunkt der Bestimmung von Ry, (en: temperature at the time R, is taken)

Drehmoment (en: torque)

Gesamtoberschwingungsverzerrung (en: total harmonic distortion)
tatséchliche vertikale Tiefe (en: true vertical depth)
Uberspannungsschutzgerét (en: transient voltage surge suppressors)
Underwriteris Laboratories (en: Underwriteris Laboratories)
prozentualer Anteil freien Gases (en: percentage of free gas)

Volt Gleichstrom (en: volts direct current)

drehzahlveranderlicher Antrieb (en: variable speed drive)
frequenzveranderlicher Antrieb (en: variable frequency drive)
Wasser-Gas-Wechsel (en: water alternating gas)

tatséchliche Prifdrehzahl der Welle, in U/min (en: actual shaft rotational speed during test in rpm)

anhand des mathematischen Modells vorhergesagter Wert der abhangigen Variablen (en:
predicted value of the dependent variable as determined by the mathematical model)

beobachteter Wert der abhéngigen Variablen (en: observed value of the dependent variable)

Mittelwert der beobachteten Daten (en: mean of the observed data) y;
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Nationaler Anhang NB
(informativ)

Literaturhinweise

DIN EN ISO 9000, Qualitdtsmanagementsysteme — Grundlagen und Begriffe

DIN EN ISO 9712, Zerstérungsfreie Priifung — Qualifizierung und Zertifizierung von Personal der
zerstérungsfreien Priifung
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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 1SO
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 I1SO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO/IEC 15551-1 was prepared by Technical Committee ISO/TC 67,  1"#§i1¢"() *+,4- - #/"() 1/0) 122" 34%#)

5'S,6",$#") 248) TH#'SAi#, - () TH'$463# _161i() 1/0) 81",81) O17) :/0, ""$#", Subcommittee SC 4, ;$ii/<) 1/0)
7840,6%4/)%+ i~ _#/".

Error! Reference source not found. Vii
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This part of ISO 15551 has been developed by users/purchasers and suppliers/manufacturers of electric
submersible pumps and is intended for use in the petroleum and natural gas industry worldwide. ISO 15551-1
provides requirements and information to both parties in the selection, manufacturing, testing, and use of
electric submersible pumps as defined in the scope. Further, ISO 15551-1 addresses supplier requirements,
which set the minimum parameters for claiming conformity with this International Standard.

ISO 15551-1 provides grades of requirements for design validation, quality control and functional evaluations
allowing the user/purchaser to select each for a specific application. There are two grades of design
validation, three grades of quality control and up to three grades of functional testing, depending on the
component. Design validation grade V2 is restricted to legacy products, and the highest grade is V1. Quality
control grade 3 is the standard grade and grades 2 and 1 provide additional requirements. Of the three
functional evaluation grades, the lowest grade is the standard grade and higher grades provide additional
requirements. The user/purchaser can specify requirements supplemental to these grades.

Users of this International Standard are informed that requirements above those outlined in this International
Standard can be needed for individual applications. This International Standard 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 is innovative or developing technology.

viii
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1 Scope

This part of ISO 15551 provides requirements for the design, design verification and validation, manufacturing
and data control, performance ratings, functional evaluations, handling and storage of tubing-deployed
electrical submersible pump (ESP) systems as defined herein. This part of ISO 15551 is applicable to those
components meeting the definition of centrifugal pumps including gas handling devices, discharge heads, seal
chamber sections, intake systems, mechanical gas separators, induction motors (herein motor), shaft
couplings, motor lead extension, pothead and power cables, as defined herein. Components supplied under
the requirements of this part of ISO 15551 exclude previously used subcomponents. Additionally, this
International Standard provides requirements for assembled ESP systems.

This part of ISO 15551 includes normative annexes addressing design validation performance rating
requirements by component, requirements for determining ratings as an assembled system, functional
evaluation: single component and cable reference information.

This part of ISO 15551 includes informative annexes addressing functional evaluation guidelines for
assembled ESP systems, establishing recommended operating range (ROR) of the ESP system, example
user/purchaser ESP functional specification form, considerations for the use of 3-phase low and medium
voltage adjustable speed drives for ESP applications, analysis after ESP use, downhole monitoring of ESP
assembly operation and information on permanent magnet motors for ESP applications.

Equipment not covered by this part of ISO 15551 includes: wireline and coiled tubing-deployed ESP systems,
motor and pump shrouds, electric penetrators and feed-through systems, cable clamps and banding,
centralizers, intake screens, passive gas separators, by-pass tools, check and bleeder valves, component
adaptors, capillary lines, electric surface control equipment, downhole permanent magnet motors and non-
conventionally configured ESP systems such as inverted systems. Repair and redress equipment
requirements are not covered in this part of ISO 15551.

The terminology used within this standard is; “ESP assembly” for a system of products combined into an
operational machine, “component” for individual products such as, pumps or seal chamber sections, and

“subcomponent” for individual parts or subassemblies that are used in the construction of an individual
component.

T 5 &) FS/<# VI +3H .

The following referenced documents are indispensable for the application 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.

ISO 9000, Quality Management

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

API RP 11S2, Electric Submersible Pump Testing7

1 American Petroleum Institute, 1220 L Street North West, Washington, DC 20005, USA
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APl RP 11S7, 1"#SSBIU&I&" OF"+" 1 #' L[/ #5058 1124%3" #' 411", 56751)2,701" (657" 51*'
89*B71)'51™ #%

API RP 1188, ()*"+" I'#5'411"), " 567$51)2, 701 (65/'5: 241" 5, 7)™+ #%2
ASTM B3, SH0&*)&'5/ 1" - "+ #'-#)' GH#-+'#)' W1 *11&'8#//1)'< )12

ASTM B8, SU&*)&" 571" - "*+ 4" -#)" S#" 1) "=>* 1=54)*%& V&' B#// 1)’ SHWEE#)27' @*)&)" A1&,65=0%)&' #)'
St

ASTM B33, 5*0&*)&'5/ 1" - "%+ #00'-#) 1,16 S+ 18 S#-+'#)' W1 *11&'S#//1)' <) 1'-#)'411"4),"*1" (6)/#212

ASTM B189, 5++U&*)&" 5/ 1" - "*+ #0' #)' > 1*E=8H*+18' *U&' >V *&= [t =8#*+18' St-+' 8#/ /1) <) 1'-#)" 4)1"™4) "'
(6)/#212

ASTM B193, 5+*%&*)&" L 12+' AVO#& - #)" 12,2+ B2 "#-"401"),"*(' BHN&6 " +#)' A*+1),*(2

ASTM B258, 5+*%&*)&" 5/ 1" - "*+#%" -#)"' 5+*P&*)&" CHSP,U%*"' D,*P1+1)2" *®&' 8)#22=51"+#%*(" .)1*2"'#-' . <E'
5FI12'#-'5#,&" #6%&'<<,)12'G21&'*2'401""),"*(' 8#N&6 " +#)2

ASTM B49B, 5+<U8*)&'5/ 1" - *+ HI6'-#)' SHB/*""=  HOUE SHA" 1%¢),"=>* 1=54)*U& 1&'SH#/ /1) SHHEE )2
ASTM D471, 6771)' Q#/ 1)+ " H'A--1"v'#-"> 16,827 112+ AL1OHE'-H)
ASTM E8, 5+0h&*)&" 1 12+' A1+O#82"-#)" 1 12, #9112+ %3"#-" AT+, A*+1) *12

NEMA WC 53, 5*%&*)&" 112+ A1O#82" -#)' 4J1)6&1&' D, 11"5),"" (HK 1)?" SHI)HD' 192165 1%+*+ #%' <98 (#)*701"
8*7012'-#)" 1124V

3 Terms and definitions

For the purposes of this document the following definitions shall apply. For quality system related terms used
in this document and not defined below see ISO 9000 for their definitions.

3.1
adapter
device used to connect components that are not directly compatible

3.2

adjustable speed drive

device which controls an electric motor's speed by manipulating the power frequency being supplied to the
motor.

Note 1 to entry: The term “adjustable speed drive” is interchangeable with other common industry names for this
device such as “variable frequency drive” or “variable speed drive”.

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

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

2 American Society for Nondestructive Testing, 1711 Arlingate Lane, Columbus, OH 43228-0518, USA
3 National Electrical Manufacturers Association, 1300 North 17th Street, Suite 1752, Rosslyn, Virginia 22209
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"i$%!
& Q*I(T+,!
metal band which is used to secure ESP power cable to production tubing

-1
& (*&" - /!
device, usually of rigid material, for strengthening or supporting power cable to production tubing

"#$0!

&"/1))" 23N 1+*!

independent tubing string commonly used for hydraulic control of safety valves and sliding sleeves or for
chemical injection

Note 1 to entry: This device is also commonly referred to as a chemical injection line or control line.

"#45!
&"61+7!
pipe extending from the surface and intended to line the walls of a drilled well

43!

&"61+7!618*!

nominal casing outside diameter (od), mass (weight), inside diameter (id), and/or drift diameter as specified in
ISO 11960

"'#44)

&*+927)18*26!

device used to keep the ESP assembly or other downhole equipment in the centre of the tubing, casing or
wellbore

"4

&*+92: ;7"\ ; - /!

component of an ESP system that uses rotating impeller(s) to impart kinetic energy (velocity) by centrifugal
force to a fluid and stationary diffusers to convert the kinetic energy to potential energy (pressure)

"4 |
&< _ (*2
subcomponent of the seal chamber section

4=

&<*8>1?")?*!

device that allows one-directional flow of fluid when a differential pressure exists

"HA@!

EA*1&I*HIIA:T, *0%2 1+ "9IA+!

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

Note 1 to entry: The coefficient of determination is typically calculated using the following equation

Z#yi_.)_}"!

R'=

1"
%&' () <4, =" ./
U SRIET (06 )< NN (B =+ " ) (", = # &=, 8, % =%) (#, .8/ "+ O=*,+ = §— " 1##( -1 )1 ——(
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"%

&"()*+ ,-.(/0 +*1)"2*+ 345

ESP system which is deployed into the wellbore using coiled tubing rather than by other deployment means
such as jointed tubing or wireline

"i$6
&* 77"/ 89:+;9:*
hardware that does not require traceability and is included as part of an ESP component

EXAMPLES Bolts, washers, screws, and snap rings.

Il#ll<

&"7198&, =,:9/+*+ &9.)*

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

g,
&7 1:*==("/ 1-718&"/=,:-&,("/
configuration where the impeller is fixed to the shaft to prevent axial movement

"'
& /+-&,":
subcomponent of the power cable that functions to conduct electrical power

g
&"/+-8&,%: =8(*)+
layer adjacent to the conductor to distribute voltage stress evenly over the surface of the conductor

g

&"/0(0-:9,(*/

component designation that identifies the end connection designs for attaching additional components in
series,

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

I

&"/,:9&,("/ &919&(,2

volume that a chamber or set of parallel chambers can draw in due to temperature and pressure cycles
without allowing wellbore fluid ingress through the chamber or causing damage

A
&"-1)(/0
device which connects the shafts of ESP components

"B

+*1)"27*/, 7*,8"+

conveyance method

method used to deploy the ESP downhole equipment to its setting location

"%
+*=(0/ C9)(+9,("/
process of proving a design by testing to demonstrate conformity of the product to design requirements

"6

+*=(0/ C*:(0(&9,("/

process of examining the premise of a given design by calculation, comparison or investigation, to
substantiate conformity with specified requirements
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*4%%!

&"()*+),-1./0("1!

the measurement of a borehole’s trajectory over the wellbore length for the purposes of ESP design and
application

"i$2!

&)33/. 70!

stationary stage segment of a centrifugal pump which converts the pumped fluid velocity (kinetic energy) to a
pressure (potential energy)

"i$4!
&).56*07"16"*&!
component on the output end of the pump for connecting to the production tubing

R

&, 78771 " (0)+1!

the total angular inclination and azimuth in the wellbore, casing or liner, calculated over a standard length
such as degrees per 30 meters, or degrees per 100 feet

Il#$$|

"33"54)("1&)*9"+70!

the theoretical minimum diameter through which the assembled ESP system passes including installation of
all required ESP ancillary equipment

S
"33)5)" -51!
output work divided by input work

S |

"g*_+,9"0!

polymer with the property of viscoelasticity (elasticity), generally having a low Young’s modulus and a high
yield strain

"$;!
"8"5+0)5!<" - "+0*+, 0!
electrical connector that functions to transition power cable and/or instrument wires through a sealing barrier

EXAMPLES Wellhead, wellbore packer, ESP pod or canister.

=]

"8"5+0)5!./03*5"15, -0, 8! ">/)<9 " -+

electrical equipment used to control the operation of the ESP assembly commonly referred to as an adjustable
speed drive or switchboard

"%

"8"5+0, 9*7-"+)510"7), -!

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" "&0+60,/76!.1.+"9!

fixture which allows the passage of electricity from one side of a barrier to another while maintaining a seal of
gas or liquid through the barrier

Sl
3, *)-71</9<!5, - +0/5%), -!
configuration where the impeller is not fixed to the shaft to permit limited axial movement
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3.52
flowing pressure
pressure in the wellbore at a specific vertical depth at a specific flow rate

3.53
functional evaluation
test(s) performed to confirm 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.

3.54

gas handler

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

3.55

gas-oil ratio

produced gas-oil ratio

volumetric ratio of gas to oil at standard conditions

3.56

gas separator

component of an ESP system that mechanically separates a portion of the free gas from the wellbore fluids
prior to the fluids entering the pump or gas handler

3.57
head curve
the amount of head generated by the pump as a function of flow rate for a specific speed

3.58
housing pressure rating
the value of the maximum allowable difference of internal less external pressure

3.59
impeller
stage segment rotated by the shaft which adds kinetic energy (velocity) to the fluid being pumped

3.60
inclination
angle, measured in degrees, by which the wellbore or survey-instrumented axis varies from a true vertical line.

3.61

induction motor

component of an ESP system where alternating current power input is transformed to mechanical torque by
means of electromagnetic induction. Also referred to as an asynchronous or squirrel cage motor

3.62

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

3.63

intake screen

attachment to the pump intake used to filter solid particles from the produced fluid to protect the internal
components of the pump
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3.64

insulation

isolates the electrical potential between conductors and other conducting materials and minimizes leakage
current from the conductors

3.65
inversion point
water cut percentage at which the emulsion viscosity is at its maximum

3.66
inverted system
ESP system configured with the pump on the bottom and motor on the top

3.67

jacket

subcomponent of an ESP power cable that covers the insulated conductors and provides mechanical
protection from the downhole environment

3.68

labyrinth chamber

chamber which utilizes a vertical U-tube, maze-like or tortuous flow path to delay wellbore fluid ingress
through the chamber

3.69
lamination
thin electrical grade metallic subcomponents that form the magnetic core of the stator and the rotor(s)

3.70

liner

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

3.7

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

Note 1 to entry: Manufacturing begins when the supplier/manufacturer receives the order and is completed at the
moment the component(s), assembly(ies) and related documentation are surrendered to a transportation provider.

3.72
mechanical seal
subcomponent used to prevent flow between a rotating shaft and a stationary body

3.73
megger
instrument that generates a high voltage in order to test the resistance of insulation, etc.

3.74

mixed flow stage type

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

3.75

model

equipment with unique components and operating characteristics which differentiate it from other equipment
of the same type
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3.76

modular pump construction

configuration that utilizes both compression and floating pump constructions within the same single
component

3.77

motor fluid

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

3.78

motor lead extension

MLE

cable connected to the pothead for splicing to the power cable

3.79
motor operating temperature
temperature at or near the coils of the stator when it is energized

3.80
motor shroud
tube which covers the motor length of the ESP to promote fluid flow past the motor

3.81

non-conformance

non-fulfilment of a specified requirement such as a disagreement between equipment, part, practice or
procedure with an established standard

3.82
operator
user of the equipment

3.83

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

3.84
operating environment
set of downhole conditions to which the component is exposed during its full life cycle

3.85
parallel chambers
configuration of at least two seal chambers that function together to increase contraction capacity

3.86

passive gas separator

device intended to reduce the amount of free gas entering into the pump intake through a selective fluid intake
point or directing fluid flow path

3.87
permanent identification
marking that remains legible over the intended service life of the component and/or subcomponent

3.88
permanent magnet motor
type of motor that uses permanent magnet rotor(s) instead of induction rotor(s) as a way to create torque
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3.89
pothead
!II#$% &Ill l$&(ll% nw ()$ $l* II+ ()$ . - ll% !II#$% &/01$ #)2&) 3/($4 (II ()$ 3!!(!!%

3.90

power cable

&3S " 0% .56 474($3 ()/( &"TTSa(4 % 48K/&S BIS&(W&/T $9813ST( h BIB&(MHE/T YSTS(H/ ("
& TB&("H ("M O$ L, - TH3T(M

3.91

pump construction

&GN/ Tt #)18) (O 183! A(/:%4 /4$ /744$3018* ) UB4AV$&( (1 /U1 BU<E3ST(UB/(<S (" O 4)/+(
488&) /4 &3 14$447" "= 41" /(B 3" *81/%

3.92
pump differential pressure
*ShB " &P OB(HSS" *148) /%= /7 17 (/>F 14$4484$4

3.93

pump housing

(80% &""(/171": 1831 480&"31""$"(4 ISH(/2°2": (" O$ 1B I$UBH4 /7> *184A$H4 /7> +8"&(""1" = /4 / 14$4484$
0/"r$%

3.94
pump shroud
(80$ #)1&) &<t )$ 1831 1$":() "+ 0P -56 17($"*$* (" L3 #4$$ /74 31w/ 17 (" QS 1831 17 (/>$

2SO (TSTHTA B)M US4 4" BH(IS4 ISSHE* (" /4 /7 17<HH($* 4)H8*

3.95

qualified part

V% 3/78t/7&(84$* 8"*$h /° /8()"WD$* 98/1(7 /448%/"&$ MWW/ 14*8&E* (" 3PP( "h $;8$%* 0%
TS 3778$ "'+ O "M z2" /1 1/

3.96

qualified person

FF8/L H#Y) M /0U(BA /1S F OF8I) (2717 h S5 I$KH$TES h 0"() /4 3$/48uS* /:/174( $4(/004)$*
UPOBMS IS " (4= 488) /4 A(/ ™ /%4 " ($4(4 )/ ( $™/01$ S 17 *<1*8/L (" 1$h+""H3 / 4$98U$> +8 &' "

3.97
radial stage type
(718 "+ A(/-$ A 1" 1S(H1"# /() $44S" (/U7 VUL (" A)/H( /7 $;0 $44$" (/U7 1$91$™*881/% (" OS 4)/+( /4

3.98

redress

0% 7&(<(%4 188" 43> (" / &1 UBAM&(S* (" O UB1/&S3ST( '+ 98/71K$* /%4 O/( ¥B4("$4 OF
$98UI3S"((" U4 "MW/ VBRUB/ 78S

3.99
reference fluid
#/(Bh & MB&(S™ (" 4VB&ME W/<UT " @CE= Z(4(/ " */%* & R4

3.100

reference temperature
FE *$:4$$4 &3 (2:4/*$
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3.101

repair

VUL OQ#* B, =$F0) XKL 0)+0)-- b, THETSI24) - H-1--) B 0)5--) (W 1T+ D) -HT6 7, *0 7, *2%
£,) 0).11$)3)™ */ 821+ . 10— 1"+ 3 1# {"$12+) 31$,1"1"64 7)1+"64 ,) 1h H0) V"6 *0 *4,)0 31"'2/1$520"'6
* )0IR*"- %, 15 0)-4*%0)- 4,) )82L.3)"h I* - *0i6¢" 11 .)0/*031"'$)

3.102

rotor

S2($*3.F)M KU 3F 3)S, TS IH WIS, )+ k) -, UM 7,*-) BI6THS DI+ - M+28)+ (# 1)
316"™)HS /D)1+ >/ h,) -h1E*04 0)-21K"'6 ' ¥*082) 1. 1)+ h*4,) -, /%

3.103
safety factor
DAY+ 3)1-20) */ 10)+2$)+ "112) /0*3 1 9"*7" $1 _ 1 $ii#

3.104
sand cut
V3%2% %) =1+ 0 >+ 30N L™ %, ) 7YUC0) N126+4 W AS 1 )1 0)--)+ 1= 1 "*123)i)i$ *0 31-- _)0$)""416)

3.105

seal chamber section

SF3F) N <= -8B U, W L0FT )= FT) K0 BF0) K/ K,) FUFTE6 [2VSHE > L0 $h- §,) 800 </ §,)
3**0 /0*3 7)) /120+- 1+ 4 )0 $*HIBE -4 $1000)- %,) .23 ,02- ST L0)--20) )84 1H*" 7,
THUCF0) 126+ .0)--20) 1"+ K01 -3~ ,) 3*W*0 ¥*082) ¥* 4,) $*3.*")"h V(*") W

3.106

semi-permanent identification

310946 4, 1h 0)314""- D6 21 4,) $*3 %)™ " +i*0 -2($*3.*") " b= 4" -1+ -2F, 1-4 1 )41 413 )+
"13) .11 *0 k16

3.107
series
$*EZ.F) M H)-16" VR b, Vi) ") - b,) *20)0 +13)8)0 */ - ,*2-1"6

3.108

series chambers

$*1e200Hx */ Vg DI b7 I $, 13O0~ K, T 2"SHFT" 0)+2+ I b (U$0) 1-)  L0FD) ST B E,)
-2($*3.*")"- O*714,)3

3.109
shaft end play
PR 3*7)3)6,) $*€3.%)" -, 14, 1-6)")0MIH 3)1-20)+ /0*3 1 0)/)0)"'$) - *i"%

3.110
shaft extension
3)1-20)3) >/ 4,) $*B. ) -, U )"+ 8 )L i 1.0)/)0)"'8) . *ih

311

shaft side play

0F+11 3**)3)™ >/ 1 $*3.*")" -, 1§ 0)-21"6 /0*3 $)101"$)- Q7)) 0*kIu"6 1"+ -hlu*""10# 01+411
2. K $F3 ) -

3.112

shipping hardware

V204004 )826.3) " b, M b= -4 )+ 1= JM0E X/ 1 s <= $XBF) I )L L0M)SE K, ) $FBF) M 420076 4,)
b e 1T 16 L 0%$) --
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BCDEFBC" --- 1 GI< #'H1J"

#o#

o ("

I SHEHQ# R = /17 010"/ (/20 03##S A(S I"# 4)1245 /34 AN(6 034##S SITISHS *1 1"
01()"""'/ (/20 03##$ #83'#00#S 1( 3#")# (146

"oy

%g*++", +"

HH5 3/S2)/ () A HS *1)1)H) B+ [0 B2 _1812'H0 /i S #( SH(ONHO; 02)" 40 640 4($ 5<2i$ /'
1-+/ (6 5<2i$ 710) /0440

oo

%. 4%/ ., "+O%L . '§"20/" "

1" 4 _ /2! /i 640 $I00/5TH#S W I"# /45 A(S 1) HADHO +41™ 3'H002'# 2 I"# *2%%5# 3/4() 3'HO02'# 10 "#4)"#S$:;
A4+ 110 4( )/ (014(!

# 3"

%(E,4"/5(4"

JAYCHS )/ (621 AN/ ( Lk 1 #(S /8 )/ Z3/(HQ 0740 1/ 45/+ Y/ (EDW( <1 )/23%(60 I/ 4$:/5(i(6
Y/ 23/ (#C0; 02)" 40> - /$iHS 2, @: W(T/5214; 4($ /1H 09

# 6"
%/0+4"
SADHS O /0 /(# Y. 3 A(S / (# S04

#o7

%/0+4",084™

(/ - #QMI2"# 6ITH( I/ #4)" 32 .3 0146# 113# 1"41 1130)45%1 $HH(HO 1O 15/+"41 A*#3B; 10 O%:# ASH _ #1#'8; 4($
41 03#)45 152i$ "4 ($H(6 )4 4) #1011 0

# 9
%0, :-02:"; ., . %"
C 4! _/03"## ACD;E 30i48 4($ CF 6— AHI GJB

#o1<"

%/0/ . 2"

02*%)/ .3/ /i1 _ /1T +)" )/ (1440 54 - (A1 (0 A(S )/BHS +# 4(S "/204$ §( 4 12%#; 40/ K(/+( 40
+/2($ 0141/

#o
%/ . ;="/0, =" ?"20/4"
R/ H 2 A H3/ IS 41 014($4'$ )/ (SN (0

#o1n
%*@;.8(.,4,/"
/WA 3/ (H( JASH 23 /i /(1 1 - [ H 3H)HO

#HS1#
%5, ;A2., - *%"%(44:"
023351 3/+#" &' #<2# Q1 $I7iS#S *1 I"'# (2. *#" /4 3/S0 /8 1"H# ,— /Y

L/ C I/ #Q U N"#( #83'#00#$ 4( "#7/528/(0 3#' _W(2W; "# W' - 254 1/ )45) 241 01()""/ (/20 03##$ 10 3/+#'
U#<2#()1 - #0 COI $ITI$#S *1 1"# (2 . *#' /i 3/5#0

#1)"
/0, 48"
SHOIB(AN/ (1" AL S(S)AHO + ' # 4 I"H _ /$254" 0101 - 4( @PP )/ - 3/(#(1; 02)" 40 4 _ /\/"; +/25$ *# 204$)

LA CI/ #Q U QU'# 4'# /2" Ss#( 1A($H . $HOWB(AN/ (0 /' @?P )/ -3/ (#(I0I 233# 14(SH . ; _\$$i#t 14($#
S 1A(SH . A(S 06
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E?FGHE? 1%%% 1 11J$=1" K>L

"H1$%
@)+ )

maximum pump flow rate attainable on test

"HS/
£012(4 3415+6
device to support axial load of a rotating part

"H$7

4012 (4 -)48 37415+6 94*49%::

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

u#!$;
§012(% -4(0"1
subcomponent mounted on an impeller which carries the axial thrust

"HI$<

£)1(5)+4- :57-8 148)

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

EIt=

§235+6 8"*-): "8 >?7@

ESP system which is deployed into the wellbore using jointed tubing rather than by other deployment means
such as wireline or coiled tubing

B A

2+5A2°7 58" +85,5"1

unigue combination of alphanumeric characters to identify a specific component

g

- 4871928
ratio of produced water to produced liquids, expressed as a percentage

g
J5LT5+T 87*-) "8 >7@

ESP system which is deployed into the wellbore using wireline rather than by other deployment means such
as jointed tubing or coiled tubing

B 7?:C3)-(4+843317D544"8 &"1C(
AC alternating current

ASD adjustable speed drive

AWG  American wire gauge

BEP best efficiency point

c ampacity coefficient

Coad derating factor

cP centipoise

DC direct current

dv/dt  change in voltage divided by change in time

13
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A0 &7 7 T &(&)*+&, --/

E efficiency

ESD emergency shut down

ESP electric submersible pump

F, adjusted thrust
F. "HEN&" " (& $)*
+ %" -8 /0-.81(

+23 /7& 48T

+56 /78T (81!

8 #("9
8. *9:048"(9 #("9
8, #(79 " "(& 9>

8; #5880 -<(8

: "F)E/(

>2 T SIS (1T 2 LR GR, ]

9 18,909, *('($

@ (A'S™) 47" (9 " () (7S --$ B(S- $(&&""11(

C5D  CA.7.40"*) (5(&

CE Ch.<™™
F. "HN&" (&' 4.9
Fs Vo DR Hene 4,79 871/ - H("$,1/ *" 1 JGG §)™ "19.J 1; MpHS,1"" 1/ -1%,9 7,&1.&,"K

LM *("8%$(9 90)"#
LF>  *.".$4("9 (A"(1&. 1 17HI(
>0, "1'06"4 I%H$,17" 1/ 9,9 "(&" 7,81 . &, "K N"H&. %" (0 ¥ 1
P>LD P 1" >4(1"8,1% L™ 1%-" 1"%$(8& D&&.1,"",. 1
PM>  1.109(&'$%1"7( (A">,1"".1
.9 %'8,.9( 9,"* ("8
"9:8"(9 ) . <($
o ). <@ @ H*
)8 ). - #K9$. /(1

), )%*) 1" C()$(&8%S(



Po
Pr
Py
PID

PMM

PSD
PVT

PWM

Qa
Qn
QGGE
QGi

QLi

Rt

R
RMS
ROR
rpm
rpm;
rpm,
SCR

SPR

Tt

Ty

pump discharge pressure

fluid density

fluid power

programmable input digital controller

permanent magnet motor

shaft power

pump setting depth

pressure, volume, temperature

pulse width modulated

shaft coupling power rating expressed in kilowatt
shaft coupling power rating expressed in horsepower
flow rate

adjusted flow rate

flow rate at test rpm

gas flow rate out of gas exit

intake gas flow 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

rotational speed in revolutions per minute

reference revolutions per minute

test revolutions per minute

silicon controlled rectifier

shaft power rating

temperature

temperature of the test fluid at the time of motor de-energization

temperature at the time Ry, is taken

E DIN EN ISO 15551-1:2013-12
SBOLLTEB 1 (1) R+ -/



E DIN EN ISO 15551-1:2013-12 LTI 1
ISO/DIS 15551-1:2013 (E)

T torque

THD total harmonic distortion

TVD true vertical depth

TVSS transient voltage surge suppressors
UL Underwriter’'s Laboratories

Vi percentage of free gas

VDC volts direct current

VSD variable speed drive

VFD variable frequency drive

WAG  water alternating gas

Wy actual shaft rotational speed during test in rpm

Y; predicted value of the dependent variable as determined by the mathematical model
Vi I#enes$ " &(*$ 1+ ,-$ "$.8/°8/, &CN(C$

v mean of the observed data y;

5 Functional specification
5.1 General

U0t gt (BE) V* 8% 1 * 4t (8" (CF&"H5H,$-) JO-*% (")) *.JO-4 11" -#082""8/-34) 04 (0-""-.%# 1 1/) 1#)0-,0844.0%. 1 /ot
(*8.40,£56 74899984 *— 24 ("), 1. 148" ; B8 A" - i< =24 O (""8*./-3) 0-2/.10- %t Ut > ((RO(&/*.""<k 1 /%t/— 044> /O %
U2t =t IS (G A*-$,%) B8 044" ) 044 -2 1) 04 (0-""- W, 08 . 18 * () *.J0—<t >%"g" (B&) 10" "6 U 1
DO, A S YH0 A4 *UBE A - #, 088, 112> <H(802/2" 2<4
@A 8" 2" W3 =""24 08 % ")/, D)E* () *.10-%<t B 1" =S 24/-40. 16> ((H) *.J0-Wth""C 215> JO-# Wt d" ; SR 2<4 17
(60) "%t D%" 24,064 1> #8"C" " 2*1$* . JO—4% V *Hf=""— Of+""U%4%.8/- 3" - .£0820) A4 "' - " 24> - 24> ((40?"" 24. V>4, V> 40" ; B8 24
088, 1"/ [ () *./0~<t
5.2 Component type

PUEE00"a" ($E) V00" &% U 148" ; $""%.4* -4 @O A% 2%." 440 -4, 1" #=*%/%#0,#.1""#,0#01/-3%) 0-2/./0-%D#
—# (402%)./10-4" ; Bl A" - Ukt
—# 15126 1RRF) [ Y
—4 (342" (10:4" - 44" 1028%F) V*YEH0/-." 24, $=/- 30 L/8" "4/~ ""G#) O/+"" 2. $=/ - 3<ttt
5.3 Functional requirements

5.3.1 General

S0 (S VAU BT *0 (M), 24 1 EH=0 L% = 26% — [) (%, 26 ((H)*JO-4 (FE* A" G- 248" ; I8 A" - Uh¢ .08 1 "4=""0p
0,4 1" BH-01+" 23" 7 (8% JO-*+#/%AS" W) Vit &' 5 $'" =) 140,81 $.020 1~ (O L84/ . 8S (JO-%6¢ (602%) /O, /2
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TUHS%E " ( &)& 1M 1H) 1-+&SB* 1"H#EU&" #$. /*"&+ " -&" *'#* O#1 "#28& #$ &B&V* /$ *'& "1"*&0O" /4&# /3 #S$.
—t#5)*1 "UH) #)"/ 5& "4&13,& -6

5.3.2 Application parameters

5.3.21 General

7% $UH)&.( & 891 17RO ""H) 48#3/:0 $ #11/+ H#SI& 4 FT 3-SIH/$H) 1&<- 1RO&S" 1" #&
14,141 .8&+0,$&. S5H#"&. /$ #44), 14 /$ AHHO& "6

5.3.2.2 Well information
5.3.2.21 Requirements
="& /) ;%% ;&) ,BI/+O#/B( ;& &t AHPB&. [+ &>, B%( ""'H)) 5& "4&13&.7

#i /A8 $% &$2,1/$O&S* "1 #7 V&H2L #$. V/$28$5 /SH) /) A/ -V /S 1/#H) B& . O&"'H#HS& #A44),1#* /$" #$.
T/-H1& HE& A/ -1 /Bh

a1
>

$&)) F148 -1 # 28 VH)( SN .&2#4&. [+ "' /+B/S

-
=

SQ)&H VS TN HT /S8 AH/+O [+ T -5 8ih

'
=

18782/ + *1A& "1 T B /SH( 1/, 8. THS B8 -S1/$ ), 8. HS.H/S&( V/H) [+ THGA

&0 1&"&t2/ + +&1/28+1 O&V"#SB,"O /+ 4+/1&"" 1" # A #<-3&+ _+2&( "/)-*/$ WH#" _+28&( ;#&+ J// .( " &rOH)
V/#) & ; #5&+,S%h

B &SUHBI&. /) 1&1/28+1 "1 #7 CDg Y// . ( 5 #H&HFH)&SH SUFH " ( /+ 4/)10&+ 3)// A

Ui &> SU [+ AHSSE. A&+ T-AA)L &) -1 #T W&S&H/H0-)F1( 2/ ( 3#&<-&$11( HI1J6JO4 "-44)1
),O /8" h

Ui &>, TN B% /1 AHSP& . T -13#1& &<-,408&S* (&M -1 #T T IS/ (KFT&4 JOL( -7 M JOL(3 ) &t&. =7 M
JOL( "4#1& +&" 1% /$"6

5.3.2.2.2 Supplemental Information
=&Y/ 5 BN ;&) $I/+O#H /S T UH)) B& TA&Y3&. (3 #H2H# H5)&?
#1 5&) 44/3)& "1 #7 1Q TUHAL( NO"#48&d7, 5,$-"7, . #)( O-)* &+

50 %8/ &OH) Yottt . &$H64+/3)&A

10 48+ $&S$* 4+/ . -1 /3 " "*/+1 " $% 89" #F. /*"& O&"'/." "-1" #" [+"&+ #+ 3V #))3* O&*"'/." /+ $#*—+#)
3/ ;6

5.3.2.3 Completion information

5.3.2.3.1 Requirements

=&Y/ ;% ;&) BI/+O#B( ;&M &t AHPBE . /+ &>, $U( ""'H) B& "48&1 3,&.?

# 4+/4/7&. 4-04 "&* $% .&4*" $*&+O" /3ML #$. =1L /3*'& 4-04 $#H&A

50 &>,"*$% /+ AH$P& . */H) ;&) &4 -1 #7 4)-0 5#IH (&4 $*&+O" /3 ML #$. =1LA

10 .&4*'P"( /3 4+/ . -1 $% $*&+2#P"0( */4 #$. 5/*/0(,$ *&+O0" /3ML #$_ =1LA
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d) casing/liner size including outside diameter and weight, connection type and grade of production 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 grade;
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 system configuration such as: single, dual back-up / boost;
i)  ESP deployment method such as: conventional tubing, coiled tubing and wireline.
HUS&SS&" " Q)+, +-./*"0-123 , /.02-"
The following completion information shall be specified, if available:
a) well deviation survey. If not provided, as a minimum provide the following:
— 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, insulated tubing/
annulus or flowing temperature profile;

d) completion diagram.
#5&$4"  5)+3/.0-6"/-7")327(8.02-"0-123 , /.02-"
#8%9&84% " O+ (03+, +-.;"

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

a) expected well production flow performance, which shall include, as a minimum, expected flow rate such
as stock tank flow rate or pump discharge rate and flowing pressure or fluid level at expected flow rate for
a specified depth;

b) water cut;

c) tubing head flowing pressure;

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 bottomhole temperature;

i)  maximum expected bottomhole temperature.



LTI 1 E DIN EN ISO 15551-1:2013-12
ISO/DIS 15551-1:2013 (E)

5.3.2.4.2 Supplemental information

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

a) sand cut;

b) wellhead flowing fluid temperature;

c) flowing temperature at a reference depth;

d) slugging tendency such as; gas, water, solids, steam;

e) desired operating frequency range and desired operating frequency at target rate.
5.3.3 Environmental compatibility

User/purchaser shall specify the environmental compatibility requirements and preferred fluid property
correlations. The following parameters shall be supplied:

a) Oill
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-oil-ratio.
b) Water
1) pH;
2) density;
3) chloride concentration/salinity.
c) Gas
1) composition such as:
i)  CO, concentration (mole percentage);
i) H,S concentration (mole percentage);
2) specific gravity.
d) Solids
1) history of solids related problems such as erosion, plugging, wear;
2) morphology such as size, structure, angularity, composition;
3) scale deposition tendency;
4) asphaltene deposition tendency;

5) paraffin deposition tendency.
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e) Other
1) emulsion properties such as:
i) inversion point data (percentage water cut);
i) emulsion viscosity at downhole operating conditions over predicted pump life;
iii) emulsion forming tendency;
2) foamy oil behaviour such as that affecting annular fluid level;

3) other fluid types and concentrations such as diluent, corrosion/scale inhibitor, completion fluid,
dispersants and injection points in the wellbore;

5.3.4 Compatibility with related well equipment and services

5.3.41 General

The user/purchaser shall specify related well equipment and service considerations that can impact the
compatibility of the proposed component for the well such as material requirements, dimensional limitations,
transportation, and installation restrictions, to ensure that the component conforms to the intended application.
5.3.4.2 Accessory equipment and well operation

The following topics shall be considered for the application:

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 gas venting scheme such as vented to atmosphere, vented to production flow line, no venting.

5.4 User/purchaser selections

5.4.1 General

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

5.4.2 Design validation

This part of ISO 15551 provides two design validation grades, one of which shall be selected by the
user/purchaser.

— V1 Highest grade;

— V2 Basic grade.
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E DIN EN ISO 15551-1:2013-12

ISO/DIS 15551-1:2013 (E)

UU 4 SR (SE)" U I (H) . % )/O(/1#12 -$1)0/ 1% #3%$*0,/1 AL*5# /8 #*%)" )/O(/1#12 *% 15)*#5 1
VR 78 1 (*R2 /- 9= 5 T<<<T (&/3,54% WH=$4HOH1Mh /8 "6 -$1)0/ 1% #3%:$%0,/ 1 A*5#% 172,14 1) %/ O#
)/O(/1#1%h Y*1 "*3# -#>H#i8 2/ *WHOGHD %.UHOUS 4% 58 1#% -/ Y/O(HL14 * -$1)1/1% #3%:$*0,/1 *i#t

(&/3,5#5 ,1 A11#B C8
— 27 DAMHR #3H /- -$1)0/1% #3%$*/1E

— OF YL2HOHE ¥ 3t /- -$1)0 /1% #3%:$*) /1E
— ?G H*) #3# /- -$1)0/1% #3%:$%2,/18

5.4.4 Quality grades

VU3 SO (SR) U 0 () . LH S 1 IS > 14 =$%0 L ARRSHNG 1% (KR /-

=$*4 0. ALFSHY *U SH*H5 1 1S 08
— K7 DA™#W #3#: /- =$*10.E
—  KF Y12KO#5, ) 3t /- =$*+).E

— KG H*W,) #3# /- =$*+2.8

T 77

(8/3 5% 2"

V<6 7 USOO*E, Lt 2"# 12 /- )/O (/1H#10 *15 2" AG*5H 1% *t * ()64 -/& #%)"" $15#8 2% (<82 /- 9= ;
7<<<T8 V"% <6 (8/35Hh AS5*LYH I I S (SR)WHE 1 SH10-. 14 1"# SHGGHD ARFSH% /& #%)"

)/0 (/1#1%8
Table 1 — User/purchaser grade selections
Component Selected grades
validation evaluation Quality control
(Annex A) (Annex C) (7-4)
V1 V2 F1 F2 F3 Q1 Q2 Q3
H/%2 /1 5%) " *e4# . . .
M$O ( *15 4%% ""*15+#6%
H/2 /1 10N# : .
O#)""*1,)*+ 4% Yot (*4*2/ &b .
TH#* ) O6HE W),/ 1%
O/U/4
1*6+#) OPC *15 (/1"#*5
A%#HO6#5 C =M %.%2#0 A11#B H° A11#8 C
" $1%3* <6 Utt) 2,/ 1
® 15,) 2% 21 ) /O (F1#12 "% 1/ 4*5# Yit#)2,/ 1%
Y 15)*#% *1 ,1-/40*2,3# A11#B

5.4.5 Shipping, handling and storage

Ui SO (BR) UL 0 ()., #134/10#10% )/152/1% *15 (W/H)HE WA SR/ *h St *h *1.

0 LR (I ) ) =P, 0= 0
W), U, (( 14 *15 "*15: 14 GH=$ #O#1% -/8 2"# )/O (/ 1#19%
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The user/purchaser may specify additional documentation, testing, and acceptance criteria as necessary to
meet their requirements.

%! 51.6+(.,-1471.(8(.,)(*+!

%! - 1+12,-!

The supplier/manufacturer shall provide to the user/purchaser a technical specification that conforms to the
requirements defined in the functional specification, or identifies in detail where variance(s) are offered. The
supplier/manufacturer shall also provide to the user/purchaser the documentation required by 7.2.

Where a covered component or system includes a non-covered component, the inclusion of the non-covered
component shall not cause the defined requirements or performance ratings of the component or systems as
established under this International Standard to be invalidated. The evidence supporting this shall be
documented by the supplier/manufacturer. Components, or systems not covered in this part of ISO 15551
may be addressed in other national or international standards.

This International Standard 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 is innovative or developing technology. Where an alternative is offered, the
supplier/manufacturer shall clearly and completely identify any variations from the requirements of this
International Standard.

% 15 14(<+!.20)12(,!

% #91 -1+12,-!

The supplier/manufacturer shall conform to the functional specifications when designing the component
conforming to the technical specifications. Manufacturing requirements are detailed in Clause 7.

Wi £ 1 LA(<HITF /OL+),)(*+!
Documentation of the design process for each type, size and model of component shall include as a minimum:

a) design criteria: refer to the essential variables considered when designing the component conforming to
the requirements of the technical specifications and functional requirements;

b) engineering drawings and bill of materials;

c) applicable specifications and standards;

d) validation testing procedures, acceptance criteria and approved results (see Annex A);

e) design verification and acceptance criteria;

f)  published performance curves; where applicable:

g) design changes and design change justifications.

% 4= >,)12(,-4)

%% #=#9! -1+12,-!

Metallic and non-metallic materials shall be specified by the supplier/manufacturer and shall be appropriate for

the requirements in the functional specification. The supplier/manufacturer shall have written specifications for
all materials and all materials used shall comply with these specifications.
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Material substitutions in validated equipment designs are allowed without validation testing, provided that the
supplier/manufacturer’'s material selection criteria are documented and approved by a qualified person and
meet all other requirements of this part of ISO 15551.

6.2.3.2 Metallic materials

6.2.3.21 General

The supplier/manufacturer’s specifications shall define, for all metallic materials:

a) chemical composition according to an applicable standard such as AISI (American Iron and Steel
Institute), ASTM, NACE or to a supplier/manufacturers’ internal specification;

b) chemical composition limits;

c) mechanical property limits, to include as a minimum:
1) tensile strength;
2) vyield strength;
3) elongation;
4) hardness;

d) electrical properties where applicable:
1) resistivity or conductivity;

e) magnetic properties where applicable:
1) magnetic permeability;
2) core loss.

Material certificates or test reports provided by the material supplier can be used to verify compliance of the
material to the specifications.

6.2.3.2.2 Welds, brazing and soldering

Welds, brazing and soldering shall be in accordance with the supplier/manufacturer’s specifications as defined
or referenced in 7.6.3. Weld identification and examination shall be in accordance with the specified quality
grade. The supplier/manufacturer shall maintain documentation for qualified personnel performing these
operations.

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. The supplier/manufacturer’s specifications shall specify, where applicable, the characteristics
and acceptance criteria of the coatings or surface treatments including but not limited to:

a) basic coating type, trade name or surface treatment composition;

b) corrosion and/or chemical resistance;

c) hardness;

d) minimum and maximum coating thickness;
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e) roughness;
f)  application process;
g) bond strength.
6.2.3.4 Non-metallic materials
6.2.3.4.1 Polymers
The supplier/manufacturer’s specifications shall define for all polymer materials where applicable:
a) type of polymer
b) mechanical property 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;
4) dissipation factor at 60 Hz;
d) fluid compatibility.

Material test reports or certificates of compliance provided by the material supplier or the supplier/
manufacturer shall be used to verify compliance of the material to the specifications.

6.2.3.4.2 Ceramics
The supplier/manufacturer’s specifications shall define for all ceramic materials:
a) ceramic type, name and grade;
b) chemical composition;
¢) mechanical:
1) grain size (if applicable);
2) density;

3) hardness;
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d)

f)

4) transverse rupture strength;
5) compressive strength;

6) fracture toughness;

thermal properties:

1) thermal expansion coefficient;
2) thermal conductivity;
electrical properties (if applicable):
1) volume resistivity;

2) dielectric constant;

3) dielectric strength;

4) dissipation factor at 60 Hz;

minimum and maximum recommended service temperature.

E DIN EN ISO 15551-1:2013-12
ISO/DIS 15551-1:2013 (E)

Material test reports or certificates of compliance provided by the material supplier or the supplier/
manufacturer shall be used to verify compliance of the material to the specifications.

6.2.3.4.3

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

a)

b)

h)

Motor fluid

fluid classification or type;
viscosity/temperature curve;
density;

flash point;

coefficient of thermal expansion;
pour point;

dielectric strength;

minimum and maximum service temperature.

Material test reports or certificates of compliance provided by the motor fluid supplier or the supplier/
manufacturer shall be used to verify compliance of the motor fluid to the specifications.

6.2.4 Dimensional information

6.2.4.1

Dimensional information for assembled system

Dimensional information for the assembled system and auxiliary components shall be provided. An analysis
can be necessary to calculate the stresses for deviated or high dogleg severity wellbores. The supplier/
manufacturer shall specify:

a)

effective diameter;
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OASHE T #(O& T Mi(,

(" hETRHE /O&L)E" Of) *23 Of) -4% (1.8,

3" h-ix.&21%),

&" 1823121 #i5&#H# *2* St

6.2.4.2 Dimensional information for system components except cable

7-58&*() (- " 8-28219 %) & #488.1&5: ™ *24;* (44585 #)*.. #8&(+;$

= FEEAT (-7 8-2824 >,

(-7 8-2&2% #()& " *ir(12(43121 &=h&52*, 3t T &2#+-2%*, +2;-5 7 *-2,

(" (-7 8-282% = *## [O& L)Y *23 .&21%) *# +2#4*..&3 *23 #)188&36

6.2.4.3 Dimensional information for cable

7-51)& (*1.&9 1) & #488.485: ™ *24;* (44585 #)*.. #8&(;$

= 0&t1)4 8&5 421 .&214),

" 85-;1.& *23 -4U&5 3t T &2#1-2#,

(" #)188121 O&t1)h *23 3t = &2#+-2# +2 (43121 5&&.,

3" #08& -; &% () (~234(4-5 12 485 ™ # —; §-i*. 3% ™ 485 KALB* 8216

6.2.5 Component and assembled system design verification

2812 B&5HH(*FH-2 #)*.. 1& 885;-5" &3 1$ )& #488.4&5: ™ *24;* (44585 - B&5;$ 1) *h h)& (- ™ 8-282% 3&#+12 = &&litt
D& 18 2:(*. #8&(HH(Fh-2##6 P&#12 B&SHI(*UH-2 12(43&# 3-(4 7 &283 *(WBHEH) #4() *# 58B1&O -; 3&#12
(*.(A74-2#) (-=8-282% W21 *23 (- = 8*5i#—2 O#) #™+*5 3&#H12# *23 )itth-5r(*. 5&(-53# -; 3&;12&3
-885*421 (-23#t-2#6 C ™ 8H1(*. = &h)-3# *23:-5 8)$#+(*. W&#H21 4#&3 2 38&#12 B&S+(*W-2 #)*. 1& ;4.%
3-(47 &24&3 *23 #488-51&3 Ot) 35*0+21# *23 = *h&bh*. #8&(+;+(*W-2#6 D.. 3&#12 B&5H+(*W-2 3-(4 = &2i*h-2
#)*. 18 12(4383 12 1)& (- " 8-2&2% 3&#112 ;.& *23 1& *885-B&3 1$ * Ad*+1&3 8&5#-2 k) &5 h)*2 §)& 3&#12HH#
-5t1+2*%-56

6.2.6 Component design validation

?&#12 B*+3*h-2 &#h21 #)*. 1& 8&5;-57 &3 h- B&$ M)*h )& (-7 8-282% 3&#12 T &&HH D& t&(2:(*.
#B& (41 (FH-2#6 F)& 3&#+12 B*13*4t-2 15*3& #8&(;1&# ¥) & 85- (&## —; 85-Bt21 * 3&#+12 1§ 1&#1t21 h- 3& = -2#45*h&
(-2;-57#$ -; 1) & 85-34(} - 3&#12 5&AAHE = &2i# ;-5 &* () B*.+3*t-2 15*3& 8&5 D22&= Df D22&= D 85-Bt3&# *
3&I*+.83 3&#(5:84-2 —; 1) & §0- B*.+3*H-2 15*3&# /GH *23 G 1" +2 ¥)+# 8*5h —; K> HLLLH6

6.2.7 Component functional evaluation requirements

TA2(4-2%. &B* 4*W-2# #)*.. 1& 8&5;-5% &3 12 *((-53*2(& Oth) D22&= M *23 *885-B&3 1$ * Ad* +1&3 8&5#-2 l-
B&5HE M)*h &*() (- "8-28&2% " *24;*(44583 ~ &&N#t 1)& #488.85: " *24;* (14585 3-(4 " &24&3 5&AAHE T &2'#Y
W& () 21(*. #8&(++(*h-2 *23 ¥)& ;42 (4-2*. #8&(+1(*h-26 F)& S&#A Ytt —; W) &#H& &B*.4*h-2# #)*.. 1& 5&(-53&3 *23
1&(- " & * 8-51-2 —; 1) & Ad*i$ 3-(4 ™ &2*4-2 ;-5 %) *h (- = 8-28&26

6.2.8 Assembled system functional evaluation

0)8&2 #8.8(1&3 1$ )& AHE5:BA5()*HES 42 (H-2%. &B*.A*4-2 # 885;-5" &3 12 *((-53*2(& O#) D228&= C *23
*885-B&3 1$ * A4* &3 8&5#-2 - B&5H$ K)*h K)& *#H& ™ 1.83 HSHIE™ " &&H K)& #488.:85: ™ *24;* (14585
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1H$%8 " (&Y )&*$)&%E&"(,- - /& )&, $I(, "1 (/&,& &23I$3(+'", ,/30 4& )&#'")1&!Y 3" 1 4&#"%& 3 5")("" "1 (/&
*$3H(6 1" #$%&" (3(+" " 1) (/3( , 6, (8%-

6.2.9 Design changes

70 18,:8" #/378&, /3N 4& 1"#$%&" (&1 3" 1 )&2:&9&1 383+, ( (/& 1&,+8" 2&)H#3(" " 3" 1 1&,48" 23K13("" ("
1&(8&)%t"& +1 (/& #/378& +, 3 ,$4,(3"(12& #/378& 7 1&,18" (/3( $"18&)8"&, 3 ,$4,(3"(12& #/3"8& 4&#"%&, 3
"&9 1&,18" )&*$):"8 1&,18" 2&)1#3(+"' " 3, ,B&H#H&Y +7 1-;-< 3"V 1&,48" 2301 13(+"" " 3, ,5&H1&T +* 1-;-:-
=/3"8&, (" 3 #"%5""&"(+1&"(1&!Y 3, 3 ,$4,(3"(12& #/3"8& )&*$1)& 1&,18" 23113(+""- >&,18" #/378&?,0 ,/30
48 23413(&1 371 28)1&Y (/)"$8/ (/& ,3%& %&(/"Y, S(FA&Y 1'") (/& "):8+73) #%5""&"( ") ,$4#"%5""&" (-
B/8&)& (&,("8+, 5&)1")%&!Y ", $4H#" %5 "&" (2,00 (/& (&,(?,8 ,730 ,1%B3(& (/& 1&,18" #)H(&):3 #' "1™, "1 (/&
#1957 &"( 3( 4(, )3(&Y B%H(,- . /& ,$551&)1%3 " $I3H($)&) , /730 1"#$%&"( (/& V&(3M&! (&,()&,$)(, 31 37306,
(/3( 1&%"",03(& (/3( (/& #"%5""&"( ") ,$4#"%5""&"(?,0 (&,( 31&*$3(&I6 ,1%$I3(&, (/& )&*$1&! )378& "
1&,18" #)H(&)13 # " 14(t"' " ,-

6.3 Technical specification — all components

6.3.1 Technical characteristics

/& 10978 #)H(8&)13 , /30 4& %&(E

30 /& H %5 &"(, /30 4& #"%53(:408 O/ )&IB(&T O&N &*$5%&" (31 ,&)2i4&, 3, 181" &1 +* =[3$,& <-

45 B/HE +7,(3M&T 3T1 "BQ)3@&IC (/& #"%5"T&"(, /30 5&)I")% +° IHH)I3THE O/ (/& 1$TH("3
, B&HIHI(H -

6.3.2 Performance rating

6.3.2.1  Shaft power rating

/& ,$5501&)0%3 " $13#($)&) ,/30 ,5&#16 (/& ,/31( 5"9&) )3(:"8C 9/&)& 3550#340&C 3( (/& )&1&)&"#& ,5&&1 3" 1
(&%58&)3($)&C (65+#306 )&5')(&! 3, /'),&5"9&)- /& ,/31(5"9&) )3(+"8 ,/30) 4& 1&(&)%:"&Y (/)"$8/ 23113(+" "
(&,(:"8 3, "HU &Y +7 z-;-1 371 1&(34&T +* 7" "&F 7-

6.3.2.2  Shaft coupling rating

/& ,$55018)0%3 " $134#($)&) ,/30) ,58&#16 (/& ,/31( #"$51"8 )3(+"8C 9/&)& 3550#340&C 3( (/& )&I&)&"#& ,5&&!
371 (&%5&)3($)&C (65#306 )&5™)(&! 3, /'),8&5"9&)- /& ,/31( #"$501"8 579&) )3(:"8 ,/30 4& 1&(&)%+"&!
(/)"$87 230+ 13(+" " (&,(t"8 3, "H(H"&Y +7 -;-2 371 1&(3H&Y +* 7" "&F 7-

6.4 Technical specification — bolt-on discharge

6.4.1 General

/& ,$5518)0%3 " $13#($)&) ,/30 5)&53)& (/& (&#/ " H#t3) ,S&HIH#3(+" " 1') (/& 406" 1+,#/3)8& (/3()&,5" 1, (**
(/& 1$"#(1" " 30 )&*$)&%&" (,- - /& ,$550t&)0%3 " $13#($)&) ,/30 30, 5)"2t1& (" (/& $,&)5$)#/3,8&) #"%5""&"(
13(3 1&1+7 &1 +° H-;-

6.4.2 Technical characteristics for the discharge

/& V4 #/3)8& /30 ,8)28 3, 3 # T TEH( T 48(98&" (/& (5 "1 (/& 1IK 5$%5 ,&H("" 371 (/& Q&I 5)" ISH( "
($4+"8-
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6.4.3 Performance ratings
6.4.3.1 Maximum flow capacity

VU SURE' )+, —%. , /00)H) S, &)12(3# ("# +,4(+%+ )H/1++#-3#3 15 /,&,/06 ),0(-7 1. 0"# 81091-
3/ )TH (- ,//0)3,-/# 50" - --#4 -

6.4.3.2 Pressure rating

U SR& (H) + , =%, , J0%)#) $'," &)12(3# 0" # &)HSSU)# ), 0(-7 (- ,//1)3,-/# 50" 1 —-#4 =;

6.4.4 Scaling of design validation

</,(-7 1. 3#8$(7- .1) 0"($ /1+&1-#-0($ -10 ,"15#3;

6.5 Technical specification — pump and gas handler

6.5.1 General

Ui SURE (), -%. , /00)H) S, Q)H&, ) 0H# W/-(/, $&H/((/,01- 1) 0# &%+& ,-3 7,$ ",-3'#) 0",0
WH$&1-3$ 01 0"# Y-/0(1—," YWH=U()t+#-03; 1""# $N&&'(#)*+ , %, , /0%)#) $," ,'$1 &)12(3# 01 0"'# %$H)*&%)/" , $#)
/1+81-#-0 3,0, 3#.(-#3 (- >?;

6.5.2 Technical characteristics for the pump and gas handler

VU RU%H& ST, 124 W3 LT, (-0, 3(.H)E-0(," &)HSSN)#;

1M 7.8 L -3H) $UL,7 412# W3 L7,(-$0 L 3(AH-0, QHSSWH -3 /1-3((1- 0"# JW(E 01 /7, -TH# 0"#
&)1&H)ES 1) /™), /) S/ 1. "4 . %(3;

@#=%()#+#-0$ .1) 81'091- (-0,A# ,-3 81'091- 3($/*",)7# 31 ,&&'6 5"#- (-0#7)," 1L 0"'# &%+& 1) 7,$ ", -3'#);
6.5.3 Performance ratings
6.5.3.1 Design performance curves — water only

U $%&&E'(#)+, -%. ,/W)#) $," &)12(3# 1"# 3#S(7- &#).1)+,-/# /%)2#$ B 5,0#) 1-'6 (- ,//1)3,-/# 50"
I--#4 z;

6.5.3.2 Maximum gas volume fraction (GVF) rating

VU4 SN&E' (#H) +, =%, , /0%)#H) $', " &)12(3# 0"'# +,4(+%+ 7,$ 21'%+# .),/0(1-),0-7 (- ,//1)3,-/# 50" ---#4 z;
6.5.3.3 Pump stage thrust

U S0 (H) +, =%. , /0%)#) $"," &)12(3# 0"'# &%+& $0, 7# 0")%$0 (- ,//1)3,-/# 5(" - --#4 :;

6.5.3.4 Housing pressure rating

U4 SN&&' (#H)+ , -%. , /0%)#) $*, " &)12(3# 0'# " 1%S$(-7 &)H#SSN)# ),0(-7 (- ,//1)3,-/# 50" - --#4 =;

6.5.4 Scaling of design validation

</,'(-7 1. 3#$(7- 1) 0"($ /1+8&1-#-0 ($ -10 ,"15#3; C",-7#S$ 01 0"# -%+8#) 1. $0,7#$ (- , 7(2#- &%+&
"10$(-7 ($ -10 /1-$(38)#3 $/,(-7;
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#iH W&"OF"+, - .&"FT+0*1) 2 31,041) ¥)0+5&

#5156 78&)8&8+,

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

#EHSY  %&" (O*"+, " (+8+70&8*-0*"- /18 0(& *)0+5&

The following criteria shall be met:

a) The intake shall provide a flow path from the well bore to the inlet of the pump, gas handler, or gas
separator.

b) The intake shall contain a shaft to transmit torque and thrust.

HSHSO  -88/18 5 +) "& 8+ <-

The supplier/manufacturer shall provide the maximum flow capacity in accordance with Annex A.

#H=  >"+)< 1/ 28-*<) @+,2+0*1)

Scaling of design for this component is not allowed.

#A  %&TOF"+, - &TFTHFL) 2 ;&7 (H)FT+, <+- -&.+8+018-

HA6  7&)&8+,

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

HASY %&" ()" +, " (+8+7088 0" -

The following criteria shall be met:

a) The gas separator shall separate free gas from the fluid entering the ESP pump or gas handler section
and vent to bypass the pump or gas handler.

b) The gas separator shall contain a shaft to transmit torque and thrust.

c) Requirements for bolt-on intake also apply when it is integral to the gas separator.

#SAS9  -&8/18 3 +) & 8+0)<-

The supplier/manufacturer shall provide the gas separator performance curve in accordance with Annex A.
#AS=  >T+ )< 1/ 28-*<) @+,5?+0F1)

Scaling of design for this component is not allowed.

#B  %&" O*"+, &™) 2 =&+, " (+3; 388 -&70*1) -

#B6  7&)&8+,

The supplier/manufacturer shall prepare the technical specification for the seal chamber section that responds

to the functional requirements. The supplier/manufacturer shall also provide to the user/purchaser component
data defined in 7.2.
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#WS&" " (OQ*+,)-.")*-/-)0(/,10,)1"
The following criteria shall be met:
a) The seal chamber sections shall prevent contamination of the ESP motor with well fluid.

b) The seal chamber sections shall provide a means for pressure compensation between the interior and
exterior pressure of the seal chamber sections.

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

d) The seal chamber sections shall handle axial thrust generated by the pump and motor, as required by
design.

#s " 2(/34/5-+) ("/-0,+61"

#Us $7"  84.95(")4+0/-)0,4+)-:-),0;"

The supplier/manufacturer shall provide the volume contraction capacity in accordance with Annex A.
HUS $8" <z (/-0,+6"=(>,-0,4+".,5,01"

The supplier/manufacturer shall provide the operation deviation limits in accordance with Annex A.
#US $ " "*/910"?(~/,+6".4-=")-:-) 0;"

The supplier/manufacturer shall provide the thrust bearing load capacity in accordance with Annex A.
HUS $0"  A,+,595"4: (/-0,+6"1: ((="34/'0*/910"?(~/,+6"

The supplier/manufacturer shall provide the minimum operating speed for the thrust bearing in accordance
with Annex A.

#US B" COBP(/—+="1(>(/,05"43':/(119/(") ;). (1"

The supplier/manufacturer shall provide the number and severity of pressure cycles in accordance with Annex
A.

#W%50" D)-.,+6"43'=(1,6+">-.,=-0,4+"

Scaling of design for this component is not allowed.

#WSB" E4/1(4F(/'/(G9,/(5 (+0"

The supplier/manufacturer shall provide the horsepower requirement in accordance with Annex A.

#H “O*+)-."1:(.3,)-0,4+"1"5404/1"

#HS7" I+ (/-

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

#HE" " OQ*+,)-.")*-/-)0(/,10,)1"

The motor shall convert input electrical power to the required torque needed to rotate all coupled ESP
components at the required design frequency.
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6.9.3 Performance ratings

6.9.3.1 Motor voltage for minimum current

The supplier/manufacturer shall provide the motor voltage for minimum current in accordance with Annex A.
6.9.3.2 Motor performance parameters

The supplier/manufacturer shall provide the following motor performance parameters: motor amperage,
speed, torque, input kilowatts, efficiency, power factor, and winding temperature rise at 100% rated output
power. These parameters shall be in accordance with Annex A.

6.9.3.3  Motor operating internal temperature limits

The supplier/manufacturer shall provide the minimum and maximum internal motor operating temperature
limits in accordance with Annex A.

6.9.3.4 Locked rotor current, torque and power factor

The supplier/manufacturer shall provide the locked rotor current, torque and power factor values in
accordance with Annex A.

6.9.4 Scaling of design validation

Scaling of the design of this component is allowed per A.3.7.4.

6.10 Technical specifications — power and motor lead extension cable

6.10.1 General

The supplier/manufacturer shall prepare the technical specification for the power cable and motor lead
extension (MLE) cable, hereafter referred to as -eable” that responds to the functional requirements. The
supplier/manufacturer shall also provide to the user/purchaser component data defined in 7.2.

6.10.2 Technical characteristics

The following criteria shall be met:

a) The cable shall conduct electricity from the surface to the downhole motor.

b) The cable shall insulate the voltage supplied to the downhole motor.

6.10.3 Performance ratings

6.10.3.1 Cable voltage rating

The supplier/manufacturer shall provide the cable voltage rating in accordance with Annex A.

6.10.3.2 Cable temperature rating

The supplier/manufacturer shall provide the cable temperature rating in accordance with Annex A.

6.10.3.3 Cable ampacity coefficients

The supplier/manufacturer shall provide the cable ampacity coefficients in accordance with Annex A.

6.10.3.4 Cable conductor size

The supplier/manufacturer shall provide the cable conductor size in accordance with Annex A.

31



E DIN EN ISO 15551-1:2013-12 LTI 1
ISO/DIS 15551-1:2013 (E)

6.10.3.5 Cable acceptable minimum bending radius rating

14 SUEI(H) -, ~%. , JO)H) $," &)12(34 I"H# /, 4% ,//#80, 4% +(~(+%+ A#-3(-5 ),3(%$ ),0-5 (- ,//1)3,-/#
6(0" 7--#8 79

6.10.4 Scaling of design validation

:/,'(-5 1. 0"# 3#$(5- 1. 0"($ /1+&1-#-0($ -10 ,"16#39

6.11 Technical specifications — pothead

6.11.1 General

VU SUR&'(#)*+, -%., /0%)#) $"," &)H&,)H "# W/"-(/," $&#/(.(/,0(1- 1) 0"# &10"#,3 0,0 )#$&1-3$ 01 ("#
Jo-A0(L-," O HA+H-08Y 1H# SNEE H)*+ , ~%. , /%)) $," ,'$1 &)12(3# 01 0"# USH)*&%)/"* ,$#) /1+8&1-#-0 3,0,
3t.(-#3 (- <9=9

6.11.2 Technical characteristics

14 1"16(-5 /) (#)(, $"," 4# +#D

,7 TUH#&I0MH,3 8, /1-3%/0 ##/0)(/(00 )1+ 0"# /,4'# 01 0"# 316-""1'# +101)9

47 IUHE&10M#,3 8", (-$%', 0 0"'# 21'0, 5# $%&&'(#3 01 0"# 316-""1'# +101)9

/7 VUHEL0H, 3 S, S, 0H /1-—#/0(1- 01 &)#2#-0 +101) /1-0,+(-,0(1- 40 6#" ."%(39

6.11.3 Performance ratings

6.11.3.1 Pothead voltage rating

1 S0R& (H) + , %, , /0%)#) $'," &)12(3# 0"# &10"#,3 21'0,5# ) ,0(-5 (- ,//1)3,-/# 6(0" 7--#8 79

6.11.3.2 Pothead temperature rating

i S0R& (H)+ , %, , J0%)#) $°, " &)12(3# 0"'# &10"#, 3 W+&#) , (0)# ) ,0(=5 (- ,//1)3,-/# 6(0" 7--#8 79

6.11.3.3 Pothead ampacity coefficients

U SUR& (H) -+, %, , J0%)H) $'," &)12(3# 0"# &10"#, 3 , +&, /(00 /1#..(/(#S$ (- ,//1)3,-/# 60" T--#8 79
6.11.3.4 Pothead differential pressure performance

U UK (H) +, ~%. , J6)H) " &)L2(3H 0"# &107H#,3 3(.A)H-I," &)HSSN)H &H). 1)+, ~/# ),0-5 (- ,//1)3,-/#
6(0" 7--#8 79

6.11.3.5 Pothead thermal cycling performance

U SUSE (), %, , J)H) $*, " &)12(3# 1"# &L0"#,3 0" #)+," J0/'(-5 &#).1)+,~/# ) 0=5 (- ,//1)3,-/# 6(0"
7--#8 79

6.11.4 Scaling of design validation

=/,'(-5 1. 0"# 3#$(5- 1. 0"($ /1+&1-#-0 ($ -10 ,"16#3
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6.12 Assembled ESP system

6.12.1 General

U SURE )+, —%., J0h)H) $," &)H&, ) 1# /-, $&#/((/,0(1- 1) ("# ,$$#+2'#3 456 $THMH+ (0
VH#$&1-3$ 01 0"'# %-/0(1-," )H8%()H+#-039 1"'# S%&&'(#)*+,-%.,/%)#) $"," ,'$1 &)1:(3# 01 0"'# %$H)*&%)/"",$#)
/1+81-#-03,0, 3#.(-#3 (- ;<0

6.12.2 Technical characteristics

14 456 ,$$H#+243 ST+ $"," 2# SHS(=-#3 11 /1-#)) (-8%0 ##/0)(/ ' &1>#) (-01 "73),%'(/ &1>#) 01 +1:#
(301, &1(-09

6.12.3 System capabilities
6.12.3.1 Axial strength and bending tensile load

U SUES!(H)*, ~%. , /00)H) " &)L:(3H# 0H# L2, S)H-=0" -3 2#-3(-= W-$(# '1,3 /,&,2((7 (- ,//1)3,-/#
>(0" @--#? AY

6.12.3.2 Surface temperature rating

1 SUR& (H)F+ , =%, , J0%)H) $'," &)1 1(3# 0"# $%). , /# W+&H) ,(0)# ), 0(-= (- ,//1)3,-/# >(1"" @--#? A
6.12.3.3 Amperage rating

VU SUE& (H)+, =%, , /0%)#) $'," &)1z (3# 0" +,2(+%U+ ,+&H#),=#),0(-= (- ,//1)3,-/# >(0" @--#? A
6.12.3.4 Dogleg severity limits

U S0R&(H) + , =%, , J0%)#) $', " &)1 1(3# 0"# 31="tt= $#:#)(07 (+(0$ (- ,//1)3,-/# >("" @--#? AI
6.12.3.5 Deviation limits

V% SUEE (), ~%. , JO0)H) $*°," &)1:(3# 0"# +, 2%+ 3#:(,0(1- (+($ >"(/" 0"H 456 ,$$H+2'T +,7 2# Y-
0")1%="" , -3 1&#),0(-= ,0 (- ,//1)3,-/# >(" @--#? AY

6.12.3.6 Installed operating temperature

UH SURE(H), ~%. , J06)H) S, &)L (3# 0# (90, "#3 1&#),0(-= W+&H), 00)# ), -=# (- ,//1)3,-/# >(" @--#?
A

6.12.3.7 Maximum pressurization and depressurization rates

1 SRR, %, J)H) $," &)L:(3# 1MH +, 2%+ &HSSU)B,I1- ,-3 3HR)HSSU)B,01- ),04$ (-
)3, -1# >0 @--#? AY

6.12.3.8 6.12.3.8 Surface power requirements

1O SURE (H) -, ., J0R)H) $*," &)1 (3# 0" # (&U0 $%). , /# &1>H#) JHBU(HS 11 0"# &1>#) /,2'# 0 0"# >#""#,3 (-
)3, -1# >0 @--#? AY

6.12.3.9 Assembled ESP system motor fluid percentage utilization of each seal chamber contraction
capacity

Ui SURE(H) -+, ., /OR)H) S, " &)L1:(3H# 0"# , $$H+2'#3 456 $TSMH+ +101) H(3 &H#)/H#-0,=H# W((B,0(1- 1. #,/"
$#,' /", +2#) 11-0), /1~ /1,8, /(07 (- ,//1)3,-/# >(0" @--#? AY

33



E DIN EN ISO 15551-1:2013-12 CIOmrrmm 1

BSC: 288" %DDDYE%F& "% "GHI"

H08S %™ %)+, +'— . /012)*3'4 ./ /5"

U SUEE (H)+ , %, , JO0)H) $*° " 8)12(3# "'# +(~(+ %+ 18&#),0(-4 $S&H##3 (- ,//1)3,-/# 50" 6--#7 89

H08S %" (16)+ , +"— . /012)*3"4 . //5"

Ui SUREI () , %, , JUR)H) $° " &)L2(3H I# + , T(+%+ 18%),0(-4 $&#43 (- ,//1)3, ~/# 51" 6--#7 8

7" 8, . .9/0:+1%,:1<2,0/0'0/= )0/ +/*24"

7" >/*/019"

1S /' USH /1-0,(-$ 0% 30, (H3 )HI%)H+H-IS 01 28)(.; 07,0 #,/" J1+&1-#-0 +,-%. /O)#3 +#HS$ ("#
YR HH-0S 1. 0"# -/0(1-," -3 04/ ~(/ " $&H#/((/ ,((1-$9 <#$(d- 2,'(3,0(1- &H). 1)+, ~/# ) ,0(~4 )= h()#+#-0$
=3 J1+&1-#-0 ,)# ,33)HS$H#3 (- 6--#7 64

788" ?-<,+/*212)-*"1*5"5121"<-*20-9"

7888%"  >/*/019"

U4 SUEE (), —%h. , J06)E) S, " #80, =" -3 +, (<0, (- 3L/ %+#-043 &)L/H3N)HS 01 /1-0)1" ," 31/%+#-0$ ,-3
3,0, 0,0 ), 04 01 07'% = %()#-+#-0$ 1. 0"($ &,)0 1. >?@ ABBBAY 1" #$# 31/%+#-0$ ,-3 3,0, $"," =# +, (-0, (-#3
01 3#+1-90), 0 /1-. 1)+, —/# 01 S&H/(.(#3 )# - h()H+#-0$) 6" 31/%+#-0$ ,-3 3,0, $"," =H# HA=# ,-3 +,; =H# (-
-1 0;&# 1. +#3(,08%/™ ,$",)3 /1&; 1) ##/0)1-(/9

6" 31/%+#-0$ ,-3 3,0, $," =# ,2,(,=# ,-3 ,%3(0, =% =; 0"# USH)8N)/",$#) 50"(- AD 3,:$ ,.04) W= U
U SUE (H) + , =%, , JIH) +, 3 (0 .2, (,=(0; ,-3 ,%30(-4 1. $#-$02# 1) &)1&)#),); 31/%+#-1$ ,-3 3,0, 01
2$%,°C /1-0)1"#3 ,//H$$ WH2(#5 1-'3

<H$(4- 3L/%+#-0$ EFIGIA 3,0, ,-3 /1+81-#-0 3,0, $"#HESH $"," =# +,(-0,(-#3 .1) Al ;#,)$ ,.0#) 3,0# 1.
LS04, =%, J0)# 1. 07,0 /1+&1-#-09

<#'(2#); ,-3 +,-%.,/0h)(-4 W', 43 3L/%+#-0,01- $"," =# +,(-0,(-#3 .1) B ;#,)$ ,.0#) 3,0# 1. 3#(2#); ,-3
+, =%, , /0%)#

7888&" ?/9@/0A'5-<,+/*212)-*"

<1/%+#-0,01- $%&&'#3 ,0 0"# 0(+# 1. 3#'(2#); 1. #,/" /1+&1-#-0 01 0"# %$#)*&%)/"",$#) $"," (-/"%3# ,$ ,
+(=(+%+]

M BH-0L 00 =3 7148140 (~/%3(-4 ,-/(",); #:h(&+H-0K

=H -, +# -3 ,33)#$$ 1. SUSK )+, %, /)H) -3 ,$$#+="; 1/, 0(1- (3#-0.(/,0(1- 5"#)# /1+&1-#-0 5,$
, $SH+=H#3(

/Ho SH#)(," -%+=#)K

30 &,)0$ -Y+=H#)ESHK

-, HHE 0 2, UK

Ho 3(+#-$(1-$ ,-3 B5#HA™$ 1. #,/" /1+8&1-#-

aH %-A01-," #2,%, 01— 31/%+#-0,0(1- ,//1)3(-4 01 0"'# S&H/(.(#3 %-/0(1-," 4),3# E(-/%3(~-4 WS(-4 .,/((;
"1/, 0(1-HK

"Ho1%,'0; 31/%+#-0,01- ,//1)3(-4 01 $&H#/(.(#3 =%,'(; 4),3H#
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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.
HUS1 & ()*+,)-. /*01%)

When required by the quality grade or the user/purchaser, the operator's manual shall be supplied and contain
the following information:

a) name and address of supplier/manufacturer;
b) supplier/manufacturer component identification;

c) representative illustration(s) identifying major ESP components, significant dimensions and
configurations, 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) operating and troubleshooting guidelines including precautions for safe and environmentally acceptable
operation.

HUS3  AQ)BETHH( 67,/ " 5%07(

When required by the quality grade or the user/purchaser, certificates of compliance shall be supplied and
shall state that the component meets the following requirements:

a) quality grade;
b) functional grade;
c) validation grade.

The statement shall include the component identification and shall be approved by the supplier/
manufacturer’s designated qualified person.

#0084,/ ,0(0+ 8*+* 9((+

H#O8"'S- ;(00*

When required by the quality grade or the user/purchaser, a component data sheet shall be supplied and shall
contain the following information in 7.2.5.2 for all components and the additional applicable information
contained in 7.2.5.3 through 7.2.5.10.

H#US"% <27,/ ,0(0+.

The supplier/manufacturer shall provide the following information for all components:

a) quality grade;

b) validation grade;

c) product identification by component including ancillary equipment;
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d) dimensions and weights, installed;

e) shaft power rating, where applicable

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

h) materials for housings, shafts 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;

I) rotational direction (bi-directional or clockwise/counter-clockwise as viewed from the top);

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

st = Qr (+ ,-./01234

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

a) connection specifications such as thread type, size and weight;
b) flow capacity rating;

c) pressure rating.

#8885 6789 1+, 31. 01+,)42

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

a) design performance curves — water only;

b) maximum GVF rating;

c) pump stage thrust;

d) housing pressure rating;

e) pump construction;

f)  number of stages;

g) stage type (axial, mixed flow, radial), name and material;
h) pump stage coating type, where applicable.

#Us&s& " QF (+ -+*1:4

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

a) flow capacity rating;
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I" inlet screen material, opening size and total inlet area, where applicable.
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 supplier/manufacturer shall provide the following information for each type of seal chamber component
supplied:

a) volume contraction capacity;

b) operating deviation limits;

c) thrust bearing type, load capacity, rotational direction, and location (such as top or bottom);
d) horsepower requirements;

e) minimum operating speed for thrust bearing;

f)  number and severity of pressure cycles;

g) total number and type of seal chamber sections;

h) bag/bladder/bellows material, where applicable;

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

j)  total number of mechanical shaft seals;

k) total motor fluid volume;

I)  check valve operating pressure.

7.2.5.8 Motor

The supplier/manufacturer shall provide the following information for each type of motor supplied.
a) motor performance parameters, per 6.9.3.2 and Annex A;

b) motor voltage for minimum current;

c) motor operating internal temperature limits;

d) locked rotor current, torque and power factor;

e) nameplate horsepower, motor voltage and resulting amperage;

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

g) motor insulation voltage rating;
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h)

i)

motor fluid volume;

connection type to the MLE, such as tape-in or plug-in.

7.2.5.9 Power and motor lead extension (MLE) cable

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

a)

0)

voltage rating;

temperature rating;

ampacity coefficients;

conductor size;

acceptable minimum bending radius rating;

conductor type (such as solid, stranded, or compact stranded), and conductor coating, where applicable.
If the conductor uses stranded cable, the supplier/manufacturer shall specify the number of strands;

conductor shield material and thickness, where applicable;

geometry (flat or round);

insulation material(s) and thickness;

barrier layer material and thickness, where applicable;

braid, where applicable;

jacket(s) material, where applicable;

armor material and construction details (such as: thickness, width of wrap, class of galvanization);
maximum acceptable DC leakage value expressed in ampere/volt/length;

minimum ambient temperature for handling.

7.2.5.10 Pothead

The supplier/manufacturer shall provide the following information for each type of pothead supplied:

a)
b)
c)
d)
e)
f)
9)
h)

38

voltage rating;

temperature rating;

ampacity coefficients;

differential pressure performance rating;

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;
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i) sealing element material(s).
7.3 Component identification
7.3.1 Permanent identification

Each component, with the exception of the discharge head, shall be permanently marked with the
component’s unique identifier.

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

Each component shall be semi-permanently identified according to the supplier/manufacturer specifications,
with the following information:

a) Pump and gas handler: stage name, number of stages, shaft material, pump construction, part number,
unique identifier, series, configuration, housing material, shaft size, bearing material.

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

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

d) Seal chamber section: configuration, motor fluid, model, part number, unique identifier, shaft material,
housing material, series, bag/bladder/bellows type and material, o-ring material, thrust bearing type (such
as standard, high load), chamber type and sequence.

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

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

7.4 Quality
7.4.1 General

The supplier/manufacturer shall have documented quality control procedures implemented by qualified
personnel to ensure that each component supplied/manufactured conforms to the supplier/manufacturer’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 sub-component
supplied as conforming to the requirements of this part of ISO 15551.

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 recorded and provided by the supplier/manufacturer with the component in
conformance with the selected quality grade. Component validation records shall conform to the supplier/
manufacturer's data controls.

7.4.2 Quality grade requirements
The requirements defined in Table 2 shall be implemented as specified in the referenced subclauses. Table 2
specifies the percentage of components to be inspected for each purchase order with a minimum of 1. Where

the percentage of components inspected is less than 100 %, the supplier/manufacturer shall use a
documented method for determining the sample size.
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Table 2 — Quality grade requirements summary for ESP components / sub-components
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Property Q3 Q2 Q1

power and motor production run
lead extension
cable (see 7.9.4.4)

Documentation Per supplier/manufacturer Per Q3 with component data Per Q2 with Functional

(see 7.2) sheet, certificate of compliance | drawings which are to include
external profiles / dimensions
and a cut away view showing
the internal subcomponents,
operator’'s manual

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

NOTE 1  For the purposes of this table, Rer Supplier/Manufacturer” requires that the supplier/manufacturer has documentation that
supports the processes used which are approved by a qualified person.

NOTE 2  For the purposes of this table, 100 % refers to all components / sub-components (not including common hardware) and not
100 % of the component / sub-component itself (such as surface area).

7.5 Raw materials

When required by the quality grade or when specifically requested by the user/purchaser, raw material used in
the manufacture of components and subcomponents shall have a material certification report to verify
conformance to the chemistries and properties defined in the supplier/manufacturer'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 Documentation

Documentation of the processes described in 7.6.2, 7.6.3 and 7.6.4 shall conform to at least one of the
following requirements when approved by a qualified person:

— certificate of conformance stating that the material and processes applied shall conform to the supplier/
manufacturer’s documented specifications and acceptance criteria; or

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

7.6.2 Coatings and surface treatments

Coatings and surface treatments shall be performed according to documented procedures or international or
national reference standards that result in a component or subcomponent which meets the supplier/
manufacturer’s acceptance criteria.

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

7.6.3 Welding

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/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 or AWS B2.1/B2.1M, or an
international standard.
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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. Supplier/
manufacturer shall have documented acceptance criteria for all welds. Supplier/manufacturer shall have a
documented procedure approved by a qualified person for selecting the non-destructive weld inspection
process used.

7.6.4 Heat treating

Heat treating shall be performed according to documented procedures that results in a component which
meets the supplier/manufacturer’s acceptance criteria.

7.7 Traceability

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

For Q1 quality grade, all sub-components, 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 unique identification of subcomponents shall allow for traceability of the
subcomponent to the point that it is installed into the finished component.

Traceability of equipment is considered sufficient if the equipment meets the requirements of this part of ISO
15551 when it leaves the supplier/manufacturer’s inventory as a finished component.

7.8 Calibration systems

Inspection, measuring and testing equipment used for acceptance shall be used only within its calibrated
range and shall be identified, controlled, calibrated and adjusted at specific intervals in accordance with the
manufacturer's procedures, not to exceed one year. Manufacturer’s procedures shall be based on an
internationally recognized standard such as ISO 17025 or ANSI/NCSL Z540.3.

Technologies for inspection, measuring and testing with verifiable accuracies equal to or better than those
listed in this part of ISO 15551 may be applied with appropriate documentation and when approved by
qualified personnel.

Calibration intervals shall be established based on repeatability and degree of usage. Intervals may be
lengthened or shortened based on documented: repeatability, amount of usage and calibration history,
however, calibration shall occur on an annual basis.

The ranges, calibrations, resolutions, reading capabilities, time based increments and recording capabilities
shall have a confirmed accuracy that allows each parameter used for acceptance to be measured to a level of
accuracy that assures the conformance to the defined acceptance criteria. Each measured parameter shall
be recorded as directly as practical from the subcomponent, component, or assembly under test. All
measuring and instrumentation systems shall be calibrated as a fully operational system and used only within
their calibrated ranges that facilitate repeatable readings by a qualified person.

7.9 Examination and inspection

7.9.1 General

When specified by the supplier/manufacturer or user/purchaser, non-destructive examinations (NDE) and
inspections shall be performed and accepted according to the supplier/manufacturer’s documented
specifications that shall include the requirements defined in this clause and acceptance criteria.

NDE instructions shall be detailed in the supplier/manufacturer’'s documented procedures and comply with this

part of ISO 15551. All NDE instructions shall be approved by a qualified ISO 9712 Level Ill examiner and
performed by a qualified person. Personnel performing and accepting NDE shall be qualified in accordance

42



LTI 1 E DIN EN ISO 15551-1:2013-12
ISO/DIS 15551-1:2013 (E)

with the supplier/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 requirement, ASNT Recommended Practice SNT-TC-1A is equivalent to ISO 9712.
7.9.2 Weld

7.9.21 General

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

7.9.2.2 Visual inspection

All visible welds shall be visually inspected and reported 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) surface defects.

Visual inspection requires implementation of inspections with documented procedures that included specific
acceptance criteria and with approved and recorded results. Visual inspection requires that 100 % of the
accessible/visible surfaces are inspected.

7.9.2.3 Radiographic inspection

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

7.9.2.4 Ultrasonic inspection

Ultrasonic inspections shall meet the requirements of a national or international standard such as
ASME BPVC Clause V, (Nondestructive Examination), Article 5. Acceptance criteria shall be in accordance
with a national or international standard such as ASME BPVC, Clause VIII, Division 1, Appendix 12.

7.9.2.5 Magnetic particle inspection

Magnetic particle inspection shall be in accordance with a national or international standard such as
ISO 13665 or ASTM E709.

7.9.2.6 Liquid penetrant inspection

Liquid penetrant inspection shall be in accordance with a national or international standard such as ISO 12095
or ASTM E165.
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7.9.3 Component and subcomponent dimensional inspection
7.9.3.1 General

Components and subcomponents shall be dimensionally inspected in accordance with the quality grade to
assure compliance with the supplier/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 compliance with the supplier/manufacturer’'s design criteria and specifications prior to
final assembly. The documentation of the final straightness measurements shall be provided to the user/
purchaser where applicable.

7.9.3.3  Stator bore straightness

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

7.9.4 Construction features
7.9.41 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

The supplier/manufacturer shall have documented procedures performed by qualified personnel to secure the
rotor laminations from shifting or loosening under starting or steady state operating conditions. The supplier/
manufacturer shall have a documented quality check procedure performed by a qualified person to verify the
rotor laminations have been secured.

7.9.4.3 Electrical integrity

Throughout the manufacture of the stator, cable and pothead, the supplier/manufacturer shall have
documented procedures performed by qualified personnel to ensure the electrical integrity. The electrical
integrity of the finished component shall be validated per Annex C.

7.9.44 Gas block test for power and motor lead extension cable

The supplier/manufacturer shall have documented procedures performed by qualified personnel to ensure a
gas block test conforming to IEEE 1018 or IEEE 1019 is performed on the manufactured section of power and
motor lead extension cable.

7.10 Manufacturing non-conformance

The supplier/manufacturer shall establish and maintain documented procedures to ensure that a component
or subcomponent that does not conform to specified requirements is prevented from being delivered or
installed. This control shall provide for the identification, segregation, evaluation, documentation, and
disposition of a non-conforming component or sub-component.

Non-conforming components or sub-components dispositioned for re-work shall be re-inspected to the same

requirements as the original component or sub-component. Non-conforming components or sub-components
dispositioned for use as-is, are acceptable for Q2 and Q3 quality grades provided that the dispositioned
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7.11 Component functional testing
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Annex A
1" #8%8&" () *+

Design validation performance rating requirements by component

A.1 General
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A.2 Design validation grades

A.2.1 General
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#8%" Q* + , "-./0 1$4.2$3.40 /5$2" 5767.5"8"03-

9:; <48=40"03 >"67.5"8"03 2@ 2%
All, where applicable Shaft power rating Per supplier / manufacturer | As A.3.1.1
Shaft coupling rating Per supplier / manufacturer | As A.3.1.2
Bolt on discharge head | Maximum flow capacity rating Per supplier / manufacturer | As A.3.2
Pressure rating As A3.2.2 As A.3.2.2
Pump and gas handler ODr?;ign performance curves — water Per supplier / manufacturer | As A.3.3.2
Maximum GVF rating Per supplier / manufacturer | As A.3.3.3
Pump stage thrust Per supplier / manufacturer | As A.3.3.4
Housing pressure rating As A.3.3.5 As A.3.3.5
Bolt on intake Maximum flow capacity rating Per supplier / manufacturer | As A.3.4
g/leepcahrz?(i)cr:al gas Design performance curve Per supplier / manufacturer | As A.3.4
Seal chamber section Volume contraction capacity Per supplier / manufacturer | As A.3.6.2
Operation deviation limits Per supplier / manufacturer | As A.3.6.3
Thrust load bearing capacity Per supplier / manufacturer | As A.3.6.4
lt\)/leir;irri?:;m operating speed for thrust Per supplier / manufacturer | As A.3.6.5
l;l;crlr;t;er and severity of pressure Per supplier / manufacturer | As A.3.6.6
Horsepower requirement Per supplier / manufacturer | As A.3.6.7
Motor Motor performance parameters Per supplier / manufacturer | As A.3.7.1
Motor voltage for minimum current | Per supplier / manufacturer | As A.3.7.2.3
{\(/Iacr;tgre;)ap;?j:t:ir:gitigternal Per supplier / manufacturer | As A.3.7.5
tg\c/:vkeic:‘aggtg: current, torque and Per supplier / manufacturer | As A.3.7.6
Power cable and MLE | Voltage rating Per supplier / manufacturer | As A.3.8.5
Temperature rating Per supplier / manufacturer | As A.3.8.5
Ampacity Coefficients Per supplier / manufacturer | As A.3.8.2.4
Conductor Size Per supplier / manufacturer | As A.3.8.2.2
gc;c}ﬁztfat::ﬁgminimum bending Per supplier / manufacturer | As A.3.8.2.3
Pothead Voltage rating Per supplier / manufacturer | As A.3.9.2
Temperature rating Per supplier / manufacturer | As A.3.9.2
Ampacity coefficients Per supplier / manufacturer | As A.3.9.3
Differential pressure performance Per supplier / manufacturer | As A.3.9.4
Thermal cycling performance Per supplier / manufacturer | As A.3.9.5

For the purposes of Table A.1 the term "per supplier/manufacturer" requires either component design
validation/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.
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For this purpose, verifiable historical data shall include a minimum of 20 installations of at least one
continuous year of acceptable performance each. After the publication of this part of ISO 15551 components
provided as V2 shall additionally conform to 6.2.9.

A.3 Method for determining performance ratings
A.3.1 For all components

A.3.1.1 Shaft power rating

A3.1.11 General

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

A.3.1.1.2 Method
Verification of diameters and materials shall be through physical testing or scaling and shall include:
a) A minimum of 10 samples from the same heat lot for a diameter shall be used for physical testing.

b) Performance of a standard ASTM pull test on 5 of the samples according to ASTM E8. Samples are
machined only for connection requirements to the test equipment. All samples shall be machined per the
supplier/ manufacturer test specimen drawing.

c) Performance of torsion testing on 5 of the samples. Samples are machined with all production features,
such as; splines, keyways, locating grooves. All samples shall be machined per the supplier/manufacturer
test specimen drawing.

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:

1) Select 3 diameters of each alloy for physical testing. For proper scaling, the minimum, maximum and
mean diameter materials with the same production features shall be selected.

2) Perform physical testing of the samples.

3) Perform theoretical analysis by Finite Element Analysis or equivalent analysis method against the
test sample’s actual dimensions and material properties.

4) Compare the results of the physical testing and theoretical analysis by calculating the ratio of the
torsional yield between the theoretical and physical results. The yield point is determined by plotting
an angle vs. torque graph to show the transition from linear to plastic deformation and taking the
standard 0,2 % offset on this curve.

5) Scaling to other diameters is permitted if the theoretical versus physical torsional yield ratio varies
<5 %. Scaling to other diameters is not permitted if the theoretical versus physical torsional yield
ratio varies > 5 %.

The theoretical or physical torque at the torsional yield point is converted to horsepower. The shaft power
rating shall be calculated by applying a temperature correction factor, based on 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. Supplier/manufacturer may elect to apply additional de-rating
correction factors to this calculation which shall be defined in the design validation documentation.
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A.3.1.1.3 Calculation

The shaft power rating shall be calculated using equation A.1 (metric units) or A.2 (US Customary units).

SPR = Cjpaq (T % rpm)/9 549 (A.1)

where:

SPR is shaft power rating expressed in kiloWatt
T is torque at yield point expressed in Newton-meters

rom is rotational speed expressed in revolutions/minute

Cioad is de-rating factor (such as, temperature and design margin)
SPR = Cjaq (T X rpm)/5 252 (A.2)
where:

SPR is shaft power rating expressed in Horsepower
T is torque at yield point expressed in ft-lbs
rom is rotational speed expressed in revolutions per minute

Cioad is de-rating factor (such as, temperature and design margin)

A.3.1.1.4 Documentation and reporting

The following data shall be recorded:

a)

b)

material certification data, diameter, and machined features;

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

The following data shall be recorded during the test:

a)

b)

for pull test sample, per ASTM E8:
1) ultimate tensile strength;

2) vyield strength;

3) % elongation;

4) de-rating factors applied;

for torsional test samples:

1) ultimate tensile strength;

2) vyield strength;

3) angle of Twist (radians);

4) de-rating factors applied.
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A.3.1.2 Shaft coupling rating
A.3.1.21 General

U4 SURE )+, -, , JOh)H) S, " S&H/(L 0H /2%8'(=3 ), 0(=3 0 0"# HH)H-/# (H+&H),00)# -4 ("H# + ,5(+%+
), 04 284) ,0(-3 M+&H) , I)# 01&(/, "1 YH&2)MHA ,$ ""2)$#826#)T

A.3.1.2.2 Method
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$&#/(.(/ ,0(2-T

) SWHELH $U2)0 $HA2-$ 2. $,.0(-30 $&(-#4 .2) 0# J2%&(-3 12 O# WHSWHAT A", H-30" $"," O# ("#
(= (U0 WU HA .2) 0" H (HSD . (S00)HS1$0H+T

97 AHHNIH S, 0+ ), 02 4,0/ 0 (-08-4#4 ), 0(-3 2. 0"# /2%& (-3
/7 B-$H) 0"H 062 $, .08 (02 0H# /2%& (-3 , -4 ,&&"1 02)=06t %-0( #(0""#) 0"# $", .0 1(#'4$ 2) 0"'# /2%&'(-3 ., ('$]

— B, $",.0 1S C&#) -IDIETETFY 0"# /2%&'(-3 $," O# ), W4 ,0 0"# $,+# "2)$#8264#) ),0(-3 ,$ 0"#
$, 00,0 1 aual

— B0 /2%8(=3 ., ('S CB%/ LS 91 ), /0%)(-3F $&(00(-30 4#.2)+ ,0(2-7 0"H# /2%8& (-3 $"," O# ), 144 ,0 GG H
2. 0" "2)SHE26#H) 0 1"H# 02)=0# ., ()# &2(~0T

P 8,0 /2%&'(-3 ),0-3 $"," 9# /., /%', 04 91 ,&&'1(-3 , W+&H),00)# /2)#/0(2- .,/02)i 9,%#4 2- , 1#'4
S0)#-30" 4#3),4,02- 1#)$%S$ (H#+&#H),00)# /%) 1#] 6" (/" (S 4#lH)+(-#4 #(0"'#) )2+ 4,0, &)21(4#4 91 $2%)/#
SN&&'(#) 2) 91 &"18(/," WS(-3 ,-4 ,&&)21#4 91 , =%,'(.(#4 &#)$2-T A%&&'(#)*+ ,-%. ,/0%)#) +,1 #'#/0 (2 ,&&'1
,A44(002-," 4#),0-3 /2))#/02- .,/02)$ 12 0"($ /,'/%',02- 6"/ $'"," 9 A#.(-#4 (- 0"# 4#$3- 1,'4,002-
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A.3.1.2.3 Calculation

14§70 /2%8(-3 &26#) ),0(-3 $," O# /,'/%',0#4 %S(-3 #=%,0(2- zTE C+H)(/ %-($? 2) :TF (KA <%$2+,)1
%-(0$77

A.3.1.2.4 Documentation and reporting

1% .2"26(-3 4,0, $"," O# )#/2)4#4L

L2 L W) /L 02- 4,0,0 &,)0 -%+O#)D %— (Ut (AH-0(.(#) 0B #)H ,&&'(/, 91N $&'(—# 4(, +HIH) , -4 01&#

97 U—(=Uett (AH-0(.()$ , -4 01&# AH#$/)(80(2-$ 2. WHS) #=U0(&+#-0 , -4 (-$0)%+#-0,0(2-)

/7 02)=Wtt ,&&'(HA) ,-3'# 2. 06($0C), 4(,-$% 4#]),0(-3 ., /02)$ ,&&'(#4]

A.3.2 Bolt on discharge

A.3.21 Maximum flow capacity rating

VU SURSI(H) -, =%, , /%)) $," &)21(4# 1H# +,5(+%+ )H/2++#-4#4 26 /,8&,/(01 ),0(-3 2. ("# 920 2-

A($/")3HT 1 SURE )+, ., JOR)H) S, L NH , A2/ %+H-0HA 8)2/#$$ 1,0 $UEE2)I$ "'# )HE2)IHA + ,5(+Uh+
Yl 2++H#-444 26 1,8, /(01T N'26 /,8&,/(01 $"," O# )H&2)WH4 ,$ , + ,5(+%+ ), 0# ,-4 + ,5(+%+ 1#2/(017
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Design validation shall be performed to a documented procedure and successfully completed to the

supplier/manufacturer’s established acceptance criteria for each size, type, pressure rating. The pressure
rating shall be the value of the maximum allowable difference of internal less external pressure.

U “+12 ,/30,*4,/35)(

The supplier/manufacturer shall specify the pump performance curves (catalogue curves), the maximum free
gas at the intake, and the housing pressure rating of the pump and gas handler components.

HOUS"  6-,73,(3 -)*- T5+.3%

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.

#UWs&  8)*.0/ 2)(19(L,7/:) +(;)*<=,-)(9/5>

HNSS&S"  ?)/)(,5

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
2916 rpm (x 3 %) or 3 500 rpm (£ 3 %).

H#N&S&  @)*- 29./-*

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, rpm 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 flow. Then, starting
at test open flow, a minimum of seven test points shall be taken, at approximately equal flow intervals, with the
last point being recorded at zero flow rate. This test shall be performed a minimum of three times.

&%  AL5:+5,-.9/*

The following calculations shall be made to generate the pump performance curve and documented per
A.3.3.2.4. Shaft power will be calculated as per equations A.1 and A.2.

Head:
H = (po-pi) x 101 970/ p; (metric units) (A.3)
H=(po-pi) * 144/ p¢ (US Customary units) (A.4)
Fluid power:
Pi;=(HxQxp;)/ 8810 348 (metric units) (A.5)
Pr=(HxQxp)/ 8463 627 (US Customary units) (A.6)
Efficiency:
E (%) =100 x P¢/ Ps (metric units) (A.7)

E (%) =100 x Ps/ Py (US Customary units) (A.8)
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Flow rate adjustment:

Q. =Qp x (rpm, / rpmy,) (A.9)
Head adjustment:

H, = H, x (rpm, / rpm,)* (A.10)
Thrust adjustment:

Foa=Fo" & " $%&( 4, (
—. /0§ 123456& 0167

—1 8 =1 " HS%&s " $6& (° #,)(
/:0%07

;5 61012« 0=z6 > /160$ ?.14& 1 0A%$05502 <1 & Hf(

- 542 %. /08 &0154%02 16 %4&% 2<5?:1$=0 0A%$05502 <! BC #; —(

% <5 %$0554%0 &0154%02 16 %4&% <161B0 0A%$05502 <! D—1 #%5¢(

%. <5 %$0554%0 &0154302 16 %4&% 2¢56?:1$=0 0A%$05502 <! D—1 #%5¢(

E &>/ $160 &0154802 16 %4&% 25?1 1$=0 0A%$05502 <! &°'2 #FF2(

p 5142 201566 &0154%02 16 %4&% 265?:1$=0 0A¥%$05502 <! B="&° #IF"6°(
A.3.3.2.4 Documentation and reporting
H:0>.fi./<1= 2161 5:1§i FO $0?.$202 >.$ 01?: %4&% - .45<1=[01=6: 6056027

1( H:0 561=0 11&0I 50%05! %4&% ?. 1568426 1 6G%O0I 14&F0$ .> 561=051 112 41<J40 20160$ #54?: 15 5081}
14&FO$(k

F(  L1<J40 20160851 ?1kF$16<. ¥ 2161 112 6G%0 2052%%6<. 15 > 6056 0J4<%& 016 112 <15634&01616¢<. 1+
H:0>.f./<1=2161 5: 14 FO $0?.$202 24%1=6:0 60561 16 01?- _>6:0 6056 %.<1657

1(  <161BO %$0554$0K

F(  267:18=0 %$055480K

?( <161BO 60&%0$16450K

2(  267:18=0 60&%0$16450K

0( >i./ $1605K

(0 $h&K

=(  5:1566.$J40¢

*i $1/ 6056 21611 5: . 4i2 FO $061<102 <¥ 6:0 .&=<11j 415 > &015430+

HO565 %0% .$&02 16 620 6§18=06 $%& .> ) M,N 5:1f FO $0%.$602 <! &065? 41465 112 60565 %0$> .$&02 16 60 61$=06
$%& > 9 OPP 5:1f1 FO $0%.-$602 <! LQ R456.&1$G 41«5 155: ./ FOi. /1
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— head shall be reported in meters of water or in feet of water;

— flow rate shall be reported in cubic meters per day or in barrels per day;
— power shall be reported in kW or in horsepower;

— thrust shall be reported in Newtons or in pounds force.

Best fit curves for head and power vs. flow shall be determined using all the test points corrected to reference
rpm.

A graph of head and power vs. flow, using the best fit curves and test points corrected to target rpm, shall be
constructed as follows:

— The horizontal scale of the graph shall show flow rate at the bottom of the graph using a scale that allows
the data on the graph to be easily viewed. The scale on this axis shall start at zero and shall allow
representation of the whole curve.

— The vertical axis shall show head, power and efficiency using scales that allow the data on the graph 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 rpm and 3 500 rpm. These pump curves
can be generated using affinity laws extrapolated from actual tests performed at a different rpm if required.

U %&T(D*F) +&, —- /)0 12834(.5 6+-17284(58 9 &(2 &5: ; &402

H"§8< +05028/

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.

=8>/0 #5? @ %&"(D* &//. ;&>/0 : (M02054(&/ B20, ,*20 >C B*)B D.*, (58 .*402 = (8 0402

E*)BD.*, (58 .*402 9%8&" (D™ :(M020548/
1 (2 0402 B20, ,*20 & FGE H<I1 J
cm (in) N(K*(
kPa (psi)
<978 1379 (200)
< (3,85)
9,79 - 11,68
2 068 (300
(3,86 — 4,60) (300)
11,69 — 15,24
‘ ’ 3 447 (500
(4,61 — 6,00) (500)
15,25 — 20,32
‘ ’ 2758 (400
(6,01 — 8,00) (400)
> 20,33
3 447 (500)
> (8,01)

HUSS? =0,4B. (58,

The test points for each stage type or specific pump and gas handler design consist of the following steps:
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1) Tests shall be performed on a minimum of one pump / gas handler component.

2) Tests shall be performed at a target rotational speed of both 2 916 rpm (x 3 %) and 3 500 rpm
(£ 3 %).

3) Intake pressure shall be 1 400 kPa (£ 5 %). Intake temperature shall be at reference fluid conditions
or, alternatively, corrected to reference fluid conditions.

4) Establish the BEP flow rate £ 2 % by starting with the discharge choke closed and then opening it
until the target rate is achieved and stabilized.

5) Gas is introduced until the free gas content at the intake (GVF) is 5 % (= 1 %). Data is recorded after
intake flow and pressure are stabilized (at values + 5 %) for a minimum of 5 minutes.

6) Additional gas is introduced to increase the intake GVF by an additional 5 % (+ 2 %). The data is
recorded after flow is stabilized (at values £ 5 %) for a minimum of 2 minutes. The process is
continued by increasing GVF by increments of 5% (+ 2 %) until pump differential pressure cannot be
stabilized (at values + 5 %) for a minimum of 2 minutes or head becomes zero.
7) Perform steps 1 through 6 a minimum of 3 times to ensure repeatability of results. Repeatability of
results is achieved if the repeated test results are evaluated and documented as acceptable by a
qualified person.
8) The reported rating shall be the average of the test results from step 7.
A.3.3.3.3 Calculations
The following calculations shall be made to generate the pump GVF rating and documented per A.3.3.3.3.
Percentage of free gas:

VI = (100)(Qei)/(Qait Qui) (A.13)
Gas volume fraction:

GVF = (Qa)/(Qai + Qu) (A.14)

where:

Qg is the flow rate of gas at intake

Qu; is the flow rate of liquid at intake

A.3.3.3.4 Documentation

The following pump and test fluid data shall be recorded. All raw test data shall be recorded in the original
units of measure.

a) the 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
c) intake pressure;
d) discharge pressure;

e) intake liquid flow rate;
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A.3.3.4 Pump stage thrust
A.3.3.41 General

RC$ 1(.!,.08$5( 52.P(* *3&* >( 1.(1& (4 *3,-1$) 13( &1:& 13.2%4 1,. ,$( 1201 *4&) ( &* & 12$54,$ ,!
I, — &H(S &>, 43 1 ;<= &$4 2 BAA .105 2%i$) . (1(.($5( 1248
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A.3.3.4.2 Calculation method
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A.3.3.4.3 Documentation
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Testing shall be conducted with the reference fluid to prepare a water only performance curve per A.3.3.2.2.
#515&8%  4)1105/637 *+1* 2-3.*1

Test points shall be taken at the following conditions and in enough quantity to fully define the curve being
created:

a) Intake pressure shall be at 100 psi (£ 5 %) throughout testing at all rates

b) Intake liquid flow rates of 20 %, 40 %, 60 %, 80 %, and 100 % of maximum of the component.

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.

HUSIS8S8  8)/96/)M- .1

The calculation for percentage of free gas shall be per equation A.13. The calculation for Ps (in kW or HP)
shall be per equation A.1 or A.2.

The calculation for mechanical gas separator efficiency shall be per equation A.15.

Efficiency = QGGE / Q(;i x 100 (A15)
where:
Qgi is the gas flow rate at inlet

Qoce  is the gas out gas exit
HUSISEST D -06 3 +_*)M-_).7 ,4+2-,4.<
The following data shall be recorded:
a) the series;
b) construction type;
€) unique identifier.
d) test pump details, such as series, stage name, number of stages and construction
The following data shall be recorded during the test, at each of the test points:
a) inlet pressure;
b) gas exit pressure;
c) liquid exit pressure;
d) inlet, liquid flow rate;
e) inlet, gas flow rate.
The following data shall be recorded or calculated during the test, at each of the test points:

a) component shaft torque;
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b) component shaft rpm.

The following data shall be recorded or calculated based on mass balance equations during the test, at each
of the test points:

a) liquid exit, liquid flow rate;
b) liquid exit, gas flow rate;
C) gas exit, gas flow rate;

d) gas exit, liquid flow rate.

The gas separator design performance curves shall be generated based on the data collected in this testing
as per A.3.5.4.

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
defined actions.

A.3.6.2 Volume 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 defined on the
component data sheet.

A.3.6.2.2 Gravity chambers

A.3.6.2.2.1 General

For a chamber that relies on gravity to separate seal chamber fluid from well fluid, such as labyrinth-type
chamber designs, calculations or computer-based solid modelling can be used to determine the contraction
capacity of the chamber. The calculations or models used to determine the capacity are subject to the
following conditions.

A.3.6.2.2.2 Sweep volume

The sweep volume capacity of a chamber is defined as the total volume in the chamber less any inactive
volumes which can exist due to the physical design of the chamber.

A.3.6.2.2.3 Contraction capacity while deviated

When calculating the contraction capacity of the chamber when at the component’s maximum deviation limit,
there can be features that shall affect the contraction capacity based on the component’s polar orientation. If
the orientation of these features cannot be controlled, then the features shall be assumed to be in the
orientation that results in the smallest contraction capacity for calculation purposes.

A.3.6.2.3 Positive seal chambers

Positive seal chambers, such as bags/bladders/bellows, or pistons, use a physical barrier to separate the well

fluid from the internal seal chamber fluid. For these chambers and for the purposes of this part of ISO 15551,
contraction capacity shall be determined using experimental methods subject to the following:
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a) The test fixture shall simulate a seal chamber section to support the positive sealing element(s) and
provide a path from the internal chamber volume through a check valve which is rated for the specific
seal chamber section design.

b) The chamber(s) internal and external volumes shall be filled with an incompressible fluid that has a
viscosity of less than 3 cP.

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. Apparatus to capture fluid that shall expel out in the following step from the internal chamber
volume is required.

d) The chamber(s) external volume shall be pressurized with fluid to contract the positive barrier. The
external pressure shall be increased to the supplier/manufacturers specification for the maximum
differential pressure rating for the specific seal chamber design.

e) The expelled fluid volume from the internal chamber shall be measured and reported as the maximum
contraction volume of the chamber. The temperature of the expelled fluid shall also be measured and
recorded.

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 bearing load capacity

A.3.6.41 General

The objective of this test is to verify the load rating in both the clockwise and counter-clockwise directions of a
hydrodynamic axial thrust bearing when immersed in lubricating fluid. This test verification shall be performed
for each combination of runner and bearing designs.

A.3.6.4.2 Test equipment and procedure

The supplier/manufacturer shall use the following test equipment and procedure:

1) As a minimum, the test equipment shall comprise of a thrust bearing, a thrust runner, a shaft,
equipment required to fix the runner to the shaft, a drive motor, a housing to contain test oil and hold
test pressure, equipment to regulate test pressure, test temperature, and to monitor the parameters
as outlined, above.

2) The test shall be conducted such that the motor fluid temperature within the test apparatus is at the
rated maximum temperature of the seal chamber section as specified by the supplier/manufacturer
or higher. The temperature shall be monitored by measuring the motor fluid temperature within the

test apparatus and shall be maintained within a range of + 2,5 °C (z 4,5 °F) throughout the test.

3) The test fluid shall be supplier/manufacturer specified motor fluid and shall have a viscosity no higher
than 3 cP at the maximum test temperature.

4) The test setup shall provide test fluid that is essentially free of debris and contaminants such as air or
water throughout the test.
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5) 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.
3" The test shall be conducted at revolution speed between 2 916 rpm and 3 500 rpm.

9" A minimum of 3 samples shall be tested. Each sample shall be tested in both clockwise and counter-
clockwise rotational direction.

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

2" Apply an axial load equal to the required test load and rotate the sample for a minimum of thirty
minutes.

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.

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 is to be completed successfully on all three consecutive samples. Should one of the set of three
samples fail original testing, then testing is to be performed with a new group of three samples.

A.3.6.4.4 Determination of thrust bearing test load
The following formula shall be used to determine the thrust bearing load:

Py= ((Lo * 1,25) % (wy /3 500)(muy/5)) (A.16)
where:

L; is the test load

Lo, is the nominal load rating of bearing at 3 500 rpm and 5 cP lubricating fluid viscosity

w; is the actual shaft rotational speed during test expressed in rpm

mu; 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 this test is to validate the ability of the axial thrust bearing to handle a nominal load at the
minimum rated rotational speed in both clockwise and counter-clockwise rotational directions. This test
verification shall be performed for each combination of runner and bearing designs.
A.3.6.5.2 Test equipment and procedure

The supplier/manufacturer shall use the following test equipment and procedure:

1) The test equipment shall be per 3.6.4.2.
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A3.71

Motor performance
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output parameters amperage, speed, input kilowatts, power factor, average winding temperature rise are
measured.

A.3.7.2 Test procedures
A.3.7.21 General

This subclause provides the details of the motor performance and motor voltage for minimum current test
procedures.

A.3.7.2.2 Motor performance test

To establish the motor performance parameters from 6.9.3.2, the motor shall be run in a test loop under the
following conditions:

%> The cooling fluid (water) shall be maintained between 60°C %., 71°C (150 °F (x 10 °F)).

b) The flow rate shall maintain a fluid velocity by the motor between 0,27 and 0,34 meters/sec (0,9 and 1,1
feet/sec).

c) The input power frequency shall be 60 Hz (+ 1 %) with voltage THD < 5 %.

d) 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 allow time for
the fluid in the test loop 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 the following formula:

Efficiency = (rpm x 1/30)( 7 (Nm)) / (Input (Kilowatts) x 1000) x 100 (A.17)

The viscosity of the motor fluid used in the test shall be estimated and reported using the temperature-
viscosity curve for the fluid and the internal operating temperature of the motor calculated as the ambient fluid
temperature plus the average winding temperature rise. The minimum viscosity allowed with this viscosity
estimation method during testing shall be 4 cP.

A.3.7.2.3 Motor voltage for minimum current

To verify the optimum motor voltage for a specified power output rating, the motor shall be run in a test loop
under the conditions described in A.3.7.2.2. The motor fluid used in the test shall be of the same fluid
specification used for the motor performance test. The motor load is to be maintained at constant torque
(calculated torque at 100 % output power assuming a rotation speed of 3 450 rpm, (x 2 %)) or maintaining a
constant power output of 100 % rated output power (+ 2 %), while energized at varying voltages. The voltage
shall be varied and at each voltage point the amperage shall be recorded and data plotted until the minimum
input current point is determined. The voltage at which the current is minimized is the motor test voltage for
the motor performance test in A.3.7.2.2 and the motor voltage for minimum current in 6.9.3.1.

A.3.7.3 Requirements for determining motor winding temperature rise by measuring winding
resistance change

A.3.7.3.1 General
The supplier/manufacturer shall have requirements and documented procedures for validating motor winding

temperature rise. The average temperature of a winding can be determined by comparing the DC resistance
of the winding at a specific temperature with the DC resistance at the temperature before the winding is
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initially energized at the start of the test. This method utilizes the characteristic of the conductor material,
where in the temperature range of interest, the winding resistance changes in direct proportion to the winding
temperature. This validation test shall be performed using the following procedure:

a)

d)

The first resistance measurement is taken before the motor is energized and loaded, with the winding
temperature is 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.

After the motor has been energized and loaded and stabilized per A.3.7.2.1, the test fluid temperature is
recorded again, and the motor is de-energized. At the moment motor is de-energized a timing device is to
be started. Within 15 seconds 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 is to
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 next two
minutes. Test fluid circulation and temperature is to be maintained constant in the test loop after de-
energizing the motor.

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
shall then be determined according to the formula:

Average Winding Temperature Rise (°C) = (Rf- Rp)/Ry, ¥ (K + Tp) - (T¢- Tp) (A.18)

where:

R¢ is the resistance of the winding at the time of motor de-energization, determined from an
extrapolation of the five consecutive resistance readings taken after de-energization (ohms)

Ry is the resistance of the winding before the test is started at a known stable temperature (ohms)
K is 234,5 for copper conductor

T; is the temperature of the test fluid at the time of motor de-energization (°C)

Ty is the temperature at the time Ry, is taken (°C)

#3088 T O, - ./012(,*3%/,

The following test information shall be recorded:

a)

f)

g)

location of test;

date of test;

qualified person performing testing;

motor description including model, serial number, nameplate power, voltage, ampere;
reference fluid test temperature;

motor fluid used in the test;

test data results.
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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 and 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. The allowable scaling range for a motor model and
series shall be defined by smallest and largest horsepower motor within the three motors tested and results
fall within the defined tolerances. Other conditions of motor scaling include:

a) If a motor model, series and size is available in multiple voltage configurations, only one motor voltage
configuration needs to be tested and the results shall be accepted for the other motor voltage
configurations for that motor size.

b) Any motor configuration available for the motor model and series and size (such as upper tandem, centre
tandem, lower tandem, single) can be used for the purposes of determining the performance rating.

c) Scaling is not permitted between motors which have different lamination geometry (such as differences in
diameter, rotor/stator slot geometry).

Similar performance parameters can be expected on a per unit basis for motors constructed with equivalent
magnet wire current density, ampere turns, lamination design and specification, output power rating per unit of
rotor length and having the same materials of construction within the electromagnetic region. See the
following table for per-unitized motor performance parameters.

Table A.3 — Per unit motor performance parameters

Parameter Per-unitized parameter
Efficiency Percentage

Amperage Percentage

rpm rpm

% Power Factor Percentage

Winding Temperature Rise (°C) Degree C

The supplier/manufacturer shall have documented procedures and acceptance criteria in place for the scaling
of motors. All scaled motors shall have data reviewed and verified by a qualified person and documented
within the design files for the component.

A.3.7.5 Motor operating internal temperature limits

The supplier/manufacturer shall have documented procedures and acceptance criteria to support the
minimum and maximum motor operating internal temperature limits as indicated on the component data sheet
as approved by a qualified person.

A.3.7.6 Locked rotor current, torque and power factor

To establish the locked rotor current, torque, and power factor, the motor shall be tested under the following
conditions:

a) The motor shaft should be locked against rotation, and the shaft locking mechanism shall include a torque
measuring device.

b) The motor voltage and frequency shall be determined by the supplier/manufacturer to achieve full
nameplate current.
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c) The motor shall be energized under the above conditions, long enough to measure the motor amperage,
torque, and power factor, and immediately shut down.

A.3.8 Power and motor lead extension cable
A.3.8.1 General

This subclause includes the general cable rating and selection criteria for main power cable and motor lead
extension cables without pothead.

A.3.8.2 Cable ratings and selection criteria
A.3.8.21 General

The cable ratings and selection criteria such as, conductor size, voltage rating, temperature rating, chemical
resistance and ampacity coefficients shall be provided by the supplier/manufacturer. These ratings and
selection criteria shall be validated by the supplier/manufacturer through documented procedures with
acceptance criteria referencing established industry standards such as IEEE, ASTM, IEC and NEMA as
reviewed and approved by a qualified person who is other than the person who developed the original rating
and/or selection criteria.

A.3.8.2.2 Conductor size

The supplier/manufacturer shall validate the cable conductor size through dimensional and resistive testing
per D.3 and the results shall be reviewed and approved by a qualified person.

A.3.8.2.3 Acceptable minimum bending radius rating

To determine the minimum bend radius rating of finished ESP downhole cable, the supplier/manufacturer shall
use the following testing procedure:

1) The cable sample length for this test may of any given length however 40 % to 60% of the sample
length shall be held as a control sample which is to be maintained at the reference temperature
(£ 2 °C) and used for establishing a benchmark value. The remaining cable sample length shall be
used for the bending test.

2) The cable sample used for the bending test shall be cooled in a cold chamber to the minimum
handling temperature of the cable for a minimum of four hours.

3) The sample shall be bent over a cylindrical mandrel for three full bending cycles within a maximum of
2 minutes from the time the sample is removed from the cold chamber. The bending cycle shall
correspond to a 180 degree curve of the cable over the mandrel to one side and another 180 degree
curve to the opposite side of the cable. For flat cable constructions, the cable shall be bent along the
minor cable axis.

4) The diameter of the mandrel shall be determined by minimum rated bend radius for the cable.

5) After the bending test is completed, the cable sample shall remain at the reference temperature
(x 2 °C) for a period of 24 hours and then is subjected to tests as defined in C.9.2.2. The test results
are considered acceptable if the voltage breakdown value is within 90 % of same tests performed on
the control sample.

6) Testing is to be completed successfully on all three consecutive samples. Should one of the set of
three samples fail original testing, then testing is to be performed with a new group of three samples.
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A.3.8.2.4 Ampacity coefficient

A.3.8.2.4.1 General
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A.3.8.2.4.2 Test equipment and procedures
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Table A.4 — Amperage test value by conductor size
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A.3.8.2.4.3 Construction of ampacity coefficient
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e) first and second breakdown voltage or each phase of each sample;

f) accelerated test method used, if applicable.

#9887,

H5%8""$-

- */*0+]

The supplier/manufacturer shall provide the rating of potheads.

H3%S$'"$2

3%1(+4* 0+(5/4 +/ , (*67*0+(80* 0+(5/4

HNG'§28-  O*(*;876*/(+/, 1+671* 7T0*7+0+(5"/

Validate the voltage and temperature ratings of the pothead using the following:

1)

3)

4)

6)

As a minimum, the test equipment shall comprise of the pothead, an attached section of cable and a
device that simulates the pothead to motor connection sealing interface and pressure equalization
characteristics of a seal chamber section. Test equipment shall be necessary to age the equipment
under various conditions.

A minimum of 12 samples shall be tested. Three or more samples shall be tested at each of the
following conditions:

— unaged;

— aged in nitrogen at maximum temperature rating or higher;

— aged in water at maximum temperature rating or higher;

— aged in mineral oil (IRM 902 per ASTM D471) at maximum temperature rating or higher,
Additional samples and additional temperatures are acceptable.

The samples used for testing purposes shall be standard equipment and not have any modifications
that shall affect their performance in the test.

The equipment shall be subjected to vibration at 1 G and 60 Hz in a radial direction for a period of not
less than 6 hours before use in the test. During the vibration conditioning procedure, the equipment
does not have to be filled with fluid and may be vibrated at any temperature. No modifications to the
equipment are allowable after exposure to the vibration.

The samples for aged testing shall be aged at the maximum operating temperature for the pothead
design. The temperature shall be monitored by measuring the test fluid temperature within the test
apparatus and shall be maintained within a range of £ 2,5°C (x 4,5 °F) throughout the test.
Additional tests performed at temperatures other than the maximum rated temperature of the
pothead shall follow the testing criteria of having 9 aged samples (3 samples aged in nitrogen, water
and mineral oil).

The pressure shall be greater than 700 kPa (101,5 psi) gauge pressure and less than 700 kPa
(101,5 psi) gauge pressure 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 (14,5 psi), throughout
the test, prior to increasing the temperature by heating and shall be maintained via a regulator or
similar device.

The aged samples shall age at the test temperature for a minimum of 28 days for all 3 samples each
aged in nitrogen, water, and mineral oil. If testing more than 9 aged samples, shorter times are
acceptable for additional samples.
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A.3.9.2.2 AC discharge testing

Validate the AC discharge of the pothead using the following:

1)

2)

3)

4)

6)

7)

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 (x 3,6 °F));
— the test 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.

AC voltage shall be applied to one phase while the other two phases, cable armor, pothead housing
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 %.

The voltage shall be increased until a short circuit occurs and there is conductance between the
tested phases and ground. Then the test shall be completed a second time to measure the full
discharge on the second attempt.

The process shall be repeated for all phases of a given sample.

The process shall be repeated for all samples.

A.3.9.2.3 Test acceptance criteria

The supplier/manufacturer shall have documented procedures and acceptance criteria to verify the voltage
and temperature rating of the cable. As a minimum, these criteria shall include the following:

a) Established criterion for un-aged discharge (failure) voltage.

b) The aged samples shall demonstrate a full discharge (failure) voltage greater than the voltage rating
when exposed to maximum rated temperature for a minimum period of one year. Documented
accelerated testing methods are acceptable.

A.3.9.2.4 Documentation

The supplier/manufacturer shall have testing results reviewed and approved by a qualified person. At a
minimum, the following data shall be recorded:

a) pothead model, type and lot or batch number;

b) date of testing;

c) testtemperature;

d) duration of aging;

e) first and second breakdown voltage or each phase of each sample;

f) accelerated test method used, if applicable.

70



A.3.9.3

LTI 1 E DIN EN ISO 15551-1:2013-12
ISO/DIS 15551-1:2013 (E)

Ampacity coefficients

A.3.9.3.1 Test equipment and procedures
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As a minimum, the test equipment shall comprise of:
— the MLE pothead and a device that simulates the motor connection;

— 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;
— adevice to measure temperature.

NOTE For the purposes of this test, motor simulator does not require electrical integrity.

A minimum of 3 samples shall be tested.

The samples used for testing purposes shall be standard equipment and not have any modifications
that shall affect their performance in the test.

The equipment shall be subjected to vibration at 1 G and 60 Hz in a direction consistent with radial
direction on the ESP when attached, for a period of not less than 6-hours before use in the test. No
modifications to the equipment are allowable after exposure to the vibration.

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 no more than 8 cP at test
temperature. The two fluids shall be immiscible and clearly show contamination in either direction.

The test setup shall ensure that the test fluids are essentially free of debris and contaminants such
as air or water throughout the test.

The test pressures shall be greater than 206,8 kPaa (30 psia) and sufficient to maintain water in
liquid phase. The exterior pressure should be maintained greater than the interior pressure with a
pressure differential equivalent to the maximum negative pressure differential rating of the MLE
pothead throughout the test.

Once the maximum test temperature is reached, the temperature should be held for a minimum of
five minutes. After the hold period, the temperature shall be decreased until the temperature equals
the minimum temperature for the thermal cycle rating. The rate of temperature change should be no
more than 1 °C (1,8 °F) per minute. The minimum temperature shall be held for a minimum of five
minutes. After the hold period, the temperature shall be increased until it reaches the maximum
temperature rating. The rate of temperature change shall be no more than 1 °C (1,8 °F) per minute.
The process shall be repeated to reach the rated number of thermal cycles.

NOTE The purpose of this test is only to determine the ability to seal at the rated temperature range.

O*t,--)-+,/-) 0101,

The supplier/manufacturer shall have documented procedures and acceptance criteria to validate the MLE
pothead rated thermal cycling performance as reported on the component data sheet. As a minimum, these
criteria shall include the absence of leakage in either direction across the seal and the ability to hold the rated
pressure differential in both directions.

Testing shall be completed successfully on all three consecutive samples. Should one of the set of three
samples fail the testing, then a testing shall be performed with a new group of three samples.
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Annex B
1" #8%8&" () *+

Requirements for determining performance ratings as an assembled
system

B.1 General

This annex provides supplier/manufacturers requirements for establishing performance ratings and related
testing of the assembled ESP system. Testing shall be performed to the requirements of Clause 7, to an
approved procedure with defined acceptance criteria, on calibrated equipment and by a qualified person.
Testing results shall be documented and approved by a qualified person other than the person who performed
the testing. All testing shall be performed to conform to the requirements of 7.2, 7.3, 7.4, 7.6 and 7.8 and to
document procedures which include acceptance criteria with the results approved by a qualified person.

NOTE: Results from design validation testing are not necessarily directly applicable for prediction of downhole
performance during operation.

B.2 Method for determining system capabilities

B.2.1 Axial strength and bending tensile load

The supplier/manufacturer shall specify the axial strength, in terms of both maximum allowable tensile load
and maximum allowable compressive load that the ESP system may be exposed to per the functional
specification. Axial strength of the assembly under bending moment forces shall be determined by performing
a stress analysis calculation which is performed and reviewed by a qualified person.

B.2.2 Surface temperature rating

The supplier/manufacturer shall specify the minimum and maximum well site ambient temperature 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/manufacturer’s
calculations based on the environment as defined by the functional specification and the supplier/
manufacturer shall define the component which determines the rating.

B.2.4 Dog leg severity limits for the assembled ESP system

The supplier/manufacturer shall provide the dog leg severity limits for the assembled ESP system determined
using stress analysis calculations. The stresses in the ESP system are to be calculated and the stress value
and the maximum allowable stress value for the ESP assembly shall be provided at:

a) the most severe dog leg point in the well survey from the surface to the pump setting depth;

b) the ESP assembly setting depth.

B.2.5 Deviation limits for the assembled ESP system

The supplier/manufacturer shall provide the maximum deviation angles reported as the number of degrees
from vertical which the ESP assembly may be installed through and at which the ESP may be operated.
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B.2.6 Minimum, maximum and differential operating environment temperature rating for the
ESP assembly

The supplier/manufacturer shall specify the minimum, maximum and differential operating environment
temperature rating for the assembled ESP system during operation, including start-up conditions. This rating
shall be determined by the supplier/manufacturer’s calculations based on the environment as defined by the
functional specification and the supplier/manufacturer shall define the component(s) which determine(s) the
rating. The differential operating environment temperature rating for the seal chamber section shall be
calculated based on full contraction capacity utilization of the upper most chamber of the seal chamber
section.

B.2.7 Maximum pressurization and depressurization rates

The supplier/manufacturer shall specify the maximum pressurization and depressurization rates for the
assembled ESP system during operation, including start-up conditions. These rates shall be determined by
the supplier/manufacturer’s calculations based on the environment as defined by the functional specification
and the supplier/manufacturer shall define the component(s) which determine(s) the rate values.

B.2.8 Power requirements (kVA and kW)

The supplier/manufacturer shall determine through calculations the required input power in kVA and kW at the
wellhead to properly operate the assembled ESP system within the environment defined by the functional
specification. The calculations shall include the motor kVA / kW requirements at the motor input terminals, and
the additional requirements due to the losses in the cable and motor lead extension. This information is to be
provided to the user/purchaser in response to the functional specification. The value reported shall not
consider any kVA loses due to harmonic distortion.

B.2.9 Assembled ESP system motor fluid percentage utilization of each seal chamber
contraction capacity

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 defined 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.

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 at the estimated
internal operating temperature of the motor for the application. The calculated contraction shall be the change
in volume of the motor fluid that results between the estimated internal motor operating temperature and the
minimum expected bottom-hole temperature of the well. This contraction volume shall be divided by the rated
capacity for the chamber type or set of parallel chambers and corrected for operating deviation where
applicable.
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B.2.10 Minimum operating speed for assembled system
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B.2.11 Maximum operating speed for assembled system
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Annex C
(normative)

Functional evaluation: single component

C.1 General

This annex contains requirements for the functional evaluation procedures that verify the ability of an ESP
component to conform to the functional specification. Each component shall perform within the acceptance
criteria defined. The results of each functional evaluation shall be documented and approved by a qualified
person.

The failure of a component to conform to any specified criteria requires the functional evaluation to be halted.
The functional evaluation testing may then be restarted at the beginning after the component is corrected.
One exception is a supplier manufacturer defined testing system anomaly that causes no detrimental effect on
the component, in that case the testing can continue from the point of interruption. Testing
anomalies/interruptions shall be documented in the testing results.

All testing shall be in accordance with the supplier/manufacturer's documented procedures and performed 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 to conform to the requirements of 7.2, 7.3, 7.4, 7.6 and 7.8 and
to document procedures which include acceptance criteria with the results approved by a qualified person.

Previous 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 qualified for lower grades
of functional evaluation.

For the purposes of the subsequent tables in Annex C, the term -4n conformance with supplier/manufacturer
specifications and acceptance criteria” requires component functional evaluation documentation availability
and/or documented processes and procedures as approved by a qualified person.

C.2 Definitions
For the purposes of this annex, the following definitions apply:

C.21
insulation resistance test
high potential (Hipot) test reported as micro-amperage or micro-amperage per KV per 1 000 FT (cable)

C.2.2
conductor resistance test
low voltage resistance test to determine the resistance of a conductor

C.23
insulation discharge test
high-voltage test which is applied until the insulation breaks down / fails

C.24
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 down / fails

C.3 Bolt-on discharge head

There are no functional evaluation requirements or grades for the bolt-on discharge head.
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There are three functional evaluation grades for the pump and gas handler component(s) as outlined in Table

C.1.

3*ANLH#D'—"6 " 7802 +*("L ;X0 *B9z +"-2*%,1."<z2) " Q"+, "=F R+, 012"

6="

6>"

65"

Hydraulic evaluation

Per API RP 1182

Per F3 but with the addition
of two additional test points
taken at:

1. between minimum
operating limit and
BEP

2. between BEP and
maximum operating

Per F2 with pass/fail criteria
at + 3 % tolerance on flow
and head + 5 % tolerance
on power, a minimum of

93 % of published efficiency

limit

Mechanical — shaft In conformance with Per F3 Per F3
extension, shaft end play supplier/manufacturer
and shaft side play specifications and

acceptance criteria
Mechanical — shaft total In conformance with Per C.10 Per C.10
indicator run-out supplier/manufacturer

specifications and

acceptance criteria
Vibration In conformance with Per API RP 11S8, but for Per F2

supplier/manufacturer
specifications and
acceptance criteria

component outer diameter
< 15,24 cm (6 in): maximum
velocity amplitude for
vertical test is 0,508 cm/sec
(0,200 in/sec) [0,137 G
rms], for horizontal testing is
0,396 cm/sec (0,156 in/sec)
[0,107 G rms]

For component outer
diameter = 15,24 cm (6 in);
maximum velocity amplitude
for vertical and horizontal
testing is 0,635 cm/sec
(0,250 in/sec) [0,172 G
rmsj.

All vibration spectrums shall
be taken over a frequency
range of 0 Hz — 600 Hz.

#5?2" @ - 08A: +"9+8*B1"

There is one functional evaluation grade for the bolt-on intake. The requirement is to functionally evaluate the
shaft rotation, shaft extension, shaft end play and shaft side play in conformance with supplier/manufacturer
specifications and acceptance criteria.

H#IC" D17/*+97*("=* " 1) *2*8:2"

There are two functional evaluation grades for the mechanical gas separator as outlined in Table C.2.
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minimum of 5 minutes.

Mechanical — power loss, Per API RP 11S7 Per F3 Per F3 and loaded power
shaft extension, shaft end loss per
play and shaft side play supplier/manufacturer
specifications and
acceptance criteria
Mechanical — shaft total In conformance with Per F3 Per C.10
indicator run-out supplier/manufacturer
specifications and
acceptance criteria
Seal fluid - dielectric In conformance with Supplier/manufacturer shall | Per F2
supplier/manufacturer perform testing in
specifications and conformance with
acceptance criteria supplier/manufacturer
specifications and
acceptance criteria
Vibration In conformance with Per API RP 11S8, but for Per F2
supplier/manufacturer component outer diameter
specifications and < 15,24 cm (6 in): maximum
acceptance criteria velocity amplitude for
vertical test is 0,508 cm/sec
(0,200 in/sec) [0,137 G
rms], for horizontal testing is
0,396 cm/sec (0,156 in/sec)
[0,107 G rms]
For component outer
diameter = 15,24 cm (6 in);
maximum velocity amplitude
for vertical and horizontal
testing is 0,635 cm/sec
(0,250 in/sec) [0,172 G
rmsj.
All vibration spectrums shall
be taken over a frequency
range of 0 Hz — 600 Hz.
- ( ! ) *+* =
“(1& -/0/,12
There are three functional evaluation grades for the motor as outlined in Table C.4.
3142/ = (5—#607+4*012 /91261+8*0 -,1;/- <&, =*+* -
#$ #% #&
Hydrostatic evaluation — In conformance with Supplier/manufacturer shall | Per F2
pressure test for leaks supplier/manufacturer perform testing in
(vacuum or pressure) specifications and conformance with
acceptance criteria supplier/manufacturer
specifications and
acceptance criteria
Mechanical — standard In conformance with Supplier/manufacturer shall | Per F2

idle/coast, kW

supplier/manufacturer
specifications and
acceptance criteria

perform testing in
conformance with
supplier/manufacturer
specifications and
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acceptance criteria

Mechanical — load test No requirement No requirement Per A.3.7.3.1
Electrical functional testing — | Per C.8.2 Per F3 Per F3
insulation testing, dielectric
oil breakdown, phase
imbalance
Mechanical — shaft In conformance with Supplier/manufacturer shall | Per F2
extension, shaft end play supplier/manufacturer perform testing in
and shaft side play (if specifications and conformance with
applicable) acceptance criteria supplier/manufacturer
specifications and
acceptance criteria
Vibration In conformance with Per API RP 11S8, but for Per F2

supplier/manufacturer
specifications and
acceptance criteria

component outer diameter
< 15,24 cm (6 in): maximum
velocity amplitude for
vertical test is 0,508 cm/sec
(0,200 in/sec) [0,137 Grms],
for horizontal testing is
0,396 cm/sec (0,156 in/sec)
[0,107 G rms]

For component outer
diameter = 15,24 cm (6 in);
maximum velocity amplitude
for vertical and horizontal
testing is 0,635 cm/sec
(0,250 in/sec) [0,172 G
rmsj.

All vibration spectrums shall

be taken over a frequency
range of 0 Hz — 600 Hz.

C.8.2 Electrical functional testing procedure

The purpose of this procedure is to verify the electrical integrity of the manufactured ESP motor. This test is
typically performed at no load conditions. The test procedure shall be per supplier/manufacturer established
procedures and acceptance criteria which as a minimum conforms to the following:

Measure phase to phase resistance which shall be balanced within + 3 % of the average of the resistance

Test insulation resistance from phase to ground for all three phases (motor winding phases may be tied
together or tested separately) using a DC source at (1,5 x {nameplate voltage} + 1 000) x 1,7. The motor
housing temperature shall be between 10 °C and 40 °C and supplier/manufacturer shall have established
acceptance criteria for either current leakage or minimum resistance.

Following motor rotational testing, test insulation quality from phase to ground. Test shall be performed
with the motor housing temperature at a minimum of 40 °C with all three phases closed and at a minimum
of 9 kilovolts direct current and the motor housing temperature shall be recorded. The supplier/
manufacturer shall have established acceptance criteria for current leakage value.

a) Clean all electrical connections.
b)
of all three phase to phase measurements.
c)
d)
e)

Test di-electric strength of oil in conformance with ASTM D877 or ASTM D1816. QOil shall successfully
test to a dielectric strength of a minimum of 20 kilovolts direct current. This test shall be performed as the
last step in the testing process and the oil sample is to be taken from the motor base end.
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C.9 Cable and MLE

C.9.1 General
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Table C.5 — Functional evaluation grades for cable and MLE
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C.9.2 Insulation AC discharge test

C.9.2.1 General
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This annex covers detailed information and references pertaining to copper power cable conductors.
"36" 7%2,/.".0%$89.20,:"

"3634" (0$89.20,";,0;%,2/%:"

Unless otherwise specified, conductor sizes specified in metric sizes shall meet the requirements of
IEC 60228 for conductor dimensions, resistance, resistance testing, and temperature correction.

"3636" 7%2,/.".)*%".0$89.20,"8/1%$ :/0$"2) *+%"

Table D.1 provides cable conductor dimensions for common cable construction types and shall be used to
provide conductor size ratings per A.3.8.2.2.

<)*" 34" ()" . 0$89.20,"1/$")$8" 1) &'8/1L%$:/0$:"-0," .0L LOS" L2, /.":/=%:"

(0%$89.20," 7)8&/1.91."8/) 1.%2%,"0-".0$89.20,"
>01/$)+"?%/@A2" BO+/8" B2,)$8%8" B2,)$8%8™
BI= 0" C.4)zz"a C.4): 260" 013 2"
T R C.t):z:z"eD"
Trade cmil in? mm? Ib/kft kg/km in mm in mm in mm
name

10 mm? | 19644 | 0,0155 10 59,7 88,5 0,146 3,7 0,165 4,2 0,157 4,0

16 mm? | 31109 | 0,024 8 16 95,6 140 0,181 4,6 0,209 53 0,205 52

25mm?> | 49305 | 0,038 8 25 149,2 222 0,224 57 0,260 6,6 0,256 6,5

"363E" 7%2,/.".0$89.20,",%:/:2)$.%"2) *% "

Table D.2 provides cable conductor nominal resistance values for common cable construction types and shall
be used as a quality check for various conductor sizes per D.2.1.

<)*#" 36" —"(01L10$".0; ;%,"1%2,/.".0$89.20,",%:/:2)$ . %'F)+9%:")2'6G'H("

7)8&/191".0$89.20,",%:/:2)$ . %'F)+9%:")2"6G"H("
(0$89.20,":/=H' BOHB'C(+) - -4 @z :_zb)f?o)@i';]g: -90.°0.°
J),%" (0)2%8" J),%" (0)2%8"
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
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Table data sourced from reference documents and further requirements in D.2.1.

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.

#$W" Q*—+,——,. /,00"1 —"213/ /,.45/2,11"6362%./" 7$:5"6 $2 8" 9+

5$<8—-5—-/,.45/2,1176362%./" 7$4576 $2 8" 9+

+,.45/2,163:" =,84 >7@31" 621$.4%4 ,1/,—-0%/2
AS$L* +,$2"4 ASL® +,$2°4
Trade name Q/kft Q/km Q/kft Q/km Q/kft Q/km Q/kft Q/km
10 mm? 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 1,19
25 mm? 0,227 0,74 0,229 0,75 0,227 0,74 0,229 0,75

Table data sourced from reference documents and further requirements in D.2.1.

(* B@C/,.45/2,16
O*)b B@C/,.45/2,143—" .63, .6
Q*)D)p  C™."1%¢

Unless otherwise specified, conductor sizes specified in American wire gage (AWG) sizes shall meet the
requirements in this subclause.

*D)8 =,84/,.45/2,16

Solid conductors shall be in accordance with ASTM B258.

Q*)D)* >?E3l" 621$.4%4 /,.45/2,16

7-wire stranded conductors shall be in accordance with ASTM B8.

Q*D)F >?E3L" /,—-0%$/2621$.4%4 7/, .45/2,16

7-wire compact stranded conductors shall be in accordance with ASTM B496 for AWG 2 and smaller.

For larger than AWG 2, 7-wire compact stranded conductors shall have a diameter of 92 % of the ASTM B8
requirements for the equivalent AWG size.

Q*D)" B@C /$%i" /7, .45/2,143—" .63, . 25%"

Table D.4 provides cable conductor dimensions for common cable construction types and shall be used to
provide conductor size ratings per A.3.8.2.2.
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#%" (* — +$%t" ,-.7/0,1-2 . -3B4_$ /43" .54-.56-2 ,-33-. 789 54:"5

+-_/0,1-2 ;-3 %L /1837172 -6 ,-./0,1-2
;-34.$& <"i=>1 @A842'
24" - 2= -
24: 72°% ?-l/ 51%./°/ @A84&2" ,-3B$,1
AWG cmil in? mm? Ib/kft kg/km in mm in mm In mm

6 AWG 26 240 0,0206 | 13,3 79,4 118 0,162 4,11 — — — —

4 AWG 41740 00327 | 211 126 188 0,204 5,19 0,232 5,89 0,213 5,41

2 AWG 66 360 0,0521 | 33,6 206 306 0,258 6,54 0,292 7,42 0,268 6,81

1 AWG 83 690 0,0657 | 42,4 260 386 0,289 7,35 0,328 8,33 0,298 7,57

1/0 AWG 105600 | 0,0829 | 53,5 | 319,2 475 — — 0,368 9,35 0,337 8,56

2/0 AWG 133100 | 0,1045 | 67,4 | 4027 599 — — 0,414 10,8 — —

(QCcp 789 ,-BB"2 ,-./0,1-22"5451$ ., "

QCDE  ?-i/ %$2" ,-./0,1-25

Solid bare conductors shall be in accordance with ASTM B3.

QCD)D  ?-i/ 1. ,-$1/ ,-./0,1-25

Solid tin coated conductors shall be in accordance with ASTM B33.

QC)D)C  ?-U/4"$/ ,-$1"/ ,-./0,1-25

Solid lead coated conductors shall be in accordance with ASTM B189

QC)D)*  @A<L2” 512$./"/ %$2" ,-./0,1-25

7-wire stranded bare conductors shall be in accordance with ASTM B8, Class A stranded conductors.
QCD)F  @A<f2" 512$./"/ 1. ,-$1"/ ,-./0,1-25

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 B 33.

QCD)"  @A<i2® 512%./°/ "%/ ,-%1°/ ,-./0,1-25

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.

QCD)@ @A<#2® ,-3B$,1512$./°/ .-_.A,-$1"/ ,-./0,1-25

7-wire compact stranded non-coated conductors shall be in accordance with ASTM B496.

QCD)!  @A<42" ,-3B$,1512$./°/ 4. ,-$1"/ ,-./0,1-25

For 7-wire compact 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 tin-coated wire in accordance with
ASTM B33.




D.3.2.9 7-wire compact stranded lead coated conductors
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For 7-wire compact 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.3.2.10 AWG conductor resistance tables

Table D.5 provides nominal copper cable conductor resistance values for common AWG cable construction
types and shall be used as a quality check for various conductor sizes per D.3.1.

Table D.5— Nominal AWG copper conductor resistance values at 20 °C

Conductor

Nominal conductor resistance values at 20 °C

size Solid 7-Wire stranded or compact
Bare Coated Bare Coated
AWG Q/kft Q/km Q/kft Q/km CF Q/kft Q/km Q/kft Q/km CF
6 AWG 0,395 2 1,297 | 0,4067 1,334 | 0,9716 - - - - -
4 AWG 0,2485 | 0,815 | 0,2557 | 0,839 | 0,9716 | 0,2530 | 0,8300 | 0,2631 | 0,8631 | 0,9616
2 AWG 0,563 | 0,513 | 0,609 | 0,528 | 0,9716 | 0,590 | 0,5220 | 0,1653 | 0,5428 | 0,961 6
1 AWG 0,1239 | 0,407 | 0,275 | 0,418 | 0,9716 | 0,270 | 0,4170 | 0,307 | 0,4292 | 0,9716
1/0 AWG 0,0983 | 0,322 | 0,006 | 0,330 | 0,9766 | 0,000 | 0,3280 | 0,1029 | 0,3376 | 0,9716
2/0 AWG 0,0779 | 0,256 | 0,0798 | 0,262 | 0,9766 | 0,0795 | 0,2610 | 0,0818 | 0,2686 | 0,9716

Table data sourced from reference documents and further requirements in D.3.2.1 through D.3.2.9.

Table D.6 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.6 — nominal AWG copper conductor resistance values at 25 °C

Nominal copper conductor resistance values at 25 °C

Cor;c;lzu:tor 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 0,4028 | 1,322 | 04146 | 1,360 - - - -

4 AWG 0,2533 | 0,831 |0,2607 | 0,855 | 0,2579 | 0,846 | 0,2682 | 0,880
2 AWG 0,593 | 0,523 | 0,640 | 0,538 | 0,621 | 0,532 | 0,1686 | 0,553
1 AWG 0,126 3 | 0,415 | 0,300 | 0,426 | 0,295 | 0,425 | 0,1332 | 0,438
1/0 AWG | 0,002 | 0,329 | 0,1026 | 0,336 | 0,019 | 0,334 | 0,1049 | 0,344
2/0 AWG | 0,0794 | 0,261 | 0,0813 | 0,267 | 0,0810 | 0,266 | 0,0834 | 0,274

Table data sourced from reference documents and further requirements in D.3.2.1 through D.3.2.10.
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D.3.3 Resistance and temperature for copper AWG conductors
D.3.3.1 General

Temperature correction on resistance or conductivity of cable conductors shall be in accordance 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
Table D.7 shows the correction factors to correct measurements from measured temperature to 20 °C and the

correction factor to calculate the nominal resistance at service temperature based on the value at 20 °C. The
conductivity factors from the Table D.4 shall be used to determine the appropriate correction factor.
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Table D.7 - Cable conductor temperature correction factors for copper AWG conductors

Multiplication factors to...
Temperature | COTeCtmessurementto20 G, basedon | il ot on conductivity
factors

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 59 1,020 1,020 1,019 1,019 0,980 0,981 0,981
20 68 1,000 1,000 1,000 1,000 1,000 1,000 1,000
25 77 0,981 0,981 0,981 0,981 1,020 1,019 1,019
30 86 0,962 0,963 0,963 0,964 1,039 1,038 1,038
35 95 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 0,911 0,912 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 1,157 1,154 1,153
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 0,815 1,236 1,230 1,229
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 1,267
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 1,382
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
180 356 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 1,688
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 testing

D.3.4.1

General

Testing of the cable to determine its conductor resistance value shall be per ASTM B193.
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The supplier/manufacturer should provide verifiable evidence that the components offered can be effectively
assembled to meet the requirements of the application as defined by the user/purchaser. This should be
determined through the series of tests described below and additional evaluations performed by a qualified
person(s) assigned for the assembled ESP system evaluation.

User/purchaser should select the tests, testing parameters, and order of the testing as applicable to the
project requirements. The objective of these tests is to verify the compatibility of the components, operational
performance as designed, system integration interfaces.

Testing should be performed to the requirements of Clause 7 of this part of ISO 15551, to an approved
procedure with defined acceptance criteria, on calibrated equipment and by a qualified person. Testing results
should be documented and approved by a qualified person other than the person who performed the testing.

= S0*? . $,*./ *-50.4,6,/,+9 +h4+

This test verifies the mechanical compatibility and interface of the ESP system components. This testing may
be performed horizontally or vertically in the supplier/manufacturer’'s facility. The user/purchaser should
specify the specific 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 measureable) are within the supplier/manufacturer specifications and the
shafts of the entire assembly rotate freely. Rotation of the assembly shafts can be verified by measuring
voltage generation from the motor while turning the upper most shaft in the made up assembly.

“:A "78 .44%56/9 B)$*+,-$ %4+

The assembled ESP components (including ESP gauge if applicable) should be function tested at an
operating frequency as defined by the user/purchaser at one or more points of the pump performance curve. If
the ESP gauge is capable of measuring discharge pressure and flow then the appropriate discharge head and
flow meter couplings should be fitted to the top pump to allow the discharge pressure and flow meter lines to
be made-up to the ESP Gauge. This test is intended to function test the ESP assembly only and therefore the
surface drive, control system and power cable utilized is at the supplier/manufacturer discretion. The
supplier/manufacturer should provide test results in accordance with user/purchaser requirements.

":C 7+.*DE)@ +%4+

The objective of this static test is to verify the ESP system assembly and installation procedure is safe and fit
for purpose. The pump is not started in this test. The stack-up test can mimic the rig floor activity and
particular consideration should be given to unexpected -hold-up” points and clearance issues.

Additionally, 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.
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The information from this test can be used to refine the mechanical compatibility test and aid understanding of
how the ESP system is handled and assembled such as where to spot spoolers, hang goose necks and
minimizing hazards.

E.5 System integration test (SIT)

The purpose of the System Integration Test is to verify the performance of a complete system. For the
purpose of this test, the equipment utilized for test should be specified by the user/purchase as follows:

a) ESP components (excluding cable): should be either the specific serial numbered components intended
for installation or components of the same model and design

b) ESP cable: should be either the specific serial numbered cable intended for installation, cable of the
same model and design, a load cell and/or electrical cable system simulator to mimic the cable system
electrical characteristics or a combination thereof.

c) Power equipment (such as adjustable speed drive (ASD), transformers, control systems): which should
be either the specific serial numbered equipment intended for installation, equipment of the same model
and design, other equipment that is suitable for the purposes of the test or a combination thereof.

To ensure the system as a whole operates as designed and meets specification, the ESP should be
functionally operated as per user/purchase requirements such as target flow rates, power supply frequency,
operating frequencies, test fluids.

The supplier/manufacturer in accordance 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 into alarm and trip
scenarios. These scenarios may be created within the ESP control system and externally depending on their
nature (such as operation or emergency shutdown (ESD)). If the power supply is housed in module, then air
pressure and volume should be verified to ensure conformance to design requirements.

E.6 Power test

The objective of this test is to verify that the power supply equipment is appropriately sized to start and run the
ESP motor to full load conditions when connected to the correct power cable system, or if user/ purchaser
agrees a load cell and/or electrical cable system simulator (the specific equipment to be utilized for this test
should be per E.5). If the motor designed for the application is unable to achieve 100 % motor load in the test
conditions, an alternative larger pump may be required for test, or a dynamometer may be substituted for the
pump.

E.7 Calculating ESP system efficiency

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 required at the power cable at the wellhead. 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 (ROR) of ESP system

F.1Recommended operating range (ROR)
F.1.1 General

This annex describes the factors to be considered for defining an ROR and establishes guidelines for creating
the ROR. Some factors are application specific, while others shall apply to a certain stage design regardless
of the application.

F.1.2 Considerations for ROR
F.1.2.1 Axial thrust forces

Axial thrust forces are application specific because, in addition to hydraulic stage design, thrust forces are
affected by the fluid density, operating rpm and number of pump stages. These factors should be considered
when comparing the axial thrust forces generated compared to the thrust bearing load limits.

— Floater pumps: Axial thrust forces on floating pump impellers can cause excessive wear on thrust
washers, especially when abrasive particles are present in the well fluid.

— Compression pumps: Axial forces on compression pump impellers are transferred to a thrust bearing,
typically in the seal chamber section.

— Pumps with modular thrust bearings: Axial thrust forces are transferred to modular thrust bearings located
in the pump section. Accelerated wear can occur on these bearings in excessive down thrust conditions,
especially when abrasive particles are present in the well fluid.

— Pumps with hydraulic pistons for controlling axial thrust: Downthrust forces are equalized using a
hydraulic piston in the top of the pump. Hydraulic piston size should affect the recommended operating
range selection.

NOTE The ROR of a particular pump stage can vary depending on pump construction. A pump curve operating

range can be extended beyond the efficient operating range of the pump depending on the thrust system supporting the

pump, its construction type and thrust curve.

F.1.2.2 Flow and pressure limits

Application specific limits to ROR can include flow or pressure limits such as a minimum flow required to cool
the motor or a maximum pressure that should not be exceeded in the pump housing or maximum flow rate to
prevent erosional velocities.

F.1.2.3 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.1.2.4 Shape of head/flow rate curve

Centrifugal pump head vs. flow rate curves (per A.3.3.2) can show a droop, dip or flat region in the body of the
head curve. This condition is not application specific and is a characteristic of centrifugal pumps which require
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Annex G
(informative)

Example user/purchaser ESP functional specification form
—.' (0 1%2+/ (ST 3.'4. A(H 5+ 6/+2 57 ).+ 6/+81684. (/+4 Vb (/1)) '# J1+4STHI ).+ $6#4)%#(:

b6+ " +#)/ WS ).+ <=> [7/)+7 ([ &+;6%+2 "# 2:(6/+ @k -."7 S0 '/ #%) #+A+//(R"T "HAG/ 7+ WS
&+; 6"+ = +#)/h

20" L(HT #( ™+

U (4)

Well information (required)

Operating environmentd 2%(:5+2 "+). (#+ 0O C+C7 %" 0O  2%#+#)WHC %" 0O  =%64+ 3+ 0 D).+ O

Well Type: Ex)4C O FerdywC 0 =@ 0 Cwew#) (O

Well location: D#/ %+ O DS/ . %+ O =65/+(O
Reservoir Type: ?(@5%#()+ 0 =.(+ 0  H#aw#/%2()+2 /@2/ i+ 0O 2%C 0O 2%#/%"2()+2 /@2/ )i+ O

Reservoir Recovery ProcessB
1;6'%+6 26+ 0  =%6)%# 9(/ 24*+ 10 JQO+&s%%2 00 2%C2+30+#9 0 -.+~C O

Enhanced oil recoverys ?Dx$%%2 OO J 1L O >%7"+§ $:%%2 O

Existing or planned power supply details? L+#+6Que O H)w)7 O *%:)/ MMMMMMMM -~ CG MMMMMMM
NEL §171/611:7:"""()"%#/ MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

Existing or planned surface equipment3
=3"4.5%¢2 0 Or/)+11=FO0 >JQI=F0O R )++2>JQ I=F01O Q+2'6" *%)(9+01
=14+ &+/)8'4)wt/ O

Well information (if available)

Well Profile: =p/.(1+20 Hpr/.(A+2 O /#6/%2¢C 0 =6):0+C O

Geothermal gradient / profiles 1.+(/+ ())(4-

Previous production history 1:.+(/+ ())(4-

Pump setting depth [PSD] (measured depth [MD]) " SY9

Pump setting depth [PSD] (true vertical depth [TVD]) " SY9
Existing or planned total well depth: TVD/ MD 8 " SY9
Producing interval depth (top) TVD /MD 8 " SY9
Producing interval depth (bottom) TVD / MD 8 " SY9
Casing outside diameter == S'#
Casing weight and grade T9™ S:578)
Casing connection type

Minimum drift diameter through wellhead to bottom of ESP "TPH
assembly
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£z J3FE:-"OPPPOQOIRSOT"?7<A"

HEULT (S, ", b =0 mm —in

#$% " ("1-t(2* kg/m — Ibm/ft
#3%" (" (0. ,-"

#$%L" (*20- . , 3*45-3+46-"

7)/58-*) " "*45-9 perforated casing LI open hole [

SRS R () 1 none [J slotted liner 0 gravel pack O sand screen [J

<z="H4+R- /13 TR(P0.H) Tgmmmmmmmmmmiitigingle [ Dual O other O

<:=",-50)4/-"*/-*2) ,9"""""""""conventional tubing [1 coiled tubing [  wireline 1"

T)/58-28) ", xR @) 68 GBI - s sttt B @ g 19 = 4 = gy —p
C-88", -@4. %) ""+$0@-40"258— . +-". % _; 240" . +"." /4" /S /9"

E" ;8" . %) "".*5$/5"+-*¢" (", -5*2" Degrees

F) G- ('+-0@-0*4" . *'5$/5"+-*¢" (", -5*2" degrees / 100ft or degrees / 30m

G.Hw/$/7",) 8- ('+-@-0*4"%—*1--""1-82-.,". " ,"5$/5"

Fn (", 552" degrees / 100 ft or degrees / 30m

#P%E" 6T "-0";) %" (*45-"1 7, 285 1T - ++"%>" 558 - %8-)

7Y /58-0) "2-07 8520 3 F-0ktHl; +" B 2" +"2— FH0 T 5=0"3 Y=ok b= TH"5) 0" )./ BB-H) "D +B. *— , kT (3. T T BEB+"
)058) 14" (= /50 *B0-"50)>8-"758— . +="_** _; 24"

7)/58-) ™" b (0. /958 . +=" %53 24"

J5-0.47 ("2 7, 50) , $3) “UTY0L LAY TIIID-KGI0 , Rr—————————g = 1 ) 8_ =

C-®1"8) 1"5-0)07 . " ;—"-HB0—++ " +" " L1/ S/ Y75 +=" ;20"
- SHB- =, D) L0 2N ) 1L T 1) 105 -") 05 $ /5", 1+ 2. 0(-"0. 5
_ >8) 1& - (“50—++$0—“)0">8$& , "8—@—8" : *n_HS_ ;*_ , n>8) 1u0 } *_u>)0u i} u+5_ ;&>&_ , " ) _5*2

C.*-0";$* %
#$%" ("2-. ,"50-++$0-" kPa — psi
7 . +" ("'50-++$0-" kPa — psi
Gi"i/$/"-H5-;*-,"%)**) /2)8-"*-/5-0_*$0-" C-F
G.HW/$/"-H5-;*-,"%)**) /2)8-"*-/5-0.*$0-" C-F
L-+-0@)80"+*_*; "50-++$0-" kPa — psi

- reference depth m — ft
#)*_8'50) ,$;6" (' (-+)B0.%)" sm%/sm’= scfistb

:5-;6.80)5-0.%"(";) ", %) "+; such as heavy completion fluids, sand face control, delayed start up, etc.

J5-0.4) """, "50) , $;48) "ET>Y0L ) TS L @ 68 . pg—Am I m———I—I_—n—nn g g {10 + g0 =61y ¥ _A
S %

C-82-. ,"8) 14" ('54$k, "*~/5-0.*$0-" °C-°F

MB) 14" (**-/5-0.*$0-"_*0->-0-" ; =", -5*2" °C-°F

L->-0-";-",-5*2" m - ft

ST (=", - AN

Yes — No
B"4-+D", $-")"+. ", N" (. +N"+ - /N
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HEWS( ) *$ +,4-. /"$01$-23 "+-.$ Hz

HEWS( ) *$"+,4- . /'$01$-23 +, ,+'.$, "+,$ Hz

Please attach any materials, material requirements and dimensional limitations:

4-5{")-6%-,+1 2) 6*+,8:%,3 9'$0LL"$(: 5 —6,% 926"27$ )-$: )" 1%, 1-4,% 1%$(
<& ($-%%,3 at standard conditions or API gravity

<47 58%2)%4,3 at standard conditions

=1887$ *)i-, *"$%U%1'$ at reservoir temperature kPa — psi

>)11,6)- ?<@ sm%/sm’= scfistb

A+,$" BC

A+,$" ($-%,3

A+ $" %+1E-¢,3 D 2E7) "0($ 2)-2%-,"+,0) - Ppm

?+% %*$24/42 . "+5¢,3

F<c96)7$ H: Ce>96)7$ H:

Ct%,) "3 )/ %)1.(% related problems such as plugging and erosion of downhole components?
Yes O No [

If yes, please describe:
>+-( 6)"*E)7) .3l (please attach) — refer to 5.3.3

Ci%,)3 )/ %2+1$ *$7+,$( **) 81$6%J K$w O L)O
Ci%,)"3 )/ *+"+//i= ($*)%i,8)-J KewO L)O
Ci%,)"3 )/ +%*E+],$-$ ($*)%,0)-J KewOd L)O
M)+63 )il 8$E+5()1"J K$w O L)O
A4611%) -%J K$wd L)O

If yes, please provide inversion point and emulsion viscosity data

N*$+,t— . 2E$662+1% being injected in the well?
Yes O NoU
If yes, please describe:

27+ (S %$T$2,0) ~%l #S%L . — 5HE(+E) -0 /1-2,8) =+ $5+71+,8) - +-( 01+7,32)-,")7 9'$014"$(:

Selected Grades
Component Dgsign Functional Evaluation Quality Control

Validation (Annex C) (7.4)
(Annex A) )
V1 V2 F1 F2 F3 Q1 Q2 | Q3

Bolt on discharge

Pump and gas handlers

Bolt on intake

Mechanical gas separators

Seal chamber sections

Motor

Cable, MLE and pothead

Assembled ESP system Annex B* Annex E**

- Greyed boxes indicate unavailable sections
- * indicates that component has no grade selections

- ** indicates an informative Annex

<,E$" %/ +5+i7+871%:1

>)'+.$ $-50")-6%-,+71 2) - (4,4) -%| please describe
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Projected duration of storage:

98



LTI 1 E DIN EN ISO 15551-1:2013-12
ISO/DIS 15551-1:2013 (E)

Annex H
(informative)

Considerations for use of 3-phase low and medium voltage adjustable
speed drives for ESP applications

H.1 General

— ' (0 1+/28°3+/ ).+ 2%/ L)%t 1H2R2(5 T +2. (#2(5 +HEHE T +#) (5 +6TIO%ES (#1 &+'(31)8,
§HQO+L )% ).+ (O9U2Q)"%H %S %z (H#1 =+1'7" *W)(6+ (1;7/)(3l+ /9++1 18*+/ Sk <=> (9U2()%#/? - .+
"8 ™ Q)'%# /799 +1 "#)."/ 9(8) %S i=A BCCCB '/ $%& D=E/ 1&*'#6 ( /'#6l+ 1% = # %+ <=> = W)us (//+ = 318

F% ).+ 9789%/+/ %S )."/ 1%27 = +#)5 (1;7/)(34+ /9++1 18+ ID=E, '/ ).+ )+&™ 7/+1 )% 1+/28'3+)."/ 1+*2+) - "/
1+%2+ "/ (/% 2% ™ = %8 GH% = # "# "#17/)%8 (/ ( *(&'(Bl+ /9++1 18+ IH=E, %% ( *(&'(3!+ %+17+1#28 18*+
IHFE,?

D# D=E %$$+8/ ).+ §+0"3")8 )% 2%#)8%! ).+ &%) ()%t (4 /9++1 U§ (# <=>7 — _+ 3(/"2 $T#2)'%# %$ (# D=E $%b& <=>

(9912 %t/ '/ Y 29#%+8) "HOT) ) .4++I9 (/45 §O+1 S+ 1 7+#28 (#1 §0+1 *Ul)(6+ ) %7)97) )&+ 9. (/+5 (1:7/) (3k+
S+17+#28 (#1 (1;7/) (34 *%l) (647

H.2 Definitions

F%& ).+ 9769%/+ %S )."/ (##+05 ).+ $%U% = "#6 1+§'#") "%t/ (948K
H.2.1

distortion factor (harmonic factor)

= (ST U )+ 1/ Y0R) U 968 ( O+EUL /'6#( (= (8% ™ ( 9+E+2) /H+ = (*+

Lo%)+ B )% +88( ) "/ 2(R270QO+L (/ )+ &Q)% %S ).+ Q%)) = + (I NT e+ YR)(4 %8 ).+ - (&= U2 2%tt)+) Yo ).+ do%)] = + ()
JNT (G T+ %8 )+ STHL( = +) (L 1T (R))85 +098+//+1 (/ ( 9+i2+#) U$ ).+ STHL( = +#)

H.2.2
total demand distortion (TDD)
(/T %S )+ 1'/)%6)"%H %S ( 2786+#) 98%S U+ &+I()"*+ )% ")/ STU e (L *(UT+

L)+ B )b +#)88K  0) "7 2(R274Q+1 (/). + &Q)'% %S ) .+ 8096)J ™ + CHI/ 1T &+ V) (L8 ) + . (&= "2 206t)+4) b ). + $7U 06 (1 * (745
+004+//+1 (/ ( 9+i2+#)(6+) M/'#6 )"/ = +(/T4+54()-+k ). (# ~NE5 (U= / S48 ."6 . +4 2788+#) ~NE = .+# 06(1 "/ 06

H.2.3
total harmonic distortion (THD)
207 T 0# )+ET T/+1 )% 148H+ +") J+8 *%L) (6+ Wb 2788+#) 1'/)%8)"%#H $(2)%

L%)+ B ) +#)88K  =++ NIO’B?

H.3 Design and selection considerations

P .+# 7/'#6 (# D=E %% (# <=> (92 %t5 ).+ Sl = "#6 (&+ "//7+/ ). () /. (U 3+ ) (G+#t "#)% 2%t/ 1+ ()'%# 178446
).+ JHA2) Yk (B 1+/'6H %S ).+ /8/)+ ™K

(, —.+D=E /.(U 3+ 1+/'6#+15 = (HT3(QT4+1 (1 )+/)+1 '# (QQUEL(H2+ ="). ).+ 4(+/) (99¢2(3i+ /) (#1(eL/
US ).+ $HCH L+ HQYH U8 7/+ /72 (1 6<Q5 MR (#1 L<SD?

3, <R HR/+ " T TH)S /. (U 3+ " (QQuL(H2+ 1), W24 /) (HLEL/ /72 (/ §<Q TBUWIW
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c)

Ou

%u

ou

HS% & B(*&(1S+ U( "$+, V- "IO0%( 1$% 2+31282 +,-4+5% 1&((%.1 -1+, 0%2+.0 O/ 1-(U-. 6#77" +.0
81400 1-1+, $+(2-./1 O/ 1=(U=. 647" —. 1$% /. *&1 —; 1$% <=7 +° 0%" 1(/5%0 /. >??? GABC #$% *(=*%(U%"
9% [ 1-2/.9 *—4%( "D*1%2 "$+, [2%+11 1$% $+(2-./1 O/*1-(U~. 9%.%(+1%0 5D 1$% <=7C ?*1+5,"$/.9
1$% 2431282 +,-4+5% <=7 #77 E #:7 I* [2%~(1+.1 1- $%* 2/./2/F% %%11(/1+,D /.08&1%0 0%I(+0+l/~ .
159 U VI(/1+, +. 0 2%1S+ 1+, *—A%( *&**D "D 1%2 "

HE% & (*&(1$+ %( S+, 1-_ "I0%( 1$% 2+3/282 +,-A+5% 1&((%.1 #77 +.0 8-,1+9% #:7 —. 1$% -&I*&1 —;
1$% <=7 +.0 %." & IS+ 1$% <=76 +11%""—(%" 6"&I$ +" 1(+.";—(2%("" +.0 *—4%( "D"1%2 "$+, 2%%l
1$% % 1(1%(4C >. %"1+5,°$/.9 1$% 2+3/282 -&I*&1 #: 76 1$% & %(*&(1$+"%( "$+, 1-."/0%( 1$% %. 1%
*_A%( "D*1%26 1" UH&*2%.1 +.0 "WLI&* ;(-2 1$% -&I*&1 —; 1$% <=7 1- 1$% 0-4.$-% %o%(/1+ "D"1%2C
P2U145,"$/.9 1$% 2+3/282 +,-A+5% <=7 -&I*&1 #77 +.0 #:7 [ [2%-(1+.1 1= 2/./12/F% %%11(/1+,D
1.0&1%0 0%Q(+0+1~. —; 1$% %HMI(/1+, [. & +l/-. "D"1%2 +.0 2%I$+./1+, "&511-2%— 01" —; 1$% 0-4.$- %
2= %H&*2%.10

#$%(% 1+. 5% "&5"1+ .1+, 8+,8% /. /. 1,8&0/.9 % %I1(/1+, "D 1%2" %.9/.%%(/-9 /. 1$% 0% /9. *$+"%C =%% = (K
=(0-182% . 1+1/-. _%%0%0 ;(-2 1$% 2+.&;+11&(%( ;-( 1$% 0%"/9. +.0 /. 1%9(+U/-. -; 1$% <=7¢C

<xH U= = 1(+. .1 8- 1+0% "&(9% "&**(%" " -(" 6#L=="" 24D 5% I-."/0%(%O0 1- 1$% /.*&l +.0 *~""/5D
1$% —&1*&1 1= [2/1 $/19% 8- 1+9% 1(+. "M% .17C >; &I/, JF%O0G 1$% #L== "$+, 5% 2+1$%0 I 1$% +** /1+1/—. "= 1$+]
—&1*&1 #L== 4-80 5% "%l 1- 1$% 2+3/2&2 -&1*&l 8-,1+9%

> 18% <=7 [* 0%"/9.%0 +* + (%9%. %(+1/8% O(/8% 62%+_/.9 0%"/9.%0 1- +,-4 *-A%( ;-4 [. 5-1$ 0/(%11/-.""
1$%. 1$% <=7 2+D /.1,80% 7M N&" (%98 -+~ . 1- (%0&1% 1$% *-**/5//1D —; O(/8% -8%(18-1+9% 1(/** 0&% 1-
(%9% . %(+1/8% 1~ . Of1/-. *C

J$D"/1+,D "%O(%O+%0 1%(2/.+, 5,107 2+D 5% *(-8/0%0 ;-( V- .1(~, +.0 *~4%( A4/(/.90 #$/* [* [2*-(1+.1 1
J211 1 1%G%(%. 1% /. 0&1%O (-2 1$% *—-4%( V(1&/1 11— 1$% 1-.1(-, V(1&1L0

HS% <=7P" %:;/1/%. 1D "$+, 5% *(-8/0%0 +1 ;&, ,~+0 +.0 "*U%%0 +.0 2+D 5% *(-8/0%0 +1 -1$%( ,~+0" +.0
CKUY0 1- +* /"L 1$% & (*&(VS+"%( |- %8+ &+1/_O 1$% <=7 %;:/1/%. 1D

R*0(*&(1$+"%( 24D 1-_"/0%( O(~&-0/.9 1$% *-A%( "&**D "D 1%2 1$+1 *(-8/0%" 1$% /.*&1 *-A%( ;-( 1$%
<=7 1- *(-1%11 1$% <=7¢

B <=7 "$+, +,-4 :-(9(-8&.0/.9 - 1$% 2= "I0% —; 1$% <=7 -( "16*1&* 1(+. ";~(2%( /; & %O

H.4 Input power

S$h. &'1.9 +. <=7 ;=( +. 2= VU= 1$% ;-,-4/.9 +(h [""&%" 1$+ "$+, 5% 1+0%. [.1- V- "/O%(+1-
(9+(0/. 9 1% /. *&1 *~A%(

+"

5"

0"

o
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#$% <=7 "$+, -*U(+1% 41 /.*&l 8-1+9% $+8/.9 &* 1- AT U 8-1+9% #:7 5+"%0 -. 1$% I+1&+1/-.
2%1$-0" 0%1+/%0 /. >???I@AB6 4/1$ 1$% %31%*-. -; 1$% *-/.1 -, 2%+"&%2%.10 #$% *-/.1 -;
2%+ &(%N2%.1 —; 18% # 27 "$+,, 5% +**(=*(/+1% 5+"%0 - . 1$% 1D*% —; <=7 &"%0C

<=7 %81 $+(2-./1 1&((%.1 O/"1-(U-. "$+, 5% (h*-(%0 5D 1$% "&**/M()2+.&+1&M%( ;-( 1$% <=7
SFU(+.9 +L ATT U +.0 0T U —&1*&1 1&((%-1 4/1$ @ U /2*%0+ . 1%

H#S% & (*&(1$+ %( -( "D1%2 0%"/9.%( *$+, V-."/0%( /. *&L 1-228&1+1/.9 (h+11+. 1% 6" -&(1% *%(/%"
Qb1+ 1% (=2 1$% <=7 +, 18% 4+D 5+10 1= 1$% "=&(1%" ;=( +, <=7 +** [1+1/-_"( #$% <=7 2+D $+8% 1$%
SFU= . 1= [ V("% 19% TD"1%2 (H11H 1% /. 1470 18% "D 1%2 (b 11+ 1% /7 1-— -4

#S% & U(0*&(1S+"%( —( "D 1%2 0%"/9.%( "$+,, %8+ 8&+% <=7 [.*&L [ 1%(+ U~ ANS 11" "-&(VUE %" *%!/+,D
ANS ~1+, 9% %(+1-(" +.0 1$WI( 1-.1(~="C #$/" [* 1= 2/./2/F% +.0 *(%8%.1 0+2+9% 1- 1$% *-4%( "&**D
"D 1%2(

HEUO 1+ 5% "85 1+ .U+, 8+8% i—( 1$% & %()*&(1S+"%( 1~ %8+ &+ ASULSU( "-&(1% 1(+. " ;~(2%( $%+1/.9
%;;%611" %3/"1 08% 1= $+(2-./1" (-2 1% <=76"" +.06 /; .%1%" *+(D6 2/U9+1% A/$ *(~*%( 1%1$ . /H&%"C
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" At a minimum, the ASD shall tolerate variations of the nominal input voltage of +5 % and maintain
consistent nominal power output per the ASD nameplate.

H.5 Output power to ESP

The ASD should include all required equipment to ensure a suitable output voltage and current waveforms to
ensure successful operation of the ESP system based on specific application requirements.

The ASD should be able to function properly for a variety of output filters (such as sinewave and/or dV/dt
filters) installed at the drive output terminals. If the ASD uses filters on the output, then the ASD shall have a
protection circuit to detect a filter malfunction and take appropriate protective action.

The ASD should be designed to produce greater than 100 % of rated output current for 1 minute in order to
support hard starting and short term downhole load variations.

H.6 Accuracy of measurement

The user/purchaser or system designer should provide the supplier/manufacturer the requirements for
accuracy of measurement of electrical information so this may be addressed in the ASD design.

H.7 Control functions

ASD’s should have capability to determine the frequency (Hz) of the free spinning ESP motor in any direction
and resume operation in proper rotation without damaging the downhole equipment.

ASD’s should have capability to reverse direction of an energized ESP motor by a controlled ramp down to a
safe minimum frequency, reverse of direction and ramp up of ESP to desired operating frequency in the
opposite direction without damaging the downhole equipment.

Frequently accessed ASD programmable parameters may be adjustable from a digital operator keypad
physically located on the ASD.

It is recommended that the ASD local control panel has the ability to be secured from unauthorized access.

ASD may include hard start functionality (such as rocking start mode, voltage boosting). This function is
designed for assistance in starting equipment that is difficult to start.

The ASD should be programmable or self-adjusting for operation under the following conditions:
a) Operate ASD with motor disconnected.

b) Controlled shut down for phase-to-phase short circuit.

c) Operate ASD with one phase shorted to ground.

d) Multiple programmable stop modes; such as, ramp, coast.

e) Multiple acceleration and deceleration rates, independently adjustable for controlled start-up, shut-down
and operational changes.

f)  Ability to compensate for loss of its external control (such as shut down, continue operating, operate in a
pre-defined safe mode).

g) Capability to automatically restart after a trip with programmable features such as; number of restart

attempts, time delay between restart attempts, and interlocking to ensure that the system is unable to re-
start if the trip fault or process control remains open.
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h)

n)

Multiple adjustable set points that lock out continuous operation at frequencies which can produce
mechanical resonance. Frequency and bandwidth should be programmable.

Programmable output current under-load/overload from 0 % to 110 % with programmable time delays.
Independent torque limits for starting and running conditions.
Minimum and maximum frequency limit, to restrict operation outside of those limits.

Emergency stop (e-stop) hard wired into the drive such that when this contact is open, the drive should
not run and cannot be overridden by any local or remote re-start commands.

Output current control mode which maintains a specified current set point and allows frequency to
automatically vary to maintain a stable motor current within a programmable maximum and minimum
frequency range.

External input control mode to allow frequency to vary to maintain a specified auxiliary input (such as flow
rate, pressure) within a user programmable maximum and minimum frequency range.

At a minimum, the following functions setups and adjustments should be available from the local keypad and
remotely through a communications port:

a)
b)
c)

d)

start/Stop command;

speed command;

motor direction selection;

maximum and minimum speed limits;
acceleration and deceleration rates;

critical (skip) frequency avoidance;

multiple attempt restart function;

multiple preset ramp speeds adjustment;
programmable analogue and digital input/output;
proportional/integral process controller

speed control mode (such as constant frequency control, current control, pressure control);

motor voltage optimization — during fixed speed mode, allow for manual or automatic voltage optimization
to minimize current draw.

PBH&E = O (F+*H() , +-4.) [0+~ , +-#14) 2-(0) . (-4

As a minimum, the ASD should interface with the following input and output signals which should be supplied
in the appropriate electrical signals for the intended location of use:

a)
b)
c)

d)

programmable digital input (Form C contacts, sinking or sourcing logic);
programmable digital output (Form C contacts);
analog input, 10 bits, 4-20 mA,;

programmable analog output, 10 bits, 4-20 mA,;

"
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e) analog reference: +15 VDC source — 20 mA,;
f)  logic reference: +24 VDC source — 8 mA.

The supplier/manufacturer of the ASD should specify the number of each of the above inputs and outputs that
are available in the ASD being supplied.

H.9 Protective functions

The ASD should provide certain protective functions to protect and permit operation of the ASD and ESP
during operational fluctuations.

The overvoltage protection setting should be specified by the supplier/manufacturer and selected to prevent
damage to the ASD. The overvoltage setting should be 110 % of system nominal input voltage. The
overvoltage protections should shutdown and isolate the ASD by opening an upstream contactor or breaker
(equipped with a shunt trip). The ASD should continue operating at the commanded speed during overvoltage
conditions that do not exceed the overvoltage trip setting.

ASD should include the following protective features as a minimum:

a) DC link overvoltage / undervoltage: assures that the peak voltages on the power semiconductors stays
within their ratings. DC Link undervoltage protection is specific to certain ASD topologies.

b) Inverter fault; protects the ASD in the event of a fatal inverter fault, such as high current shut-down.
c) Input phase insensitive: required for SCR front ends to match the input phase rotation with the drive
hardware/software, unless this configuration intelligence is built-in. A diode front end ASD does not

require this feature.

d) Serial communication loss detection: detects loss of external communication between ASD and an
external network or an internal bus communication loss between processors.

e) Short circuit protection: protects the ASD in the event of a short circuit to ground.

f)  Input voltage phase loss / phase unbalance: detects loss of a phase or severely unbalanced phases,
which causes significant current increases on the other two phases.

g) Over current and under current protection: detects over load and under load conditions. At a minimum,
there should be threshold and time limit adjustments for each. For an over load shutdown, the shut down
time should follow an 12T algorithm where the time is inversely proportional to the square of the current
increase.

h) Adjustable motor current limit: allows current to be varied from 10% — 150%.0f ASD rating

i) Critical frequency avoidance: allows for avoiding specific frequencies and dead bands around each to
prevent equipment operation in known harmful vibration frequencies.

i) Motor stall: detects a non-rotating motor or one in a high slip condition.

k) Logic voltage failure: detects and shuts down ASD in an orderly fashion in the event of a low voltage
failure.

I) Back spin protection: detects an ESP back spin and delays restart by a restart timer or by monitoring
back spin and allowing restart once it is safe to do so.

m) Thermal monitoring: detects variance from the temperature thresholds of the power semiconductors and
heat sinks and control boards
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H.10 ASD information to be provided to user/purchaser

The

supplier/manufacturer should provide to the user/purchaser the following information which is typically

used during the power system design phase. This information can be required prior to purchasing of ASD for
design evaluation of the ASD and final documentation should be provided with delivery of ASD to the

user/purchaser.

a) Dimensioned outline drawing.

b) Power and control connection diagram(s).

c) Descriptive bulletins (general product literature).

d) Product data sheet.

e) ASD input harmonic current distortion for the ASD operating at 100 %, 75 %, 50 % and 25 % output
current versus load and speed at a specified source impedance. Voltage THD and current TDD should be
provided as a minimum. Individual harmonic currents can be available upon request.

f)  ASD voltage sag ride-through capability information.

g) ASD under voltage protection trip level and time delay.

h) Details of the ASD overvoltage protection as defined, including the overvoltage protection setting and
time delay and its variable limits.

i) Details of the ASD switching (carrier) frequency range, if adjustable and the ASD’s de-rating verses
switching frequency.

j)  Information showing minimum allowable AC line reactance.

k) Amperage, voltage, kVA power and kW / HP power rating.

I)  Input power factor and efficiency versus load and speed.

m) Output filters available and limitations, such as for cable length.
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Annex |
(informative)

Analysis after ESP use

1.1 General

This annex covers the recommended documentation process for determining the root cause of an ESP failure
through analysis after its use. Analysis after ESP use is paramount to evaluate the inherent reliability of
operational practices and/or equipment and to help determine potential areas for reliability improvement. It is
not realistic to expect that all failures of a product or process can be eliminated and, therefore, another goal of
analysis after use is to identify the most likely causes of failure and then identify appropriate action to mitigate
the effects of those failures. Identification of the failure root cause can lead to operational and/or equipment
modifications which ultimately can result in improved run life performance.

Throughout the analysis after use process, documentation should be collected and then reviewed as a whole
to attempt and provide a complete overview of the system condition and use from installation to final
inspection. This information should then be reviewed by the appropriate qualified persons from within the
user/purchaser and/or supplier/manufacturer organizations to determine the root cause of failure and assign
the failure code(s) as described in I1.5. All observations, sample collections and documentation should be
performed by a qualified person.

.2 Definitions

For the purpose of this annex, the following definitions apply:

1.1.1
failed item
item that can no longer perform it's required function

1.1.2
failure
termination of the ability of an item to perform a required function

1.1.3
failure descriptor
apparent, observed effect of failure (of a failed item)

1.1.4
failure cause
circumstances during design, manufacture, or use which have led to a failure

1.1.5

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

1.1.6
item
component, device, subcomponent, functional unit, equipment or system that may be individually considered

1.1.7
required function
function or a combination of functions of an item, which is considered necessary to provide a given service
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1.1.8

reason for pull

motive for the ESP assembly being pulled from the well

1.1.9

primary failed item

failed component within the ESP system responsible for initiating the failure of the ESP system
1.1.10

primary failed descriptor
failure descriptor associated with the primary failed item

1.3 Documentation immediately after ESP failure is detected

When the ESP equipment has failed, it is important that all relative information recorded during its operation is
collected as soon as possible to preserve the evidence needed for a root cause analysis investigation. The
following items, if available, are needed:

a) all motor controller / ASD operational data;

b) amperage charts or amperage data;

c) downhole monitoring data;

d) SCADA and/or production historian data;

e) histories of choke settings inclusive of choke setting at time of failure;

f)  history of actions taken prior and after the shutdown (ie. Number of restart attempts);

g) well ESP installation history, inclusive of previous ESP installation, pull and failure reports from the same
well;

h) chemical treatment history;

i) initial sizing and design reports;

j)  installation reports (other than reports provided by ESP installer);

k) any daily field reports that may detail sequence of events or equivalent;

I) the most recent downhole schematic (including the completion profile); wellbore profile to include pump
setting depths (MD and TVD) and maximum dogleg severity;

m) most recent ESP run report as supplied by ESP installer;

n) any/ all well intervention history.

1.4 Evidence collection during pull and wellsite dismantle
.41 General

Prior to pulling the equipment, all parties should be advised that the pulling of the failed equipment is an
integral part of determining the cause of failure. Any unusual events, or items, should be documented in
writing and photographed. All key electrical readings should be checked and recorded prior to commencing
pulling operations. Samples of any debris observed internally or externally on components should be placed in
clean containers and labelled with the location on the ESP assembly where they were taken !

106



LTI 1 E DIN EN ISO 15551-1:2013-12
ISO/DIS 15551-1:2013 (E)

18" 4% 8% " Q&)™ (L. H( -0, -"8+20(" 0+$-3 "(4(5 +$5 +( 0(2. &+2" 6(" 0(&HS$) 0+$-.3 6(
,"(00-"( &+(&7(3 2 1+( 5. 0#(8 9+0 £):$" = 21$) &2))$ 6( &$..(&4(3 2:4(" ++( 0(2. &+2=6(" 0(&kS$) +20
6(() 3106$)) (H(3 :"$™ H+( = $i$" H4(":2&(8

1.4.2 Recommended pull observations

9+(:$.$5)* #( =0 2"("(&$ ™ = )3(3 I$ 6( $60("4(3 H+"$-*+$-4 b+( ,-.£)* $: 1+( ;< 200( = 6.=2)3 3212 $"
$60("42$)0 "(&$"3(3

2?

6?

&?

3?

@

*?

+?

7

=7

)?
$?

@)A-( B0 B0-&+ 200 0("#2. )- " 6("0? $: (2&+ ;<1 &$™ ,$) OB

3 (8482, "(23D)*0 "$ ™ 26.( = (**(" H(Ob

SR (IS, $ (ISR LS IS (T $4)* ST (5 (.+(230
— 2H(" 308$)) (&K * 1+ ( $5(" K2t

—  2:4(" 3108$)) (%) * 2)= 3$5)+$.( (.(&"82. , ) ("21$"0/ £ 2, , 1826.(C
— 2H(" 308$)) (BK)* "B " IS

E(&+2)#2. 2)3 ((&4"82. &$)38%) $: 1+ ( 5(.+(23 :((3 H+"$-*+ "2)3"(. 2)3 &$)) (&) 1$ $5(" , 248
F$8-= Ob 5+(+(C H+("( 520 08 (27 $-)4 $: 0.287 .(Ch :$" 1+ ("™ 2. (G, 2)0:$)8

E(&+2)#%2. 2)3 ((&"82. &$)3%S$) $: &26.(8 H$$7 :$" 0:5)0 $: 327 2*(C (.(&H"H62. 6.$5%-10/ 0#)0 $:
3(&$ ™ ,"(00:$) 2)3 "(&$"3)* 1+ ( ,+=0:82. $82K$) B, ¢, (12..=78

1-"6(" $: "("#(4(3 &26.( 62)30 1 &2=,0 2)3 k(" &$)38$)8 I$=,2"( 5+ )-=6(" £)0:2.(3 i$
3GCD(E2)=2"C.Ch) H+( 5(.6%"(¢

E(&+2)82. 2)3 ((&"82. &$)38$) $: 2)=12.. 0,40 £) 1+( £26.(/ H&-04( $: ++( " $1$" .(23 (GH)0$)
BEH;? §$ £26.( 0,.4&( 2)3 2)= $i+ (" #(.3 2028+26.( $" ,#* 124 &$)) (&4$)08 Kk 2)= 0, 1&( {0 0-0, (&4(3 $:
6()* 2 ,"$6.("/ W+( $&2K$) $: ++( 0,4&( 0+$-3 6( "(&$"3(3 2)3 # 0 "(&$™ " (O3(3 i$ 6( &-¥
2, "8G 24(= L ™ BM 1 4$ N 2 26$4(/ 2)3 6(.$5/ #+( 0, £( 2)3 "(1"H(4(3 :$" -+ (" (42.-2%$)8
E(&+2)i82. 2)3 (.(&"82. &$)3%$) $: 2)= 2334:$) 2. (.(&"82. , O (+'24$" = 2)3"(.08

J$)3HS) $: ,$+(23 OF'= ,$)B 9+( ,$1+(23 0+$-.3 ISt 6( 3:08$)) (&H(3 #) H+( :#(.38 9+( EH; 0
"(€$" " (O3(31$ 6(&-1O/P = IS L = BL :Hi$ Q :1? 2684 1+( ,$+(23 &$)) (&k$)8

Fi08$.$'26$) $: 2)=8$ " ,$) O 5+&+ 5$-.3 (43()&( (GI'(= (H(= , ("24-"( 0-&+ 20 6.-(16.287 &$.$-"5)*/
,294 BA0H(")*/ 2)3 = (4(3.(23 :"$ ™ i+ ( EH;8

F(6"0 6-£3 -, $) 2)= &$~,$)OK &$..(& 027 ,.(0 $: 2)= 3(6"0 24 10 :$-)3 2)3 ,.2&( ) &(2)
&$)12) (" 2)3 .26(. Sé+ 3(42:0 $: 5+("( # 520 &$..(&4(3 :"$ ™ +( ;<! 200( = 6.5

I$H( & 12710 ,.—**(3 S+ 3(6"0 $" £ £)127( 0&"(() &$..2,0(38 I$..(& 02 ,.(0 $: 2)= 3(6"0 ++24 10
$-)3 2)3 ,.28( £ &.(2) &$)12) (" 2)3 .26(. 5+ 3(8210 $: S5+('( # 520 &$.(&H(3 '$™ W( ;<!
200( " 6.5

S)=&$"$0:8) $: £26.( 2)31$" (A-t, = OH

T64i$-0 0:%)0 $: 7 , 284 $" 6()3¢)* i$ +$-0£)*0 $" &26.(8

I$H( 2)=12.. ((&H"82. 2"85)* 32 = 2% ( 2)3 (G284 $82KS$)8

<%)0 $: EH; 32 2%)*1 ™ 2'7)* +$-00)*0 3-( i$ 46"2$)8

S)= $64:$-0 0:%)0 $: §-6)* 327 2%( B0-&+ 20 &$"'$0:$)/ +$.(0 2)3 £$..2" 0, #0%

107



E DIN EN ISO 15551-1:2013-12 LTI 1
SEFAGSE# HHH 1 J; 1 "#K@#

H&HTE O*+ ., o )=.).#+/0)12365+-0i61+ , £7)8:054)#_50300) , /89
S&uTH ¢ z)-)13%

All components prepared for shipment off the well site should be performed per Clause 9. Any fluid or debris
samples collected should accompany the ESP components to the location of testing and further dismantle.

During ESP laydown process, the following items should be observed and data recorded.
a) Prior to laydown:

— While the ESP assembly is still fully assembled and hanging in the rig derrick, attempt to turn ESP
pump shaft to determine if the assembly shafts turn with a normal amount of resistance.

— Any discoloration and / or damage of the housings (such as mechanical or corrosion).
— If housings were coated, record any signs of degradation or damage.
b) After laydown:

— Inspect all shaft couplings and adapters, record any signs of damage / abnormalities and keep with
components for further additional inspection.

— Shaft rotation observations:

— shaft rotation from top end of the top pump before disassembling and record if shaft rotates with
a normal amount of resistance;

— as components are disconnected from assembly, the shaft rotation of each component should
be re-checked from the bottom end to determine if the shaft rotates with a normal amount of
resistance and also observing if shaft rotates at top end while rotating at the bottom end;

— shaft side play (radial stability) at each end of component.

H&H"h;¢ <=, >%004.50*B31C)#B)3 . #

The following should be taken into account with respect to pump(s) and discharge head:

a) Note if pump or pump common hardware show or demonstrate evidence of corrosion;

b) If the pumps were shimmed with loose shims in the couplings (as in some compression type pumps),
place the shims in a plastic bag and label appropriately. Do not remove shaft extension screws or captive

shims.

c) Examine O ring(s) and other seals at flange connection points for any signs of deformation or damage.
Ensure that the O ring(s) and other seals remain with the discharge head for future examination.

Sh&k=h=#  §-43D)#3-.#, )*B3-5*34C3040)>3134+1#
The following should be taken into account with respect to intake and mechanical gas separator:
a) Observe condition of the shaft and note if the shaft position is abnormal.

b) If the intake has a screen, observe the condition of the screen noting any signs of deformation or
damage.
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c) Examine O ring(s) and other seals at flange connection points for any signs of deformation or damage.
Ensure that the O ring(s) and other seals remain with the intake and/or mechanical gas separator for
future examination.

1.4.3.4  Seal chamber section

The following should be taken into account with respect to seal chamber section:

a) It is critical that the shaft seals be checked prior to disassembly of the seal chamber section to motor
interface:

— Using the pressure checking equipment as required for the type of equipment being utilized — check
to confirm if any pressure is contained between the seal chamber section to motor interface point.
Thereafter, check various points throughout the seal chamber section (should be mandated by the
type of seal chamber section being utilized) to confirm shaft seal integrity.

— If a shaft seal is found to be leaking, document the location of the leak.

=" Collect fluid samples before disassembling the seal chamber section from the motor. Observe for well
fluid contamination and document. It is important that any labyrinth chambers be drained prior to laying
horizontal.

c) When vent/drain plugs are removed, check and document presence and condition of sealing washers
(such as, over-compressed, normal).

/" When disconnected from the intake, observe if there is any debris in the head of the seal chamber
section.

1.4.3.5 Motor(s)
The following should be taken into account with respect to motor(s):

%" Provided the MLE pothead remains connected to the motor, prepare the electrical conductors and take
electrical readings through the pothead.

=" Record if motor fluid has a -burnt” smell.

c) Collect an oil sample from the base of the motor. If tandem motors were installed, also collect a sample at
the connection point when disassembling the motors. Observe for well fluid contamination and record. If
sample is collected through drain plugs, check and document presence and condition of sealing washers
(such as over-compressed, normal).

/" If tandem motors; observe the electrical connection point between the motors. Make note of any unusual
conditions such as bent connection terminals and cracked insulators.

)" Rotate the motor shaft, determine if shaft rotates with a normal amount of resistance.

4" Observe condition of oil in head of motor for any debris and/or signs of metal particles.

1.4.4 ESP component dismantle

1.4.41  General

The dismantling of ESP components is recommended to be conducted in a controlled environment where
extensive observations can be completed. Functional evaluations can be required along with equipment

dismantling in order to fully to determine a components condition. Documentation from component assembly
and function tests performed prior to installation can be made available for comparison purposes.
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Observe the base bushing for any wear such as scoring, one-sided wear or galling.

Observe the thrust bearings and both sides of the runner for any signs of damage or deformation such as
operating in well fluid, up thrust, down thrust, uneven wear, deflected thrust runner, scoring, excessive
heat, fretting.

Observe the shaft splines for straightness and coupling engagement. If a coupling is only partially
engaged damage may be noted at the upper end of the spline.

If the shaft utilizes shim screws — record caliper measurements of each.

Condition of the shaft surface, noting issues such as pitting, galling, erosion beneath the shaft sleeves,
one-sided wear or scoring.

BUUSE" = () (*+,-"+./01234,")54" = 67"8/3'9()5483-"

The following provides the recommended observations and data to be recorded when dismantling the motor.

a)

b)

c)

d)

Results of motor housing pressure test.

Pressure test results and observations of the pothead for signs of heat, O ring (and other seal) damage,
surface damage to sealing areas, elastomer integrity.

Condition of motor head pothead connection area and note if any evidence of fluid tracking.
Check for presence and condition of drain/fill valve/plug plug seal washers. If lead gaskets are utilized as
sealing element, look for any areas where the lead gasket was not properly deformed (compressed) for a

possible leak path or where the lead gasket may have been fully extruded due to being over-tightened.

Observation of motor fluid conditions such as clear, dark, emulsified, metal/brass/debris shavings and
record dielectric strength measurements.

Results of electrical check of the motor without the pothead connected; and if tandem motors, results of
the individual electrical tests of each motor.

Condition of thrust bearings and runner face, noting any indication of scoring, smearing, galling.

Observations of any abnormal wear of the head bushing and any signs of damage or leak paths to the O
ring (and other seal) sealing area.

Signs of galling on the motor head threads.

Observations of any physical or electrical damage to the lead wire.

Record any visible signs of a burn in the stator and end coils.

Condition of rotor string such as straightness, discoloration, signs of warping and rotor strike.
Condition of rotor bearings.

Condition of slot liner.

Condition of thrust washers for wear and pliability.

Dimensional measurements of the rotors and rotor bearings and how they compare to the manufacturer’s
original specifications.

Condition of head and base bushing such as abnormal wear, grooving or one-sided wear.
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r)  Condition of all electrical connection points, noting any arcing or burns.
s) Condition of sleeve surfaces, noting any signs of discoloration, wear and scoring.
t)  Observations of oil holes in shaft, noting any signs of plugging.
1.5 &"()*+, -"*_, "/")0.(.
#8sr 1,/,+%)
A failure cause analysis is performed to identify and document the circumstances that led to the failure, that is,
the failure cause or root cause. This analysis is normally a series of questions (reason for pull, what was the
primary failed item, what was the description of that item, and what was the cause of that failure) which is
supplemented with the data collected in 1.3 and 1.4, helps to arrive at a reasonable root cause.
152 3,7 .4/ 54+ 6%))
The reason for pull is the main evidence of the downhole equipment failure. It is usually a result of an

abnormal operating condition as detected by the downhole or surface monitoring systems, or a well test. Table
I.1 lists standard industry nomenclature used for documenting general and specific reason for pull.
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Table 1.1 — Reason for pull nomenclature

Reason for pull: general

Reason for pull: specific

Description

Downhole instrumentation
measured / detected

High motor winding temperature

High vibration

Low motor oil dielectric capacitance

Pump discharge pressure

Suspected failure indicated by
abnormal downhole instrumentation
measurements

Electrical High current Suspected failure indicated by
High volt abnormal electrical measurements or
'gh voltage events such as Relay tripping, blown
Low current fuses
Low impedence / resistance
Low voltage
Phase unbalance
Short circuit
Current leakage
Flow Low flow to surface Suspected failure indicated by

No flow to surface

abnormal flow rate measurements

Maintenance/repair

Casing repair

Tubing repair / replacement

Sand control repair

Other downhole equipment repair /
replacement

Clean out

Proactive ESP replacement

System pulled to conduct maintenance
or repair on the well or on other
downhole equipment

Recompletion

Change artificial lift method / resize ESP
system

Converting well

Change / modify producing zone

Stimulation

Other

System pulled to recomplete the well

Suspend

Permanent abandonment

Temporary abandonment

Shut-in

System pulled due to well being
suspended

Other

Other

Economics

Logging well

System pulled due to other reasons

1.5.3 Primary failed item

The primary failed item is the component responsible for initiating the failure of the ESP assembly. Thus it is
the root failed item in the sequence of interrelated events that lead to an ESP failure. Tracing back this
sequence of events and identifying the primary failed item normally requires some in-depth investigation.
Table 1.2 lists standard industry nomenclature used for documenting primary failed item.
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Table 1.2 — Primary failed item nomenclature

Downhole ESP components

Primary | Pump and gas | Intake and Seal chamber | Motor Cable, MLE Other ESP
failed handler mechanical section and pothead items
item gas separator
e Head/ e Head Head Head e Wellhead e Downhole
discharge e Base Base Base penetrator sensors /
* Base/intake | ¢ Housing Housing Filter assembly Instrumen-
. e Pigtail tation
¢ Housing e Shaft Shaft Housing . Shroud
e Shaft e Coupling Coupling Shaft * Ppower cable
Coupli e Packer e ESP
e Coupling e Intake ports / Thrust Coupling penetrator assembly
e Screen screen bearing Thrust
rus e MLE e Other ESP
i assembl i
e Shaft  Discharge y bearing _ system
£ support ports / Bag/bladder/ assembly * Splices component
o bearing screen bellows Rotor e Pothead
g e O-rings (and | ¢ Radial chamber bearing connector
§ other seals) bearings assembly assembly assembly
-] e Thrust e Inducers Mechanical Stator o Fasteners
2 washers section seals Rotors
e Diffusers e Separation Relief valves Motor fluid
o Impellers section/ rotor Labyrinth O-rings (and
e Retaining * Retaining chamber other seals)
) rings assembly o
rnos O-rings (and Retaining
e Fasteners o Fasteners 9 rings
other seals) i
Motor fluid Y-point /
leads
Fasteners
Fasteners

I.5.4 Failure descriptor

The failure descriptor is the apparent, observed cause of failure of the primary failed item. These observations
are typically made during the pull or dismantle of the ESP component(s). They are the main symptoms or
perceptible signs of damage to the ESP components or their subcomponents that may have resulted in the
system failure. Table 1.3 lists possible failure descriptors for the main ESP components and subcomponents.
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T e Failed hipot test Open circuit Failure§ rglated to thg supply and
% ¢ High impedance / resistance Short circuit transmission of electrical power.
i e Low impedance / resistance Phase unbalance
T e Coated — external Stuck closed Failures caused by external
c . events or substances, such as
% * Coated —internal Stuck open paraffin, asphaltene, écale, sand,
L ¢ Contaminated Plugged iron sulfide
e Brittle Hardened Usually related to the physical
_ characteristics of the material
2 * Bum Melted such as colour, hardness, finish.
2 e Corroded Overheated
= e Discoloured Swollen
e Eroded / pressure washed Worn
e Bent Leaking Usually the result of force,
e Broken / fractured Loose / spinning pressure or torque.
e Buckled Low efficiency
e Burst/ ruptured Punctured
© e Collapsed Scratched
'% e Cracked Squashed / flattened
§ e Damaged Stuck
= e Dented Torn
e Disconnected Twisted
o Failed pressure test Vibration / rub marks
e Failed vibration test Vibration / unbalanced
e Faulty clearance or alignment
E e Maintenance discard Other
e} e Missing

05);" +$4-.""1$-0"0"

The failure cause is associated with the circumstances during design, manufacture or use, which have led to a
failure. Identification of the failure cause normally requires some in-depth investigation to uncover the
underlying human or organizational factors as well as the technical cause. Table 1.4 lists standard industry
nomenclature used for documenting possible causes of failure.
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Table 1.4 — Nomenclature for possible causes of failure

Failure cause:
general

Failure cause: specific

Comments

1N TUH()* +
#9,9%-8(. *

o /01(28%*8 #6%-(.*
o /01(28%*$ #h%-3.* 3
&ANS(A H#

o 6825205 "484 1#%" (*
“URH()* + H9,%6-5( . *

Z01(2&%*$ #5%-3(.* 3
25Uk 15% -4247 (5"
/01(28%*$ #%%-3(.* 3
8., 1&USH(- -424-("
VU - *9() 1548(.*

o 6825205 # HN& "UH()* +

H96,0-5(. % (*=,17(*) 1#% .9
(&25.2%5 484 _5 %55 54 (*
4,21 4% %#

6825 2045 %01 (2&U*$ #96,%-5( . *
6825 205 &AS5(4, #%%-§(.*

= 4%194-$15(*)

o /0L(2&%*$ SUHS(*)
o ATS(-43(.* 25.7 %&

= ASU65(4 H #6%6-8(. *
<14, -.*%.,
= h-=4%(-4, "H)*

6825 2045 &U-=4*(-4, “UH()*
92458 |5 - &2 U
6&25 . 2045 9475(-4%(.* _5
LHHN&T," .9 2458 5

- &2 U

6825 . 2965 %0 L(2&W*$ SUHS(*)
5014, - 5.,

15.54)% 4*"
BA*HD 5349 >

o S4-24)(*) .5 SUHEA(*SH
o 15.54)%

@54%H#2 5348 *

6&25.2%5 _5 (*4"%0148%
%OL(2&I*§ =4*" (*) " 15(*)
H$.54)% .5 $54%H2 584%(.*

6*#34,,4%(.*

o 1HH& AHHN&T."

o 6&25.205 A, -%4* .18
25 . ~Uhtit

o (%H#4,45.% 3 /1> Y%,"
#958(~%

Bx#54, 48(. * 3 #458(~% 5()
BUSA* *4&4)%"
%01(2&%*$

6&25. 2965 25 ~%" 15%# *15(*)
(<#84, 45(.% .5 A, 25%24548(.*
6825 . 205 #"HIN& AHN&T,"C
(%=, 17 (%) 47 % #2,(-%H 4%
0,4%)0h - **0-§(*#

6&25.. 2045 %84, 148(.* .5 1#%"
%01 (2&*$ 7% 5% 5%1#%

D29%548(. *

o /F=A%-0" Sho 85"
&U=_" .525."1-§(.*
#$548%) "

o (*47%0145% &.*(5.5(*)

D20548(*) 25. %" 150#
D2054S(.* .9 .$=%5 A, #
(* 90, "

E%, $5%49&%*$

6&:25. 205 . 20548(*)
25. %" 15%# .5 (*4"%014%
& *(§.5(*)

BYHA58. (5 .5 9,1("#

o F#2=4,8%*%

o G.%5.&=. % $%&2054515%
o 15U )A#

o 14*"

o BUHY5S . (5 94(,15%

o H.55.#(8% 9,1("#

1-4%
>4549(*

E4$%5 -1§
10=(*%.A

J.A 5. (%A

K*06L2%-8%" 5964958 - (5

< RS H AT() §. M
2,1))(*) 7" #-4.%0 2454%(*C
AH2=A UG HA*" 5 _$=Ui5
~A1H%# 5 ON, . AU + =()=%5
25. "1-§(8(8"C =()=%5 PDB .5
A4S -18

BUG#58 . (5 954-$15(*)

HLTH(" W90 %68-

H. &2,%(.* o A(15% .5 2%50.548(. *# + E%,7.5% - . &2,%§(. * 3 4(,15% .9 $=% A%, 7.5%
(U5 + . 2%*=_ % 94(,15% - &2 U * #1-= 4# -AH*)(
o A(15% .5 (&25. 205 #4*" R.*S/1> " . A*=. 5 $17(*)C 24-2%5 #49%5" 84,8%C
- KL # NG 94(,15% (%5
D$=%5 o ENAS=U5 + .-%4*_)542=(- >_.52.A%5 014," E%43=9%50 A4S0 9655 5(#$ 4$34-?

o RAS154, " (HAHS
o >.AUS (#5128 +
O=8%*(*)

11504-% %01(2&%*$ 94(,15%

TA(15% 9 (“H51&U*$45(.* .5
-,

R.5&4, .5%L2%-$%"
A%A5 4* = $%45

o R._5&4, .5%L2%-8%" A%45 4> §%45

/01(28%*$ 51% (W &US .5
%L-%4%"%" 51* (3%
YL2%-$48( . *#
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Annex J
(informative)

Downhole monitoring of ESP assembly

J.1General
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J.2Downhole gauge typical parameters
— .+ SUERAHE "/ (57) %8 )>1'3(G LR T )+ ). () (b T W) RH2 > 2%AH Y5+ 6(=6+/;

( 9="1"#)(G+ Le+//=b+H)."] Let//=b+ = +(/=b+ = +#) 3(# 2+ =/+2 )% = WY ).+ /)()'3 (H2 S0A'H#6 16+//=i+
# () .+ H)(GH U8 )+ 1= 1 1)>13(F> "#)(G+2 () ).+ 2 (/+ U8 ).+ 789 =Wk, )b (4 48 4+% 18%2=3)"*")>
(B 4L = CH)(H T8O WLVt (2U+ ( == == L&+//=b+ )% 18%)+3) ).+ 1== 1 %= ( 1=~ 10%S
042Ut (#2 (/1']) 4'). *(52()'#6 O - (//="1)%H#/;

T, 9="12/3.(86+ L+//=4+H )"/ 16+//=4+ 6(=6+ '/ )>1'3(> "#)(F+2 4'). ( 1="1 "#)(G+ 1i+//=i+ 6(=6+;
— Y U= (ST ) 3 T =142 ) TG ).+ 2'/3. (66+ 18+//=0+ US ).+ 789 2=4'#6 %1+L()U#
Yo (E%a S ( 2'S+H)' G L4+ /=t+ 3C3OUH 4.'3. 3(# t+ =/+2 Wb +*(G=Q+ ).+ 1="1 w1+4()'#6
UH2YUHS; - ') = +([=br "+ 3 GI% (1)) "# 24)H T HHE 'S (SC5=b UE %) .+ % &+)3)%H ). () . (/
%33=44+2 "# ).+ 18%2=3)'%# )=:"#6 /)U'#6;

3, 9="1 "W)(G+ $="2 )+ = 1+Q=b+H )."7 S+ = 1HQ=b+ =+ (/=i " +H) 3(# 4+ =/+2 Wk T UHVREHE *(§%=/
18%2=3)%# 3%H#2')%#t/ /=3. (/ (//'/)#6 "# *(2Q'#6 Ol (//="1)%#/1 §="2 *'/3%/")> 3(:3=5Q)%H#/? )%
1096%'2+ #+3+//(6> 2Q( & /=23%%5 3CG3=5QUH/ \N+(™ SUW2/ 1 1)+(" (U142 6a(F)> 28(H#(6+,
24)H T HHE 1062=3)"%# )=1"#6 S(5=b+/ 4."3. = (> 3(=/+ $="2 4+3U3=5() Ut "# ) .+ A+BI e+ (#2 3. (HE+/ '#
UL1+LQ)'HE +HFH ™ ) )+ T LHQO=EF 4.3, T (5 . (+ (HH6()*+ "7 1(3) UH ).+ G=H TS+ U ).+ 789 />/)+ ™

2, 9="1273.(46+ $="2 )+ " 1+8Q)=ktt )./ )+ = 1+hQ=bt = +(/=b+ ™ +H#) 3(# 1+ =/+2 "# (/1'1)'H6 "# 2+)+L " "H'HO
S S+ 6(/ "/ L(//H6 ).0%=6. ).+ 789 1="1 (#2 /% Y% "UH)U& ).+ .+C). % ).+ 789 1="1 >
" UHVHE 3. (HO+/ H ).+ 2'SHH'G )+ 1O (BM// ).+ 789 1="1; —."/ = +(/=b+ " +#) 3(# (/% =+
=/+2 Y% (//'/)'#6 4"). *(72Q)'#6 O - (//="1)%#/;

+, CUHE S="20AH2HEI+#2 38T )+ = L+Q=4H )./ )+ " 1HQ=k+ T+ H) 3+ =/+2 Vb ") ).+
)G )+ = 1HQO=E %S ).+ T8O = )0k )% (%4 968 %L+E() U A US ).+ T8O =) 4°)."H ") H)+HC
)+ = LHQ =k 5 ) QHS; — -+ SN 3(H LA+ T U0 "2 )+ = 1HEQO)=4+H) T U)hE AH2'HE Uk ™ )06 +H2 3%
)+ = L+Q) =kt %6 Z0). 2+1+H2'H6 Ul )/ 2+/'6# (#2 15(3+ ™ +#);



f)

)]

[T Im— 1 E DIN EN ISO 15551-1:2013-12
B9 5 1 (((1)1*+, 1- /0

Vibration: this measurement provides data to enable a trend analysis of ESP vibration at the sensor
location over time. It is important to note that typically vibration sensors in most ESP downhole monitoring
systems are designed to provide a vibration acceleration overall measurement but not vibration
spectrums, therefore, the vibration data provided by the sensor can only be used for trending not for
detailed vibration condition.

Current leakage: this measurement is typically performed by the downhole sensor surface equipment
rather than by the downhole gauge itself. This measurement can provide the end user with information
regarding the DC current leakage value which can be used to ascertain the electrical integrity of the
electrical system.
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This informative annex describes the considerations related to the application of permanent magnet (PMM)
motors for ESP applications and is limited to switched DC motors that are constructed with a wound stator and
rotors that are constructed using permanent magnets.

QO ;5 &302%# . %<#3&1&8/0+%#8+%30<&, - /0+%3#

When using a PMM for an ESP application, the following should be taken into consideration during the selection
and design of the system.

a)

c)

d)

e)

Input power requirements:

— Non-typical ASD or other surface equipment can be required depending on supplier/manufacturer
design.

— Power cable length may be a constraint.

Output power (torque):

— The PMM operates with torque being directly proportional to current supplied at any given frequency.
Operating speed:

— The PMM is a synchronous machine and, therefore, shaft speed is proportional to the rotation of the
magnetic field in the stator as a function of the power frequency.

— The PMM can require a specific stator construction depending on the required shaft speed needed
for the application.

Motor efficiency and heat transfer to the well fluid:

— The current density in the stator can be equivalent to that of a comparable induction motor and, if so,
the stator resistive losses should be similar on a length basis.

— Because the PMM stator is shorter than a comparable induction motor, stator core losses can be
lower in the PMM.

— There are no resistive power losses in the PMM rotor.

— The PMM rotor generates little heat that should pass through the stator.

— As the PMM design is able to operate efficiently with an increased airgap (space between the ID of
the stator and OD of the rotor), the windage (fluid shear) losses in the motor fluid are greatly

reduced.

Power limitations:

"
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In a PMM there is no -woltage saturation” level, however it is possible the motor wire can be
overheated to the point of insulation failure due to presence of resistive losses in the motor wire.

— Although there is no rotor saturation, it may be possible to power the stator to a magnetic flux level

that would de-magnetize the rotor. Resistive losses would likely result in overheating and winding
failure before that could occur.

f)  Protection

Underload protection: The PMM motor has no -idle saturation” factor so as its loading is reduced, the
current shall decrease proportionally. Thus, a PMM by nature shall have a relatively flat power factor
curve as opposed to an induction motor which shall have a power factor curve that drastically falls off
as its load is decreased. Therefore, it is easier to detect a change in load using amperage with a
PMM than a conventional induction motor at low motor loads.

Motor cooling (fluid flow past motor): As with induction motors, PMM'’s require a flow of fluid past the
motor for cooling to prevent overheating.

g) PMM system installation and pulling:

During installation and pulling operations of PMM systems, an electrical safety device or procedure
shall be used to protect personnel at surface from any voltage generated by the motor. While
installation of a PMM system is similar to the installation of induction motor systems, a PMM can
generate higher voltage levels when the shaft is rotated and precautions should be taken to prevent
damage to personnel and equipment on the surface. The PMM controller shall also be designed to
monitor backspin and alert the operator when it is safe to enter a junction box.
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