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1. Introduction




2. Background: pump types

Switch box Charge pump

Well head

Water level

Turbine inlet

Water level

{dynamic)
Turbine exhaust

Qutlet
Pump intake

Packer seal

Intake
N

b) Electrosubmersible pump (ESP) ¢) Hydraulic turbine pump (HTP)

a) Line shaft pump (LSP)




2. Background: comparison

Temperature Suppliers

PUMP TYPE Efficiency Depth

~50 % limited to 150-200 °C Limied Motor, seals, Lomg installation time.
Lineshaft SUO-ELE availability bearings are at Requires perfect alignment
pUMpPS mbgl surface

55-60% ~300to~  Mostly Highly Short Less accesible motor, seals
Electro 1700 m <120 °C competitive installation and bearings
submersible market time, easy

pumps handling

40% ~500m Limited No electrical Limited experience
Hydraulic availability parts in well
turbine
pumps

Anchoring damages well
casing



2. Background: ESP construction

Variable speed drive
(frequency converter)
Transformer

Power cable

Pump

Gas separator

Pump intake

Seal/protectors dual set

Motor

Downhole monitoring

Unit
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2. Background: ESP design

Derive Well inflow curve

Calculate required power
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2,000

Select transformer and
variable speed driver
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Flow rate, b/d
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2. Background: efficiencies
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3. Survey in Europe: Overview

Description

France Paris Basin * LSP, ESP, HTP s have been operated -
Currently only ESPs are operational
* Highly corrosive water - control with inhibitors
improves ESP life to 5 years

Germany Molasse Basin * High temperature wells, forbidden to inject

. inhibitors
(Munich) -Results in short lifetimes of ESP (< 1 year)

Upper Rhine Graben °* High temperature wells, forbidden to inject
inhibitors
*LSP lifetime ~ 3 years

Iceland -Lifetime of 4 years for ESPs
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3. Survey in Europe: Trends
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4. Survey in the Netherlands
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4. Survey in the Netherlands: Impact of lower efficiency




Table 6: ESP OPEX

(*) yearly provision assuming a four year life

4. Suvey in the Netherlands: OPEX and CAPEX costs

DESCRIPTION

Pump

CAPEX COST (k€)

G

Upper Seal

Lower Seal

Motor

Cable

Monitoring/Control Unit

Shipment

Field service (ESP operator)

O RINOUTIARWN|E

ESP RIH crew

TOTAL

DESCRIPTION

OPEX COST (k€/yr)

1 Monitoring/Light maintenance

2 ESP replacement (*) 35 60

3 POOH damaged ESP (*) 5 7

4 RIH new ESP (*) 7.5 9

5 Contingencies 6 9
TOTAL 63.5 95
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5. Recommendations
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5. Recommendations
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