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Hydraulically controlled Multi-zone Well Completions

i Problem: Costly Control Tubing is necessary
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surface casing

Advanced
Oilfield
Innovations

A typical hydraulically controlled 4 zone well completion requires 8 hydraulic control tubing lines.
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Electro-Hydraulic Servo Actuators (EHSA) — The Natural Progression
-l Solution: EHSA operated Hydraulic controlled valves
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EHSA 3

Single TEC line

Single TEC line

e Connects all EHSA to the surface

* Power ALL EHSA

e Control each EHSA independently
 Expandable to large number of control valves

LOWER COST
UNLIMITED VALVES
PRECISION CONTROL
EXISTING CERTIFIED VALVES
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Core of Electro-Hydraulic Servo Actuator

EHSA Program Started in 2014

FEATURE SET REQUIREMENTS

Bi-Directional flow

No solenoid needed to reverse flow

Positive Displacement Pump (volumetric)

No check valves

Releases Pressure when power is off or lost

By design guarantees NOT to hydraulically lock
Operates unbalanced and single ended pistons
Remedial capabilities

Simplicity Achieves Reliability

Debris tolerant

Requires NO priming

Pump Diameter 23 mm (< 1 inch)
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EHSA Example Embodiment

TEC Power Comm
Optional Battery

Hydraulic
Pressure
Sensors

Real Time Clock
Battery

Well Pressure Sensors

TEC CONNECTION

Electronic
Package
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A AND B

Electric Motor

HYDRAULIC
PORTS

Hydraulic Pump

Hydrostatic Compensator
and Reservoir
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Hydraulic Valve OPEN CLOSE
Port A (Open)

Port B (Close) Hydraulic cylinder P _B/T-.Fcn"ation
Production Tubing / WValve OPEN
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Port A (Open)

Port B (Close) Hydraulic cylinder Formation
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Production Tubing Valve CLOSED
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Bi-Directional Shift OPEN CLOSE

T ) T P
; E Resolution Expanded .
3000_ % o VIEV\.;'
2 500 - e SR b e £
2 000 R EEEEE g e Lcsnis
D - . :
o 1 : |
L S iy el - E
1 000 - e e B bt SETEE T
500 - I T T e e
600 800

Time(sec)



SPEDATCE 2022 SPE Annual Technical Conference and Exhibition

s.miety.,fptm..,umgngi:ee,s SINCE 1924* 3-5 October 2022 | George R. Brown Convention Center | Houston, Texas, USA

Bi-Directional Shift OPEN CLOSE Expanded View
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Envelope Plots of Bi-Directional Shifts
24 OPEN 24 CLOSE

Time(sec)
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Zebra Pattern on Hydraulic Cylinder

CAD Simulation

e EHSA operating hydraulic cylinder
* Same volume steps each direction
* Many identical steps form rings
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EHSA Device Block Diagram

Pressure Compensation Port

Pressure compensated Reservoir

Hydraulic section
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Electronic section

Manifold Pump Servo Motor

Power and Communications section

TEC + Network and / or Battery

Well Completion TEC + Network tubing

EHSA Device major sections:

* Hydraulic Pump and motor

* Pressure compensated reservoir
* Electronics

 Power and communications
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Electronic Section Block Diagram
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3 Phase Brushless Motor

3 Pressure Bridge

Real Time Low Power Sleep
Clock Mode Circuit

1 Full H Bridges Drive

1 RTD (Temperature)

Supply Voltage Logging Memory/
Monitors (2) 32 Mbytes flash

4 Digital Inputs (0-3.3V

Controller Board

Full Scale Acquisition and
Control System
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Custom Well Completion
firmware
Broad range of parameters
Sensors:

* Pressure

* Temperature

* Hydraulic Pressure

* Power Use
Communications

* TEC network

* Pressure Pulse

Command
Power
* TEC network
* Battery

Autonomously act on a real
time clock trigger and
alarms
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High Reliability Pressure Pulse Command — NO FALSE TRIGGERS

Operation of Actuator using Pressure Pulses New Code Sequence
—OD Press

e /  §— command
s /‘”/ wﬁ MN// A r // i

— D Press

AUTO-SCALE SYNC ADDRESS

COMMAND CHECKSUM
Y L) VAV S VRS L
Pressure Pulses 2 minute /pulse /l I . . I I I . .

And 4 minute / pulse interleaved

17 Pressure pulsessent through 3,200 ft of
controlline to startthe actuatorto open HSSV

> | |
Code 02

Code 08
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Remedial Shifting
Integral Valveless Mechanical Override

Remedial Tool

* Integral Remedial Valveless Hydraulics

* Shifting tool non-destructive intervention
e Vital capability designed into EHSA

* Multi-Zone Completions long term success
* Non-Locking Hydraulics

e Passive Electronics Protection Built-In

* EHSA operates after Intervention

?
» Remedial Shifting (non destructive) requires a none locking hydraulic System
» No checkvalvesin Electro-Hydraulic System Actuator
» No hydraulic lock, allowing manual shifting

Remedial shifting Ball Valve shows a shifting tool mechanical intervention
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Custom System Components

Thank you for your interest. Our patents information are available. A ' l
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