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ForeSite” Sense Optical

Provides comprehensive multiparameter downhole sensing
for well production, injection, storage, and monitoring |

Applications ’ -

1 In-well flow pressure measurement

1 Reservoir pressure determination during shut-ins

1 Data gathering for pressure-transient analysis {permeability, skin, and
reservoir boundary determination)

Management and control of well ramp-up

Interference testing and reservoir connectivity determination
High-pressure stimulation

Intelligent wells

Land, platform, and subsea wells

Multizone wells

Extreme high-temperature and high-pressure wells
High-rate wells
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Features and Benefits

9 The ForeSite Sense optical solution delivers stable measurements with
no measurable drift, which reduces uncertainty of absolute pressure
and temperature measurements over the life of the field.

9 The solution withstands impact, vibration, and significant pressure
surges. It has undergone extensive mechanical-shock and vibration
survivability and highly accelerated life test (HALT) testing.

9 The solution has a minimal number of components and no moving The ForeSite Sense Optical solution leverages 30 years of
parts, which reduces potential failure modes, increases tool life, and experignce and 14,000 sensors installed worldwide.
decreases maintenance costs.

9 The solution is electronically passive, and has no electronics downhole,
which increases system reliability and stability.

9 Reservoir pressure data is available on demand, reducing well
interventions and production shut-ins.

1 Improved cable-to-gauge integration exceeds the full strength of the
downhole cable for continued data delivery in the harshest
environments.,

9 The solution enables short-term operation at pressures up to
30,000 psi (206.8 MPa), which facilitates use during critical well-
stimulation operations.
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ForeSite” Sense Optical

Tool Description

The ForeSite Sense optical solution provides permanent reservoir
monitoring in moderate to ultra-extreme well conditions. The gauge can
be combined with multiple ForeSite Sense optical gauges or other optical
gauges on a single fiber or cable, which provides comprehensive
multiparameter downhole sensing for well production, injection, storage,
and monitoring.

The ForeSite Sense optical gauge uses a Weatherford optical-glass Bragg-
grating sensor and glass-to-metal penetrator technologies for ultra-
extreme well conditions. The gauge has minimal parts and no in-well
electronics. It is immune to electromagnetic interference, which enables
functionality while using other electrical completion components.
ForeSite Sense optical devices are well suited for high-value wells. They
deliver stable, reliable, high-resolution measurements with no measurable
drift. The design has undergone extensive HALT testing to confirm
continuous operation in harsh environments.

Options

9 Multiple pressure and temperature measurements per fiber

9 Single- or dual-configuration per mandrel

9 Tubing or annulus sensing with universal pressure foot

9 Multiple gauges on a common optical fiber to enable multizone
applications

9 Integration with optical flowmeter, distributed temperature sensing
(DTS), and distributed acoustic sensing (DAS) technologies enable
simultaneous acquisition on a single fiber or cable

TECH SPECS

ForeSite Sense optical pressure and temperature

gauge showing pressure foot region.
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ForeSite” Sense Optical

Specifications
Operational Performance

Maximum temperature

392°F (200°C)

Calibrated temperature

77 to 392°F (25 to 200°C)

Calibrated pressure range

Atm to 20,000 psi (Atm to 137.9 MPa)

Over pressure

24,000 psi at 392°F (165.5 MPa at 200°C)

Collapse pressure at room temperature (RT)

> 24,000 psi (> 165.5 MPa)

Burst pressure at RT

> 30,000 psi (> 206.8 MPa)

Minimum storage temperature

-40°F (-40°C)

Update rate

1 sec, no limit

Pressure Metrology

Accuracy

+ 3 psi (+ 0.02 MPa)

Resolution*

< 0.05 psi (< 0.0003 MPa)

Long-term stability/yr

< 0.5 psi/yr at 392°F (< 0.003 MPa at 200°C)

Temperature Metrology

Accuracy

+ 0.18°F (+ 0.1°C)

Resolution, RMS

< 0.036°F (< 0.02°C)

Long-term stability/yr

<0.18 at 392°F (< 0.1 at 200°C)

Mechanical

Material

Inconel’ 718

Outside diameter

0.875in.(22.2 mm)

Length

13in. (330 mm)

Shock and Vibration Data

Vibration 15 Grms [20 to 2,000 Hz (NavMat)]
Shock 100 g, 9 ms half sine
Drop 500 g, 1 ms half sine

Thermal shock/min

53.6°F (12°C)

*Depends on update rate
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ForeSite” Sense Optical

Optical Pressure/Temperature Gauge

The ForeSite Sense optical pressure and temperature gauge (P/T), provides comprehensive multi-
parameter downhole sensing for well production, injection, storage, and monitoring. The gauge
system, part of the optical family of P/T, is compatible with other downhole optical monitoring
techniques such as distributed temperature sensing and distributed acoustic sensing.

The optical P/T gauge uses the Weatherford optical-glass Cane Bragg-grating sensor and glass-to-
metal penetrator technologies for harsh downhole conditions. The gauge has minimal parts and
no in- well electronics. The sensor is immune to electromagnetic interference, which enables
functionality while using other electrical completion components.

Features and Benefits

1 Stable P/T measurements with no detectable drift eliminates concerns about absolute measurements
over the life of the well

1 On-demand P/T data reduces well interventions and production shut-in

9 Simplified design reduces potential failure modes to extend the life of the gauge and decrease
maintenance costs

9 Surface electronics, with no downhole electronics, enhances the reliability and stability of the system

Specifications

Operational Parameters
Operating Pressure Range 15,000 psi
Operating Temperature Range Up to 392°F (200°C)

Pressure Metrology
Accuracy +5 psi
Resolution < 0.05 psi (< 0.0003 MPa)

Temperature Metrology
Accuracy +0.9°F (+ 0.5°C)
Resolution <0.036°F (< 0.02°C)

Mechanical Parameters
Material Inconel
Outside Diameter 0.251in
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ForeSite” Sense Optical

Temperature Sensor

The ForeSite Sense optical temperature sensor provides ultrahigh-performance temperature
measurement with the ability to be multiplexed for quasi-distributed sensing along areas of interest in
the wellbore. Using the same glass sensor technology as the successful Weatherford optical pressure
and temperature gauge, optical delivers unique long-term stability and reliability with a fast update
rate and ultrahigh resolution.

The Weatherford standard Bragg grating interrogator (BGI) interrogates the sensor for dry tree and
subsea applications, eliminating the need for special interrogators. The Bragg grating-based sensing
element can be easily multiplexed to enable multiple, highly accurate temperature-measurement
points along the well. The optical-point temperature sensors are readily integrated into the field-proven
Weatherford 1/4-in. optical cable for in-well applications and can be combined with other optical
sensors for distributed temperature sensing (DTS), pressure/temperature (PT), flowmeter, and seismic
applications. ForeSite Sense can provide up to 100 times the resolution of DTS and 25 times the
stability, with near real-time monitoring capability reducing measurement error in dynamic flow
conditions such as well starts, stimulations, production, or shut-ins.

This system also interfaces with all ForeSite Sense components including connectors, splitter
assemblies, and wellhead pressure barriers. Cable packaging is identical to that of other in-well
hydraulic and instrument lines, enabling the use of standard handling and installation techniques.

Features and Benefits

9 Optical technology platform provides a sensor design with no electronics, a minimal number of
components, and no moving parts, to deliver a high degree of reliability over the life of the well.

1 Optical Bragg grating technology provides multipoint arrays (multiplexing of the optical sensors on a
single optical fiber) for temperature profiling with an orderZdfZnagnitude improvement in resolution and
stability over Raman DTS systems, enhancing reliability.

9 ForeSite Sense technology results in extremely low drift, eliminating concerns about absolute
temperature measurement over the life of the field.

9 Cable splicing and repair can be conducted at the wellsite to minimize interruptions in operations.

1 Flexible 1/4-in. cable passes readily through wellheads, packers, safety valves, and other in-well
completion equipment, enabling use of the ForeSite Sense in a wide variety of situations.

1| Cable packaging is identical to that of other in-well hydraulic and instrument lines, enabling use of
standard handling and installation techniques to comply with industrial standards for instrumentation
cable.

11 Proven design protects fibers from cable stresses.

1 Industry-leading fiber protection ensures reliability throughout the life of the well.

1 Shock and vibration resistant sensor provides mechanical survivability to endure rigorous qualification
and long-term testing, enabling use with perforating or hydraulic fracturing operations.

v

TECH SPECS

Weatherford

* Inconel is a registered trademark of Special Metals Corporation,

weatherford.com ©2013 - 2020 Weatherford. All rights reserved.

13274.00



RESERVOIR MONITORING

| TECH SPECS

ForeSite” Sense Optical

Temperature Sensor (continued)

Specifications (continued)
Operational Performance

Collapse pressure

>25,000 psi (>1,724 bar)

Burst pressure at room temperature

>35,000 psi (>2413 bar)

Operating Temperature

77 t0 239°F (25 to 115°C)

Maximum temperature

257°F (125°C)

Minimum storage temperature

-58°F (-50°C)

Update rate

1 sec, no limit

Temperature Metrology

Accuracy +0.900°F (0.50°C)
Resolution2 0.018°F(0.01°C)
Long-term stability/year at 239°F (115°C) <0.090°F (<0.50°C)

Temperature sensorsP

Up to 18 per fiber

aTypically <0.009°F (0.005°C) at 5 min. averaging
b Multifiber cable available

Shock and Vibration Data

Vibration 15 Grms random

(10 to 2,000 Hz Navmat)
Shock 100 g, 9ms half sine
Drop 500 g, 1 ms half sine
Thermal shock/min 53.6°F (12°C)
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Optical Gauge Mandrel

The ForeSite Sense optical gauge mandrel provides a means of mounting optical or electronic
pressure gauges onto the completion string, and provides the required mechanical protection to
ensure reliable operation of the downhole gauges. Different configurations of the gauge mandrel are
available to support above-packer or below-packer operations and interzonal monitoring
requirements. Single-, dual-, and triple-gauge configurations are available for tubing and annulus
pressure and temperature measurements.

The gauge mandrel is manufactured to meet application requirements under API 5CT standards.
The gauge mandrel supports control-line bypass for applications requiring chemical injection or for
intelligent-well configurations in which control lines are required for flow-control valves.

Features and Benefits

1 Machined one-piece metal mandrel is weld free, for added durability.

9 Certified connections enhance durability and reliability.

9 Metal-to-metal primary and back-up seals between the mandrel and the gauge further improve reliability.

1 Streamlined mandrel outside diameter (OD) reduces installation time by eliminating hang-ups while
passing through the riser and blowout preventer.

1 Full-bore mandrel inside diameter (ID) is equal to that of the completion tubing, which enables smooth
access for completion or intervention equipment.

9 Protective mandrel body shields the entire length of pressure and temperature (P/T) gauges from the
internal wall of casing to ensure reliable readings throughout the course of operations.

9 Gauge-to-mandrel connection simplifies installation by enabling pre-mounting of the downhole cable to
the gauge.

9 Mandrel pressure ratings are equal to or greater than those of the completion tubing to support the
integrity of the completion.

7 P

\ 4
Weatherford

weatherford.com ©2013 - 2020 Weatherford. All rights reserved. 13274.00




