Sensitivity and Performance
Characterization of Fiber Optic
Cables for Near-Static Strain
Sensing Applications

Michel LeBlanc, Ph.D.

Halliburton

HALLIBURTON




Agenda

A Strain Sensing with Optical Fiber

A Challenges in Strain Sensing using Downhole Fiber Cable
A Lab-Based Characterization of Cables

A Field-Based Characterization of Cables

A Conclusion

HALLIBURTON




Strain Coupling

A Near-Static Strain (Cross-well
Monitoring)

A Slow-changing strain monitored over
1 to 4 hours

A Strain Rate: ~10ne every 10 sec
A Signal Frequency: <0.1 Hz (LF-DAS)

A Dynamic Strain (Microseismic)
A Short lived events (< 1 sec)
A Amplitudes typ. <30 ne
A Signal Frequency: 10 Hz to 1000 Hz
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Maximum Strain Gradients
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Indicated strain:

Electrical Strain Gauge o vy
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Error due to temperature (thermal output):
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Error due to transverse cross-sensitivity:

T-h
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Other influence of life & performance:
A Bonding quality (coupling)
A Environment (moisture, high T)
W A Cable / leads
A Interrogator (strain reader)

(Note: Would also be influenced by pressure 0)
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Fiber Optic Strain/Temperature Sensor
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Challenges for a Downhole Cable

AFor permanent install at i on protéctiob(e.g., innmetald s
tube)

A Static fatigue: Tension in fiber causes growth of microcracks on fiber glaggisypace
A Reduces fiber strength /

>Fiber proof-test sets maximum crack length (minimum fiber strength, e.g. 100ksi, or 200ksi).

>Crack growth rate increases (fiber strength decreases) the higher the tension, temperature,
and presence of moisture.

>Carbon coating reduces initial strength but prevents moisture ingress

A Hydrogen darkening
A Pure silica core and/or carbon coating
A Thermal expansion of metals (| 16.2 mA&C ) vs. optical fiber ( 0.5 mAC)

A Extra Fiber Length
d Implies fiber is free to move in cable, concept is incompatible with 1:1 strain coupling
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Challenges for a Downhole Cable .. EFL

Extra Fiber Length in Fiber-In-Metal-Tube (FIMT)
gel (typ.)

L~ X T~ 7 T~ .7 7 0

<— Pitch of Helix ——>

Locations of helix direction reversals

A Thermal expansion of metals (| 16.2 mAC ) vs. optical fiber (| 0.5 m&C)

A Extra Fiber Length

d Implies fiber is free to move in cable, concept is incompatible with 1:1 strain coupling
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Typical Downhole Cable In Fiber-Instrumented Wells

A Designed to minimize risk of fiber failure (i.e., fiber break, high attenuation on fiber)
A Sepigel acts as hydrogen scavenger (eventually saturates)
A Holds multiple fibers (2 to 4, most commonly) (multimode and/or singlemode fibers)

A Historical initial applications:
>optical link to downhole pressure/temperatures gauges (PDGS)
> Distributed Temperature Sensing (DTS)

A Same cables used today for most crosswell strain monitoring over permanent fiber

Polymer Encapsulation FIMT tube
(e.g. Santoprene) (e.g. stainless 304, 316L)
HeALCY ﬁﬁpticeﬂ

fiber(s)
Y4 -inch armor
(e.g. A825)
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Instruments for Distributed Sensing of Strain

Manufacturer

Model

Technology

Min Gauge Length

Spatial Sampling

Strain Resolution

Sample Period

Max. Fiber Length

Interrupt-Immune

Absolute or Relative

Reference for
Calculating Strain

Temperature Cross
sensitivity
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Lios(Luna) Luna Luna
OTS4 OBR4600 ODiSbk100
Brillouin OTDR OFDR Rayleigh OFDR Rayleigh
1.0m 0.32 mm 0.65mm
0.25m 10mm 0.65mm
2me Ime 1me
120 s 15s 0.004 s
30 km /0m 100 m
Yes Yes Yes

Absolute Relative Relative
Fiber’ Initial (or later) scar] Initial (or later)
scan
1C=20me 1C=10me 1C=10me
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Lab Measurements Using OFDR
(Short Cable)
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OFDR 1 Operating Principle
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