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Neubrex Fiber Optics Technology Development Since 2001 
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EGS Diagnostics

Diagnostics Long Cycle Needs

Fiber Optics has been a Versatile Tool 

FORGE provides critical use case evidence 

Summary
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➢ Utah FORGE Enhanced Geothermal Setting.
➢ Fiber Optic Cable installed in well 16B(78)-32.

➢ Fiber installed “behind pipe” and cemented in place.
➢ Cable contains 2 x Single Mode Fiber & 1 x Multi Mode Fiber.

➢ Fiber optics “strands” inside the cable are the sensor.
➢ The fibers response to Strain, Temperature, Vibrations changes.

➢ Interrogator Units are connected to the fibers at the surface.
➢ These units “pump” controlled laser pulses or chirps of optical   
      light down the different fibers.

➢ As the light is transmitted down the fibers, some of it is back
     scattered up the cable and the optical receiver in the Interrogator
     Unit senses the backscatter.
➢ The backscattered energy on the optical receiver plate is 
      digitized, processed and recorded onto mass storage media.

➢ Based on known optical physics relationships, these measurands
      are converted to strain, temperature and acoustic vibration strain
      rate data and further processing and analysis produces information.

16B Fiber Optic
Producer Well 

16A Injector
Well 
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Fiber on Pipe             Spooling                 Casing Hangers    Clamps & Centralizers    Well Head Exit Hardware 

16B
Fiber Optic Cable
+
Fiber Optic 
Gauge

Well Installation

Equipment and
Process  

NEUBREX ENERGY SERVICES (US), LLC and UTAH FORGE 9



Cross Section of the 
UT Shell Flat Pack Fiber
Optic Cable
(courtesy Alan Reynolds)
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RFS DSS Measurement Principle

Strain Detection via 

Rayleigh Frequency Shift 
Distributed Strain Sensing

In general, has sensitivity in 
Strain Change of < 0.5 microstrain 
unit, and 

Temperature change sensitivity on 
the order of  0.1 ℃

 1 µ epsilon = 1 x 10**-6 strain units

Strain unit is dimensionless
Strain Change can be conceived of

∆ length length/ original length mm 

∴ 1 µ epsilon of strain change =
1x10** -6 mm change/ 1 mm length

 Small changes are detectable ! 

Original Length Signature

Changed Length Signature
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Rayleigh Backscatter frequency shift (RFS) is obtained by signature cross correlation 
analysis between a reference trace and a second trace.  The strain change is measured 
via the Rayleigh Frequency Shift (∆ V(R)).

Frequency “fingerprints” of TW-ODTR at two times (reference and current) at the same 
location are illustrated. 

6000 m

Two Rayleigh Backscatter frequency fingerprints 
measured at different times every 20 cm on fiber. 
The frequency fingerprints match almost exactly. 
Means there has been no detectable strain
Change between the two time periods at this depth.
 

Two Rayleigh Backscatter frequency fingerprints 
measured at different times at One Location.
The fingerprints DO NOT MATCH. 
The value of XCORR LAG provides the Frequency 
Shift Value (∆ V(R)) from which strain is derived. 
 

Δ𝜈𝑅 = 𝐶21∆𝜀 + 𝐶22Δ𝑇   

where 𝐶21  and 𝐶22  stand for Rayleigh strain-

frequency and temperature-frequency coefficients, 

Two Rayleigh Fingerprints 

Cross Correlogram 

With Shift Applied as QC 
Two Rayleigh Fingerprints 
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Tao Xie, Shi, Zhang, Chen
2021; IOP Conference 

Distributed Acoustic Sensing (DAS)
For Geomechanics Characterization: A 
Concise Review 

DAS Measurement Principle 

Dual Optical Pulse Phase Shift 
Fiber Optic sensing using
Time Domain 
Reflectometry (T- OTDR)

DAS is sensitive to fast vibrations.

It can measure acoustic signals.

Low Frequency portion of the 
Acoustic range is Strain Rate 
Equivalent. 

DAS Measures quickly in time.
Sample every 1/5000 sec.

Spatial resolution is 1 meter
Compared to
20cm resolution of RFS DSS

Input Light

Like a set of microphones
At 1 meter interval, 
The acoustic vibrations 
Are detected and 
Measured using DAS.  

A phase shift between
The first laser pulse and 
The second laser pulse
Is related to the vibration
Of very small density 
Impurities in the glass.   
The phase shift is related
To Strain rate changes at
Very high speed (5kspS)
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2023 Circulation Test 

Interm Casing Shoe 

T Gauge Data 

+1.6C
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∴ ∆T / 72 sec
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Frac Hit Zones 
during16A Stimulation

RFS DSS STRAIN RATE From Fracture Driven Interactions (FDI) during 16A Frac at 16B Monitor Well

Pre-Frac Baseline 
Period – No Strain
Change – Quiet 

16A Pump Curve
Data Sync to Fiber by 
Time Clock 



Integrating HF Pump Curve Data with Croswell Strain Data 
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Stage by Stage
Treating Pressure 
And Rate 

Cumulative Volumes

RFS DSS Strain Rate
Frac Data in offset
Observation Well.

The depths and times
Of cross well frac
Hits are derived 
From this data. 



RFS DSS STRAIN RATE Depth Profiles Extracted at Different Times during
Frac Period.
This data was used to “Pick” discrete Fracture Driven Interactions produced
During the 16A frac and these were cataloged relative to their MD in 16B.

This Catalog was analyzed on job site to “high grade” 16B FDI targets for 16B Plug and Perf Action 

Stage  5           Stage 4                            Stage 3        Stage 2                      Stage 
1 16B Stage and Perf Targets 

Xwell FDI Features from 16A Frac Measured on 16B 
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16B Frac Pumping Parameters and 
Actual Stage / Cluster Depths
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Stage 2: In-Well Frac Period Injection Noise using DAS Acoustics
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Stage 2:  Fluid Injection Allocation Results Derived from DAS  

Toe Cluster                                                                                                                  Heel ward 

32-128 Hz Based Solution  

9508 -9512                  9475-9479                  9459-9463                     9447-9451                   9429-9431 
MD                                                                      
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Post Frac Circ            FRAC Log                       Frac Strain Rate                                                    Circulation Data
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Acoustic Signals from Induced Micro seismic Events.    
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20/100 sec = 200 milliseconds  

Neubrex DAS Micro seismic Event 
FORGE 16B Slant Well Fiber
July 2023 Circulation Period 
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