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FORGE August 2025 Circulation Test Key Findings 
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Distributed fiber optic sensing was used in the 16B as a monitor well during Cross well circulation 
flow testing from16A to 16B after hydraulic fracturing had been completed on both wells.  Huff and 
Puff Tests were also completed in the 16B well after cross well circulation testing. 

RFS DSS, DTS and DAS were the primary fiber measurement methods used on the Single Mode Fiber 
and MMF residing in metal tubes within a 1.75” OD Coiled Tubing ran from surface to 10,100 MD on 
16B well.  These tests were executed in the field at UTAH FORGE site in August 2025. 

Circulation tests provided useful information about the distributed temperature changes associated 
with fluid inflow flow at 16B producer well during the test.  The data were tied to a Botton Hole 
Gauge that measured Pressure and Temperature. 



Monitored well and reference elevation
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Well Name API/UWI MD, ft

16B(78)-32 NA 10,208.40

Monitored well and wells on the pad are listed in Table 1.

Table 1. Wells info

• Kelly Bushing (KB) is the reference elevation in this project and 
report

• KB is 31 feet above the casing bowl
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Observer (OB) Logs and Start of TTU Experiment with Highlighted 
Times

LOCAL                     UTC 
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OB Logs and Start of TTU Experiment with Highlighted Times
LOCAL          UTC 
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OB Logs and Start of TTU Experiment with Highlighted Times
LOCAL             UTC 
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OB Logs and Start of TTU Experiment with Highlighted Times
LOCAL                     UTC 
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Field Testing Schedule for CSULB Experiment

All times are in local
Time Zone.
See Neubrex OB logs
For local time 
Reporting.  



Well Survey Renderings
Based on schematics and  deviation survey data provided by Operator
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Monitored well 16B (78)-32 and other wells in project 
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Fiber Optic 
Monitor Well 



Monitored well and other wells in project 
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Monitor
Well 



Coiled Tubing (CT) with Fiber in Metal Tubes (FIMT)  
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¼” metal tubes
Containing fibers
Inside 1.75” Coiled Tubing

Metal tubes 
from inside coil
Exiting Coil 
Tubing on side 
of drum. 



CT deployment and Fiber Optics Exiting Well Head
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Monitor
Well 

Monitor
Well 16B 

Metal tubes carrying 
Fiber exits through
“shower head”

Injector Well
16A 

Separator 



Neubrex Data Acquisition Unit and Interrogator Unit Device 
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Neubrex DAQ Trailer Unit and Work Van                   Neubrex DAS IU on Anti Vibration Table
                                                                                                            and computer workstations 
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Water transfer system scheme from experiment 
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Junction Box (JB) arrangement scheme



Measurements type and target
Information on measurements type and acquired signals
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• Monitoring target:
• Strain and temperature changes on the monitored well

• Measurements:
• Rayleigh Frequency Shift 

• (from reference time and at each depth) strain change; relative strain change 

• Rayleigh frequency shift, profile time to profile time, strain change rate (dRFS/dt)

• Brillouin absolute strain
• Brillouin wavelength center frequency converted to absolute total strain

• DTS
• Raman based temperature sensing measurements

• DAS
• Time Gated Digital Distributed Acoustic Sensing (TGD DAS) measurements
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Measurements type



Measurement Units
The time zone and unit system
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Measurement units

• Imperial (US) units are used in the report
• Distance – foot, ft

• Temperature – Fahrenheit degree, °F

• Pressure – pound per square inch, psi

• Values of strain reported as micro-strain, µє
• Unless stated otherwise
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• Results reported in this 
document are in
Coordinated Universal Time 
(UTC)

• Local time zone was 
Mountain Daylight Time (MDT)
• UTC Offset: UTC −6

Time zone

MDT time zone

24UTAH FORGE 2025  NEUBREX ENERGY SERVICES (US), LLC



Fiber connection scheme
Connection of NBX instruments to CT fibers
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• Instruments are connected to the different SM and/or MM fibers
• Continuous acquisition of DTS, RFS, and DAS was achieved during the survey time
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Connection scheme

Rayleigh

Brillouin SB7000

SR7000

DTS DTSX

Single Mode and Multi-Mode Fibers from Wellbore

DASDAS

BCF

DTS

RFS

Measurements types and sensing pattern over time

time

DAS
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NES interrogator units: type, SN, and Connection details

Table 3. List of NES interrogators used during acquisition



• The following fibers were used during data acquisition:
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Fibers

Name Type IOR Length

SMF 1 SM 1.4782 10,100

MM 1 MM 1.4790 10,100

Table 3. Fibers used during acquisition



Depth calibration
This Section contains the depth mapping of the fiber optics on monitored well.
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• Ice test was used to detect the 
location on RFS and DTS IUs

• Tap test for DAS (see arrow)

• The location of the ice is 9 ft 
above the GL

• Kelly Bushing of original rig is 
the elevation reference for this 
project and report in order to 
align depths with previous 
works, logs and other data sets. 

Depth calibration marking – ice and tap tests
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Ice Bag 
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Well 16B – fiber coordinates (Original Lengths, no calibration)

Brillouin
ABS Strain 

Raman T

31



• Final measured depth of the fiber termination = 10,091.0 MD, ft KB

• KB = 31.0 ft MD
• CT deployment crew report
• Reference location: GL

• Depth Contraction coefficient (SMF 1/MMF 1):
• RFS = 0.9975
• BCF = 0.9975
• DTS = 1.0160
• DAS = 0.9975

• Offset Correction Distances (SMF 1/MMF 1):
• RFS: 1,082.0 ft
• BCF:    911.0 ft
• DTS: 1,001.7 ft
• DAS:   902.2 ft
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Depth calibration findings from Neubrex workflow and data 

32
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Well 16B – depth calibrations applied to BCF, RFS, and DTS

*Note that Brillouin derived total 
absolute strain and DTS temp 
profile have similar spatial 
gradients down the 
wellbore.  Indicates that MMF 
DTS is not adversely affected by 
Optical Loss as similarity
To frequency based
Brillouin data.

Also indicates that Brillouin absolute strain
In this setting is primarily driven by 
Thermally driven strain gradient.
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Well 16B – Depth calibration at Wellhead and Termination
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wellhead and GL termination

Brillouin, Rayleigh, and Raman signals distributions
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Well 16B – distance to JB

71 ftDistance to JB (splice)



• The following offsets and scaling factors  were derived from data 
analysis and are used in all subsequent plots to convert fiber 
coordinates to Well MD RKB coordinates

• Conversion method:
• scaling factor is applied first, then offset value applied

Summary of Depth Calibration – Fiber to Well MD Results
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Data type Offset, ft Scaling factor

Brillouin 911.0 0.9975

Rayleigh 1,082.0 0.9975

DTS 998.7 1.0160

DAS 902.2 0.9975

Well 16B – SMF 1/MMF 1
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Observer (OB) Logs
Notes made on location by Operations Director Wayne Fishback (NES).
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OB Logs (1/7)
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OB Logs (2/7)
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OB Logs (3/7)
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OB Logs (4/7)
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OB Logs (5/7)
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OB Logs (6/7)
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OB Logs (7/7)
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Field Testing Schedule for CSULB Experiment from CSULB 

All times are in local
Time Zone.
See Neubrex OB logs
For local time 
Reporting.  



P/T gauges data – 3rd party gauge 
measurement data
Located at bottom of the coiled tubing in nose of coiled tubing. 
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• The P/T gauge is installed 1 m (3.28 feet) from the FO termination

• P/T gauge type N/A
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Well 16B – P/T gauge 
The P/T gauge is 1m (3.28 ft) above the fiber termination at the end of the CT. The fiber termination is at 10,091 ft MD RKB so the P/T gauge depth is ~10,088 ft MD RKB.

The P/T gauge is 1m (3.28 ft) above the fiber termination at the end of the CT. The fiber termination is at 10,091 ft MD RKB so
 the P/T gauge depth is ~10,088 ft MD RKB.
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Well 16B – Downhole P/T gauge data in Well 16B 

Temperature 

Pressure
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Well 16B – Downhole P/T gauge data (less precise time data set)



Pumping data
Data received from Liberty
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List of available parameters:

• 16A Wellhead PSI (PSI)

• 16B WH Press. North (PSI)

• 16B 3" Flow - 2 (BPM)

• Separator Flow North (BPM)

• Separator Flow South (BPM)

• 16B 2" Flow (BPM)

• Injection Temp (deg F)

• 16B 3" Flow (BPM)

• 16B WH Temp (deg F)

• 16B Coil Tubing PSI (1K Sensor)

• Choke Pressure (PSI)

• Liberty Discharge Press. (PSI)

• Liberty Pumpstroke Flow R 
(BPM)

• Liberty Turbine Flow Rate (BPM)

• Liberty Total Volume (BBL)

Pumping data
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Field Testing Schedule for CSULB Experiment

All times are in local
Time Zone.
See Neubrex OB logs
For local time 
Reporting.  
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Pumping data – selected properties – Liberty Provided Data 
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Pumping data – selected properties – Pason Data Set



Fiber Optic Measurements
Summary of measurements using RFS, DTS, and BCF

RFS = Rayleigh Frequency Shift fiber optic measurement

DTS = Distributed Temperature Sensing fiber optic measurement

BCF = Brillouin Center Frequency fiber optic measurement

DAS = TGD Acoustic sensing measurements
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DTS
-- first trace: Aug 17, 2025, 10:15:43

-- last trace: Aug 30, 2025, 11:32:38

-- number of traces: 32,531

-- number of samples per trace: 3,581

-- average temporal interval (sec): 35 sec
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• The following gaps in DTS data set exist:
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Well 16B – DTS data gaps

No. Start End Duration

1 Aug 17, 2025, 15:20:42 Aug 18, 2025, 03:27:35 12:06:53

2 Aug 26, 2025, 12:10:22 Aug 26, 2025, 12:13:40 0:03:18

3 Aug 29, 2025, 22:30:01 Aug 30, 2025, 00:06:27 1:36:26
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Well 16B – ORIGINAL Uncalibrated DTS temperature – overview 
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Well 16B – wellhead temperature as reported

Arbitrary Index # of events for reference 

     1            2         3  4         5        6  7         8  9   10 11   12       13      14            15 16 17
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Well 16B – Neubrex DTS and Neubrex internal DAQ calibration 
temperature comparison

Reasonably good absolute temperature match 
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Well 16B – Original Uncalibrated DTS temperature with CT Gauge at 
Bottom of Plot  – overview 

Stimulated
Perforated
Region 
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Well 16B – Original Uncalibrated DTS temperature – selected times vs 
depth

Gauge
temps
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Well 16B – Original DTS temperature with Gauge T timeseries – 
selected depths

Gauge 
temps

Gauge 
temps

Fiber Optic
DTS Temps
At different
Depths along
The 16B well. 



Well 16B – DTS Temp and Brillouin BCF Strain comparison
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Loss related deviation in Raman DTS distribution for some of
the traces. High temperature gradient results in substantial temperature
changes 

August 17 DTS and Brillouin                                                  August 21 DTS and Brillouin 
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DTS calibrated using BCF center frequency at 20cm resolution

DTS spatial temp gradient and Brillouin
Total Absolute Strain 
Gradient have good
Shape match.  DTS recorded at 1m spatial resolution
And Brillouin recorded at 20cm spatial resolution 

August 17 Calibrated DTS
Temp data In RED Line 
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DTS calibrated using BCF center frequency – selected traces

Gauge
temps
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DTS at 10091 calibrated using BCF center frequency – comparison

Much better match with the gauge data.

Remaining differences resolved by forcing match with the gauge values.

DTS outside of available gauge data calibrated based on
data averaging and smoothing

T Gauge Data 

DTS T Data 

Aug 25
12:00pm
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Temperature difference (offset) to gauge over time

Zero difference between gauge
And dts data at reported depth

EOF= end of fiber
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DTS calibrated using Brillouin BCF fiber data and gauge data
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DTS calibrated using Brillouin BCF data and BHT gauge data

25        26         27                       29        30th 

Black = gauge T readout
Blue = Fiber T readout 
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Well 16B – Calibrated and Corrected DTS temperature overview 
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Well 16B –Calibrated and Correct DTS temperature – zoomed in 
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Well 16B – Calibrated and Corrected DTS temperature – selected traces 
across time 
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Well 16B – Calibrated and Corrected temperature –select depths

Bottom Hole Gauge
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Well 16B – DTS temperature change  – at selected depths

Ref 
zero
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Well 16B – DTS temperature change – selected traces over time

Well 16B Stage/Perf
Locations  ---→
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Well 16B – DTS temperature change – overview plot 

Perf 
Interval



UTAH FORGE 2025  NEUBREX ENERGY SERVICES (US), LLC 78

Well 16B – DTS temperature change – zoomed Aug 28-29



Brillouin absolute total strain
-- first trace: Aug 17, 2025, 21:08:30

-- last trace: Aug 30, 2025, 11:25:44

-- number of traces: 127

-- number of samples per trace: 78,349
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Well 16B – BCF absolute strain – selected traces in time 

Perforated
 Section

August 17-August 29 Brillouin Strain Gradient Evolution 

Early-initial geothermal gradient prior to cross well
Circulation commencement 

Late – well heated up from Flow



RFS DSS strain change rate
rate of change every 32 seconds
-- first trace: Aug 17, 2025, 22:30:35

-- last trace: Aug 30, 2025, 11:31:58

-- number of traces: 34,372

-- number of samples per trace: 78,349

-- average temporal interval (sec): 32
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Well 16B – RFS strain change rate – overview Aug 17-30 
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Well 16B – RFS strain rate – circulation test Instrumented Well 
2024 circulation test with permanent fiber vs 2025 Coiled Tubing 

Permanent fiber                                                    coiled tubing fiber

August 10 2024                                       August 25 2025
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Well 16B – RFS strain change rate on coiled tubing fiber 

Temp 

Pressure 

Note 
Change 
Point 
In Depth
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Well 16B – RFS strain change rate on coiled tubing fiber with 
relationship to open perforations depths in 16B well.  Huff n Puff  
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Well 16B – RFS strain change rate Aug 26 – 27 dates 

Perf Zone 
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Well 16B – RFS strain change rate Aug 26-27
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Well 16B – RFS strain change rate Aug 27 – 28 
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Well 16B – RFS strain change rate Aug 27 - 28
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Well 16B – RFS strain change rate Aug 28 – 29 



UTAH FORGE 2025  NEUBREX ENERGY SERVICES (US), LLC 91

Well 16B – RFS strain change rate Aug 28 - 29
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Well 16B – RFS strain change rate Aug 29
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Well 16B – RFS strain change rate Aug 29 
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Well 16B – RFS strain change rate Aug 29 – 30 



RFS strain change
-- first trace: Aug 17, 2025, 22:30:35

-- last trace: Aug 30, 2025, 11:31:58

-- number of traces: 34,372

-- number of samples per trace: 78,349

-- average temporal interval (sec): 32
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Well 16B – RFS strain change
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Well 16B – RFS strain change (relative strain change) over time

This is the RFS DSS relative strain change from 
The baseline profile date and time.  There is 
A measurement every 20cm down the fiber
And a measurement made every 32 seconds
Over the entire fiber length.  These are curves
Extracted at the depths indicated in legend. 
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Well 16B – RFS strain change zoomed into time region 
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Well 16B – RFS strain change waterfall plot on Aug 25 



UTAH FORGE 2025  NEUBREX ENERGY SERVICES (US), LLC 100

Well 16B – RFS strain change extracted depth profiles on August 25
 extracted in 1 hour time step. 

Region of Most Positive Strain Change in
 RFS DSS Strain Magnitudes from
Stages 2- 5of the 16(B) producer well. 
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Well 16B – RFS strain change
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Well 16B – RFS strain change on August 26 – 27 
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Well 16B – RFS strain change on August 27 – 28 
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Well 16B – RFS strain change
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Well 16B – RFS strain change
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Well 16B – RFS strain change
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Well 16B – RFS strain change – gauge data not available 
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Well 16B – RFS strain change



DAS – Distributed Acoustic Sensing 
with Neubrex Time Gated Digital DAS 
System on Single Mode Fiber inside 
coiled tubing inside of Casing 
Sensing with Neubrex S-4000C Time Gated Digital (TGD) Distributed Acoustic 
Sensing (TGD DAS) Interrogator Unit. 
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• LF-DAS data post – processed after data acquisition 
• Energy extracted from full bandwidth DAS Below 0.1 Hz

• FBE (frequency Band Energy extraction data calculated in real-time 
available) 
oAny Band Limited Frequency Band Energy extractions can be defined and 

extracted from the full bandwidth DAS data.
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Well 16B – DAS data
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Well 16B – LF-DAS with 0.1 Hz cutoff (DAS Strain Rate Data) 
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Well 16B – LF-DAS with 0.1 Hz cutoff (DAS Strain Rate Data)  
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Well 16B – LF-DAS with 0.1 Hz cutoff (DAS Strain Rate Data) 
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Well 16B – LF-DAS with 0.1 Hz cutoff (DAS Strain Rate Data) 



UTAH FORGE 2025  NEUBREX ENERGY SERVICES (US), LLC 115

Well 16B – RFS strain change rate for comparison to DAS 
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Well 16B – LF-DAS with 0.1 Hz cutoff (DAS Strain Rate Data) 
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Well 16B – RFS strain change rate for comparison 
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End of Technical Report and Contact Information  
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