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• Site in Beaver County, UT 

• Project name
• FORGE 16B Well 

Well Location
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Site location
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Evolution Zero - Neubrex Pre Ops Sensing Project Design 



• The following IUs were used during data acquisition

• Full Time IU was SR7000 C-OTDR Rayleigh 

• Periodic  Baselines taken with BR8200  Brillouin PSP-BOTDR 

• Full time DTSX3000 DTS IU (Yokagawa 1550nm DTS) 
• Measurements with Brillouin Interrogator Unit created limited gaps in RFS data
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Neubrex Interrogator Unit connection schematic

SB7000

SR7000 Well 16B

Vertical + Slant Well 

Rayleigh

Brillouin
SMF-2 

SMF-2 

DTSX3000 MMF-1Temp 

SURFACE                      Wellhead Exit to Junction Box                        DOWNHOLE 
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Birds Eye View of 16B Well 



NEUBREX ENERGY SERVICES (US), LLC and UTAH FORGE 7

Side View of 16B Well
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Zoom Slant Portion of 16B – Side View 
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Oblique View of 16B Well Trajectory 



10NEUBREX ENERGY SERVICES (US), LLC and UTAH FORGE 

Single Mode Fiber 2 – Pre-Cement Fiber Optical Loss Analysis 

Very low loss profile on single mode fiber 2 
Based on Coherent Optical Time Domain Reflectometer
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Single Mode Fiber 2 –  Pre-Cement Total Absolute Strain 
  

Total ABS Strain related profile @ 20 cm resolution

Enter Slant Section 

SLANT 

Vertical Well and

1 Gigahertz Change is approximately equivalent to 
1 C change.  ∴ strain gradient can be used ℃ grad 
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Baker Pressure - Temp Measures at DH PT Gauge Position 

0515AM Thursday 13 July –Well is circulating 

Pressure (psi)                    Temp (F) 

P T readouts from 7056 MD Gauge 

From Alan Reynolds 
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Key Well Depths MD RKB  - Note that Fiber Depths are not Corrected on all these plots.  Need to 
Subtract 518 feet from Fiber depths that are shown on plots to get well md rkb 
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Cement Pumping Schedule from SLB Pre-Cement Meeting 

Neubrex on location for 
Cement ops. 

Step wise cement program as 
Communicated pre job by 
Schlumberger cement crew 
Foreman.  
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Time Stamp Information Gathered on Location from Pump Crew 

Neubrex on location for 
Cement ops. 

Leroy S. Command Center
console. 
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These are Real Time Observation from the Field Displays of Neubrex.  Depth registration is not final
On these following slides.  The “surface fiber offset” distance must be removed to get MD RKB depths 
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Testing Iron and Downhole Fiber Signal 
Strain Change Rate (optical units)             Strain Change   (optical units)              DTS Temp (degrees F)  

Pre-Pump                                                   Pre-Pump

Slant 
Section 

Strain Rate                                               Cumulative Strain                                               Temperature 
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Pressure Testing and Spacer Time Period.  Depths are fiber depths.  Subtract 518 to get MD RKB Well Depth

Surface
Downhole  

Slant Sec 

Pump
50 bbl
Spacer
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Green is neutral – no significant
Rayleigh frequency shift from 
Profile to profile depth point 
Across 56 second time interval.

Red=  negative frequency shift rate 
Of change Over time interval,
 indicative Of positive strain 
change rate 

Blue= positive frequency shift rate
Of change over time intervals, 
Indicative of negative strain 
Change rate 

Velocity change in down going fluids.  

Any given depth interval has 
Alternating positive and negative
Strain change rate.  Like medium 
Period temp change is occurring 
In the well over time. 

Cementing Pump and Fiber Optic Strain Rate Signal 
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Cement moving downhole and then climbing up annulus of wellbore

Cool Cement initially produces negative
Strain change signal on the fiber behind 
Pipe.

 Heat slugs rising from deep in well 
as spacer and cement displaces fluid
Up the annulus. 
Can see the thermal Slugs rising fast.

Positive strain change rate feature as
The cement comes up the outside of the
Production casing in the annulus.

Note how early pressure
Down the casing string
Produces heat signatures
Rising up the annulus
Even before cement 
Reaches bottom.  
“Plunger effect”.  
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Intermediate Shoe Depth  shown on Neubrex Data with Vertical axis shown as Fiber 
Coordinates 

5317 Fiber Coordinates 
Is 4837 MD RKB shoe depth 
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Had to stop pumper #1 and Switch to pump truck number 2.  Down time.  Strange Shallow 

Stop pumps #1 due to 
Equipment issue.  Standby
While work on pumps.  

Shallow 
RFS Anomaly
Temp Driven?
Not sure of
Cause
Of these 
Shallow 
Anomalies. 
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Continued cement pumping.  Cement moving up the annulus slowly compared to heat slugs. 

Thermal slugs 

Pumping Stops

Pumping starts 
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Continued cement pumping time.  Cement making it to surface as per fiber optics .  

Thermal slugs 

Surface                                                         Surface                                                      

Heel                                                                 Heel                                                    
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Plug bumped. Now starting the curing period and warm-back.  Curing in the Slant Section - NORMAL

Curing
Curing

Curing

w
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g
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o
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g

Strain Rate                                                 Cumulative Strain                                               Temperature 

Heel                                                                 Heel                                                    

10108 10108

FAST Warmback near bottom of Fiber  
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RAW DATA FILES SENT TO NEUBREX PROCESSORS FOR POST ACQUISITION PROCESSING 

RAYLEIGH

Brillouin 

DTS 



Utah Forge
Monitored Well: 16B(78)-32

POST 16B Cement 
Cross Well Circulation Tests 

Fiber Optics Monitoring
Field Operations: Jul 2023

Neubrex Energy Services (US), LLC

Dana Jurick | Executive VP, Neubrex Energy Services (US), LLC

Dr. Artur Guzik | Software Engineering and Services, Neubrex Infra AG

Last update: Jul 28, 2023
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Timeline Report is Evolution 1

Name Target
Neubrex acquisition

start end

Evolution 0 Cementing Jul 13, 2023, 04:39 Jul 14, 2023, 11:14

Evolution 1 Post-cementing monitoring Jul 15, 2023, 12:18 Jul 20, 2023, 15:40

Project timeline and acquisition settings



Monitored wells

29NEUBREX ENERGY SERVICES (US), LLC and UTAH FORGE 

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

• Test heat performed
• See reference and red arrow

Reference elevation
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Name KB, ft Termination, ft BF Fibers

16B(78)-32 31 10,108.46 SM/MM
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Fiber information 

End of Fiber Cable:
Fiber termination info and depth received from Operator.

Table 2. Fiber termination depths

There are 2 separate sensing cables installed on this well (names are after casing 
tally)
• Shell cable (starts at 10,108.46 MD ft KB)
• Silixa cable (starts at 10,001.22 MD ft KB)

All measurements presented in this Report were made on Shell cable.
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Casing tally – basic well and casing info

Table 3. Casing tally header



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
Mountain Daylight Time (MDT)

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

Time zone

MDT time zone
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Well Survey Renderings
Based on schematics and  deviation survey data provided by Operator
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Monitored well
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Monitored well
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Gun barrel view



Monitored well

39NEUBREX ENERGY SERVICES (US), LLC and UTAH FORGE 



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 depths) strain change

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

• Brillouin absolute strain
• Brillouin center frequency converted to strain

• DTS
• Raman based temperature measurements
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Measurements type



Fiber connection scheme
Connection of NBX instruments to permanent wellbore 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

43

ADDED 



• The following fibers were used during data acquisition:
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Fibers

Name Type IOR Length

SMF 1 SM 1.4782 10,108.46

SMF 2 SM 1.4782 10,108.46

MM 2 MM 1.4790 10,108.46

Table 3. Fibers used during acquisition
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Fiber connections and measurements sequence

MMF 2

Jul 15, 2023
12:18:01

Jul 20, 2023
15:40:19

SMF 2

DTS measurements

RFS/BCF measurements

SMF 1

Jul 20, 2023
15:43:15

Jul 15, 2023
11:55:41

DAS measurements

Jul 20, 2023
15:43:15

Jul 15, 2023
11:55:41



Depth calibration
This Section contains the depth mapping of the fiber optics on monitored wells.

Depth calibration between fiber optic measurements and well measured depth 
features is an essential and critical component of fiber optic data processing.
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• Ice test was used to detect the 
location

• The location of the ice is X ft 
above the 

• KB is the elevation reference for 
this project and report

Depth calibration marking – ice test

47NEUBREX ENERGY SERVICES (US), LLC and UTAH FORGE 



NEUBREX ENERGY SERVICES (US), LLC and UTAH FORGE 

SMF 2 – fiber coordinates (Original Lengths, no calibration)
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• Final measured depth of the fiber termination = 10,108.46 MD, ft KB

• KB = 31.0 ft MD
• Casing tally report

• Reference location: GL

• Depth Contraction coefficient (SMF 2/MMF 2):
• RFS = 1.0000

• BCF = 1.0000

• DTS = 1.0027

• Offset Correction Distances (SMF 2/MMF 2):
• RFS: 470.94 ft

• BCF: 501.57 ft

• DTS: 392.96 ft
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Depth calibration findings from Neubrex workflow and data 
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SMF 2 – depth calibrations applied to BCF, RFS, and DTS

50

Post Cement above
Landing point 



SMF 2 – Depth calibration at Wellhead and Termination
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wellhead and GL termination

Brillouin, Rayleigh, and Raman signals distributions



• The following offsets were determined and are used in all subsequent 
plots to convert fiber coordinates to Well MD coordinates

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

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

Brillouin 501.57 1.0000

Rayleigh 470.94 1.0000

DTS 392.96 1.0027

Well 16B – SMF 2/MMF 2

Data type Offset, ft Scaling factor

DAS 1.0000

Well 16B – SMF 1
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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
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• RFS acquired over entire period of survey
• Time step between full well interrogation: 30 seconds

• BCF acquired at specific periods of time during survey period 
• Time duration of full well interrogation: 18 minutes

• Ensures control of total strain and helps to validate temp distribution of DTS 

• DTS  acquired over entire period of survey

• Time step between full well interrogation of DTS: 5 min

• Measurements are done on separate SM and MM fibers during 
entire survey period
• Depth registration performed on each individual fiber to ensure registration
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Interrogator Unit acquired data parameters
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• The following data gaps are registered

• No data gaps in RFS data sets
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Well 16B(78)-32 – data gaps

No. Start End Duration

1 Jul 19, 2023, 18:42:11 Jul 19, 2023, 19:23:29 0:41:18

Table 1. DTS data gaps on well 16B(78)-32



Engineers Observer (OB) Logs
Observation Notes of Neubrex Field Engineers in the field during operation.  
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OB Log (1/3)
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OB Log (2/3)



NEUBREX ENERGY SERVICES (US), LLC and UTAH FORGE 59

OB Log (3/3)  Circulation Test – Neubrex OB Logs 



SMF Optical loss analysis use 
SR7000 Rayleigh Instrument
Optical loss on SM fiber based on Rayleigh measurements/data.

Much better optical loss resolution than hand-held OTDR

Resolution 0.67 ft.
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Well 16B(78)-32 - SMF 2 – optical loss distribution

0.90 dB

< (-.1) dB / 1000 feet loss on Single Mode Fiber 

No change in optical loss through cementing.

UT Shell Cable Fiber Optic performance good 
After cement operations. 
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Well 16B(78)-32 - SMF 2 – optical loss distribution (step 4 h)

No change in optical loss through cementing



P/T gauges
Received from Operator
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Well 16B(78)-32 – P/T gauges

16A pumping 
at 2.5 

bbl/min
Then bump 

rate to 6 
bbl/min
At 1309 

7056 Gauge T 

7056 Gauge T 

16A 
FLUID
Pump

16A 
Pressure

Pump

1
6
A 
F
L
U
I
D
P
u
m
p

Pre-Circulation
Period  

7056 P Gauge 

∆ + 12° F 



Distributed Temperature Sensing 
-- first trace: Jul 15, 2023, 12:18:01

-- last trace: Jul 20, 2023, 15:40:19

-- number of traces: 1,720

-- number of samples per trace: 6,332

-- average temporal interval (sec): 258
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Well 16B(78)-32 – DTS – waterfall – temperature overview
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Intermediate Shoe Depth  

Gauge Depth @7056 MD  

16A 2022 Frac Hits 

UTC TIME CLOCK +6HR to LOCAL  
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Well 16B(78)-32 – DTS – selected traces
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Well 16B(78)-32 – DTS – offsets to gauge
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Well 16B(78)-32 – DTS – Gauge calibrated – Temp waterfall 

Intermediate Shoe Depth  

Gauge Depth @7056 MD  

16A 2022 Frac Hits 
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Note heating 
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Well 16B(78)-32 – DTS – selected traces (2 h step)

Showing how the downhole T gauge values
Match the Calibrated DTS fiber profiles

The gauges are at one depth
While fiber 
Over full well
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Well 16B(78)-32 – selected traces (step 2 h) – zoomed in
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Well 16B(78)-32 – temperature at selected depths

Near Inter Shoe
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Well 16B(78)-32 – fiber DTS temperature change at selected depths

Fiber Temps on 16B 
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Well 16B(78)-32 – temperature change – selected traces (2 h step)
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Well 16B(78)-32 – temperature change – zoomed in
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Well 16B(78)-32 – DTS fiber temperature changes on 16B 

Top slant 
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Brillouin absolute total strain
-- first trace: Jul 15, 2023, 10:52:09

-- last trace: Jul 20, 2023, 16:12:38

-- number of traces: 6

-- number of samples per trace: 78,360
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Well 16B(78)-32 – absolute strain – SMF 2 – selected traces

Anomaly is located
At fiber break in 
August 2024

Brillouin is an excellent tool to 
Measure the continuous geothermal
Spatial gradient from surface
To end of fiber.



RFS strain change measurements 
-- first trace: Jul 15, 2023, 11:55:41

-- last trace: Jul 20, 2023, 15:43:15

-- number of traces: 6,193

-- number of samples per trace: 39,181

-- average temporal interval (sec): 72
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Well 16B(78)-32 – RFS strain change – SMF 2 – overview 

Intermediate Shoe Depth  

Gauge Depth @7056 MD  

16A 2022 Frac Hits 
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Well 16B(78)-32 – RFS strain change – SMF 2 – selected traces
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Well 16B(78)-32 – RFS strain change – selected depths

Positive Strain Changes
Relative to post Cement
Period Cross Well Circulation
Pumping from 16A 
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CIRCULATION TEST



RFS strain change RATE of Change
∆t interval = 72 seconds 
-- first trace: Jul 15, 2023, 11:55:41

-- last trace: Jul 20, 2023, 15:43:15

-- number of traces: 6,193

-- number of samples per trace: 39,181

-- average temporal interval (sec): 72
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Well 16B(78)-32 – RFS strain change rate During PLT Work 

Full Well 
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Well 16B(78)-32 – RFS strain change rate – During PLT Work 

Zoom Well 

Up flow 

RIH
With
PLT Tool 

2023 



NEUBREX ENERGY SERVICES (US), LLC and UTAH FORGE 88

Well 16B(78)-32 – P/T gauges on 16B CIRC TEST 

UTC CLOCK (+6 H from Local Time)

16A 
PRESSURE 

UP 
7056 Gauge T 

7056 Gauge T 

16A 
FLUID
Pump

16A 
Pressure

Pump
16A 

FLUID
Pump

Pre-Circulation
Post PLT  

7056 P Gauge 
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Well 16B(78)-32 – RFS strain change rate – PLT and Circ test 
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Circ Test 
Period 2

Fiber break point 2024 

2022 16A Xwell Frac Zone 

SLB PLT WORK 

Fluid
Pump
16a 
#1

Fluid
Pump
16a 
#2

NOTE THESE ZONES 

Shoe 

Landing
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Fiber Optic RFS DSS Strain Rate
Thermally driven Strain Change 
Surface to End of Fiber

July 18 – July 20, 2023

Inflow and Outflow Rates

                   Pressures

                   Tempertures 

                    Thermal Strain Rate

16B Separator Temp 
Readout trends 

Pressure UP                          PRESS     CIRC PUMPING 
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Fiber Optic RFS DSS Strain Rate
7000 MD to End of Fiber
PRE FRAC 2024 Circ Test  
July 18 – July 20, 2023

Inflow and Outflow Rates

                   Pressures

                   Tempertures 

                    Thermal Strain Rate

Integrated Strain
Over time as a
Function of depth
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9250 

Pressure UP  #1                                                                         Circ #2 
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DAS MONITOR
LF DAS  

Curing looks
Normal 

Rising thermal slugs 



• Dana.Jurick@neubrex.com
• Chief Operating Officer and Managing Director

• Neubrex Energy Services (US), LLC

• Bellville, Texas 

• +1 713-899-1545

• guzik@neubrex.com
• Chief Scientist

• Neubrex Infra 

• Baden, Switzerland 

• +41 76 376 98 90 
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End of Technical Report and Contact Information  
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