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Timeline – this report is Evolution 0

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
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Monitored wells
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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
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• 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

4STRICTLY CONFIDENTIAL   NEUBREX ENERGY SERVICES (US), LLC

smello
Rectangle



Name KB, ft Termination, ft BF Fibers

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

STRICTLY CONFIDENTIAL   NEUBREX ENERGY SERVICES (US), LLC 5

Fiber Optic Information – “Shell Cable”  

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 from Tally 

Table 3. Casing tally header
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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
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Monitored well
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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
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Fiber connection scheme and pics
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 was achieved during the survey time
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Connection scheme

Rayleigh

Brillouin SB7000

SR7000

DTS DTSX

BCF

DTS

RFS

Measurements types and sensing pattern over time

time

Single Mode and Multi-Mode Fibers from Wellbore
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• 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 13, 2023 
01:13:57

Jul 14, 2023 
11:13:55

SMF 2

DTS measurements

RFS/BCF measurements

SMF 1

Not used during Evo 0 acquisition

Jul 14, 2023
11:14:57

Jul 13, 2023
04:39:21
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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 of KB 

• The location of the ice is 31 ft above the GL 

• Ice test done July 14, 1042 AM

• KB is the elevation reference for this project and report

Depth calibration marking – ice test
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SMF 2 – fiber coordinates (Original Lengths, no calibration)
Singe Mode Fiber #2 designated for use 
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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) IU to Reference Point 
• RFS: 548.97 ft

• BCF: 577.66 ft

• DTS: 496.9 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
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SMF 2 – Depth calibration at Wellhead and Termination
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wellhead and GL termination

Brillouin, Rayleigh, and Raman signals distributions
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• 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 577.66 1.0000

Rayleigh 548.97 1.0000

DTS 496.90 1.0027

Well 16B – SMF 2/MMF 2
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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
• RFS is Rayleigh Frequency Shift measured using NBX SR7100 unit 
• Time step between full well interrogation: 30 seconds per profile 

• BCF acquired at specific periods of time during survey period 
• BCF is Brillouin Center Frequency acquired using NBX SB 8200 unit 
• Time duration of full well interrogation: 18 minutes per profile 
• Ensures control of total strain and helps to validate temp distribution of DTS 

• DTS  acquired over entire period of survey
• DTS is distributed temperature sensing using Yokogawa DTSX3000 Interrogator unit. 
• Time step between full well interrogation of DTS: 5 min per profile 

• Measurements are done on separate SM and MM fibers during entire 
survey period (SR7100 and SB8200 use SMF and DTS uses MMF)
• 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 13, 2023, 18:05:05 Jul 13, 2023, 19:31:19 1:26:14

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

smello
Rectangle



STRICTLY CONFIDENTIAL   NEUBREX ENERGY SERVICES (US), LLC 30

Events – annotations 

Date Description

July 12, 2023, 22:03 Start pumping into the 7” casing with the rig pumps, 400 gal/min to circulate for cooldown

July 13, 2023, 05:05 Stop circulation with rig pump and rig-up SLB cement head and connect treating lines.

July 13, 2023, 05:26:59 SLB circulate lines full of water

July 13, 2023, 05:27:28 SLB stop circulation

July 13, 2023, 05:28:30 SLB prime-up cement pump

July 13, 2023, 05:30:48 SLB shut down pump

July 13, 2023, 05:31:22 SLB start pressure test treating lines to 5,000 psi

July 13, 2023, 05:34:41 End of pressure test, bleed pressure off of treating lines, fix leak

July 13, 2023, 05:35:43 SLB start pressure test treating lines to 5,000 psi

July 13, 2023, 05:38:40 End of pressure test, test good, bleed pressure off of treating lines

July 13, 2023, 05:41:40 Start cement job, SLB start pumping Spacer

July 13, 2023, 05:55:46 End of Spacer, SLB start mixing and pumping cement slurry

Table 3. Events prior to cementing job
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Engineers Observer (OB) Logs
Observation Notes of Neubrex Field Engineers in the field during operation.

These notes contain details of fiber monitoring ops and our understanding and 

Documentation of well operations as reported or seen by Engineers on location.   
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OB Log (1/3)
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OB Log (2/3)
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OB Log (3/3)
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Pumping data
As received from Operator.
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Well 16B(78)-32 – pumping data
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SMF Optical loss analysis using  
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 per depth sample 
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Well 16B(78)-32 - SMF 2 – optical loss distribution

0.9 dB

Very small overall optical loss. < -1 dB loss over full wellbore
Upper section to 4000 foot a bit noisy. 
Deeper section below 4000 good character; not sinusoidal
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Well 16B(78)-32 - SMF 2 – optical loss distribution (step 4 h)

No change in optical loss over monitored period
Fiber produces stable backscatter results over clock time
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Distributed Temperature Sensing 
DTS on Multimode Fiber using Yokogawa DTSX3000 Interrogator Unit 
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Well 16B(78)-32 – DTS – waterfall plot Temperature overview
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Well 16B(78)-32 – DTS  waterfall – Non Gauge Calibrated DTS

Cement pump

Warm back and Curing Period 

D
at

a 
G

ap

smello
Rectangle



STRICTLY CONFIDENTIAL   NEUBREX ENERGY SERVICES (US), LLC 43

Well 16B(78)-32 – DTS – waterfall – temperature
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Well 16B(78)-32 – DTS – selected traces (2 h step)
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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 depth slices 

Cement job 

Shallow 

Deep 

Note warm back slopes on these 
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Well 16B(78)-32 – temperature change at selected depths

Shallow 

Deep 
Large delta T warm back gradient 
on deepest depth slice at 9000 ft RKB
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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 waterfall plot 

1300 – start of deep
Warm back event 
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Well 16B(78)-32 – temperature change – zoomed in
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Well 16B(78)-32 – dts temperature change – zoomed in

1300 – start of deep
Warm back event 

smello
Rectangle



STRICTLY CONFIDENTIAL   NEUBREX ENERGY SERVICES (US), LLC 52

Well 16B(78)-32 – temperature change vs pumping
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Brillouin absolute total strain
-- first trace: Jun 24, 2023, 13:40:11

-- last trace: Jul 13, 2023, 04:27:25

-- number of traces: 56

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

Brillouin based total absolute strain
Is an excellent spatial strain gradient
Gradient measurement tool.  
Not this is PRIOR TO CEMENT PUMP.
It is measure of pre cement fiber
Strain primarily driven by the 
Geothermal Gradient
Prior to cement ops 

Slope changes in well
Slant section, as expected
As response is no longer
Geothermal gradient driven
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RFS DSS – Rayleigh Frequency 
Shift Distributed Strain Sensing 
-- first trace: Jul 13, 2023, 04:39:21

-- last trace: Jul 14, 2023, 11:14:57

-- number of traces: 2,069

-- number of samples per trace: 38,666

-- average temporal interval (sec): 53
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Well 16B(78)-32 – RFS strain change – SMF 2 – overview 
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Well 16B(78)-32 – RFS strain change – SMF 2 – overview 

20-centimeter spatial resolution down the entire wellbore across continuous time 

Large positive
Strain change
Relative to
Baseline as
Well warms
Back after 
Cement pump
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Well 16B(78)-32 – RFS strain change – SMF 2 – zoomed in (1) 
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Well 16B(78)-32 – RFS strain change – SMF 2 – zoomed in (2)

Start cement pumping ops                                                                     End pumping ops 

Hot zones
At discreet
Depth zones 
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Well 16B(78)-32 – RFS strain change – SMF 2 – zoomed in (3)
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Well 16B(78)-32 – RFS strain change – SMF 2 – zoomed in (4)
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Well 16B(78)-32 – RFS strain change – SMF 2 – selected traces

smello
Rectangle



STRICTLY CONFIDENTIAL   NEUBREX ENERGY SERVICES (US), LLC 63

Well 16B(78)-32 – RFS strain change – selected depths
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RFS DSS strain change rate.  This is 
time differential of RFS DSS at 53 sec 
average Delta T between profiles 
-- first trace: Jul 13, 2023, 04:39:21

-- last trace: Jul 14, 2023, 11:14:57

-- number of traces: 2,069

-- number of samples per trace: 38,666

-- average temporal interval (sec): 53
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Well 16B(78)-32 – RFS strain change rate – SMF 2 – overview 
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Well 16B(78)-32 – RFS strain change rate – SMF 2 – overview 
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Well 16B(78)-32 – RFS strain change rate – SMF 2 
Complex RFS DSS strain response during cement pumping operations.  Note shallow section at 0730-1000.  Strange.  
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Well 16B(78)-32 – RFS strain change rate – SMF 2 – zoomed in (2)
These details should be integrated with cement pumping curves, which Contractor is waiting on.  

Pumps
down

Pumps back up Pumps up 

smello
Rectangle



STRICTLY CONFIDENTIAL   NEUBREX ENERGY SERVICES (US), LLC 69

Well 16B(78)-32 – RFS strain change rate – SMF 2 – zoomed in (2)

Pumps
down

Pumps back up Pumps up 

Post Pump
Curing 
Warm back

Hot 
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Well 16B(78)-32 – RFS strain change rate – SMF 2 – zoomed in (3)
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Well 16B(78)-32 – RFS strain change rate – SMF 2 – zoomed in (4)
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• Dana.Jurick@neubrex.com
• Dana Jurick 

• Neubrex Energy Service (US), LLC

• Executive Vice President and GM

• 713-899-1545

• guzik@neubrex.com
• +41 76 376 98 90 
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End of Technical Report and Contact Information  

mailto:Dana.Jurick@neubrex.com
mailto:Guzik@neubrex.com
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