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LUMENATE Wellbore Operations Monitoring System 
Downhole Visibility for Secure, Expedited Operations 

 

Abstract 

Three-quarters of the greenhouse gas (GHG) emissions resulting from energy production offshore 
Newfoundland and Labrador stem from the gas turbines used for power generation and gas 
compression.  The LUMENATE Wellbore Operations Monitoring System targets energy efficiency in 
the form of time savings by reducing the time spent drilling which reduces the time required to 
extract the resource and GHG emissions accordingly.   

Conventional Measurement While Drilling (MWD) technologies are unable to operate during many 
well construction operations and are therefore unable to assist with time optimization pursuits.  The 
LUMENATE system fills these blackout times providing actionable measurements of downhole 
conditions leading to faster and safer subsurface operations.  Our investigations suggest real-time 
pressure measurements during tripping operations will enable operators to pull-out-of-hole or run-
in-hole as much as 25% faster while the newfound visibility improves safety and risk avoidance.  
Examples cited show the potential to shorten development timelines by 21 days annually, eliminating 
as much as 34kt CO2e per year.   

A new form of telemetry, providing visibility in previously blind operations, calls for a new type of 
measurement; one that sheds new light on operational challenges.  The LUMENATE system will 
directly measure the distance between downhole tools and wellbore features helping operators to 
overcome the depth correlation challenges that currently impede equipment installations in 
extended reach wells.  This has the potential to increase the developable footprint of existing drill 
centers and the consolidation of drill centers for future developments.  One example cited has the 
potential to save $billions in development costs and eliminate 700 kt CO2e of GHG emissions.   

The Emissions Reduction Fund (ERF) enabled us to overcome many technical hurdles and create an 
application specific design, optimized to minimise the cost of service.  We created technology to 
minimize downhole battery consumption.  We mastered the art of encoding information into, and 
extracting information from, sound.  And, we created a new downhole measurement that will shed 
new light on subsurface operational challenges.  Six downhole-ready tools are built future-proof, 
designed to accommodate future advances in acoustic telemetry technology.   
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1. Reduction Strategy - Energy Efficiency 

As much as 76% of the greenhouse gas (GHG) emissions in the NL Offshore stem from the gas 
turbines used for power generation (46%) and gas compression (30%)1.  Substantial reductions are 
possible by reducing the time they need to operate or increasing production while they do.    

1.1 Optimizing Well Control Operations 

Hydrostatic pressure in an oil well must be carefully balanced at all times.  Too much pressure and 
fluids seep into the formations; too little pressure and fluids or gases seep out of the formation.  
Running pipe into the hole (RIH) causes a pressure surge in the well that must be carefully managed 
to prevent reservoir damage which could adversely affect future well performance.  Pulling pipe out-
of-the-hole (POOH) causes a suction pressure known as swab which can collapse the well, cause a 
kick or in the worst case lead to a blow-out.  Managing pressure while drilling, tripping, installing 
completions or during workover operations is known as Well Control. 

Figure 1 depicts the hydrostatic pressure in a typical wellbore and the swab or suction effect that is 
created when pipe is pulled-out-of-the-hole (POOH).  If the pipe is pulled too quickly, swab will 
decrease the pressure in the well below the formation pore pressure causing fluid or gas to be 
produced (seep out of the formation) potentially leading to well control challenges.  Trip rates, or the 
speed at which pipe is pulled from the well, are chosen based on sophisticated simulations to predict 
pressure behaviour during these operations, and are coupled with carefully controlled pump rates to 
replace the volume displaced.  All calculations contain uncertainty, and the consequences of well 
control problems are quite severe.  The result is that trip rates are kept very conservative (slow) to 
safeguard against pressure margin problems from trip induced surge and swab.   

 

Figure 1:  Swab Pressure from POOH Wellbore Operations 

                                                             
1 https://www.cnlopb.ca/wp-content/uploads/hebron/hebaqmodel.pdf, Table 7.3 
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Why don’t we simply measure pressure with existing telemetry tools?  Measurement While Drilling 
(MWD) systems typically employed offshore only function when the drill bit is on-bottom and drilling 
(i.e. making new hole).  They do not function while tripping (running pipe into or out of the hole), 
running casing, cementing, installing completions, or during workover operations.  We have the 
means to record what is happening during these blackout times and view after the fact; however, 
post-mortem has limited value in optimizing operations.  The conditions ‘right-now’ would be 
actionable; yet they are unknown as much as 85% of the time because we lack the means to conduct 
real-time downhole measurements.   

 

Figure 2:  Blind Operations 

The LUMENATE Wellbore Operations Monitoring System will do for optimizing well control 
operations what headlights do for driving in the dark.  Real-time measurements, deployed into ALL 
downhole operations, will provide the visibility required to increase trip rates while managing 
pressure margins.  Everyday operations will be executed safer and faster. 

 

 

Figure 3:  Real Time Pressure Measurement = Headlights to “See” What’s Happening 

1.2 Developable Range Extension 

With Extended Reach Drilling (ERD), operators are currently capable of drilling up to 14,000m wells.  
However, installing the completions required to develop and produce said wells becomes increasingly 
difficult beyond 8000m of well depth.  Pipe stretch, thermal expansion, and tally length errors 
accumulate making it difficult to place equipment within required distances from previously installed 
equipment such as the casing shoe.  Depth correlation challenges currently limit ‘developable reach’.    

 

Figure 4:  Depth Correlation 
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With Position Sensing, the LUMENATE Wellbore Operations Monitoring System will enable operators 
to “see" wellbore features with relative distance measurements.  Operators will be able to confirm 
placement quickly and confidently with millimeter measurement precision.  Depth correlation 
challenges will be eliminated.  Furthermore, operators will be able to “see” and confirm downhole 
operations such as setting packers, anchors, and tool shifts which are commonly required for gravel 
pack completions.   

 

Figure 5:  “See” Wellbore Features with Position Sensing 

2. Project Scope and Progression 

The LUMENATE system advanced from a Technical Readiness Level (TRL) 3 to TRL 6.  At the beginning, 
a published, public domain body of knowledge had demonstrated the underlying concepts required 
for acoustic transmission in drill pipes (TRL 3).  And, a preceding NRC IRAP funded project had 
completed Front End Engineering Design (FEED) activities.  With ERF support, we created the many 
core-technology subsystems required to produce a proprietary acoustic telemetry system.  Detailed 
engineering designs were developed, procured, shop-tested and assembled to create a fleet of 6x 
downhole ready prototype tools (TRL 6). 

This ambitious and complex development was executed via the following work packages.  Imagery 
and detail are included where possible, however much is withheld due to the confidential nature of 
proprietary designs.   

2.1 Acoustic Design 

We developed, procured and assembled in-house, large custom piezoelectric transducers which are 
used to launch acoustic signals (generate sound).  Using a combination of simulation tools (coded 
in-house based on published algorithms) and third-party analysis software, we assessed sound 
propagation in drill pipe and created an acoustically compatible design.   
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Figure 6:  Acoustic Impedance Matching 

We developed proprietary signal processing algorithms that encode data into sound for transmission 
along a drill string and lift the signal out of drilling noise even when it can no longer be heard or seen 
in a plot.   

 

Figure 7:  Spread Spectrum 

2.2 Electronics Design 

All electronic designs were developed in-house, including schematics, circuit simulation, and printed 
circuit board (PCB) layouts.  An embedded receiver decodes incoming acoustic signals and 
rebroadcasts as required.  The piezoelectric drive circuitry was more challenging than envisioned.  
Third-party-designed modules proved unsuitable for our combination of transducer size and 
operating temperature.  Furthermore, intellectual property (IP) owned by others blocked the most-
easy engineering solution.  Necessity is the mother of invention.  To circumnavigate, we created a 
novel and ultra-efficient design that dramatically extends the lifespan of downhole batteries (a 
significant cost reduction enabler that will help foster industry adoption). 

 

Figure 8:  High Voltage Embedded System Design 

Covid related manufacturing delays pushed out our planned electronics development timeline, and a 
combination of design issues and manufacturing problems slowed our function testing phase.  In the 
end, a number of PCBs were rendered out-of-service with various degrees of reparability.  Due to 
electronics availability, only 3x tools have been fully assembled at project close.   
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Custom designed primary lithium battery packs were developed in conjunction with a third-party 
supplier/manufacturer, each equipped with multiple layers of safety protection and discharge 
monitoring circuitry.   

 

Figure 9:  150°C Rated Primary Lithium Battery Packs 

2.3 Mechanical Design 

The preceding FEED scope focused on the designs of components with long procurement timelines 
enabling DBAE to place orders early in the ERF scope, which proved critical in executing such an 
ambitious development within the required time.  Long-lead items include: 

 Piezoelectric transducers for acoustic transmission 

 Downhole compatible materials processed to near-net-size dimensions  

Ensuring the design would withstand the combined loading of pressure, tension and torsion of being 
inserted into an offshore drill string required specialized structural designs.  Tools are designed for a 
maximum operating pressure of 15000psi which is suitable for deployments in the NL Offshore.  
Designs could be easily adapted to higher pressure deployments with a simple alloy change if needed 
in the future.   

Developing a threaded connection with the geometry requirements for this application was another 
challenge.  The solution came in the form of a custom, high-performance, inverted dovetail thread 
with many features that maximize strength, enable user-friendly assembly, and simplify the 
machining required as much as possible thereby keeping cost in-check.  A finite-element-analysis 
(FEA) of stress in the connection under combined loading is shown, along with a cut-away thread test 
piece used in the machining setup trials.   

    

Figure 10:  FEA of Custom Inverted Dovetail Thread 
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Of the three load-bearing alloys used in this design, one alloy in particular was challenging to procure.  
This alloy strikes an important balance between cost and corrosion resistance.  We learned that our 
customers have experience with this alloy; it is entirely acceptable provided it has been subjected to 
specific metallurgical processing.  Finding acceptable material backed up by Mill Test Reports (MTRs) 
from the production run that passed an operator’s metallurgical review was challenging.   

2.4 Procurement 

The procurement management required to bring this entire project together was a non-trivial 
undertaking.  All of the components required to manufacture 6x downhole ready prototype tools 
were selected or designed, ordered and tracked with delivery timelines.  This included the PCBs, 
sensors, wiring and the battery packs required.  In many cases, negotiations, redesigns, etc. were 
required to get all of procurement timelines to converge.   

 

Figure 11:  General Arrangement 

The heavy machined parts required specialized machining processes such as deep-hole drilling 
(commonly called gun-drilling) and deep-bore turning (called trepanning and/or honing). Few vendors 
in Canada have CNC mills and lathes large enough to process the parts required.   

 

Figure 12:  Heavy Machining 

Considerable risk exists when any new thread design is mated together for the first time.  Galling 
damage to the thread surfaces is quite common.  To minimize risk, all threads were assembled, 
tightened similar to drill pipe, disassembled and inspected in a facility near the machine shop that 
produced them.  This way, any issues encountered could be resolved prior to shipment to NL.  A 
proprietary design feature intended to minimize this risk performed flawlessly during testing, and the 
end result is a very robust, easy to handle design that will withstand many make-ups and breakouts 
during the service life of these tools.   

   
Figure 13:  Initial Mechanical Assembly 
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2.5 Assembly 

All electrical systems were function tested on a laboratory bench prior to being installed into a tool.  
Several modifications were required to correct design issues and manufacturing flaws.   

 

Figure 14:  Bench Test Electronics 

When fully assembled, each tool weighs near 3000 lbs (1500kg).  Assembling collar-based downhole 
tools such as these requires a dedicated manufacturing facility; ship space was leased for this 
purpose.  A 2-ton portable gantry crane was procured to support tool components during assembly.  
A hydraulic wrench capable of generating 85,000 ft.lbs of torque was procured to make and break 
tool connections.  And, a custom tool assembly cart/stand was fabricated with features designed to 
assist each of the tool assembly steps.   

 
Figure 15:  Gantry Crane, Hydraulic Wrench, and Assembly Cart 

Due to electronics yield and availability, three prototype tools were assembled for 
demonstration purposes.  Two tools are placed on a shop floor pallet and are setup to 
demonstrate transmit and receive functionality between tools.  A third tool is placed 
on the assembly cart with covers removed to display the internals for invited guests.   

   
Figure 16:  2x Prototype Tools on a Pallet for Transmit and Repeat Testing 
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2.6 Position Sensing 

At the project outset, position sensing was in an early concept stage with only the base physics and 
function planned.  Within the ERF scope we took position sensing from TRL 1 to TRL 6.  Multiphysics 
simulations allowed us to solve, in a single coupled-field simulation, the interaction between energy 
transfer devices and energy propagation in the fluids and solids of the downhole environment.  In this 
virtual laboratory, we tested the downhole physics of distance measurements, right down to a 
validation of the transducer designs and signal processing algorithms employed.   

 

Figure 17:  Multiphysics Simulation 

Ultimately, we were able to prove system function in simulated environment (TRL 6 complete).  
Under simulated conditions, we achieved 0.100m position resolution with ±0.030m accuracy far 
exceeding expectations and/or customer operational requirements.   

No suitable transducer designs could be found; custom application specific designs for both transmit 
and receive are needed.  We designed both to an orderable state.  Regrettably, pricing for one 
component came-in too high, forcing the need for a design modification before ordering prototypes.   

 

Figure 18:  Transducer Designs 

3. Outcomes  

The primary outcome of this project is a prototype tool fleet consisting of six-tools (6x) with an 
estimated 6000m system range (with expansion capacity to 14,000m).  Each tool is designed 
specifically for deployments into drilling, completions or workover operations.  Tools pickup and 
handle like any Range 2 drill pipe, with equal length and a recessed elevator pickup section at the top.  
All materials are completions fluid compatible including appropriate corrosion resistance and 
resistance to hydrogen embrittlement.   

Each tool is outfitted with two quartz gauges providing bore and annulus pressure measurements up 
to 15,000 psi at the resolution required for well control optimization (0.01 psi or 0.001 psi if desired).  
Tools are configured to deliver pressure and temperature on one-minute intervals with multiple 
weeks of downhole runtime.   
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Time savings and the GHG emissions reduction they enable will be maximized when telemetry is 
present in “Every Trip, Every Well”.  Full-scale adoption of new downhole technologies typically 
occurs when the savings created exceed costs by a healthy margin, and those that cost less than 10% 
of savings (which is our target) achieve the most rapid industry uptake.  While work remains to pin-
down a precise cost-of-service, tool acquisition costs (CapEx) and battery consumption rates (OpEx) 
have landed at or below our targets.  The novel technologies weaved into this development to 
aggressively minimize adoption costs appear to have succeeded.   

 

Figure 19:  6x Prototype Tools 

4. Future Work 

For future work, we need a rig-safe receiver.  With the embedded receiver now fully operational, we 
simply need to ‘shoe-horn’ the electronics into a CSA Class 1, Div 2 enclosure for rig-floor operation 
where flammable vapors may be present.  With different geometry, temperature and operational 
requirements, it makes sense to redesign or ‘spin’ the PCB into a more appropriate design.  
Unneeded downhole functionality will be removed and a wired or wireless interface will be added to 
deliver data to the rig-floor drilling data system (e.g. Pason, WITS).   

 

Figure 20:  Receiver for Rig-Floor Operation 

We aim to demonstrate the capacity for trip rate speed 
increases via pressure monitoring in one or more field 
trials.  To qualify this technology, we anticipate the need 
to conduct field trials in wells with lower cost exposure 
then typical NL offshore wells.  Land-based wells 
(outside of NL), with less than one-tenth of the cost, are 
expected to be the most appropriate means to prove the 
technology.  Conversations are ongoing to obtain access 
to a suitable well and funding support for the same.   

Figure 21:  Drilling Top Drive, Surface Receiver Placement Location 
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Future development plans include extending the range of the 6x tool fleet from 6000m to as much as 
14,000m.   

 

Figure 22:  Range Extension 

Future work planned to bring Position Sensing to a deployable state includes:   

 Modify transducer designs to omit cost-prohibitive components 

 Develop interface electronics required to generate and receive position sensing signals 

 Procure and install into a downhole tool 
o It is worth highlighting that one of the six downhole tools has been designed to 

accept position sensing.  No modifications to expensive machined parts are required.   

 And test the system in field trials 

Based on the feedback and level of interest received, we do not anticipate any difficulty finding a well 
to test position sensing.  Potential partners can provide the most help in the form of funding to cover 
program expenses for the future work and field trial scopes.    

5. Project Details 

5.1 Budget 

Within the ERF timeline, we incurred eligible program expenses exceeding 100% of the $2,000,000 
total awarded amount.  The ERF timeline was extended twice to include the timespan from March 9, 
2021 to August 31, 2022.  Category breakdowns and cumulative spend timing are shown.   

 

Figure 23:  Spend Profile 
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5.2 Capacity Building 

A substantial amount of intellectual property (IP) was created over the course of this development 
including but not limited to patent applications, know-how, and trade-secrets.  Due to the 
commercially sensitive nature of this confidential information, we are unable to elaborate.   

In terms of local capacity, the Emissions Reduction Fund was a substantial ‘shot in the arm’ to the 
R&D community developing solutions for Canada’s Offshore energy production industry.  It added 
much to the local ecosystem in terms of our ability to execute and manage targeted R&D.  Tangible, 
deployable contributions to Canada’s wealth are the norm amongst the projects awarded; and all 
within the sphere of a lower carbon energy production future.   

6. Emissions Reduction Potential 

6.1 Optimizing Well Control Operations 

Shortening the time required to drill offshore wells reduces the total time the field must operate.  
This reduces the time in which the turbines used for power generation and gas compression need to 
operate, reducing GHG emissions from offshore petroleum extraction accordingly.    

When tripping operations affect the pressure margins in reservoir sections, operators maintain well 
control by specifying trip rate speed limits often on the order of 15 minutes per 27m drill pipe stand.  
For a 6000m average depth well offshore NL, it can take 56 hours to Pull Out of the Hole (POOH).  
Current estimates suggest that pressure monitoring will enable trip rates to increase by as much as 
25%, potentially saving 14 hours per trip.  Typical development wells offshore NL require 6x such trips 
resulting in potential savings of 3.5 days per average well.   

Using rough estimates of drilling performance, we can assume for the sake of illustration it takes 60 
days to drill an average depth 6000m well.  In development drilling operations where wells are drilled 
back-to-back, a GBS or MODU could drill and develop 365/60=6.1 wells per year.  Tripping 25% faster 
would potentially reduce the development drilling time required by 6.1*3.5 = 21 days per year.  Using 
Hebron’s GHG emissions as an example2 (596,469 tonnes CO2e/year or 1634 tonnes CO2e/day), 
saving 21 days annually would shorten the time required to extract the resource by the same, 
potentially eliminating 34kt CO2e per year.   

 

Figure 24:  GHG Emissions Reduction from Optimizing Well Control 

6.2 Developable Range Extension 

With improved execution certainty and risk reduction via position sensing, operators will be able to 
develop reservoir pools at greater well depths than present.  Extending the “Developable Reach” will: 

 Increase developable reserves 

 Increase production within facility 
lifespans, and  

 Lower GHG emissions intensity 

Figure 25:  GHG Emissions Intensity Reduction from Position Sensing 

                                                             
2 https://www.cnlopb.ca/wp-content/uploads/hebron/hebaqmodel.pdf, Table 7.3 
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Furthermore, the LUMENATE system has the potential to consolidate drill centers on new 
developments and/or reduce the number of subsea tiebacks, and the potential to access new 
reservoir pools from existing drill centers or gravity base structures.  An exemplary embodiment of 
the potentially enormous cost savings and GHG emissions reduction would be developing Hebron 
Pool 3 with wells drilled from the GBS.  To illustrate, Figure 26 shows the proposed GBS-drilled well 
paths disclosed in the Hebron Development plan mapped to-scale alongside the proposed Pool 3 
future development from two Excavated Drill Centres (EDCs) connected to the GBS via subsea tie-
backs3.  The reservoir sections planned from EDC-1 (closest) are potentially accessible with 10,000m 
wells drilled from the Hebron GBS.  Hibernia, a nearby similar GBS, has drilled at least three wells 
with similar depth and reach.  With position sensing helping to overcome the depth correlation 
challenges that currently impede such developments, these wells are potentially developable with a 
preferred gravel-pack completion arrangement.   

Intersecting the farthest reservoir section planned from EDC-2 may require a 14,000m well, which is 
arguably the very outer limit of existing drilling technology.  With pressure monitoring providing real-
time measurements of circulating densities, operators will have access to improved means of 
ensuring adequate cuttings clearing, reducing the potential of getting stuck.  And with position 
sensing potentially overcoming the depth correlation challenges, the LUMENATE system has 
enormous potential in making the development of such wells technically feasible.  

 

Figure 26:  Extend Developable Reach - Eliminate Subsea Tiebacks 

The economic value, cost savings and GHG reduction potential of extending developable range is 
staggering, especially when cost and emissions occur in parallel to ongoing operations.  Based on 
GHG emissions reporting for MODU4,5, ship and helicopter operations6, developing all of the 
proposed wells7 for Hebron Pool 3 with wells drilled from the GBS could potentially save $Billions in 
development costs8 and eliminate an estimated 700 kt CO2e of GHG emission.   

                                                             
3 Hebron Development Plan, Figures 7.1-1 and 7.2-1, and GPS coordinates contained therein 
4
https://www.gov.nl.ca/eccm/files/greenhouse-gas-data-provincial-ghg-data-2016-2018-nl-industrial-

facilities.pdf 
5 CNLOPB, Schedule of Wells Summary - December 2020 
6
 Stantec, AIR EMISSIONS AND DISPERSION MODELLING STUDY FOR THE HEBRON PROJECT  

7 Hebron Development Plan, Figure 6.6-2: Drilling Schedule of Subsea (Pool 3) Wells 
8 Hebron Development Plan, Section 13.3.2, Pool 3 Subsea Development 


