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Logging deep-water wells with wireline cable protection: case studies and 

innovations 

Guy Wheater, Gaia Earth Group 

In this talk, Guy will briefly describe the engineering elements of a cable protection system that 

predicts and mitigates cable keyseating in challenging wells. Several deep-water case studies will be 

shared, where cable protection has enabled safe and efficient wireline acquisition, avoiding the costs 

and risks associated with alternate logging methods such as drill-pipe-conveyed. 

In addition, two new wireline standoffs will be discussed:  

i) A digital standoff (WXSO) that acquires data on cable dynamics and the wellbore 
environment. 
 

ii) A cased-hole standoff (WCSO), that aims to reduce wireline wear and drag in 
tortuous/high-angle cased-hole sections. 

 
WXSO is the world’s first cable-mounted acquisition device. It has provided fascinating insights on 

cable behaviour during logging runs and generated rich statistical data on formation tester creep. The 

aim is to develop a methodology for improved depth control and formation tester probe targeting, 

resulting in fewer tight tests, less packer wear and less rig time. 

WCSO is a cased-hole wireline standoff, which is commencing field testing. The goals are to preserve 

casing integrity from abrasive wireline action and extend tractor reach in long horizontal wells. 

Although there are no case studies to present, the rationale and modelling behind the application will 

be explained.  
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Ora: Interrogate your Reservoir 

Emilie Peyret, Schlumberger 

Dynamically characterizing a reservoir at the early stages brings immense value. To get there, the 

reservoir fluid must first be characterized in detail zone by zone and the results scaled up and 

integrated into the big picture of the reservoir. With the Ora formation testing platform, the operator 

is empowered because he or she can interrogate the reservoir in real time, therefore steering the 

investigation as a function of the response of the formation, right now right here.  

The Ora wireline formation testing platform enables you to interact with the digital hardware and 

collaborative software for performance and insights in all conditions.  The Ora platform revolves 

around the following four pillars: 

- Digital hardware with laboratory accuracy downhole metrology allowing for formation testing 

in environments where it was not previously possible such as HPHT, tight or unconsolidated 

formations and challenging fluids.  

- Intelligent planning that integrates all relevant data to design the optimum hardware 

configuration and data-acquisition strategy.  

- Operations control gives collaborative access to operations and results for all team members 

allowing for actionable insights.  

- Contextual insights provide detailed visualizations both in 2D and 3D of the data acquired 

directly in the reservoir context for real-time informed decision making.  

The outcome of this close interaction provides an unprecedented derisking as the case studies will 

show. 
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Re-perforating mature reservoir zones below deformed completion sections 

that have been damaged by formation compaction due to depletion  

Glynn Lockyer and Duncan Troup, Archer 

There are a number of currently producing fields where the operators are facing issues with wells 

producing below their potential but where access is limited due to completion damage caused by 

formation compaction.  These areas of deformation may extend only over a short distance, making 

the passage of intervention tools difficult. 

 

 Many of these fields date back nearly 50 years and since this problem has been evident from early on 

mitigation measures have included installation of extremely heavy walled liners in an attempt to limit 

deformation. Unfortunately, even with wall thicknesses in excess of 1” (25mm), deformation is still 

evident. The compaction occurs in chalk formations and is thought to be due to the compaction 

strength of water saturated chalk being inferior to that of the original oil saturated zone, so despite 

pressure support by water injection the deformation occurs. A study of compaction zones in the one 

field also indicated that the compaction occurs at the shallowest perforated interval, so the resulting 

deformation effectively limits access to the rest of the producing zones.  A study of the geometries of 

the deformed areas of liner was conducted, allowing classification of deformation type, and the 

application of a thermal polymer shaping technique allowed actual scale reproductions of the 

deformations to be created.  

 

This allowed extensive physical testing of specific toolstrings designed to be able to pass through the 

deformation profile using a combination of knuckle joints, roller devices and short rigid sections.   

This is turn drove the development of a new perforating system of small diameter, short, self-orienting 

guns that were still able to perforate through the heavy wall liners after passing through deformed 

liners. 
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Pro-Log – Wireless High Resolution Thermal Array Technology 

David Lavery, Metrol 

The considerable technical and commercial challenges of running Production Logs means that less and 

less interventions of this type are performed on new wells and valuable reservoir data is being missed 

as a result.  The Pro-Log wireless, high resolution distributed temperature array can be run alongside 

TCP perforating guns during the Drill Stem Test to provide an alternative to Production Logging data 

and provide real-time characterization of the reservoir.    

 

Using a variety of interesting case studies, this talk will demonstrate the main applications of acquiring 

Pro-Log temperature data during the Drill Stem Test.  Primarily the Pro-Log temperature data can be 

used to obtain a production profile of the reservoir by coupling the wellbore temperature to the 

flowrate.  In addition, the thermal array data provides feedback on the produced fluid properties, the 

well integrity and any crossflow during the build-up periods as well as many more applications.   

 

Using established and robust wireless communication systems means that the Pro-Log temperature 

data can be sent to surface in real time during the test without the need for any cables, overcoming 

complications with subsea wet-connects or packer penetrators.  The high resolution temperature 

measured by the Pro-Log system is able to accurately measure the transient nature of the wellbore 

temperature profile during the Drill Stem Test.   
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New Developments in Multi Barrier Cement Evaluation 

Mark Steel, Baker Hughes 

Recent years have shown an increased focus on Well Integrity, particularly in established 

basins where the focus is on the status of old wells, either where integrity problems are 

known/suspected or where Plug and Abandonment operations are being planned. 

Wireline technology to log the cement integrity of a well has typically only been able to 

evaluate the inner casing string annulus. This works well, in most cases, for new wells where 

the focus is on ensuring a good primary cement job and technology development in the last 

decade now allows for the evaluation of a wide range of cement types. In old wells 

however, there is a growing need to evaluate the cement conditions in secondary annuli, 

through multiple casing/tubing barriers. 

Technology exists to identify tubular integrity problems in multiple barrier scenario’s, 

typically utilising Electro Magnetics in some form, but reliable cement evaluation remains 

problematic. 

This presentation will introduce ongoing Research and Development efforts focussed on the 

evaluation of Cement Integrity through multiple casing strings.  
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Optimising perforation performance through the application of visual 

analytics and machine learning techniques 

Justin Bell and Christopher Scott, EV Cam 

Downhole Visual Analytics is the process of identifying and quantifying objects of interest, captured 

within high definition video datasets, to enable the evaluation of a range of well performance 

parameters. Advances in Visual Analytic techniques have coincided with the advent of array camera 

technologies and the ability to capture continuous, 360-degree images of the entire wellbore. 

In parallel, deep learning has evolved with the explosion of data in all forms and from every region of 

the world, known simply as big data. Deep learning allows computational models that are composed 

of multiple processing layers to learn representations of data with multiple levels of abstraction. These 

methods have dramatically improved the state-of-the-art in speech recognition, visual object 

recognition and object detection. 

This paper will demonstrate how the application of deep learning techniques enables a step-change 

in accuracy of measurement and processing time for the evaluation of perforation erosion – a key 

metric that is used to assess the effectiveness of limited entry hydraulic fracturing of unconventional 

wells. Examples will be shown from the analysis of a multi-well dataset, consisting of over 20,000 

perforation and 6,000 clusters. Initial results will be presented demonstrating better than real-time 

object recognition and greater consistency of perforation measurement compared with human-

derived techniques. 

The paper will conclude by evaluating the potential impact to the industry of such advances and 

discussion of similar applications that could be unlocked through similar visual analytic and deep 

learning techniques. 

 

 

Figure 1 - Optis Infinity Array camera technology enabling full 360-degree wellbore imaging 
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Figure 2 - example of automatic detection powered by machine learning finding and highlighting items of interest in an image 

 

 

Figure 3 - example illustration showing a time vs depth graph, highlighting possible items of interest in cyan (longer lines = 
higher probability of item of interest) 

 

  



London Petrophysical Society – New Technology Seminar 2020 

Thurs 16th January 2020  The Geological Society, Piccadilly 

Estimation of the porosity-permeability relationships from microstructural 

analysis of core and cuttings: application of data visualization, data mining 

and machine learning 

Quentin Fisher, University of Leeds 

It is often necessary to estimate porosity-permeability relationships very rapidly and/or when very 

little or no core is available. Recent advances in digital rock physics have made this possible by 

modelling fluid flow on pore networks imaged using micro-CT scanners. This process is, however, both 

time consuming and expensive. Here we present a method that allows this to be undertaken by 

undertaking microstructural analysis using SEM on small pieces of core or cuttings. The analysis can 

be conducted within around 12 hours of receiving samples. Currently, the analysis is being undertaken 

by applying data visualization and data mining techniques to compare images of new samples with 

those on our extensive database of the microstructural and petrophysical properties of samples. Field 

trials have proved very promising but require a significant amount of operator experience. More 

recently, convolutional neural networks (CNN) have been trained to identify rock types using a large 

number of labeled SEM images. The trained network was then tested on a different group of images 

and proved to be highly accurate. The rock types have unique porosity-permeability relationships, 

which can be integrated with wire-line log measurements of porosity to provide rapid estimates of 

reservoir flow properties. Further testing is required, but the initial results indicate that it may prove 

possible to rapidly characterize reservoirs from cuttings without first gaining a large amount of 

experience in microstructural analysis.  

 

  

 

Figure 1 left) Data visualization software used to identify key microstructural controls on porosity-

permeability relationships, right) matrix of confusion created during testing the accuracy of a trained 

CNN’s ability to identify rock type from SEM images.   
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Log Prediction using ML & AI in Kingdom and linking log data to Tibco’s 

Spotfire, an example using a North Sea data  

John Robson, IHS Markit 

When log data suites are incomplete or individual logs are missing data over a given zone or zones, 

log interpretation can be very difficult and time consuming. Kingdom now provides a number of tools 

to help with this common and troublesome issue. Using a ML and AI approach, missing or incomplete 

logs can be completed from a surrounding training dataset quickly and easily to help with your 

interpretation. Once the required logs are present, data can be further analysed by linking Kingdom 

to Tibco’s Spotfire application. This can provide further machine learning predications, generation of 

facies logs or PCA analyses.  Any data generated here can be integrated back into your project for 

further evaluation. 
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Unlocking Trapped Value – A Data Management Use Case for the Geoscience 

Community 

Iestyn Russell-Hughes and Neil Bonwick, Ikon Science 

Our industry has always been data and experience driven. Decades of working on a wide variety of 

datasets has resulted in the formation of a vast knowledgebase represented by the experience of 

thousands of geoscientists.  

There has always been potential for erosion of this knowledgebase, as geoscientists move on, retire 

or move asset teams within a company.  Moreover, specific software systems each generally come 

with their own proprietary methods for storing data, interpretations, and the results of analyses. This 

can make it difficult for geoscientists looking to start new projects to extract the relevant knowledge 

in a timely manner, the result is that not all of the most appropriate information is used in new projects 

and previously acquired knowledge and experience is often lost.  

In order to avoid the loss or erosion of knowledge, we propose a system (see figure 1) for ingesting 

data and information from multiple sources, aggregating and standardising it, making it searchable 

and accessible, and ultimately allowing it to be easily available for upcoming projects. The system also 

includes thorough auditing, history tracking and quality control allowing improved confidence in the 

provenance of the information contained. 

 

 

Figure 4: Data, information and knowledge can be brought into the system from many different sources. The key is being 
able to determine which information is most relevant for the next project. 
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DELFI cloud native app as a solution to build the corporate cloud-based 

storage with wellbore interpretation parameters and prepare the 

environment for advanced analytics and data mining 

Stefan Calvert, Aker BP 

Modern day oil and gas business environment is rapidly moving towards increased efficiency and 

productivity giving an incentive to oil and gas industry players to adjust and transform their business 

models and make them more agile in order to stay competitive. It’s more important than ever to take 

care of the company’s technical heritage and streamline the processes to be able to rapidly respond 

to the license round opportunities, efficiently develop existing assets and reduce the risk of 

exploration failures. 

In most of the companies the well interpretations are done on well by well basis, and carefully 

selected interpretation methodologies, zones and parameters are stored in the individual user 

projects and reports leading to petrophysical experts’ knowledge being trapped in silos. Aker BP 

understands the importance of gathering this information in a single storage that would allow, in case 

of a prospect assessment or development, to easily find the wells interpreted in the past in a similar 

context, geological and depositional environment, and make an educated decision on what 

interpretation methodology and parameters would be best to choose in the new wells.  

In the search for the solution, Aker BP teamed up with Schlumberger Montpellier Technology 

Center and launched the pilot of the DELFI Wellbore Interpretation Insights app implementation. This 

cloud native app is designed to connect to Techlog wellbore platform individual user projects and 

collect the history records with information about the interpretation methods, zones, parameters, 

inputs, outputs and metadata into a cloud-based environment. The app’s cloud web interface is 

equipped with tools to connect to the storage, make queries on the area and data of interest, mine 

interpretation parameters and visualize the data as dashboards and diagrams.  

In its essence the DELFI Wellbore Interpretation Insights app pulls together historical records of 

wellbore interpretations from the areas where the company operates and collects experts’ knowledge 

into a single environment allowing the company to build on its technical heritage. The system provides 

mechanisms to understand how the past interpretations have been done, advise on interpretation 

parameters to use when working with new wells, identify inconsistencies between interpretations 

within an asset.  The project has an ambition to make the interpretation approaches more consistent 

within the company and more coherent from one log analyst to another, at the same time preparing 

the foundation for more advanced data analytics algorithms, semi-automated parameters advising 

tools and future developments based on augmented learning principles. 
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Illuminating the Subsurface with EarthStar Reservoir Mapping Services 

Arthur Walmsley, Halliburton 

The EarthStar reservoir mapping service is comprised of a series of modular triaxial electromagnetic 

(EM) transmitters and receivers that gather data from variable spacings and frequencies (see fig 1.)   

This EM data can then be inverted to generate a reservoir map that realistically represents the 

subsurface resistivity field.  This processing is conducted while drilling to help guide operations such 

as reservoir landings and geosteering by de-risking real-time subsurface decision-making. 

 

Fig 1:  Tool schematic showing the modular nature of the EM measurement array. 

The tool is capable of generating realistic subsurface images in both carbonate and clastic reservoirs 

using any drilling fluid type (fig 2).  This imaging is generated by splicing together the output models 

from the 1D hybrid inversion where each 1D slice is calculated independently of the adjacent slices.  

The 1D optimization algorithm requires no user input or constraint and therefore generates an 

unbiased solution based entirely on the observed data and known physical laws.  This unbiased answer 

can also serve as a basis for comparison to more complex or higher dimensional answer products such 

as 3D inversion.  This talk will provide an overview of the physical tool design and the inversion 

processing techniques that are applied to the data with case studies from several different reservoirs.  

Fig 2:  Two examples of the 1D answer product from the North Sea, (left) a Jurassic clastic reservoir 

and (right) a Paleocene fractured chalk reservoir.   
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Improving production in child wells by identifying fractures with an LWD 

Ultrasonic Imager: A case study from an unconventional shale in the U.S  

Davide Di Tommaso, Weatherford 

High-resolution images from a Logging While Drilling (LWD) ultrasonic imaging tool were used to 
identify induced fractures, map offset well communication and optimize hydraulic fracturing practices 
in a series of infill horizontal wells drilled with oil-based mud. Previous mineback studies were able to 
characterize the existence and impacts of bi-linear fractures when drilling with water-based systems 
(Ambrose, 2011). 

This newly developed LWD ultrasonic imager was used to acquire wellbore images while drilling infill 
wells in an unconventional shale in the US where oil-based systems are utilized. In a joint effort 
between the service company and the operator, design engineers and the drilling/ reservoir teams 
optimized logging operations to acquire high-quality images used to identify and characterize 
fractures immediately after the well reached TD. 

The ultrasonic imager was run in different areas of the operator’s unconventional shale acreage that 
captured variability in black oil, volatile, and retrograde condensate fluid systems, providing high-
quality images that allowed identification of different formation features such as bedding planes, 
natural fractures, and induced fractures. The presence of fractures induced by nearby wells 
suggested the communication between parent-child wells in areas of the lateral. These zones were 
identified, mapped and isolated to mitigate the fracture interference. The child wells where this 
technique was used showed a more efficient use of capital expenditures and a reduction in the 
negative impact in parent-well production. The operator also established how the reservoir and 
geomechanical models in the area were fractured, enhancing predictiveness by identifying detailed 
hydraulic fracture interference. This allowed for better assessment of primary recovery and EOR 
optimization. 

This case study shows one of the first proven cases where an LWD ultrasonic imaging tool was used 
for completion optimization and improvement of child-well production to mitigate well 
intercommunication and field characterization for ongoing and future studies. 

 


