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Petrophysics in geothermal reservoirs: Challenges and opportunities 

Matthew Jackson – Imperial College London 

Petrophysical properties are essential to characterise and predict geothermal reservoir 
performance.  However, petrophysical characterisation of geothermal reservoirs presents a number 
of new challenges and opportunities compared to hydrogeology and petroleum reservoirs: 
geothermal systems comprise igneous as well as sedimentary rocks; the heat resource is largely 
hosted by the rock rather than the fluids; it is essential to characterise thermal as well as storage and 
transport properties; fluids may comprise water or vapour (steam), and both permeable and 
impermeable rocks can deliver heat via advection and conduction, respectively.  The aim of this talk 
is to briefly review some of these challenges, as well as the new opportunities for petrophysics as 
geothermal and related technologies become increasingly important energy sources 

 

Presenter bio:  

Matthew Jackson is Professor in Geological Fluid Mechanics at Imperial College 
London and head of the Novel Reservoir Monitoring and Simulation (NORMS) 
Group.  His research interests broadly encompass flow and transport in 
subsurface reservoirs, including groundwater resources, geothermal 
reservoirs, oil and gas reservoirs, and magma reservoirs.  His research includes 
numerical modelling of reservoir behaviour, and experimental characterisation 
of reservoir properties in the NORMS Laboratory for Reservoir Physics 

 

 

  



Dynamic Measurements in Geothermal Producer and Injector Wells Using a Multisensor Approach 

Virginie Schoepf and Franck Raigneau - Engie Solutions-SDP Logging and Openfield Technology 

As much as for oil and gas well, the dynamic characterization of a geothermal reservoir is key to 
understand early on the reservoir heterogeneity, connectivity and deliverability and to optimize the 
production of a geothermal power plant. Even with a comprehensive set of static measurements at 
various scales (seismic, logging, core) and its inferred dynamic predictions, the dynamic behavior of a 
reservoir can only be appreciated through dynamic testing. In geothermal wells, dynamic testing is 
generally achieved using point gauges at surface and downhole, but rarely with production logging. 

In situ dynamic testing was carried out in a multi-lateral deviated producer and in an injector drilled 
through a Jurassic limestone with use of a production logging toolstring. The toolstring was composed 
of conventional PL sensors as well as of a new compact array tool with distinctive physical miniature 
measurements. The toolstring was deployed while well shutin prior to be positioned at the bottom of 
the production casing in order to acquire stationary data at various producing rates followed by a 
buildup while shutin.  

Very good data quality was acquired with various sensors physics to provide a comprehensive flow 
diagnostics and data redundancy. Quantification of downhole flowrates from in situ sensors showed 
greater accuracy than surface flowrates. Buildup data provide an understanding of near wellbore 
effects, permeability and transmittivity and reservoir boundary. Flow profile acquired across the 
reservoir section with the PLT string was compared to cumulative permeability from the static 
description, which highlighted higher level of heterogeneities than assumed 

Illustrations (sample):  

Fig 1 shows a structural cut in Basin Paris and its geothermal reservoirs, which mapping was greatly 
achieved thanks to thousands of penetrations of oil and gas wells in the basin. First test of producing 
geothermal water was carried out in 1962 in Carrieres-sur-Seine, while first geothermal plant started 
to operate in 1969 in Melun 



 

Figure 2 summarizes the main facts of the low enthalpy geothermal power plant of Velizy Villacoublay 
and shows the drilling rig used to drill the geothermal doublet made of one injector and one producer 
wells 

 

 

Presenter bio: 

Virginie Schoepf - Energy Professional with 18-year international experience with background in 
geophysics. Expertise in petrophysics and in situ well measurements. Technical lead for screening 
and deploying new technology. Striving to keep focus on value and delivering fit-for-purpose 
solutions in complex environments. Passionate about learning & development, connecting people 
and developping talents. 

  



The importance of an integrated Operations Geology workflow in de-risking radioactive waste 
disposal in Nagra’s TBO deep borehole project 

Dr. Rodney Garrard and Serge Marnat - Nagra and Geneva Petroleum Consultants International 

For the safe disposal of radioactive waste, the geothermal industry and the oil and gas industry, a 
detailed quantification and characterization of the mineral and fluid content is of key importance.  

Operations Geologist roles include but are not limited to optimization of the data acquisition, whilst 
ensuring the project objectives are met within the allowed budget. We will see in the following 
examples the importance of integration of the whole workflow by the Operations Geologist, from 
borehole design through log acquisition to petrophysical and geomechanical interpretation. 

In Nagra’s deep borehole project (TBO), the main potential host formation for radioactive waste 
disposal is the clay-rich Jurassic Opalinus Clay. It must be ensured there is no probability of any 
interaction with the nuclear storage in long term, that might compromise their structural integrity. It 
is essential therefore, to acquire high quality petrophysical data to provide a detailed compositional 
breakdown of the host lithologies. The ongoing drilling campaign comprises several boreholes, the 
first one was Bülach1-1 (BUL1-1). This borehole was drilled with a low salinity water-based mud 
(WBM), which resulted in large washouts in the shaly formations, making a good quality wireline log 
acquisition impossible. 

The lesson learned was that the initial mud formulation did not allow the data acquisition. Clay 
inhibitors (potassium, K-silicate mud) were successfully added to the mud system in the latest 
boreholes, an in-gauge hole allowing a good wireline acquisition. 

However, introducing potassium into the mud has a direct impact on the spectral gamma-ray tool 
(HNGS) measurement of the thorium, uranium and potassium concentration. The ratios of these 
elements (e.g. Th/K) are key data for clay minerals quantification. It is therefore imperative to 
accurately correct for the presence of potassium in the mud system. The integration of the workflow 
by the Operations Geologist, from borehole design through log acquisition to interpretation, 
minimized this impact. A high-level, almost real-time QA/QC procedure was implemented. The HNGS 
output curves (HSGR, HCGR, HFK, HTHO and HURA) were corrected for three different potassium 
contents: 0% (no K correction), K content from Daily Mud Report (DMR) and K content in mud from 
HNGS indirect measurements downhole. 

 

Figure 1 Potassium correction comparison between DMR and HNGS reading in a TBO borehole. The X 
axis represent the K content from HNGS, the Y axis the Th content from HNGS.  



Figure 1 shows an example of the impact of the K-silicate mud correction on the HFK and HTHO curves. 
A detailed QA/QC ensures provision of the most accurate spectral gamma-ray curves that will be used 
as input for the multimineral models for clay-typing. Note that, since the K and U peaks in the GR 
spectrum overlap, the quantification of each element depends on the other, meaning that the U is 
impacted by the K correction. 

A second example of the impact of expert QA/QC on high technology wireline logs is the maximization 
of the output of the elemental spectroscopy tool ECS (Schlumberger). While the standard ECS 
processing (WALK2 mainly provides Si, Ca, Fe, S, Al, Ti and Gd, an alternative processing (MGWALK) 
can additionally evaluate the magnesium content and its uncertainties in low clay content intervals. 
This requires good communication between the teams, as the logging speed should be reduced to the 
lower limit of the winch capability for optimum quality. The impact of the MGWALK processing is a 
better quantification of the dolomite and calcite volumes in complex mineralogical settings (Error! 
Reference source not found.): 

 

Presenter bio: 

Dr. Rodney Garrard is a geologist with over 18 years’ international experience in the oil 
and gas industry. Past duties include wellsite and operations geology at Wintershall and 
VNG (Neptune Energy), Det Norsk, and Tullow Energy. He is presently working as 
project manager (logging and testing) for Nagra’s exploration project in Switzerland.  
 

 

 

 Serge Marnat. Senior Petrophysicist with 30 years’ international experience in the oil 
and gas industry. Past duties include Operations Geology and Petrophysics at Total and 
Addax Petroleum, and presently Senior Petrophysicist at Geneva Petroleum 
Consultants International, setting up and running advanced QC and interpretation 
workflows for our Clients.  

 

  



Flow in Porous Media in the Energy Transition 
 
 
Prof. Martin Blunt – Department of Earth Science & Engineering at Imperial College London 
 
I will first discuss how we are redesigning our teaching to respond to the energy transition at Imperial 
College London. 
 
I will then focus on research and how the use of non-destructive micron-resolution three-dimensional 
reservoir-condition X-ray imaging, combined with sophisticated analysis and modelling, have 
transformed our understanding of multiphase flow in porous media.  An overview of the technology 
will be presented with a perspective to the future.  Emphasis will be placed on using fundamental 
insights to interpret and design a variety of porous media processes relevant to the energy 
transition.  This includes work on carbon dioxide storage and electrochemical devices. 
 

 

Presenter bio: 

Martin Blunt - Martin joined Imperial College London in June 1999 as a Professor 
of Petroleum Engineering. He served as Head of the Department of Earth Science 
and Engineering from 2006-2011. Previous to this he was Associate Professor of 
Petroleum Engineering at Stanford University in California. Before joining Stanford 
in 1992, he was a research reservoir engineer with BP in Sunbury-on-Thames.  



Fibre Optic Sensing of Subsea Wells and it’s Application to Offshore Carbon Storage Projects 

Glenn Wilson and Sigurd Moe - Halliburton and TechnipFMC 

Distributed acoustic and temperature sensing (DAS/DTS) is a rapidly evolving, conveyance-agnostic 
technology for both reservoir and asset diagnostic applications across oil and gas production, carbon 
storage, and geothermal applications. Permanent fiber optic installations in upper and lower 
completions afford interventionless reservoir data acquisition for quantifying flow profiling, solids 
production, caprock integrity, well integrity, and seismic imaging.  

Despite technology maturity in dry-tree and retrievable applications, there have been significant 
challenges associated with both DAS and DTS for subsea applications. It is insufficient to simply extend 
dry-tree or retrievable concepts to subsea wells, where advanced optical engineering solutions are 
required to compensate for optical losses and back reflections accumulated through umbilicals, 
multiple wet- and dry-mate optical connectors, splices, optical feedthrough systems, and downhole 
fibers while further limited to the use of optical power-limited components. Moreover, without 
modifying the subsea optical distribution, the acoustic bandwidths and temperature resolutions are 
significantly compromised. In this paper, we discuss the systems-level solutions that enable dry-tree 
equivalent DAS/DTS data to be acquired in the upper and lower completions of subsea wells, 
irrespective of their tie-back distance to the host facility.  

The result is a subsea DAS/DTS solution that achieves data quality comparable to dry-tree wells. For 
data consumers, this implies that existing DAS/DTS processing algorithms developed for reservoir 
diagnostics on dry-tree wells can be readily applied to subsea well data. We have validated system 
performance through a series of laboratory studies and onshore field trials, and are now delivering 
the system into multiple subsea projects. Application to offshore carbon storage projects is also 
discussed. 

 

 
 
Figure 1. System overview for topside interrogation of upper and lower completions in subsea wells 
involves the FPSO-deployment of an interrogator system and a continuous fiber topology from the 
topside to lower completion. The fiber topology includes running two fibers per well via the umbilicals 
and subsea distribution system (SDS) to a remote circulator in the optical flying lead (OFL) that 



connects to the subsea tree’s optical feedthrough system (OFS). The OFS optically couples to the 
downhole fiber-in-metal-tube (FIMT) in the upper and lower completions. Fiber is connected across 
the upper and lower completions by a downhole wetmate (DHWM). 

 

Presenter bio:  

Glenn Wilson is Halliburton’s Product Manager – Subsea Solutions, and has previously held various 
formation evaluation product management and technology roles. Prior to joining Halliburton, he held 
various roles in TechnoImaging, Rock Solid Images, BP, and the University of Utah. He holds degrees 
in physics from Central Queensland and Griffith universities in Australia. 

 

 

  



Using a Wireless Downhole Flow Control Device to Effectively Manage Transient Temperature 
Changes during CO2 Injection 

David Lavery – Metrol 

Carbon Capture and Storage (CCS) can unequivocally help countries meet ambitious climate 
change targets. Instead of CO2 being released to the atmosphere, it is collected and 
transported to be stored safely in depleted reservoirs and aquifers deep underground.  

The oil and gas industry finds itself in a unique position of having the infrastructure and 
experience to implement CCS projects as part of the necessary energy transition. 

Storing CO2 in reservoirs offers many advantages, namely that the prevailing temperature 
and pressure means that the CO2 is in a supercritical condition. Thermodynamically, 
supercritical CO2 has a density equivalent to its liquid phase but flows like a gas therefore a 
larger volume of CO2 can be stored more efficiently.  

Away from the reservoir, injecting CO2 is not without considerable technical challenges. 
Pressure changes in the wellbore, particularly acute during start-up and shut-down 
operations, mean that the CO2 is likely to undergo several phase changes on its journey to 
the reservoir. 

Under these transient conditions, there is a very real prospect of extreme cooling due to the 
Joule-Thomson effect. This is particularly important at the wellhead where there is likely to 
be a large pressure drop across the choke and the cold, subsea temperatures exacerbate the 
problem.  

There are several solutions to overcome the transient pressure changes. The most common 
solution is to install small diameter tubing to act as a “reverse velocity” string and provide 
sufficient back-pressure due to flowing friction. Whilst this is a simple solution, it can also 
limit flowrates. A more elegant solution is to install a downhole control valve that can be 
adjusted during the life of the well to provide enough back-pressure during transient 
operations. 

In this presentation, I will discuss the advantages (and disadvantages) of using a wirelessly 
controlled downhole valve to overcome some of the challenges of injecting CO2. I will also 
touch on other wireless technology (pressure and temperature) that has an important role 
in the life of a CO2 injection well.  

 

Presenter bio: 

David Lavery is a Senior Well Log Analyst for Metrol, based in Aberdeen. His primary 
responsibility involves developing thermal models for distributed temperature analysis. He 
has over ten years of experience in the oil and gas industry including working in the field as 
a wireline engineer.  

He has a Masters in Aero-Mechanical Engineering from the University of Strathclyde and is a 
Chartered Engineer through the Institute of Mechanical Engineers.  

 

  



Carbon Sequestration Potential in the Los Angeles Basin 

Kristen Foust, Christian Edwards and Per Irgens – Schlumberger 

Dedicated geologic Carbon Capture and Storage (CCS) is the process by which carbon dioxide is 
captured from stationary sources and permanently stored in deep saline reservoirs. Before any CO2 is 
injected underground, operators must document compliance with the United States Federal and State 
regulations to obtain permitting. A subsurface characterization study including petrophysical 
properties is one of the main components of permitting for CCS and informs all subsequent project 
steps. In this talk we will illustrate the need for expertise in petrophysics and geomodelling for site 
screening and storage selection using a case study from western USA. Part of the development 
pertaining to injection well construction, pre-operational logging, testing, well operations, and 
monitoring/post-injection site care and closure are also part of the overall CCS assessment that needs 
to be addressed.  

In the initial stages of a CCS project, the operator must determine if there are saline (>10,000 ppm) 
subsurface storage formations at depths that will maintain CO2 in a supercritical state (below 2,500 
feet). Low-permeability regional seals must exist above the reservoir for permanent isolation, forming 
a storage complex. Injectivity, capacity, and integrity of the storage complex need to be demonstrated 
through analysis of reservoir injectivity properties (porosity, permeability, salinity, temperature, and 
pressure) and potential leakage pathways (faults and abandoned wells) to keep CO2 out of the 
atmosphere and avoid contaminating underground sources of drinking water (USDWs).  

In the case study, a high-level subsurface characterization was performed over the Los Angeles Basin, 
California to demonstrate the feasibility workflow for site identification and ranking. The study is 
considered solely demonstrative as the large population density and proximity of the San Andreas 
fault system renders large-scale storage infeasible.  

Prospective storage complex identification using interpreted well tops and published maps as input 
for structural modelling and raster log images to produce lithofacies logs used to constrain 
petrophysical properties. The resultant static model was used to identify five prospective injection 
locations. The five prospects were ranked 1-5, from most to least favourable, using fault leakage and 
reactivation, distance to subsurface operations, and reservoir storage potential as evaluation criteria.  

To understand CO2 pressure and plume geometries a dynamic simulation was conducted over the 
most favourable injection location at a continuous injection rate of 1 million tonnes of CO2 per year 
for 20 years, and 50 years post injection to observe plume stabilization. The dynamic simulation used 
salinity, temperature, and pressure inputs estimated from nearby oilfields.  

 



                           

 

                           Fig. 1. Prospect Estimated Storage Capacity          Fig. 2. Facies Interpretation. Sand, Sandy-shale, Shale  

Presenter bio: 

Christian Edwards - Senior Petrophysicist with Schlumberger located in Dallas, Texas, USA and is 
currently working on multiple CCS projects. His primary focus is on petrophysics for Reservoir 
Characterization and Salinity determination for inputs into Geomodeling and Reservoir Engineering. 
Christian has been with Schlumberger for over 21 years and has held jobs as an Open and Cased Hole 
Wireline Engineer, Management, Sales, Marketing and in Business development. The last 10 years he 
has been a Reservoir Petrophysicist working on large scale consulting projects from around the world 
specializing in Unconventional, Multi-well Petrophysics, and Rock Physics. Christian has a degree in 
Electrical Engineering from Texas Tech University.  

 

Per Irgens is a Petrophysics Team Lead for North America with Schlumberger Digital and Integration 
located in Houston, Texas, USA and is currently working on digital subsurface characterization 
projects, including unconventionals and CCS projects. Per has been with Schlumberger for over 18 
years, the last ten as a reservoir petrophysicist working on seismic petrophysics, multi-well analysis, 
unconventional asset consulting projects, and CCS projects. Per graduated from Rhodes University 
with a MSc in Mathematical Statistics and from the Norwegian University of Science and Technology 
with a MSc in Physics. 

 


