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Dear members and friends of the LPS, 

We hope you are all keeping well and safe, and staying sane!  To keep your grey matter going, 
we have some exciting online talks planned – hope you can join in! 

As things stand, the Geological Society is still closed, so we are planning to hold our meetings 
online for the time being.  Our first online meeting on Tuesday 19th May went very well – thank 
to all those that joined us!  Stacey Althaus of Aramco Services, an SPWLA distinguished lecturer, 
gave a talk on NMR measurements on drill cuttings, all the way from Houston, Texas.  This was 
followed by a short talk by Andrea Gasparotto of Southampton University, talking about his 
PhD research, for which he received the LPS Iain Hillier award. 

Our next evening lecture will be on Tues 9th June.  This will be given by another SPWLA 
distinguished lecturer, Stein Ottar Stalheim of Equinor, who will be talking about permittivity 
from LWD resistivity.  Please see details on the LPS website for how to join – we will be using 
Eventbrite for registrations to this free webinar. 

Unfortunately, we received some very sad news; Professor Paul Worthington recently passed 
away.  Paul was a President of the LPS and also an SPWLA President, and received multiple 
awards from the SPWLA as thanks for this contributions.  Some of you may know Paul through 
his role as a visiting professor at Imperial College.  Paul was a prolific writer of excellent papers 
and worked with and influenced many of the LPS membership.  He will be sadly missed within 
the petrophysics community.   

We will have a fuller obituary for Paul in next month’s newsletter so please excuse the brevity 
this month.  We would also like to ask the membership to share any memories, anecdotes or 
photos of Paul.  We will compile them in next month’s newsletter and share them with Paul’s 
family.  Please email myself (dhouliston@erce.energy) and our Newsletter editor, Najet Agrane 
(nagrane@slb.com) if there is anything you would like to share, however brief. 

Take care of yourselves. 

Best wishes, 

Dawn Houliston 
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Tuesday 9th June @ 5:30 pm 

Webinar 

 

`Deducing Electrical Permittivity of Formation from LWD Resistivity 
Measurements.` 

Stein Ottar Stalheim  

 

Tuesday 21st July @ 5:30 pm 

Webinar 

 

`Investigation of Physical Properties of Hydrocarbons in 
Unconventional Mudstones using 2D NMR Relaxometry ` 

Harry Xie  
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Deducing electrical permittivity of formation from lwd 
resistivity measurements  

Stein Ottar Stalheim, Equinor  

Abstract 

The electrical permittivity (e) of rock has been measured and applied in petrophysical 
evaluation for decades.  With the new-generation tools the popularity and application of e has 
increased in the past years.  One of the advances of the new-generation tools is measurement 
of e at multiple frequencies (f), also known as dispersive permittivity (e (f)).  Drawbacks with 
these tools are that they respond to the invaded zone and the data must be acquired on 
wireline and therefore is not always accessible.  
 
Logging While Drilling (LWD) propagation resistivity records the phase shift and attenuation 
between two receivers and responds differently to electromagnetic rock properties (resistivity, 
permittivity and permeability).  The characteristic of the phase shift and the amplitude decay 
can therefore, under given conditions, be used to extract both electrical permittivity and 
resistivity from the measurements.   
 
The purpose with this presentation is to show that electrical permittivity and its dispersion can 
be extracted from LWD resistivities.  The work is motivated by the fact that information about e  
and e(f) is hidden in the LWD resistivities, so why not extract it and use it?  The permittivity can 
be used in the petrophysical evaluation, it is acquired in real time and can be used to identify 
bypass zones, as geological marker and for geo-steering.  The LWD resistivity accuracy will also 
be improved by replacing the empirical based assumption about e with the more correct value 
on e in the LWD processing.  This improvement in accuracy of LWD resistivity will be significant 
in rocks with large permittivity (e.g. organic-rich source rock). 
 
This paper applies classical electromagnetic theory and shows how to extract permittivity from 
LWD resistivity.  Examples are illustrated based on results from different LWD tools.  The 
examples show that LWD permittivity and its dispersion fit very well with data from commercial 
wireline tools.  Limitations of presented techniques and further application of LWD permittivity 
and dispersion will be discussed. 
 

About the Author 
 
 
Stein Ottar Stalheim is specialist in petrophysics with Equinor, Norway. 
Stein Ottar joined Equinor (former Statoil) in 1993.  His main interest is 
EM physics, multivariate analysis and scientific computing.  The primary 
role to Stein Ottar in Equinor is related to Geo-electrical modeling, 
dynamic petrophysics and well integrity.  Stein Ottar received his M.Sc. 
and Ph.D. degree in physics from the University in Bergen.   
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Investigation of Physical Properties of Hydrocarbons in 
Unconventional Mudstones Using Two-Dimensional NMR 

Relaxometry 
Z. Harry Xie and Zheng Gan 

 

Abstract 

Understanding of organic matter properties is crucial in characterization of unconventional 
plays. It is always a challenge for petrophysicists to differentiate and quantify mobile and 
immobile hydrocarbons in unconventional mudstones. High frequency (22MHz) NMR for 
unconventional rock core analysis has gained industry acceptance for its high efficiency and 
high sensitivity to measure very small volumes of fluids and solid hydrocarbons in tight rocks. 
Previous work has revealed that one-dimensional (1D) NMR T2 method is insufficient to study 
organic matters in fresh core samples due to overlapping T2 signals from both hydrocarbons 
and water. Co-existence of structurally bound water and solid hydrocarbons in shales leads to 
short T2’s in microseconds range, and further complicates the situation. In this work, we 
present the first detailed analysis method using the two-dimensional (2D) NMR T1-T2 mapping 
techniques to study physical properties of hydrocarbons in various shale rocks. Combined 
NMR pulse sequences were used to acquire signals from solids and liquids that contain 
hydrogen. The 2D T1-T2 maps were further processed by removing the map regions which are 
from water to obtain 1D T2 distributions for hydrocarbons only. Measurements on mudstone 
core samples at various temperatures, from 22 °C to 90 °C, show that the relaxation time T2’s of 
hydrocarbon components increase with temperature due to molecular mobility increasing but 
at different rates, implying that hydrocarbons present in different environments (e.g., organic 
and inorganic pores) within these tight core samples are undergoing different thermal 
dynamics processes. T2 of each hydrocarbon component as a function of temperature were 
analyzed to calculate the activation energy (Ea) based on the Arrhenius equation for molecular 
kinetics, and producibility is then estimated accordingly. This NMR method provides 
petrophysicists with a powerful way to study hydrocarbons that are confined in organic matter 
such as bitumen and kerogen to understand the mechanism of enhanced oil recovery (EOR) in 
unconventional reservoirs. Furthermore, results from such NMR relaxometry analysis and 
multiple-heating rate pyrolysis indicate that the combined techniques are very promising for 
investigating producible estimates from the free/adsorbed hydrocarbons present in source-
reservoir intervals. Such an alternative approach leads to an analytical protocol for the 
determination of NMR cut-offs to quantify mobile and immobile hydrocarbons. 
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About the Distinguished Speaker 
 
 Zonghai Harry Xie is NMR Senior Advisor at Core Laboratories. He 
received   his PhD in Physics from the University of Kent at Canterbury, UK, 
in 1994 and worked as a research fellow for both the University of Surrey 
and the University of Kent on an industrial project to build an on-line NMR 
system for quality control purposes. Dr. Xie has spent several years 
working as Product Specialist to develop and support laboratory NMR 
products (MARAN product line) at Resonance Instruments Ltd.  He has also 
spent time at Bruker as Senior Applications Scientist in the Time Domain 
NMR division, Technical Director of the Time Domain products for Asia 
Pacific, and General Manager of Bruker Optics China. Dr. Xie has been 
focusing on developing new NMR techniques for unconventional 
mudstones since he joined Core Lab in November 2012. 
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• SPWLA Monthly Webinars:  

https://www.spwla.org/SPWLA/Events/Event_List/SPWLA/Events/EventListRoster.aspx?
DisplayAreaOptions=No&hkey=0e68d4af-78df-4ed2-8bd2-79ddc7cf4411 

• PESGB Virtual Events: 

https://www.pesgb.org.uk/upcoming-events/ 

• Free Online Webinar by Ikon Science: 

https://view.ikonscience.com/petrophysics-for-rock-physics-webinar 

• Free Online Webinar Series by CGG: 

https://www.cgg.com/en/What-We-Do/GeoSoftware/Whats-New/Webinar-Series 

• SPE Distinguished Lecturer Webinars (requires SPE membership): 

https://webevents.spe.org/distinguished-lecturer 

• PESGB Young Professionals ‘Lockdown Lectures’: 

https://members.pesgb.org.uk/login?redirect_url=~2Fevents~2F5ea18efcd368a80ad629e0aa 

 

 

•  

https://lps.org.uk/#
https://www.spwla.org/SPWLA/Events/Event_List/SPWLA/Events/EventListRoster.aspx?DisplayAreaOptions=No&hkey=0e68d4af-78df-4ed2-8bd2-79ddc7cf4411
https://www.spwla.org/SPWLA/Events/Event_List/SPWLA/Events/EventListRoster.aspx?DisplayAreaOptions=No&hkey=0e68d4af-78df-4ed2-8bd2-79ddc7cf4411
https://www.pesgb.org.uk/upcoming-events/
https://view.ikonscience.com/petrophysics-for-rock-physics-webinar
https://www.cgg.com/en/What-We-Do/GeoSoftware/Whats-New/Webinar-Series
https://webevents.spe.org/distinguished-lecturer
https://lps.org.uk/wp-admin/_wp_link_placeholder
https://lps.org.uk/#
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Notice from the Technical Editor:  
 
Articles published in the LPS Newsletter are not peer reviewed but are subject to technical 

editorial review for relevance to the LPS community.  Views expressed in the published articles 

are those of the authors and do not necessarily represent the views of the LPS. 

The LPS welcomes relevant contributions for publications from LPS members, sponsors and 

the wider geoscience and engineering community.  Contributions from previous and upcoming 

presenters in LPS events are particularly welcome.  For further information and submission 

email the LPS Technical Editor, M. S. Ameen: ameenms1958@gmail.com 

mailto:ameenms1958@gmail.com
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Innovations in Wireline Cable Protection 
 

Part 2: Digital Wireline Standoff (WXSO) (1) 

 

M. Hanson (*), G. Wheater (*), and S.L. Huyton (*)   
(*) Gaia Earth Group, UK 

Email: guy.wheater@gaia-earth.co.uk 

Overview 
 
This article is the second part of a series on innovations in wireline cable protection. The first 
part was published in the LPS Newsletter, March, 2020 (Wheater, 2020).  In order to understand 
the fundamentals of cable behaviour during a wireline logging run, a digital standoff was 
created.  Called WXSO, this is the world’s first cable mounted acquisition package. It comprises 
a miniature memory logging package that records numerous data channels from the 
perspective of the cable – it can be considered like a “black-box” for a logging run. It can be 
mounted at any position on the cable and can be run with an array of wireline standoffs as a 
sticking sensor or by itself in standalone mode. Multiple WXSOs can be deployed along the 
cable if needed. To date, WXSO (Figure 1) has been deployed four times on deep-water jobs and 
intensive research is ongoing in many areas, from improving formation tester performance in 
wells with thin or heterogenous beds to identifying potential wireline wear zones in casing 
before the wear actually takes place. The WXSO measurements are summarized in Table 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: WXSO being mounted on the cable during initial shake-down trials at the Halliburton test 
well in Houston. Four bolts clamp the WXSO onto the cable and installation time is approximately 2 
minutes. Prior to deployment, the memory package is programmed according to the duration of the 
logging run and the required resolution.  

 
(1) This is the second in a series of LPS articles by the current authors in which they address the different aspects of 
innovations in wireline cable protection.  Part-1 was published in the March 2020 issue of the LPS Newsletter  

mailto:guy.wheater@gaia-earth.co.uk
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The WXO minimum recording interval is ≈ 16 ms (≈ 60 samples per second) generating ≈ 125 
samples per foot at a logging speed of 1800 ft/hr (30 ft/min). There is a pressure switch which 
allows different acquisition rates, e.g. in casing compared to open hole. On operations, WXSO is 
usually clamped ≈ 50FT above the cable head. 
 
 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1: Summary of measurements from WXSO. 

 
In this paper we discuss five areas of investigation for WXSO. 

 

1. Cable seasoning: 
 
Cable seasoning is a process whereby a new wireline cable is run in hole under controlled 
conditions (at a slower speed than normal) to allow force equalisation between the two armour 
layers and the cable core. If a new cable is run in hole too quickly the outer armours may 
spring out by “popping a strand’ or bird-caging the cable, which is a serious problem. The 
general recommendation for seasoning a cable is usually 5-10 runs at lower speeds with pick-
up tensions every 1000 ft to allow the internal forces to equalize in a steady fashion. Eventually, 
the cable armours are in harmony and the cable is declared “seasoned”. The longstanding 
issues with this approach are: 

WXSO SENSORS AND MEASUREMENTS (RATED TO 150 °C and 20 Kpsi) 

SENSOR MEASUREMENTS 

Temperature • Better BHT estimates (whilst avoiding mercury ther-
mometers) - the sensor is in direct contact with the 
borehole fluid 

• Loss zone i.d. from dT 
• Mudline and riser temperature (gelling) 
• Wireline casing wear zones from thermal ramp 

Pressure • Mud weight log 
• Slump detection 
• Pumped fluid detection from formation testers 
• Straddle packer leakage during mini-frac 

Accelerometers • Road noise log for wireline standoff planning 
• Cable sticking sensor (static and dynamic) 
• WXSO event “playback videos” 
• Wellbore rugosity indicator 
• Cable torque log (seasoning status) 
• Swivel efficiency 
• Jar firing and re-cocking record 
• Creep corrections for formation testers in thin beds 
• Percussion side wall core firing record 
• Riser inclination (deflection) 

Magnetometers • Casing Collar log 
• Wellhead wireline depth 
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a. There is no framework (nor records available) to truly define a cable’s “seasoning status”.  
b. We do not yet know the signatures of unseasoned to seasoned cables in real wells, since no 

downhole (in-situ) measurements have yet been acquired. 
c. There are inefficiencies (rig time) and risks (cable damage) with the current seasoning 

methodology, e.g. many new wells are directional, and seasoning should ideally be 
conducted in vertical wells only.  

d. There remain stranding risks (armour damage) well after the “seasoning” period is over. 
Seasoning is an ongoing process and logging 50x wells at 10,000 ft does not mean the cable 
is seasoned for a 15,000 ft well. Thus, the risk of stranding or bird-caging needs to be 
assessed from using a combination of a seasoning framework, tension modelling and 
downhole measurements, the result of which may be a recommendation to alter the tool-
string, e.g. more weight for lighter strings or the inclusion of a swivel for heavier strings. 

 

The WXSO can be employed to throw some much-needed light on these issues, reducing the 
risks of cable damage in challenging wells and gaining insights into cable selection and usage 
for future logging operations (section by section). This will be especially beneficial for remote 
offshore projects where access to cable servicing yards may be difficult. The WXSO measures 
the cable rotation (relative bearing) generated from applied torque (Figure 2).  Our goal is to 
gather sufficient spin data and separate three things from the signal response: 
a. effect of wellbore trajectory 
b. effect of string weight (tension), and most importantly: 
c. the effect of cable seasoning i.e. is the cable “seasoned” for an upcoming logging job and 

should a swivel be employed to aid torque balance in the line. 

  

Figure 2: The WXSO measures the cable rotation (relative bearing) generated from applied torque. 
The upper left-hand plot shows cable spin for a seasoned cable in a tangent well (picking up from TD 
on the left-hand side). The lower left-hand plot shows the character of the spin in the frequency 
domain. The upper right-hand plot shows cable spin for a semi-seasoned cable in a drop-off hole, 
with higher logging tensions (and spin) as seen by the different magnitude and character in the 
frequency domain.  
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2. Wellbore monitoring (pressure and temperature) 
 
The WXSO provides a cable-mounted source for continuous temperature and pressure data.  
This is of value in numerous ways (Figure 3): 
a. Accurate (mercury-free) maximum bottom hole temperatures and depths for Horner plot 

estimations. (Thermometers do not record the depth of maximum temperature.) 
b. Identification of loss zones from differential temperature measurement: dT (an open hole 

production log). 
c. Mud column monitoring during the logging operation, e.g. detection of slump or the 

requirement for riser flush (gelling mud can impede descent of lighter logging tools) 
d. Top of cement identification, due to the exothermic nature of curing cement. 
e. Post-job kick data (exactly how the kick behaved – for lessons learned)   

Figure 3: Continuous temperature plots from two back-to-back wireline runs shows the change in 
the thermal profile of the well. Synthetic mud weight also shows a reduction in downhole mud weight 
between the two runs. Pumped fluids from formation sampling strings may influence the response. 
 

 
3. Wireline formation tester creep and probe targeting 
 
Formation testing points are generally picked from the gamma ray curve or in conjunction with 
NMR data, if available. Usually, the depth resolutions of proposed pre-test and sampling 
stations are 0.5 FT or 0.1M, depending on client preference. What is not taken into account, 
when designing these surveys, is wireline creep. Creep is an effect that can throw a formation 
tester probe off depth and result in a tight test or an incorrect depth measurement (with 
potential to skew the gradient). Creep occurs when the winch is stopped on station and the 
tool keeps moving up-hole, since it takes several seconds for the change in surface force to 
reach the tool. 

In the Gulf of Mexico, creep measurements are routinely taken before a formation tester 
survey, either by stopping a fixed distance below a shale and watching for a rise in raw gamma 
ray counts, or by integration of tool accelerometer data and determination of an average creep 
value (which is usually ≈ 3 FT). Thus, the winch driver will then stop ≈ 3 FT deeper than the 
desired station and the tool will creep up to be on depth as planned. 
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The issue with this approach (which is certainly better than doing nothing) is the statistical 
nature of the creep profiles, which are affected by the consistency of the winch driver (how fast 
he/she controls the winch) and the macro-geometry of the tool and wellbore at the station, e.g. 
the tool can hang up on debris before creeping to the full 3 FT. To tackle this issue, WXSO 
gathers continuous creep data from every station, creating a histogram of creep values over 
the full survey, from which a better average value can be derived for the next job. Furthermore, 
all the stations can be creep corrected (post-job) to enhance the gradient plots. The benefits of 
this statistical approach are: 
a. To know which wells and strings are susceptible to wireline creep 
b. To adjust pre-test depths prior to running in hole, by taking into account historical/offset 

creep data and past results. This will drive a higher success rate on large pre-test 
programmes, leading to a better data set, less rig time and less chance of packer damage 
due to tight tests and packer cracking (needing a trip out) 

c. To improve gradient fits, by utilising post-survey depth correction with the WXSO creep data  
d. To target thin beds (or permeability “sweet spots” in heterogeneous sands) and reduce time 

on station for sample clean-up and sticking risk 

The up-sides of WXSO are significant for formation tester depth control. It is not unusual for 
more than 50% of pre-tests to be tight in certain environments, consuming many hours of rig 
time without gaining any meaningful data; the scope for improvement with better probe 
targeting can be massive (Figures 4, 5 and 6). 

 

 

 

 

 

 

 

Figure 4: Formation tester results vs. NMR data and Gamma. NMR data shows thin, sweet spots for 
permeability, some of which are showing tight tests (red dots). If the probe depths were correct all 
tests located on high-perm streaks would be good tests. On this job > 40% of tests were tight, 
consuming almost 6 hours of rig time. Even if the average WXSO creep corrections (added to the 
survey depths before RIH) are wrong for 50% of the tests, the rig time savings will still be significant. 
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Figure 5: WXSO creep data. Point 2 was a tight test where the probe drifted into a low perm zone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: WXSO creep results yielding an average creep correction of +1 FT for future jobs in offset 
wells (as opposed to the +3 FT from one good creep test with a tool accelerometer). Over time, with 
hundreds of tests in different settings, a better average may be picked, according to hole conditions, 
tool-string design and cable type. 
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4. Imaging downhole events 
 
Events may occur downhole that need investigation post-job, to drive lessons learned. One 
example may be a sticking event where it is not clear if it was the cable that was stuck or the 
upper tool-string (≈ 30 ft long, located above the downhole force sensor): the latter would give 
a false flag for cable sticking. Another example may be the jar firing sequence: did the jar fire 
for every attempted activation and did it re-cock? By extracting the accelerometer data and 
using CGI software it has been possible to produce videos of WXSO movements to clarify such 
events. Although the jar firing happens much quicker than the sampling rate of the WXSO the 
whip on the line will take time to dissipate and the re-cocking takes several seconds as the 
cable is slowly run in hole; this generates road noise on the WXSO, unless the cable is not 
moving, i.e. high drag or sticking is impeding the re-cocking process: in highly deviated and 
tortuous wells this is not an unreasonable scenario (Figure 7). 

 
Figure 7: A 3D CAD model of the WXSO is used for dynamic event animations. In this example we can 
see it takes ≈ 14 seconds for WXSO to come slowly to a stop due to creep with a formation tester.  

 
5. Cased hole and road noise analysis 
 
WXSO in cased hole is providing some very interesting data. An accurate synthetic CCL (Casing 
Collar Locator) has been generated by WXSO accelerometers which can be useful for 
confirming cased-hole depths during an open hole logging run, e.g. helping determine the 
window location for a side-track. A road noise log is generated by the WXSO rubbing along the 
casing which excites the accelerometers (Figures 8 and 9). Work is currently underway to 
correlate road noise character and amplitude with casing wear logs: the goal is to predict wear 
zones in the casing and offer a mitigation for wear by using wireline cased-hole standoffs (to be 
discussed in part III). It cannot yet be confirmed with the data to hand, but localised mud 
heating from cable friction may be occurring, thus the WXSO temperature log, combined with 
road noise, may be an enhanced method for detecting wireline grooves in casing (usually 
associated with shallow doglegs on DW wells). 
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Figure 8: A reliable synthetic CCL has been generated by WXSO magnetometer response. 
Confirmation of cased-hole features such as liner tops and crossovers can be gained during an open-
hole logging run. 
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Figure 9: The road noise log illustrates when the WXSO (cable) is in contact with casing (this also 
applies to open-hole and is helpful for wireline standoff deployment plans). Over inflexion zones, the 
WXSO is floating in mud, e.g. travelling from high-side to low-side, where the road noise largely 
disappears. Current effort is in correlating the road noise log with casing wear zones, measured by 
multi-finger calliper tools or ultrasonic tools. The larger goal is to identify these wear zones before 
serious erosion of the casing can take place (which might eventually compromise well integrity). Then 
an intervention with cased-hole standoffs can be made, which will reduce the wireline wear 
significantly. 

 
6. Further readings  
 
G. Wheater, 2020. Innovations in Wireline Cable Protection – Part 1. LPS Newsletter, March 
2020. 

This LPS article is the first public communication on the technology and its applications.  
Further details can be acquired from the corresponding author Guy Wheater on the email 
given above.   
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SPWLA has played a major global role in strengthening petrophysical education and strives to 
increase the awareness of the role petrophysics has in the oil and gas industry and the scien-
tific community.  
 
The LPS is a chapter of SPWLA and we encourage you all to become members of our parent or-
ganisation and join the "Home" for Formation Evaluation and Petrophysics. 
 
Remember that professional and student membership has many benefits including; 
 
• The Petrophysics Journal  

• The new  SPWLA Newsletter magazine 

• Access to online literature resource 

• Discounted registration for two "Topical Conferences" each year 

• Access to monthly Webinars 

• Access to and use of training facilities located in Houston 

• Discounted registration for the Annual Symposium and its associated short courses 
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