
Operations Geology Workshop 

 

October 2012  Page 1  

 

                      

 

 

 

 

 
 

Operations Geology 
Workshop 

 

5 October 2012 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conference Sponsors 
 
  



Operations Geology Workshop 

 

October 2012  Page 2  

 

 

CONTENTS PAGE 

 
Conference Programme    Pages 3 - 5 
 
Oral Presentation Abstracts   Pages 6 - 43 
 
Poster Abstracts     Pages 44 - 63 
 
Fire and Safety Information   Pages 64 - 65 



Operations Geology Workshop 

 

October 2012  Page 3  

PROGRAMME 

 

 

Friday 5 October 2012 
 

08:30 Registration and coffee 

09:00 Welcome address  - Stuart Archer (University of Aberdeen)                                          

Session 1: New and Emerging Technologies 

09:05 
Keynote Speaker: Brian Robertson (BP) 

Drilling Perspective of the Value of Operations Geology 

09:30 
Rachel Dixon (Apache) 

Threading the Needle on Bacchus 

09:55 

Jenny Windress (Chevron) 

Two Applications of Real-Time Azitrak Geosteering Technology in the Alba Field, UK 16/26 
and Captain Field, UK 13/22a 

10:20 
Pat Devlin (ConocoPhillips) 

Optimizing the Delivery of a Geosteered Chalk Well in the Joanne Field. 

10.45 End of Session Discussion 

10:55 Tea / Coffee 

Session 2: Traditional Data And Analyses 

11:15 
Keynote Speaker: Malcolm Pye (DECC) 

Operations Geology from the Perspective of DECC  

11:40 
Paul Roylance (BP) 

Using Mud Logging Real Time Data to Fill in the Gaps 

12:05 

Andrew Morton (HM Research Associates) 

Heavy Mineral Stratigraphic Analysis on the Clair Field, UK West of Shetlands - a Unique 
Real-time Solution for Redbed Correlation while Drilling  

12:30 
Gerold Tischler  and Ravi Arkalgud (Mythri) 

Predicting Sonic Curves from Mudlog Data in Horizontal Crystalline Basement Production 
Wells 

12.55 End of Session Discussion 

13:05 Lunch 
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Session 3: Overburden Geohazards 

14:00 

Keynote Speaker:  Richard Swarbrick (Ikon Geopressure) 

Geology, Geomechanics and GeoPressure - Identification and Recognition of Operations 
Geohazards 

14:25 
Tony Batchelor (Geoscience) 

Wellbore Stability and Pore Pressure - Fitting the Data and People Together 

14.50 
Gordon Holm (Tullow) 

Do Operations Geologists Have The Competence To Do Pore Pressure Predictions?  

15:15 

Ruth Synnøve H Pettersen  (BP) 

Improved Well Delivery Using Advanced Technology and Integrated Processes in the 
Planning Phase 

15.40 End of Session Discussion 

15:50 Tea / Coffee 

Session 4: Planning, Process and People 

16:10 
Keynote: Douglas Frisby (BP) 

An Approach to Developing Future Capability 

16:35 
Chris Bell (Chevron) 

The Changing Role of the Operations Geologist & Competency for Wells Personnel 

17:00 
Martin Gardner (Stag) 

A Journey through Operations Geology 

17:25 
Richard Smout (E.ON) 

Huntington Field Development: The Ops Geologist’s Dream Job 

17:50 End of Session Discussion 

18:00 Drinks Reception 
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Poster Programme 
 

New Developments in LWD Logging 
Grant Affleck (Weatherford) 
 
Real-Time Pore Pressure Prediction – Using the Right Tools and Best Practices is the Key to 
Success 
Sanjeev Bordoloi, Neil Cardy and Michael Reese (Baker Hughes) 
 

Top-Hole Drilling Hazards – Planning, Risks, and Real Geology 
Francis Buckley (Senergy Survey and GeoEngineering Ltd) 
 

The Role Played by Operations Geologists and Well-Site Geologists in Geosteering Data 
Analysis and the Measurement of Geosteering Quality. 
Stephen Crittenden (Addax Petroleum) 
 

Seafloor Geohazards Related to Subsurface Fluid Migration 
Stephanie K. Davidson and Francis Buckley (Senergy Survey & GeoEngineering) 
 

Enhanced Sedimentological Analysis with High Definition Formation Micro-Imager (FMI-
HDTM) in the Bhagyam Field of Rajasthan 
Manoj Gaur, Sudipto Datta, Supriya Mukherjee, Rishi Sinha, Soumya Mahapatra, Jaysurya Rath 
(Cairn India) 
 
Rock Recording on the iPad 
John Graham (Trent Rose) 
 

Real Time Monitoring and Optimal Placement of a Horizontal Well with Low Resistivity 
Lithology Contrasts to Reduce Production Decline, Ravva Field, East Coast of India 
Saumya Mohapatra, Rishi Sinha, Manoj Gaur, Jaysurya Rath & Kausik Saikia (Cairn India) 
 

Effective Communication and Geosteering in Thin, Horizontal Targets 
Amy Spaziani and Jennifer Lucas (BP America) 
 
Geological Factors in the Outcome of Riser-less Development Drilling, Deepwater Angola 
Pat Spicer (BP) 
 

The Missions of Mud Logging  
Nicolas Ville (Geoservices/Schlumberger) 
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Drilling Perspective of the Value of Operations Geology  

 
Brian Robertson (BP) 

 
 
NOTES 



Operations Geology Workshop 

 

October 2012  Page 9  

Threading the Needle on Bacchus 
 
Rachel Dixon, Apache North Sea 
 

The Bacchus Field is a Jurassic aged Fulmar reservoir in the Central North Sea, 
discovered in 2005. A development plan was made in 2009 and two successful 
development wells drilled in 2011/12 as part of an on-going development program.  
 
The objective of the wells was to provide near-horizontal reservoir sections to 
maximise the extent of the Fulmar sandstone as well as cross-cutting the entire section 
to maximise recovery. No build in inclination in the reservoir could be used to enable 
the wells to be completed. The first well would be a producer initially and then turned to 
injection to support subsequent wells. This down dip well was to be drilled with a pilot 
hole to ensure optimum heel landing placement, as it was in a previously unpenetrated 
fault block within the field. The second well used the field discovery well as its pilot, 
and carried an amount of depth uncertainty along its length, and geosteering 
techniques were employed to react to this uncertainty. 
 
The two wells were drilled using a variety of new and old geosteering techniques 
including chemostratigraphy, gas analysis, real-time LWD dip and petrophysical 
analysis. Restrictions imposed by our completions meant trajectories had to be 
designed that were robust to the inherent geological uncertainties. When making 
geosteering decisions the wells required careful ‘on the fly’ well planning to ensure that 
we could reach all our targets and stay within our completion constraints.  Magnetic 
interference from the underlying Rattray formation and a combination of high pressures 
and hot tools meant that the wells faced difficult drilling conditions and considerable 
interpretation uncertainty throughout.  
 
This presentation describes how we achieved our objectives ending up with two 
successful wells on the Bacchus field, in thin, faulted, dipping heterogeneous reservoir. 
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Two Applications of Real-Time Azitrak Geosteering Technology in the Alba Field, 
UK 16/26 and Captain Field, UK 13/22a 
 
Jenny Windress, Chevron Upstream Europe 
 

The Alba and Captain fields are both mature heavy oil fields where there is significant 
economic value in placing wells as high as possible in the reservoir. Both assets use 
azimuthal resistivity geosteering tools for two slightly different well placement 
approaches. 
 
Alba consists of Eocene aged amalgamated turbidite sandstones which are interpreted 
to have been extensively remobilised by differential compaction and fault related sand 
injection resulting in a very rugose top reservoir topography.  Alba is developed with 
short (400-1000ft) horizontal wellbores and due to a gravel pack completion 
requirement have limited shale tolerance. The rugosity of the roof, combined with a 
raised OWC through 18 years production and a low shale tolerance make geosteering 
challenging and numerous sidetracks are typically drilled for reservoir delineation.  The 
AziTrak tool is used to aid placement of pilot holes, enabling the true standoff to water 
and shale to be investigated without tagging boundaries in numerous places. This 
enables the reservoir team to optimally place the final completion hole. 
 
The Lower Cretaceous Upper Captain Sandstone comprises highly amalgamated 
turbidite sheet sandstones with excellent reservoir properties. In contrast to Alba, 
Captains top reservoir structure is relatively flat (~3degrees dip) although steep sided 
shale filled scours create localised rugosity. This reservoir has been developed 
through long horizontal (4000-6000ft MD) wells initially with ~500m well spacing.  
Historically wells were drilled low in the structure to meet the high N:G requirements for 
a gravel pack but a change in completion philosophy to stand-alone screens means 
additional shale in the completion can be tolerated and in-fill wells now capture 
remaining un-drained oil closer to the top reservoir. Despite a reduction in well 
spacing, the top reservoir structure uncertainty still remains as the majority of well ties 
are at the heels of the wells.  The AziTrak tool has proved essential to optimising well 
placement as close to the top reservoir as possible to capture remaining attic oil and 
maximise value for Captain. 
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Optimizing the Delivery of a Geosteered Chalk Well in the Joanne Field. 
 
Pat Devlin, ConocoPhillips (UK) Ltd 

 
The 30/7a-M10 (MK) well was drilled in 2012 to enhance production from the SW flank 
of the ConocoPhillips operated Joanne Chalk Field in the Central Graben of the UK 
North Sea.The well was designed as a J shaped well which would encounter over 
pressured and depleted intervals of various magnitudes. The well drilled over 6000ft of 
Tor reservoir with long horizontal production intervals targeted in the Tor T1 and T8 
units. The well was also planned to intersect mapped faults and fracture zones to 
enhance production from tight, fracture enhanced reservoir intervals. In addition, the 
wellbore had to maintain a stand off of 150ft above the tilted FWL which dips to the 
south-west to avoid a high water cut during production. During the planning phase of 
the well, biostratigraphic analysis was used to assist in determining 10 ¾” casing 
setting depth, the stratigraphic units within the Tor Formation, and to help recognise 
the effects of any sub-seismic faulting on the horizontal wellbore. During the drilling 
phase the resistivity log was constantly monitored and water saturation continually 
calculated to ensure a vertical stand-off of at least 150ft above the south-westerly 
dipping FWL. The azimuthal density tool (ALD) was successfully used to identify 
structural displacement and heterogeneity within the Tor Formation and stay within the 
targeted reservoir zones. Wireline, with a Capstan Unit, and LWD tools were both 
utilised to measure the formation pressures. The LWD tool was used to measure the 
formation pressure as the well was drilled. A real time data feed was set up to allow 
LWD log data and geosteering data to be streamed into the geological model, so that 
the model could be continually reviewed and adjusted during drilling. The well 
maximised the exposure of the targeted reservoir units, further delimited the tilted FWL 
in the southwest flank of the Joanne Field, encountered rock and fluid properties inline 
with the geological model. This paper/presentation presents the results of the 
geosteering of the Joanne 30/7a-M10 production well and what learnings the Joanne 
Subsurface Team will take forward to the planning of future Joanne wells. 
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Operations Geology from the Perspective of DECC  

 

Malcolm Pye (DECC) 

 
 
NOTES 
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Using Mud Logging Real Time Data to Fill in the Gaps 
 
Paul Roylance, BP Operations Geologist Clair Ridge 

 
The Harding field was discovered in 1988 in block 9/23b, 320km NE of Aberdeen. Main 
South, Central and North structure is highly permeable Balder Massive Sands (Moray 
Group, Tertiary). This review centres around drilling in the North through the Injected 
Sand Complex. Due to the lateral survey error on these ERD wells, historically a pilot 
was often drilled to provide greater lateral positional control through the mainbore 
reservoir section.  
 
This presentation will discuss how a section was lost during the drilling of the reservoir 
pilot hole and how the existence of pumps off gases in a well that had a significant 
over balance was the main indicator of the wellbore strength breaking down and the 
mechanism that was developing at the time, which eventually led to the hole being lost. 
The review will discuss the gas and ECD data containing the indicators of the problem 
building and how the data can be used to show that the damage to the wellbore was 
progressive along the whole interval and not a single zone. The hypothesis is that the 
wellbore was broken down due to excessive ECD, but the mechanism for failure was 
due to wellbore flushing generating the pumps off gases, a characteristic generally 
associated with the opposite effect of being close/under balance. It is interpreted that 
the section was drilled at the point where the formation was on the brink of losing its 
tensile strength and within 30-50psi of massive failure. This well was the first on the 
field to show reliable trends that could be used to make these assessments, but in 
further review of offset data it can be seen that earlier wells exhibited some of these 
characteristics within the subtleties of the drilling curves. The plan is to show how the 
Operations Geologist can help with the pre-well planning and execution and what 
lessons have been taken forward from this well and incorporated into future well 
planning for this area of the Harding Field. 
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Heavy Mineral Stratigraphic Analysis on the Clair Field, UK West of Shetlands - a 
Unique Real-time Solution for Redbed Correlation while Drilling. 
 
Andrew Morton and Alex Milne, HM Research Associates 
 

Hydrocarbons in the Clair Field, west of the Shetland Islands, are hosted by Devonian-
Carboniferous clastic red beds deposited in a non-marine fluviolacustrine setting.   The 
succession is almost entirely biostratigraphically barren, and hence alternative 
approaches to reservoir correlation are required.  Heavy mineral analysis (HMA) has 
proven successful in establishing a high-resolution correlation framework for the Clair 
Field, and therefore has been undertaken on a real-time basis at well site for virtually 
all development wells during Phase 1 of the Clair Field development, and for all Phase 
2 appraisal wells.  Heavy mineral data have been used in the decision-making process 
in a variety of situations, including picking of casing and coring points, whether to 
maintain or alter well trajectory, and when to terminate drilling.  In the Clair Field, 
formation tops can be subtle, and since HMA can establish trends and predict 
formation changes before they are encountered, they are critical in aiding geosteering 
decisions.  HMA has also been used to monitor stratigraphy and to pick formation tops 
when logging tools have failed.  The application of HMA to the Clair Field development 
is illustrated by reference to a number of wells drilled on the field since 2005.  
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Predicting Sonic Curves from Mudlog Data in Horizontal Crystalline Basement 
Production Wells  
 
Gerold Tischler, Ravi Arkalgud, www.mythri-limited.com Aberdeen UK  

 
The logging of horizontal wells targeting crystalline basement is costly, introduces risk 
and is prohibited by high angle trajectories. The absence of electrical logs makes 
basement reservoir characterisation ever more challenging, therefore gas while drilling 
(GWD) ratio techniques are used to flag productive intervals. This study provides a 
new approach by predicting sonic curves using the available gamma ray (GR), drilling 
and GWD data in high angle trajectory, horizontal wells. 
 
In Bayoot Field, Yemen, the fractured basement reservoir has a complex geological 
history. Intricate lithological variations make matrix density difficult to estimate and 
increases uncertainty in petrophysical analysis. Across the field, compressional 
(DTCO), shear (DTSM) and Stoneley (DTST) wave sonic logs provide responses 
which indicate an increase in fracture intensity but not the potential to flow. GWD ratio 
methods despite concerns of measurement quality, depth accuracy & smeared 
boundaries have been successful in identifying zones indicated by production logging 
which flow hydrocarbons to the surface (BSW-3 & B-6).  
 
Models are produced using an integral approach, termed “Geological differential 
Method”. These models establish functional relationships between the input, GWD, 
drilling, GR and the target sonic parameter. The relationships defined in the models 
form partial differential equations (PDE) where each parameter defines a dimension. 
The mathematical approach is an n-dimensional analysis of PDE's where the solution 
evolves analytically.  
 
Sonic models, for compressional, shear and Stoneley waves were verified by 
predicting in a well where log measurements were available and then used to calculate 
predictions in horizontal production wells. 
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Geology, Geomechanics and GeoPressure - Identification and Recognition of 
Operations Geohazards  

 

Richard Swarbrick (Ikon Geopressure) 

 

 

NOTES 
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Wellbore Stability and Pore Pressure - Fitting the Data and People Together 

 
Tony Batchelor, Managing Director of GeoScience Ltd 
 

Delivering wells that meet all their planned objectives on time and budget with no 
injuries and no unplanned discharges is very easy to say but is rarely achieved. One 
‘cause’ of this persistent under performance is not managing wellbore instability in the 
overburden. Rushmore has presented data showing a persistent NPT of 15-20% in 
European Offshore wells that has not improved over the last 10 years and possibly 
even increased as wells have become more complex. One of the issues has been, and 
still is, the ‘silo’ based work flows from subsurface engagement at the reservoir and not 
in the overburden, pore pressure prediction, strength and stress assessments and onto 
to drilling engineering. A workflow of rigorous ‘back analysis’ to match offset well 
behaviour linked to the original prognosis and actual well operations can facilitate 
making predictions and estimates that are compatible with all the data and not just a 
self selected subset. This process gains the trust of the constituent project teams with 
Ops Geology providing the focus of such integration. The process has been used very 
successful in many projects when applied correctly. Various case studies from Quad 9, 
Quad 15, Quad 22 and Quad 30 will be used to show the issues that are now 
managed routinely and the positive impact of coordinating the geomechanics, pore 
pressure and team interactions through Ops Geology.   
 
Tony Batchelor is a Mining Engineer specialising in deep rock mechanics for more 
than 40 years with over 25 years experience in North Sea geomechanics issues. 
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Do Operations Geologists have the Competence to do Pore Pressure 
Predictions? 
 
Gordon Holm, Tullow Oil 
 

Competence is defined by the Oxford English Dictionary as “the ability to do something 
successfully or efficiently”.  Competence is now one of the buzzwords of the industry 
following Macondo.  Competence has multiple facets including experience, training etc. 
and these are all necessary for an Operation Geologist to carry out his duties. 
 
The Pore Pressure Prediction, normally the responsibility of the Operations Geologist, 
is the starting point for designing a well, which can be drilled safely and efficiently.  It is 
a fact of the industry, that a drilling programme will be signed off and independently 
reviewed, yet the Pore Pressure Prediction on which it is based is rarely checked by 
third party.  Thus the Operations Geologist has a significant responsibility.   
 
What is the competence of the geologists predicting and monitoring pore pressure.  
The people undertaking this are normally from two different backgrounds – the 
Operations Geologists usually have a practical rig background and have used Pore 
Pressure in the offshore environment.  The specialist pore pressure contractors may 
also have this background but are more likely knowledgeable in computing and 
geophysics.  These two differing backgrounds often result in differing approaches.  In 
addition, the Contractor has the luxury of being able to produce multiple models, but 
the Operations Geologist must choose only one of these for the well design.   
 
What is needed to competently choose the one, which will allow the well to be 
successfully and safely drilled.  The competencies required include geology, 
geophysics, in depth knowledge of the origin of pore pressure and practical knowledge 
of how pore pressure is recognised during drilling. Do Operations Geologists have all 
these competencies?  Can we measure the competency of the Operations Geologist?  
Competency is a combination of practical experience, training, and up to date multi-
disciplinary knowledge.  As a discipline do we have these skills?  If not what can we do 
- ignore the issue, self-regulate or introduce a certification which requires regular 
review?
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Improved Well Delivery Using Advanced Technology and Integrated Processes 
in the Planning Phase 

 
Ruth Synnøve H Pettersen, BP 
 

Drilling of new wells at the Valhall field is a challenge. The reservoir is thin and 
structurally complex. The field has been on production since 1982. Due to low 
permeability there are significant lateral changes in pressure. The reservoir rock is 
compacting, thus the complex and overpressured overburden is subject to subsidence 
and associated stress state changes. Because of this, past drilling performance has 
been mixed. Recent advances in use of geomechanical modelling tools, 4D seismic, 
rigorous pressure estimation and thorough well planning processes have changed 
these trends by mitigating the key risks for delivering the well. In this paper we discuss 
the planning and implementation of the third consecutive well where the use of 
advanced technology has helped in designing the optimal well trajectory and pre-drill 
predictions. This trajectory design is somewhat counter-intuitive when seen without the 
context of the data and technology employed. A horizontal water injector was placed in 
the reservoir with no overburden problems or sidetracks. Great improvements were 
made in the planning phase of this well. The integrated subsurface planning together 
with high class drilling performance resulted in a highly successful operation with a 
significantly reduced Non-productive time finishing 32.5 days ahead of the plan. 
 
With this abstract we will demonstrate how we use advanced technical tools to provide 
the best starting point for, and support during, a successful and simplified drilling 
operation. The backbone of the work is a good understanding of general and field 
specific risks associated with drilling the overburden. The process is based on 
identifying ways of reducing or mitigating these risks and is here exemplified by 
optimizing the trajectory to avoid pressured gas accumulations and to mitigate for 
overburden stress variations.  
 

 
Figure 1: Well D and E enter the low velocity anomaly (velocities < ~2050 m/s) at shallow 
depths. Well A is drilled outside the anomaly. 
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Figure 2: Initial revision of G-12 trajectory goes through an area of increased overburden 
stresses with a high wellbore deviation whereas the final revision is moved about 500m north, 
into a more benign stress regime, and with a reduced deviation. 
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An Approach to Developing Future Capability  

 

Douglas Frisby (BP) 
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The Changing Role of the Operations Geologist & Competency for Wells 
Personnel 
 
Chris Bell, Chevron Upstream Europe 
 

The role of the Operations Geologist (OG) was one of those positions you took for a 
short while after graduating and mudlogging before moving to ‘bigger and better’ 
things.  Those who stayed in that role have often had a limited scope for career 
development and have tended to be regarded as a second class geological citizen, 
with the role frequently being a contract position. 
 
In recent years a shift is being witnessed, largely as a result of several unfortunate 
well- site disasters leading to recognition of the criticality of the well-site G&G staff, and 
the OG role. 
As a consequence, the OG role and responsibilities and competencies are under 
scrutiny.  
 
In May 2010 post Macondo, the UK Oil Spill Prevention and Response Advisory Group 
(OSPRAG) was formed.  A sub-group of OSPRAG, the Well Life Cycle Practices 
Forum (WLCPF) was set up to look at establishing required guidelines in competency 
and behaviours. 
 
It appears in my opinion the focus on positions requiring formal competencies and 
assessment has been mostly towards drilling, with a drive to have a self regulated 
competency process in place by 2013.  However the positions identified also include 
OG amongst others, but strangely to date exclude Wellsite Geologists.  
 
So what are we going to do about this?  As painful as we may initially perceive it to be I 
feel it is important we embrace the concept as it will add credibility and rigor to the vital 
role of the OG. However, how the process is adopted without becoming onerous is 
critical to its success. 
 
 I propose a number of key questions and issues for discussion that I feel we should 
guide or at least be consulted on. 
 

 Are the right G&G positions identified? 
 

 What is the range of roles of the OG?  
 

 What core competencies have to be demonstrated? 
 

 Are they company or field specific? 
 

 Should competencies be attained and demonstrated by individuals or be within 
a team? 

 

 How do we formally demonstrate we have those skills? 
 

 Will operators require proof of competency before employing a contractor? 
 

 Who should provide training, particularly for contractors? 
 
Now is our opportunity to shape what is coming our way and demonstrate the value of 
the role within the industry.  
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A Journey through Operations Geology 
 
Bob Fagg and Martin Gardner, Stag Geological Services 

 
A journey through Operations Geology. The authors trace the roots of modern-day 
Operations Geology and chart the development of this vital role to the present day. 
They describe the highs and lows and the lessons learned along the way. Into the 21st 
century they examine the surge in activity within the Oil & Gas sector together with a 
vast expansion in the volume and transmission capabilities for well data and ask the 
questions; How has the role of Operations Geologist evolved? Where are we now? 
What challenges are the industry facing right now to resource suitably qualified 
Operations Geologists? Indeed, how do we define the core competencies of an 
Operations Geologist and include these in training courses? And, should these 
Operations Geologists typically be staff positions, consultants, or a mixture of both? 
 
 Into the future – what additional challenges will be faced? The authors comment on 
possible options to research for, train and develop new resources and also highlight 
concerns as to how the brave new world of HR and SCM could potentially hamper the 
delivery of the competent, highly trained and motivated Operations Geologists that the 
industry so clearly needs. 
 
And, what about Social Media? Will the development of tools such as LinkedIn have a 
positive or negative influence on the development of a career in Operations Geology?  
 
And a final question: Will the role of Operations Geologist continue to be perceived as 
a vital role if or when the oil price falls accompanied by the inevitable demands to cut 
cost and reduce headcount? History shows that when the industry enters recession it 
inevitably loses a number of highly skilled personnel, never to return. 
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Huntington Field Development: The Ops Geologist’s Dream Job 
 
Richard Smout, E.ON Consultant Operations Geologist  
 

This presentation will show how Operations Geology plays a key role in the well 
planning and delivery process and how integral the job was to the success of the 
recent Huntington drilling campaign.  
 
The Huntington reservoir is the Forties Sandstone Member of the Palaeocene Sele 
Formation and consists of submarine fan deposits. The field was discovered in 2007 
by Oilexco-operated well 22/14b-5 which penetrated a 119ft TVT light oil column in 
good quality reservoir. A total of ten appraisal wells were subsequently drilled which 
showed evidence of a tilted OWC and a low-resistivity oil zone below the main oil leg. 
Huntington was developed by four horizontal producers on structural highs and two 
inclined water injectors targeting the aquifer to the north and south.  
 
During well planning it became clear that pore pressure prediction and wellbore 
stability in the Mid Miocene Upper Lark Formation constituted the main overburden 
risk. A fresh look at the data and careful planning resulted in risk mitigation and smooth 
drilling operations.  
 
Despite the large number of appraisal wells there was still an element of uncertainty 
over top reservoir depth. Accurate well placement was required to seat the horizontal 
producers close to top reservoir in order to minimise attic oil and maximise stand-off 
from the OWC. This was enabled by an 87º inclined land-out at top reservoir through 
real-time stratigraphic GR correlation and wellsite biostratigraphy across the Balder 
and Sele Formations.  
 
To maximise sand exposure in the reservoir section, stringent well criteria were 
developed including minimum sand length, minimum stand-off from the OWC, 
avoidance of intrareservoir shales and smooth well paths for running completion. 
Geosteering using Azimuthal Resistivity proved the best approach for this. 
Notwithstanding the low-resistivity environment, structural uncertainty and 
unpredictable nature of the reservoir, results exceeded expectations through good 
planning, team work and excellent communications between offshore and onshore.  
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A Presentation on New Developments in LWD Logging 
 
Grant Affleck, Weatherford 
 

Using developments in LWD Gamma ray logging to reliably deliver Spectral Gamma 
Data in real time and a new LWD  acoustic tool that can produce both real time 
Acoustic data and Azimuthal Acoustic  data from memory. By combining the data from 
both of these sensors we can deliver greater productivity by allowing optimal well 
placement in unconventional reservoirs as well as providing vital information allowing 
the post drilling stimulation to be delivered where it can maximize production and not 
just in an equally spaced fashion. Presentation will refer to case studies of this 
technique from the north American shale basins”  
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Real-Time Pore Pressure Prediction – Using the Right Tools and Best Practices 
is the Key to Success 
 
Sanjeev Bordoloi, Neil Cardy and Michael Reese, Baker Hughes 

 
Real-time pressure prediction has become a vital service to assist drilling, particularly 
in challenging exploratory environments. Moreover, ever-increasing global compliance 
regulations to ensure safe drilling execution have resulted in the need to adopt best-in-
class practices for real-time pore pressure prediction services, including a stronger 
integration with pre-drill modelling and workflows.  
 
The industry still entrusts a lot of faith on basic wellsite pore pressure monitoring that is 
usually provided by mud loggers on a part-time basis while engaged in their primary 
mudlogging duties. In most cases, they use only drilling exponent (Dxc), gas, and other 
drilling indicators with little or no offset well knowledge. In many cases, a basic pre-drill 
pore pressure prediction is created based only on a simple projection from a single 
offset well.  
 
We believe that, by recognizing the inherent uncertainty in Dxc-calculated pore 
pressure, we can avoid the over reliance and confidence that an unqualified numerical 
value can give the drilling team — with potentially disastrous results.    
 
The way forward is to adopt a holistic approach that gives a better understanding of 
the overpressure-generating mechanisms. Creating a detailed pre-drill model, applying 
the appropriate methodologies, and using more reliable input data help provide a more 
constrained prediction of pore fluid pressure and a truer reflection of the inherent 
uncertainties.  
 
Another area of improvement is to ensure that the correct logging-while-drilling 
measurements are used in real-time pore pressure prediction as determined by the 
pre-drill geomechanical model.  
 
Even with all the correct pre-drill real-time tools available and the best software, the 
key to a successful service is the people using the tools and their communications 
skills, ideally full-time, competent, experienced pore pressure engineers providing the 
safe operating window recommendations. 
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Top-Hole Drilling Hazards – Planning, Risks, and Real Geology 
 
Francis Buckley, Senergy Survey and GeoEngineering Ltd.  

 
Interpretation of top-hole drilling hazards has traditionally taken the form of a seismic 
anomalies chart indicating the risk of encountering shallow gas within a rig-site survey 
area and a ‘drilling-prognosis’ summarising known or perceived risks and expected 
lithology variations within the top-hole section.  This process was usually initiated in the 
later stages of project planning and undertaken from a risk-averse, health and safety 
perspective, sometimes far removed from engineering considerations or from real 
geology.  These projects were based largely on dedicated high resolution digital and 
‘analogue’ survey data. 
 
Modern site surveys are now routinely required to inform many aspects of siting rigs 
including geotechnical considerations, conductor emplacement, top-hole hazards, 
casing point selection and relief well location and end-users are rightly critical of 
interpretations that take no account of ‘real’ geology.  The seismo-stratigraphic 
sequence in the North Sea is well established, though in considerable need of revision 
and precise litholgies and environments of deposition are very poorly understood.  
Furthermore, there is an increasing requirement for site survey geohazards data to 
inform on-going field development and production activities.   
 

 
 
Fig. 1.  Typical Central North Sea HR2D seismic section showing complex seismo-
stratigraphic sequence 
 
Geohazard analysis now makes increasing use of more exploration-based seismic 
techniques, including AVO, inversion, coherency etc. to arrive at more realistic 
interpretations of sub-surface features.  This is being combined with advances in data 
acquisition and processing techniques such as 3D HR surveys,  short-offset re-
processing and various other proprietary methods. 
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Fig. 2.  AVO analysis case study. a) Reverse polarity amplitude anomaly discounted as 
gas hazard by contractor.  b) Volumetric amplitude extraction showing reverse polarity 
amplitude anomalies (red).  c) AVO cross-plot with polygon window on normal trend 
data points.  d) Mapped anomaly and charted normal trend data points e) AVO cross-
plot with polygon window on anomalous data points.  f) Mapped anomaly and charted 
anomalous data points. 
 
Geohazard interpretation tools and methods have recently been employed in order to 
inform basin prospectivity interpretations.  For instance, basin-wide fluid-flow 
characteristics may be inferred from an analysis of shallow section geohazard features 
such as pipes, chimneys, pockmarks, mud volcanoes etc. 
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Fig. 3.  Seismic section showing shallow fluid-flow geohazards related to basin-wide 
fluid migration ‘plumbing’ system. 
 
This presentation will attempt to show how an integrated approach to geohazard and 
engineering surveys, initiated at an early stage in a drilling project and utilising a whole 
range of available datasets, can be used to significantly de-risk such projects from 
health and safety, efficient engineering and commercial perspectives. 
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The Role Played By Operations Geologists and Well-Site Geologists in 
Geosteering Data Analysis and the Measurement of Geosteering Quality 
 
Dr Stephen Crittenden, Senior Operations Geologist, Addax Petroleum Services Ltd (Geneva 
Branch). 

 
One of the requirements for safe and effective geosteering is an understanding of the 
interaction of steering tool behaviour and geology (eg. lithology, bedding, faults). Prior 
to drilling, the analysis of data-sets (drilling and geological) from near-by wells 
integrated with the geological model allows the identification of key decision points 
along a planned well path that will affect geosteering tool behaviour. These decision 
points assist the drillers in their choice of tools and BHA and help lessen possible 
geosteering problems. 
 
The purpose of the pre-drill analysis is to make geosteering a high quality (successful) 
process. The benefits are i) to maximize the feet drilled per day / bit run and to place 
the well path in the best place in the reservoir, ii) to optimize hole geometry and 
minimize dog-legs (minimise overall torque and drag), iii) to minimize unplanned exits 
from the reservoir due to geosteering tool behaviour, iv) to minimize unplanned 
sidetracks due to geosteering behaviour and v) to reduce well costs. 
 
While drilling, the geosteering / drilling team is informed by the Operations Geologist / 
Well-site Geologist (WSG) of the actual geology (eg whether drilling up, parallel or 
down through strata) and the prognosed geology. For example at a shallow angle of 
incidence to bedding there is a risk that the well path will be ’bound’ in a relatively 
softer layer between two firmer layers  and will fail to cut across the boundaries. It is 
good practice for the WSG and the Directional Driller to keep a tabulated record of the 
geosteering decisions and targets and the parameter values used to reach the target 
(or not) – Fig. 1.  
 

TARGET REPORT  
BHA # Well 

8.5"

Depth In: Depth Out: Tot Footage:

Inclin. In: deg Inclin. Out: % Slide:

Azimuth In: deg Azimuth Out: % Rotate:

Steer MD From TVDSS HZL UTM UTM Incl MD Target TVDSS HZL UTM UTM Incl

Course / 

Distance  TF

Steer 

Ratio NBI Res Unit Bedding Target

Mode (ft) (ft) (ft) (°) (ft) (ft) (ft) (°) (ft) (°) (%) (°) Y/N

R

R parallel

R smile

R frown

R smile

R

R

R

R

R

R

R

R y

Comments

WELL PATH

BHA

Hole Section:

TARGET

Depth interval increments toward 
target depending on parameter 
changes.

Target is hit these data will be identical

Target achieved. 
Slight porpoising 
due to sof t layers

 
 
Geosteering is best measured in terms of quality and performance rather than the 
emotive success or failure. It is proposed that the quality is derived from a scoring 
system  applied to three ‘end-measures’ with a score given from the analysis of the 
data sets recorded while drilling that characterize each end measure (Fig. 2). The total 
score gives a quality value that enables wells or portions of each well to be compared 
with each other. The performance aspect (eg footage drilled per day) is addressed by 
the post well statistical analysis carried out by Drilling Departments and the Directional 
Drilling Service Company (service quality assessment). However, this does not 
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consider other measures such as how much footage drilled was within the optimum 
part of the reservoir or how the actual drilled geology differed from the prognosed 
model geology. 
 

GEOSTEERING SCORE CARD
Well 

Depth Out: Total Footage:

Score

5

4

3

1

5

0

5

0

Total

Score

5

3

2

5

3

2

Total

Score

5

4

3

2

1

Total

Low Quality 3 to 6

Medium Quality 7 to 9

High Quality 10 to 12

Excellent Quality 13 to 14

Perfect 15

COMMENTS

Total Quality Score

Score (Total / 1) =

0 - 20 %

3: PLACEMENT IN RESERVOIR (max score 5)

20 - 40 %

Score (Total / 3) =

Score (Total / 2) =

80 -100 %

Percent wellpath in planned reservoir unit

60 - 80 %

40 - 60 %

all < 7.0° / 100 ft

Torque & Drag

Low torque and drag

Smooth trend

Erratic trend

Dog Leg Severity

all < 3.5° / 100 ft

all < 5.5° / 100 ft

Round trips unplanned

None due to steering

Due to inability to steer

2: HOLE GEOMETRY (max score 5)

Side tracks unplanned

Due to inability to steer

None due to steering

75-100 %

50 -75 %

25 - 50 %

<25 %

Hole Section:

Targets met or not

1: TARGETS (max score 5)

Interval:

Depth In:

BHA #:

RSS:
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Seafloor Geohazards Related to Subsurface Fluid Migration 
  
Stephanie K. Davidson and Francis Buckley, Senergy Survey & GeoEngineering, Alford, 
Aberdeenshire. AB33 9PX  

 
Analysis of high resolution three-dimensional seismic data obtained from offshore 
Africa reveals striking variations in seafloor reflectivity (figure 1). In particular, high 
negative amplitude reflectors and high seabed gradients outline distinctive linear 
features on the seabed. Sub-surface seismic sections across these features indicate 
that the high negative amplitude anomalies at seafloor are associated with shallow 
fluid escape pipes, and the surface expression of the BSR (bottom simulating reflector) 
related to the presence of gas hydrates. The areas of high relief suggest surface 
seepage of hydrocarbons and the likely development of carbonate and methane 
hydrate mounds and mud vents or volcanoes. The seabed topography is highly 
complex and clearly displays evidence of instability in the form of debris flows, slide 
scars and moat features (incipient slides). 
 

 
 

Further investigation of the subsurface seismic sections also reveals deformation 
structures formed by possible salt dome intrusion (figure 2) and localised polygonal 
faulting. These observations have implications for interpreted vertical and lateral 
differences in lithology and hydrocarbon reservoir and seal geometry. In this instance 
the areas of localised faulting appear to facilitate fluid migration pathways within the 
gas hydrate stability zone (figure 3). The surface expression of these subsurface fluid 
escape pipes at seafloor pose risks of encountering gas hydrates, shallow gas, shallow 
faulting and slope instability - all of which are potential geohazards to rig emplacement 
and drilling. 
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Identification of these types of potential geohazards from three-dimensional seismic 
data is particularly advantageous for deep-water projects at the exploration and 
development stages. This early insight into new field developments has implications for 
well engineering and operations by providing a cost-effective way of minimising risk, 
optimising well design and rig positioning, and focusing any new data acquisition on 
the key issues. 
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Enhanced Sedimentological Analysis with High Definition Formation Micro-
Imager (FMI-HDTM) in the Bhagyam Field of Rajasthan 

 
Manoj Gaur, Sudipto Datta, Supriya Mukherjee, Rishi Sinha, Soumya Mahapatra, Jaysurya 
Rath (Cairn India) 
 

The upper part of Bhagyam Fatehgarh reservoir is interpreted as a high sinuosity 
fluvial system based on conventional cores. However, core acquisition is costly and 
usually available in limited coverage. Good quality high resolution image logs are a 
cost effective alternative for making detailed facies interpretations when calibrated to 
core . In the Bhagyam Field of Rajsathan in northern India drilling with non-conductive 
mud is required due to presence of swelling clay. Images from conventional imaging 
tools were dominated by noise, image overlapping issues and stick and pull effects 
with the result that very few geological features could be resolved. To resolve these 
problems, the Cairn Geological Operations team utilised the latest imaging technology 
with enhanced resolution. 
 
An FMI-HDTM tool with greater borehole coverage and high signal to noise ratio was 
run in the 6” section of the Bhagyam-38 well, drilled with non-conductive mud. 
Enhanced resolution images enabled detailed depositional features essential for 
sedimentological understanding and facies classification to be resolved. Identification 
of small scale textures including grain size variation, channel lag lclasts and sharp 
bases enabled definition of channel facies. Depositional structures including bed 
boundaries and cross-bedding were also visible and calibrated with the core (Figure.2). 
Thin laminations in shaly sand intervals, and fine scale bed boundaries were captured 
due the better vertical image resolution.  
 
In low resistivity non-reservoir zones, resistive fractures could be detected from the 
image (Figure.1). Since the drilling mud was non-conductive, no internal fracture 
characteristics were visible. However, combination of Stoneley wave and mud loss 
data could be useful in open fracture identification. 
 
The facies identified in the image log were calibrated with the core acquired in this 
well. These core calibrated image facies now are being used to populate the lateral 
and vertical variation of facies across the field in reservoir model with greater 
confidence, thus, eliminating the necessity to acquire costly conventional cores. 
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Figure.1. Resistive fractures within low resistivity zones are visible on image log. In 
non-conductive mud system identification of open fractures is possible through 
integration of sonic and mud loss data 
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Figure.2. Geological features identified in image log were corroborated with core to 
generate facies 
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Rock Recording on the iPad 
 

John Graham, Trent Rose  
 

WinHippo, the well recording, analysis and integration tool, now has an iPad front-end, 
making data collection easier and more accurate.  It also enhances the use of 
descriptions for other to use. 
 
By recording rock samples on the iPad, the geology of the rocks is recorded with 
greater accuracy and consistency.  The touch screen technology coupled with ‘real’ 
size and colour displays allows well-sight geologists a range of visual tools covering 
the recording of all aspects of rock description.  The following illustrations show the 
Rock Selection panel and the grey colour chart: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The higher quality sample information collected on the iPad can be easily shared with 
WinHippo or any other analytical and reporting system.  This will give accurate and 
more consistent results in later reports and logs, as well as feeding more valuable and 
reliable data for well comparisons and predictions.  This will benefit the well-site and 
operations teams, and vastly improve the quality of stored and shared data. 
 
The iPad’s advanced display allows the visual matching of physical samples, in size, 
colour, form and appearance against pre-determined criteria and accessory minerals 
and unusual features captured.  This means the geologist can record high quality, 
consistent data for use by the direct operations teams and the company database.  It 
also means the recording from wider samplings will be consistent, comparable and 
available for forecasts and predictions. 
 
Trent Rose will be demonstrating the iPad’s ease of use in collecting rock data; the 
powerful analytic tools and the ease of integration and data sharing.  We will also 
discuss the wider value of the tools to help optimisation of the planning process and 
how the use of predictions and depth shifting to provide accurate forecasts. This will 
significantly reduce the effort involved in manual recording and greatly increase the 
quality and consistency of the recorded results. 
 
The accurate digital recording of the rock samples allow us to display a whole new set 
of well data that is usually overlooked. Colour, grain size, shape, mineral content and 
others, can all be plotted against depth. 
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The following example shows how the structured data can be displayed to provide 
easy to read, well-site rock information in a graphical form so that patterns can be 
easily observed and compared: 
 

Rock recording on the iPad brings consistency and discipline to the recording, storing and 
sharing of well data.   
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Real Time Monitoring and Optimal Placement of a Horizontal Well with Low 
Resistivity Lithology Contrasts To Reduce Production Decline, Ravva Field, East 
Coast of India 

 
Saumya Mohapatra, Rishi Sinha, Manoj Gaur, Jaysurya Rath & Kausik Saikia, Cairn India Ltd, 
Gurgaon, India 
 

The Ravva Field, located in the eastern offshore KG Basin of India, has produced more than 
245 MMbbls of crude oil and 300 bcf of gas and has been on decline since 2008. To help 
arrest this production decline a 300m+ horizontal producer was drilled into an up-dip area of 
the main reservoir based on high resolution mapping in a HD3D seismic volume. The well 
trajectory was designed with a curved ‘J-profile’ to follow the reservoir beneath a low 
resistivity contrast shale to place the maximum horizontal section at a safe distance below 
the GOC of 1630mSS and above the moved OWC at 1646mSS. Additionally, the well profile 
and trajectory were designed to avoid a major erosional cut mapped from seismic (Figure 1) 
so that the well would be TD’d in the reservoir. 
 

 
Fig-1.  Placement of the horizontal section in the main reservoir ahead of the mapped erosional cut. 

 
To enable accurate geo-steering, a pre-job azimuthal resistivity inversion model was built 
using offset well logs to define the resistivity contrast across bed boundaries. The resulting 
model was updated real time whilst drilling by integrating data from resistivity, density image, 
mud logging data and cuttings sample photographs. These data and the high resolution well 
correlation enabled recognition of the shale and precise well placement to deliver 360m of 
horizontal section optimally in the target reservoir with a NtG of 97% ahead of the erosional 
boundary (Figures 2 and 3). 

Fig-2. The well logs and resistivity inversion model 
up-dated real time. 

Fig-3: Changes in formation dip in 
highly conductive layer confirmed the 
erosional cut. 

 
Integration of well planning with these well placement technologies, coupled with real time 
monitoring and decision making by a multi-disciplinary subsurface team were critical in 
optimizing the placement of this horizontal well giving maximum clearance from the GOC and 
MOWC. The well is completed with a sand screen, in-flow control devices and flowed at rates 
of over 15,000 bopd during the initial testing period.  
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Effective Communication and Geosteering in Thin, Horizontal Targets 
 
Amy L. Spaziani and Jennifer Lucas-Head, North American Gas, BP America, 501 Westlake 
Park Boulevard, Houston, TX 77079,  

 
Effective multidisciplinary communication (i.e. between subsurface, drilling and well 
operations) is critical to precise placement of laterals in the best zone for production, 
and  is the foundation for best practices in geosteering a horizontal well.  This is 
particularly important when drilling thin geologic targets where modifications to 
predicted thickness, apparent dip, and directional plans need to be made quickly to 
stay in the target zone while drilling a horizontal well.  Inherent lag time in 
communication can be omitted by providing “points forward” to directional drillers and 
the extended team while geosteering.  To provide “points forward” a chart is used in 
conjunction with the geosteering software to project ahead of the latest survey location 
(figure 1) and are provided to the team in terms of vertical section (x) and total vertical 
depth (y).  These “points forward” are communicated daily or as needed through 
geosteering updates (figure 2).  Two formations currently being exploited by horizontal 
drilling are the Cotton Valley (CV) and Haynesville (HV) formations within the East 
Texas basin.  Thin target zones are utilized in both formations to enhance production 
(~10’-20’ CV and 18’-25’ HV, see figure 1, 2). The operations geologists working these 
plays have utilized this methodology of projecting “points forward” while drilling the 
past 12 CV wells and 6 HV wells. As a result, 7 of the CV wells have 100% of the 
lateral in the target zone.  Another 3 wells have more than 90% of the lateral in the 
target zone, and 2 additional wells have greater than 75% in zone (figure 3). For the 6 
HV wells, 5 have 100% and 1 has greater than 80% of the lateral in the target zone.  In 
addition, this practice has fostered better communication and understanding between 
the operations geologist, drilling engineer, and directional driller.   
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Geological Factors in the Outcome of Riser-less Development Drilling, 
Deepwater Angola 
 
Patrick Spicer

1
, Joseph Emery

2
, Dele Owoeye

3
, Phil Bailey

3
 and Mandy Johnston

4 

 

1 
Ryton EGL, consultant to BP Angola 

2 
Coolibah Tree Ltd, consultant to BP Angola 

3 
BP Angola 

4 
Simply Geo Ltd, consultant to BP Angola 

 
BP is currently operating two rigs in two deepwater developments, offshore Angola -
Greater Plutonio (Phase 2) and PSVM (Phase 1). During GtP Phase 1, riser-
lessdrilling was a challenging issue, with major Geological Non-Productive Time 
(GNPT) on one well, due to inability to get the surface casing to TD. Furthermore, 
almostevery well experienced some tight hole in this interval. 
 
Similar tight-hole problems have been experienced in the Phase 2 wells and some of 
the PSVM wells. This paper focuses on investigation of the issues systematically as a 
basis for new mitigations. This is work in progress; presentation is intended to 
stimulate dialogue and the exchange of ideas and experience.  
 
The sediments being drilled are weak and unconsolidated. Although affected by salt 
tectonics, and some active faulting, the majority are relatively flat lying, hemi-pelagic 
mudstones, with some sand dominated intervals in typically incised, channelized 
environments. Polygonal faulting and Mass-transport complexes (MTCs; resulting from 
slope failures), are common-place (Figure 1).  
 
Candidates for the source of tight-hole include faulting, swelling clays, unconsolidated 
sands and wellbore instability interfaced to significant amounts of directional work 
(Figure 2) and normal top hole drilling practices, such as the use of seawater as a 
drilling fluid.  
 
Evaluating the most likely causes is difficult, due to lack of cuttings returns and limited, 
generally poor quality, logs. Linkage of drilling observations to seismic evidence is also 
challenging (no calibration at these levels). 
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 Our goal, however, is to resolve this conundrum. Currently we tolerate over-pulls and 
cleanup time, while trying to limit the impact, but this is still costly and risks further 
GNPT. Also, we apply a maximum limit on hole-angle in riser-less drilling. 
Understanding causes and new mitigation strategies may allow relaxation of this 
trajectory constraint, bringing less accessible targets to maximise recovery, within 
reach. At the least, it is hoped this understanding will improve riser-less drilling 

performance and minimise future GNPT in this section.  
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The Role of Mud Logging 
 
Nicolas Ville, Geoservices/Schlumberger 
 

Mud logging is the geological monitoring of a well during drilling, using surface 
measurements. It remains one of the primary sources of real-time information for 
formation evaluation and a reliable means of monitoring drilling safety and efficiency. 
 
Collecting and characterizing rock cuttings transported to surface by the drilling fluid is 
one of the key functions of mud logging, enabling the geological progress of the well to 
be tracked. Detection of hydrocarbons released into the mud during drilling is another 
essential task, both for operational safety and for identification of potential reservoirs. 
As an integrated hub for monitoring drilling operations and rig sensors, the mud 
logging unit has become a source of crucial information about hole cleaning status, 
wellbore stability, and drilling efficiency. 
 
A mud logging geologist collects, prepares, and rigorously analyzes and describes the 
cuttings samples, while the data engineer monitors the drilling process and analyses 
hydrocarbon, assisted by a computerized alarm system. To maximize safety and the 
likelihood of a successful well, mud logging personnel are responsible for ensuring that 
all relevant information is brought to the attention of the right person at the right time. 
Indeed, communication is one of the most important aspects of the service, so that 
information reaches the right decision-maker—from the wellsite geologist to the driller, 
mud engineer, or company man. 
 
Technological advances in analytic chemistry, instrumentation, imaging, and data 
processing have enhanced the scope of mud logging. Newer techniques such as 
extended-depth-of-field microscopy, gamma ray measurement from cuttings, gas 
isotope logging, and X-ray diffraction and fluorescence have led to new deliverables 
that increase the value of traditional mud logging, improving the quality and accuracy 
of formation evaluation and real-time diagnostics. 
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