
Dear Members, and Friends of the LPS; 
 
Our last seminar, "Seismic Rock Physics",  was held on 27th September.  We had a full 
agenda of exciting talks and many thanks to the speakers who presented in such an 
informative and enthusiastic way. 
 
Many thanks to David Maggs for presenting   "Application of borehole images in OBM 
from LWD tools" at our 23rd October evening meeting.  I'm staggered at just how far the 
LWD companies have taken their technology, now able to give us full borehole images 
from acoustic and resistivity sondes. 
 
We are looking forward to the AGM in November, where we present the Accounts and 
the 2019 LPS executive committee for approval.  Once the business has been 
conducted at the AGM we will be hearing from Professor Jane Evans on "Richard III: 
His life from his bones". 
 
Our next one-day seminar is on Thursday 13th December starting at 09:00am, and is 
themed "Resistivity free saturation".  We have a nearly full agenda, but you still have 
time to submit a last-minute abstract.  This seminar is followed by The President's 
Evening at the King's Head. 
 
We are please to announce that the SPWLA Board has agreed to our proposed 
amendments to the LPS Constitution.  Some of the amendments do relate to the 
Charter, such as which members can hold office and which members can vote. But 
many are a function of the changing times, such as changing the roles of some 
members of the Executive Committee, being fully GDPR compliance and making the 
document gender neutral.  We will submit the proposed Constitution amendments to 
the LPS membership for approval by an electronic ballet.  We will then lodge the 
amended Constitution with the Charity Commission. 
 
The AAPG, EAGE, PESGB and SPE are jointly hosting The Young Professionals Summit 
on 26th November 2018, comprising of a one-day conference and an evening reception. 
The YP Summit aims to tackle critical issues faced within the industry. Given the 
recent turmoil the industry has faced they are keen to focus this inaugural Young 
Professionals Summit on the oil industry of the future, what is changing and how that 
will impact the way the YP’s work.  See https://www.eventbrite.co.uk/e/young-
professionals-summit  for details and registration. 
 
Mike Millar 
 
Mike Millar  - LPS President 
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Fracture network models for a. naturally Fractured reservoir aim to capture the 
three-dimensional (3D) nature of Fractures based on the geophysical, geological, 
petrophysical and engineering data collected during various stages of the 
reservoir exploration and production. Once such a discrete fracture network 
(DFN) model is developed, it can be used to achieve the following objectives: 

· Estimate oil initially in place (011P) in the fracture system; 

· Optimize well locations and orientations; 

· Provide estimates of dynamic parameters. for conventional reservoir 
simulators; 

· Optimize well stimulation design; 

· Improve oil production and recovery. 

The DFN modelling approach has recently been applied to fractured oil and gas 
reservoir world-wide. Do you ever have sufficient data to construct a credible 
DFN model? 

Where fractures (faults, joints, bedding planes and other geological 
discontinuities) play an important MIR in a hydrocarbon reservoir, It is referred 
to as a "fractured reservoir" in this paper. Not only will fractures alter the overall 
reservoir permeability, they fundamentally change 'reservoir connectivity and 
heterogeneity. Therefore, understanding the three dimensional nature of 
fractures is very important during all stages of exploration and production of a 
fractured reservoir. 

Discrete fracture network models portray fractures and their fracture 
connectivity very differently from other conventional methods for reservoir 
simulations in this DFN model, each conductive fracture is modelled explicitly. 
The models more realistically represent the connectivity of the faults and 10intS 
that give rise to reservoir-scale and well-scale non-continuum flow behavior. 
Fluid flow through fractures as well as rock matrix can be numerically simulated, 
as demonstrated in Wei et al. (1998). 

The potential advantages of the DFN models over the conventional reservoir 
models for fractured reservoir formation evaluation can only be realized it the 
many more input parameters needed can be quantified. This paper addresses 
whether it is possible to construct and constrain a credible DFN model(s) with 
their input parameters (e.g., fracture permeability, size and orientation) being 
derived from measured data. 
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DFN Input Parameters 
 
As DFN models represent each individual fracture explicitly, they require (apart 
From PVT and many other parameters as lit a conventional reservoir model): 
· The locations of all fractures; 
· Orientation of each fracture; 
· Size and shape (or aspect ratio) of each fracture; 
· Aperture (and tortuosity) and permeability of each fracture (fracture 

permeability and aperture may or may not b correlated). 
 

Thus for 10000 fractures, there would be about 1.000.000 parameters required 
in order to construct such a DFN model. 

 

It is impossible to represent each fracture In a DFN model deterministically, as 
this would require a probable number of cored and logged wells to detect them_ It 
is not computationally possible either, due to the fact that fractures exist at 
various scales and there would be far too many fractures in a model for today's 
computers to manipulate. Therefore, the following approach is normally adopted 
during the development of a DFN model:  
· Only significantly conductive fractures are represented in the model. Other 

fractures are implicitly incorporated into the rock matrix property. The 
significant conductive Fractures have permeabilities far greater than the 
background rock matrix permeability; arid may be seen by flow logs, mud-
losses or well tests with short packer intervals.  

· Geostatistical tools are used to derive the input parameters for the between-
well rock volume where not directly measured fracture data are available. 

Thus, the input parameters for a DFN model are: 
 
P1 Fracture spatial distribution or the areal relative intensity maps for each 
reservoir layer; 
P2 The intensity of significantly conductive fractures in 3D; 
P3 Number of fracture sets types, and fracture orientation distributions of each 
set/type; 
P4 Fracture Length distribution and aspect ratio for each fracture set/type; 
P5 Fracture interactions between different fracture sets; 
P6 Fracture aperture distribution (accounting for fracture tortuosity) for each 
fracture set/type; 
P7 Fracture permeability distribution (if not correlated with fracture aperture) for 
each fracture set/type. 
 

By using distributions to define the attributes, the number of fracture model 
Input parameters is dramatically reduced from 100,000s to a more manageable 
number in the order of 105 (or even 100s), depending on the complexity of the 
fracture system. 
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Types of Measured Data 
The input parameters for a DFN model must be derived based on measured data. 
If 1Os of independent input parameters are required, there must be Ills (or more) 
of independent. Measured data sets to constrain them, in order for such a DFM 
model to be credible. 
Generally speaking, if a model has far fewer input parameters than the number 
of independent measured data sets available, such a mode] would be incapable of 
Integrating the measured data. Li, however, a model has far more input 
parameters than the reassured ones, such a model would MA be credible and the 
simulated results based on this model would be no (unique with unquantifiable 
uncertainties. 

The types of data which can be measured and are available to constrain the DFN 
model parameters are: 
D1. 3D seismic data showing stratigraphic layer surfaces and large scale (>km) 
fault surfaces; 
D2. In situ stress distribution measured by various means (e.g. borehole 
breakouts); 
D3. Outcrops of reservoir rocks at surfaces/cliffs or mines (geological mapping 
and/or aerial photographing); 
D4. Analogue outcrops; 
D5. Reservoir rock core data recovered from wells; 
D6. Petrophysical logs including imaging analysis; 
D7. Micro-fractures identified front core analysis; 
D8. Locations or mud-losses observed during drilling: 
D9. Flow profiles identified froth production 14 testing (PLTs); 
D10. Single well pressure transient tests such as DISTs and MDTs; 
D11. Interference tests between different wells and/or different packer intervals 
of the same well; 
D12. Extended tests and/or production data; 
D13. Partial pressure profiles identified from, for example, RFTs; 
D14. Geochemical data identifying potential reservoir compartmentalization; 
D15. Water breakthrough data and/or tracer tests indicating connections 
between injectors and producers. 
And other fracture data obtained through new technologies which are not 
included in the following discussion. 
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How Can Measured Data Constrain DFN Model Input Parameters? 
For the sake of argument, assuming that [or a particular region of a reservoir, we 
have all the data from D1 to D15, how can they constrain a DFN model? 

This is illustrated in the table above: 
 
(a) The spatial distribution of fractures at smaller scales may be similar to the 
observed fault distribution identified from seismic fracture distribution may be 
related to the stratigraphic surface curvatures (Aguilera2); present-day stress 
distribution end strain maps from fault restoration analysis may provide clues 
about fracture spatial relations at reservoir scale; fracture distribution at depth 
under reservoir conditions may be similar to those observed from outcrops. 
Alternative scenarios are often investigated during a reservoir fracture study. 
 
(b) As only significantly conductive fractures are explicitly represented in a DFN 
model, mudloss data and PLT results should be combined with the core logs and 
petrophysical logs images to determine the intensity of these fractures 
intersecting with the wells. With given fracture sets and their orientation 
distributions (c), fracture Intensity in 3D space in terms of fracture area per rock 
volume can be inferred (Dershowitz and Einstein3) 
This intensity quantity can be extrapolated from near well regions into the 3D 
space at the reservoir scale based on the spatial distribution of fractures from (a). 
3D seismic (D1) should indicate the intensity of faults above the seismic 
measurement resolutions. 
 
(c) The number of fracture sets can be determined from similar data as fracture 
spatial distribution (D1 to D4). Note that different fracture types and different 
reservoir layers/units may have different fracture sets. The combined oriented 
core data and borehole imaging data may provide orientation distribution for 
different fracture sets of different 'facture types al reservoir conditions. The 
curvatures of the reservoir of the stratigraphic surfaces and stress/strain 
orientations may provide additional Information and form the basis to extrapolate 
fracture orientation date observed from wells into the 3D space. 
 
(d) Fracture sire (length) distribution (e.g., log-normal or power-law) can he 
determined by synthesizing data observed at different scales (Da, D3, D6, D7), 
see La Pointe et al.4. 
Unfortunately, there is no direct measurement of fracture size and its aspect 
ratio at reservoir conditions. A range of plausible fracture aspect ratios could be 
determined based on 8eomechanical rules (D2, see, for example, Aguilera2). With 
all the other aspects of a DFN model fixed, different fracture sines will result in 
different pressure derivative behavior of a well test, and different responding 
times during an interference test. Therefore single and multi-well test (D10 and 
D11) can be used to further constrain fracture sine distributions. 
 
(e) Fracture sets may interact in such a way that one set terminates against the 
other_ This can be determined based on geomechanical rules (D2) and observed 
from outcrops (D2 and D3). 
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(f) The core data (D5) may indicate the "roughness" of a fracture, but not the 
aperture itself due to the change of stress conditions. The high resolution 
borehole image data (D6) will provide some aperture data within orders of 
magnitude. With all the other aspects of DFN fixed, different fracture apertures 
will result in different responding amplitudes during an interference test, and 
differ it average reservoir pressure drops for the same amount of production. 
Therefore, the interference tests (D11) and production data (D12) can be used to 
contrast the overall fracture aperture. 
 
(g) The flow logs such as PLTs indicate the fracture permeability variations 
between different fractures. Short packer interval pressure transient tests such 
as MDTs (D10) measure the fracture transmissivity (the product of fracture 
permeability and aperture) for the targeted fractures. Longer interval well tests 
covering several fractures may indicate the average fracture transmissivity of 
these fractures assuming matrix permeability is known. The overall fracture 
permeability can be determined from the production data (D12), again, assuming 
matrix permeability is known. Unfortunately, none of these data sets would 
provide the individual fracture permeability values. Only if we can separate 
fracture aperture from fracture transmissivities (the product of fracture 
permeability and aperture) based on interference tests and production data, can 
the fracture permeability be determined. 
 
(h) The initial pressure profiles (D13), geochemical data (D14) and water 
breakthrough data (D15) are all indicative of potential reservoir 
compartmentalization and fracture network connectivity. Hence, they can be 
used to constrain fracture spatial distribution (P1), fracture intensity (P2) and 
fracture size (P4). 
 

As can be seen from the above discussion, there will always be uncertainties 
associated with the DEN input parameters when assessing each of the 
parameters in dependently.   

However, for a DFN model to be consistent with all of the measured data, the 
room for "maneuver” is normally very limited. The remaining uncertainties can 
also be assessed by conducting Monte Carlo realizations of the fracture networks. 
Figure 1 shows an example of deriving 3D fracture network models based on 
fracture lineaments and borehole logging data. 
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Figure 1: illustration of deriving 3D fracture network models based on fracture lineaments 
and borehole logging data 

Model Simplifications 
During the lifetime of an ideal fractured reservoir development, most of the above 
data would have been obtained, and development of a credible DFN model may be 
reliable. 
However, during the early stages of reservoir exploration, the data are lacking in 
both the number of different data types and their area coverage. Indeed, in 
practice, we may only have unoriented cores recovered from limited portions of 
selected wells and high quality borehole image data may only be limited to a few 
welts. Additionally, only selected portions of a well may be perforated for well 
tests and production. 
To deal with limitations in the available data set, it is inevitable that certain 
model simplifications have to be made. This is necessary in order to reduce the 
number of model input parameters and to match the number of measured data 
sets available at the time. Different model simplifications are normally made 
during different stages of a reservoir development, taking fracture permeability 
for example, the alternative simplifications can be utilized as more data become 
available: 
· All fractures have the same permeability throughout the reservoir; 
· Fracture of the same type have the same permeability but could be different 

from another fracture type; 
· Fractures of the same type within the same layer have the same permeability 

but could be different from fractures in different reservoir layers; 
· Individual Fractures are planar and have the same isotropic permeability, but 

may be different from other fractures of the same rock type, even within the 
same layer; 

· Permeability of individual fractures is anisotropic. 
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One model simplification may be perfectly acceptable for one purpose of the DFN 
model, but not acceptable for another. Therefore, at a certain stage of a reservoir 
development, whether the corresponding DFN model at the time is reliable 
depends on whether the model simplifications serve the purpose of the model and 
are justifiable (i.e., he number of model input parameters should be consistent 
with the available data). 
Ideally, a DFN model should always be "alive” during the lifetime of a reservoir 
development. This DFN model will serve all, and different, purposes at different 
stages of the reservoir development. During the early stages of the reservoir 
exploration, only very few data are available. Apart from a base model, which 
could be as simple as the sugar cube model of Warren and Root5 or the 
matchstick model of Kazerni6, different scenarios for a number of unconstrained 
key model input parameters, should be identified. Predictions are then made 
based on the base model as well as these alternative scenarios and compared 
with new data sets as they become available. In this way, the DFN model become 
better constrained and relined, and thus more credible (e.g., Figure 2). 
For a fractured reservoir, the DFN modelling approach can result in better 
defined geological models and improved estimates of reservoir characteristics, as 
more data become available. 

Tuesday 20th  
Nov 2018 

6:30pm-7:30pm 

“AGM and Off topic 

talk - Richard III: 

His life from his 

bones” 
Jane Evans, British 

Geological Survey 

Thursday 13th  

Dec 2018 

9:00am-5:00pm 

“Resistivity Free 

Saturation” 

Figure 2: The more complex and "realistic' fracture model on the right-hand side may be 
evolved from the earlier and simpler model on the left-hand side, as more data collected (after 

Wei et al.) 

The simple answer to the question posed by the title of this paper is "yes", but the 
proper answer is much longer than that. 
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SPWLA Membership 

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 scientific community.  
 
The LPS is a chapter of SPWLA and we encourage you all to become 
members of our parent organisation 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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