
 

  

Subsurface Consulting Services 

Capability Statement 



 

EXECUTE

FID

FeasibilityFeasibility
GateGate

SelectionSelection
GateGate

Approval
GateGate

SELECTSELECT DEVELOPDEVELOP

Initiation
Gate

Feasibility
Gate

Feasibility
Gate

SelectionSelection
GateGate GateGate

Review
Gate

IDENTIFY SELECTSELECT DEFINE OPERATE & 
ANALYSE

ASSESS

Six stages of the Opportunity Maturation Process (OMP)

SUBSURFACE AND FRONTEND STUDIES METHOD STATEMENT 

 
1. Adding value to our customers 

Through the execution of the Scope of Works, LEAP 
Energy consultants will strive to maximize asset value 
for the client, by identifying the technically and 
economically optimum opportunities to maximize 
production and recovery for the reservoirs already in 
production, and by high-grading options to develop 
the hydrocarbon resources not yet developed. 

The studies underpinning the Scope of Works will 
deploy state-of-the-art subsurface technology and 
combined with rigorous data compilation and analysis. 
The studies will follow a milestone and decision driven 
approach using integrated study best practices in use 
by various international E&P operations.   

2. Structured study approach: The 
Opportunity Maturation Process 

The subsurface studies will be conducted in strict 
accordance with the Opportunity Maturation Process 
(OMP) principles, which our consultants are very 
familiar with, for having taken part and managed a 
number of analogue projects through their career, 
within LEAP and in previous employments with 
international E&P Operators (e.g., Shell, ExxonMobil, 
Chevron).  

The following aspects of our structured approach to 
work scope definition, project planning, risk and 
opportunity management, project interface 
management and technology transfer are worth 
highlighting. 

3. Identification of project risks and 
opportunities 

From the initiation and kick-off of the project, and 
through the Feasibility and Concept Select phases, 
the key projects risks will be identified and compiled 
into a risk and opportunity (R&O) register. Such R&O 
register will capture for each risk or opportunity entry:  

1. The summary of the risk or opportunity 
(example: structurally induced 
compartmentalisation); 

2. The expected impact and likelihood of it, 
which combined provide a rating of the item. 
Generally using (semi-)quantitative ratings 
such as Low/Mid/High; 

3. The mitigation (for risk) or realisation (for 
opportunity) plan; e.g., detailed structural 
evaluation, fault mapping to image faults, 
fault-seal analysis to determine possible 
degree of sealing and finally an adequate 
drainage plan that, if fault sealing suspected, 
ensures drainage of each reservoir 
compartments; 

4. Timing elements: entry date (when was the 
risk identified) and close-out date; 

5. The action party for the item. 
6. The project risks and opportunities will be 

identified across the range of Technical 
(subsurface, surface etc.), Economical, 
Commercial, Organisational and Political 
issues. 

  

Figure 1:  Opportunity Maturation Process (OMP) 
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4. Systematic Uncertainty 
management 

Fundamental to the progress of the opportunity through 

the ORP funnel is the systematic management of 

uncertainties. We follow a strict process, called the 

Uncertainty Management Workflow (UMP) to ensure that 

all fields receive a consistent uncertainty assessment and 

mitigation treatment, and therefore that best practices are 

continuously transferred from one project to another. 

 Uncertainty management can be broken up into two 

main phases: Assessment and Mitigation.  

 Uncertainty assessment is the first phase, and can 

be further divided into four main steps: 

 

1. Identify and inventorise the subsurface 

uncertainties (static and dynamic) into an 

uncertainty table.   

2. Identify the range of variation of the 

uncertainties/parameters using the available 

Field and analogue/neighbouring field data such 

as seismic, geological, petrophysical (core and 

well log), as well as dynamic data (well test and 

production performance). 

3. Assess the impact of these uncertainties on the 

key field development metrics such as in-place 

volumes, production rates, recoverables and 

costs. Plot the impact of each uncertainty onto a 

Tornado/Pareto plot. 

4. Conduct a ranking of the key uncertainties. This 

ranking is used for the selection of most 

appropriate realisations (subsurface cases 

combining uncertainties at various levels). 

 The uncertainty mitigation workflow is the second 

phase, it can be again broken down into four main 

steps:  

5. Select the representative uncertainties: 

depending on the objective of the modelling 

study, and the future decisions underpinning the 

assessment, a different set of uncertainties 

could be selected 

6. Construct a number of realisations by selecting 

a combination of the main 

uncertainties/parameters at different levels 

(low/mid/high). These realisations are selected 

so that they represent and cover the range of 

uncertainties present for the field and its 

development. 

7. Test alternative development options (concept 

select) options vs. these realisations. The 

combined subsurface realisation and 

development options are generally called 

scenarios, and can be evaluated against a 

number of project & economics success criteria 

(costs, return on investment, NPV etc.) 

8. Generate mitigation plans: following a selected 

reference development (or re-development) 

plan, identify branching out events, using an 

event-decision tree approach, in response to 

alternative subsurface realisations playing out. 

This is a fundamental deliverable of a field 

development plan.  

 

 

  

Figure 2: Systematic uncertainty management 



 

5. Decision driven approach 

Whilst there are a number of clear activity deliverables such 

as: 

 Creating an updated reference reservoir model and 
alternative scenarios for the FIELD, inclusive of 
latest well and seismic data;   

 Identifying a number of well and facilities concepts; 
 Performing costing and scheduling for different 

development options;   
The project team will however ensure that the work is driven 

by necessary decisions to be taken through the gates, and 

the breadth and depth of the scope of the study work will be 

continuously made to the measure to the decisions 

requirements. 

A key aspect to managing studies as decision-driven rather 

than activity is to ensure maximum front-end loading; it is 

widely believed in the industry that most value addition to a 

project is made by good early decisions – as those tend to be 

of greater impact (ex: selecting a fixed platform vs a subsea 

concept). In our study work, we therefore ensure that the 

adequate focus and resourcing is directed as early as 

permitted towards carrying the necessary study assessment 

to allow good decisions to be made.  

 

Figure 3: Front loading – Getting it right early on 

6. Proactive management of project 
milestones 

As MDP contractor, we will ensure that all agreed decision 

milestones, gates and reviews will be proactively managed, 

and key stakeholders engaged throughout the project phase. 

Whilst our responsibility lies primarily in progressing the field 

studies through the various subsurface and facility reviews 

relevant to MDP preparation, we will ensure sufficient focus 

is given to the preparation of the future key milestones such 

as Final Investment Decision and eventually post-

implementation review. Clear documentation of assumptions 

and results, transparent data management is believed key to 

providing the CLIENT with means of achieving success with 

the project beyond our involvement. 

7. Interface management 

It is recognised that the project success requires a number of 

key interfaces to be managed, within and outside the client; 

we identify those and ensure an adequate interface 

management plan is developed, implemented and 

continuously improved.  

The project team will put in place the required interface 

events, meetings and workshops, so that regular and 

effective communication occurs throughout the project. The 

project manager (team leader) will be the key interface 

person between the MDP team and the project stakeholders. 

8. Adequate resourcing 

The success of a field development planning project rests 

largely in ensuring the right skills and experience is applied 

to the various required study elements. Besides the core 

team proposed for the project, the JV formed by LEAP and 

PGP has the capability to rapidly deploy additional resources 

should the need arise through the project. 

9. Technology transfer 

LEAP Energy believes that continuous learning and 

knowledge transfer from the very experienced to the less 

experienced staff via on-the-job training, coaching and 

mentoring is the key to building and growing a successful 

team. This applies within our company, but also and primarily 

with our clients. This focus on technology transfer and 

capability building has been demonstrated with a number of 

our clients, notably PETRONAS in Malaysia.  

We propose to foster technology transfer with a combination 

of: 

 Structured training programs: this is an important 
part of building in-house capability. We can provide 
tailored and focused training programs to staff.  

 On-the-job coaching of CLIENT’s staff: a powerful 
combination to formal training, we have now 
experienced providing very successfully such 
support to more junior client’s staff with other 
projects. 
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PETROPHYSICAL EVALUATION METHODOLOGY

INTRODUCTION 

When well data is available, conducting a Petrophysical 

interpretation is one of the very first steps to take 

towards the subsurface evaluation of the field. 

The methodologies that are planned to be used to 

petrophysically evaluate the field wells are outlined 

below. The processing stream uses the available core 

data to determine the log evaluation parameters where 

possible. The log evaluations are then verified by 

comparison with the core data before the necessary 

inputs for static and dynamic modelling are created; 

being net, porosity, permeability, water saturation and 

contacts. Any fluid movements will also be noted. 

  Core Evaluation 
  Log Evaluation 
  Verification of Log Evaluations 
  Inputs to Static & Dynamic Modelling 

THE DETAILED ELEMENTS OF EACH PHASE 

ARE GIVEN BELOW: 

1. Core Evaluation 
The processing steps used to evaluate the core data are 
outlined below: 
 Compile all available core data for the study Field. 
 Check measurements are reliable and 

representative. 
 Derive ambient to in-situ stress porosity transforms. 
 Derive ambient to in-situ stress air permeability 

transforms 
 Derive in-situ stressed air to in-situ Klinkenberg 

permeability transforms. 
 Depth-match core data to logs. 
 Derive in-situ porosity to in-situ Klinkenberg 

permeability transforms. Facies subdivisions may be 
apparent here, while additional log input may also 
be necessary. 

 Determine appropriate grain densities for log 
interpretation. 

 Determine clay conductivity if data available. If no 
core data available, Juhasz (1986) model should be 
used to derive in-situ relationships. 

 Determine Archie and Waxman-Smits cementation 
exponents. 

 Determine Archie and Waxman-Smits saturation 
exponents. 

 Use capillary pressure measurements to derive 
saturation-height models for static and dynamic 
modelling. 

 Use the end-points of the relative permeability 
measurements to determine residual gas 
saturations. 

 Use the end-points of the relative permeability 
measurements to determine in-situ two-phase gas 
and water permeabilities. 

 

2. Log Evaluation method statement 
We will here discuss the different approaches, depending on well log abundance 
and quality.  

 
General workflow for standard and advanced well log suite 

 The processing steps used to evaluate the wells are outlined below: 

 Read and merge all available log data for each well.  
 Extract mud parameters & relevant temperature data from the log headers. 
 Depth-match logs if necessary. Primary depth is the GR run with the 

resistivity logs. 
 Edit out any erroneous spikes if required (usually unnecessary). 
 Apply borehole & environmental corrections if required and necessary data 

is available. 
 Verify that logs read similarly through similar Formations e.g. overlying 

shale. Normalise logs if required. Logs typically needing normalisation are 
GR and neutron. 

 Porosity determination using density-invaded zone resistivity (RHOB-RXO) 
for hydrocarbon correction where possible. If this data is poor or unavailable, 
the density-neutron (RHOB-NPHI) used. Next preference is Raymer-Hunt 
sonic porosity (DT) using shale and/or gas corrections calibrated to the 
reliable RHOB-RXO data. Where these logs are missing, or of very poor 
quality, it is also possible to estimate porosity using the resistivity or shale 
fraction (from GR) logs by calibration in nearby wells. Note that total 
porosities are preferred since these are readily verified against core 
porosities. 

 Fracture porosities can be approximated using the difference between the 
density porosity and the compressional sonic porosity, or the difference 
between the shear and compressional sonic porosities (SPE 64408, Adams, 
2000).  

 The next stage is to define the shale fraction. Although strictly, not necessary 
when working with total porosities, the shale fraction is useful for net 
reservoir identification, for permeability modelling and for comparisons with 
work from Operators using effective porosity systems. Preferred shale 
fraction is using RHOB-NPHI since radioactive reservoir units may still be 
recognised. Not that this method requires a correction in the presence of 
gas. If no radioactive reservoir units are expected, the GR log should provide 
reliable shale fraction estimates. 

 True formation resistivity must then be estimated from the available 
resistivity logs. The appropriate invasion correction charts will be used if the 
correct logs and data are available. Otherwise the deep resistivity will be 
assumed to be the true formation resistivity. Note that it should be 
recognised that induction logs do not provide reliable resistivity estimates at 
high resistivities (>200-300 ohm.m). Accordingly induction resistivities above 
these values (depending on the tool) will be limited to these values. Note too 
that even laterolog devices are not calibrated to be meaningful at resistivities 
above 2000 ohm.m, so these measurements too will be limited to values less 
than 2000 ohm.m. 

 Formation water resistivity is best determined from reliable formation water 
samples obtained from well tests, formation pressure tester sampling or field 
production. Conversion to resistivity from NaCl eq. salinity is straightforward. 

 Water saturations will be estimated using the Archie and Waxman-Smits 
equations through the reservoir units. The latter model’s results are typically 
preferred. These equations have proven to be reliable in both carbonate and 
sandstone reservoirs. 

 A net reservoir cutoff will be determined using the available data such that 
negligible hydrocarbon volumes will be excluded from the evaluations. Such 
a cutoff will also facilitate static model building by reducing the number of 
cells being modelled to only those required. 

 Each log evaluation will be displayed in a depth plot, while average 
properties will be reported for each unit above the fluid contacts. 



 

General workflow for upgrading poor/old logging suite into meaningful 

porosity and water saturations: 

 Can use GR and/or SP to get shale fraction(VSH). 
 Calibrate VSH to porosity in wells with good porosity (density or 

sonic) data.  
  In absence of density and sonic logs, use relationship to estimate 

porosity in wells with limited logs. Otherwise use density and/or sonic 
to estimate porosity. 

 Corrected whichever resistivities are available using appropriate 
charts/methodology. 

 Estimate water saturation (SW) using porosity and corrected 
resistivity. Note that water resistivity (RW) in these analyses may be a 
mixture of mud filtrate and formation water. 

 Determine net reservoir using shale fraction and SW. 

General workflow for wellbore image log interpretation 

Well image log can be useful for both laminated pay analysis and fracture 

characteristics assessment. These possibilities are outlined below, while the 

Figure summarises the approaches: 

Fracture Characterisation 

 Images examined and fractures individually identified by eye, cutting 
across bedding planes. 

 Drilling induced fractures give current rock stress directions. Should 
have predictable orientations. May be induced tensile (usually vertical 
bisecting borehole), induced shear (usually asymmetric, looking 
jagged or “s” shaped) or borehole breakout related. 

 Natural fractures are less predictable in orientations. May be filled 
(resistive), open or somewhere in between. 

Laminated Sand Characterisation 

  Images are examined to determine whether or not laminated sands 
and shales are present. 

  If present, net sand count can be made from images either manually, 
or (better) by extracting a vertical trace through the images, then 
applying cutoffs. 

  The net sand count can then be combined with conventional logs to 
deconvolve the true sand porosities, permeabilities and water 
saturations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3. Verification of Log 
Evaluations 

The log evaluated porosities, 

permeabilities and saturations will then be 

verified by comparison against the core 

data. Note that the log data will not be 

calibrated to the core data. Such 

calibration makes the implicit assumption 

that the core data is correct. The 

assumption that the core data is 

representative of all the other reservoir 

elements in the un-cored portions of the 

well is also made i.e. calibration to core 

assumes that a shift to match the core 

properties at the core sample points will be 

valid for all the intervals in all wells. 

Here the properties measured on the core 

samples will be compared with the log-

derived properties to verify that the log 

interpretation model is appropriate. If there 

are differences between the core and log-

derived properties, the reasons for these 

differences must be addressed. Some log 

evaluation model updates may be 

necessary. 

4. Inputs to Static & 
Dynamic Modelling 

The required data and equations for static 

and dynamic modelling should then be 

supplied. 

 Provide net, porosity (total and/or 
effective) and permeability curves for 
each well to static model. Shale fraction 
curves may also be required if Facies 
variation is necessary for permeability 
modelling. 

  Supply saturation-height model and 
fluid contacts for model initialisation. 

  Determine approximate porosity to 
permeability transforms for upscaled 
data. 

  Iterate with static and dynamic 
modellers to ensure inputs are 
appropriate and equations are 
implemented correctly. 

  

Figure 4: Possible Image Log Processing Flow Chart for Fracture & Laminated Sands 



 

GEOPHYSICAL SEISMIC INTERPRETATION 

1. Data Availability and Quality 
The data required for the time interpretation and geophysical 

analysis is as follows: 

 Seismic volumes. This includes full stack, equilised and non-
equalised data, substack volumes, different vintages and 
processing algorithms (PSTM, PSDM). All volumes should be 
accompanied by a quick description of the processing workflow 
applied. 

 Well data includes all wireline logs, mudlog report, completion 
reports, DST’s and MDT’s. The logs should be provided in LAS 
format. 

 Checkshots are an essential input for the well to seismic ties and 
the time depth conversion. 

 Stacking velocities used for the processing of the seismic data is 
important for time depth conversion and some of the special 
geophysics techniques. 

The seismic data quality is important both for the time interpretation 

and the special geophysics (QI). Cleaner imaging will ensure better 

structural mapping and reduce uncertainty on fault positioning.  

The seismic data quality is even more crucial for the QI studies. 

Poor data quality will generate low resolution outputs bearing a great 

degree of uncertainty.  

2. Seismic to Well Ties 
Seismic to well ties is the first step of both time interpretation and QI 

geophysics. The QI geophysics implication is described in greater 

detail in the inversion section.     

Regarding time interpretation, the well to seismic tie ensures that the 

reservoir/seal boundaries are properly identified on the seismic data. 

Therefore, the interpreter has a high degree of confidence when 

picking the events on the reflectivity data. 

The well to seismic tie may also lead to some adjustments on the 

Time-Depth pairs that eventually will be used for the time depth 

conversion.The well to seismic tie is normally performed by creating 

a synthetic trace and comparing it with the seismic data. The 

synthetic trace is generated by convolving reflectivity series with a 

wavelet. The reflectivity series is a sequence of spikes defined by 

the impedance contrast between different lithologies. The 

impedance log is the product of the density log and the sonic log. 

The wavelet used for the above mentioned convolution is usually a 

zero phase Ricker or Butterworth operator with frequencies 

capturing the bandwidth of the seismic. 

Knowledge of the seismic bandwidth and the polarity of the data are 

essential for the well to seismic ties and this information is provided 

by the reports prepared by the seismic data processing contractors.   

In the absence of acoustic logs, a much simpler approach can be 

employed using only the Gamma Ray logs. The interpreter plots the 

GR log on the seismic using the known Time Depth pairs and in a 

simplistic manner he identifies the reservoir/seal boundaries on the 

reflectivity data.  

3. Time Interpretation 
Time interpretation is the technique where the seismic data is 

mapped and converted to geologically meaningful information. To 

accomplish that, the interpreter maps time horizons and faults. The 

horizons are generally significant stratigraphic boundaries 

(unconformities etc) and reservoir/seal boundaries. The number of 

horizons to be picked depends on the objective of the study. Overall, 

exploration studies focus on regional events, flooding surfaces, main 

sand bodies, carbonate build-ups etc. Development oriented 

interpretation requires a greater degree of detail and it is not unusual 

mapping several horizons corresponding to every single well top.  

The wavelet used for the above mentioned convolution is usually a 

zero phase Ricker or Butterworth operator with frequencies 

capturing the bandwidth of the seismic. Knowledge of the seismic 

bandwidth and the polarity of the data are essential for the well to 

seismic ties and this information is provided by the reports prepared 

by the seismic data processing contractors.   

In the absence of acoustic logs, a much simpler approach can be 

employed using only the Gamma Ray logs. The interpreter plots the 

GR log on the seismic using the known Time Depth pairs and in a 

simplistic manner he identifies the reservoir/seal boundaries on the 

reflectivity data.  

Horizon mapping is executed on normal reflectivity data. Assuming 

that the seismic is zero phased, the interpreter picks either the 

troughs of the peaks of the reflections depending on the outcome of 

the well to seismic tie. A common technique is to generate a runsum 

volume in an attempt to enhance the seismic resolution. Runsum is 

an integration of the seismic trace and could also be thought as 

phase rotation. If such a technique is employed then the interpreter 

picks zero crossings rather than troughs and peaks.  

Fault mapping can be done utilising several different workflows 

depending on the structural complexity. For simple structures, the 

faulty interpretation is carried out on reflectivity sections 

simultaneously with the horizon mapping. The faults remain 

unassigned till completion of the interpretation. Following that, the 

interpreter using either map views or a suitable 3D viewer assigns 

the faults picks to specific faults surfaces. In a field development 

project that a geological 3D model is expected to be eventually 

generated fault surfaces are normally created in a geological 

modeling tool (i.e Petrel).In more complex structures or areas with 

imaging issues advanced fault interpretation workflows may be 

utilized. In such case, semblance or dip azimuth volumes are 

created to enhance the discontinuities and highlight fault patterns. 

The interpretation of such data is performed on time slices that allow 

high quality and accurate picking. Obviously, the faults picked on the 

time slices are combined together with the fault sticks mapped on 

the reflectivity profiles. 

Mapping of 2D data is slightly different than 3D and despite the 

reduced number of seismic lines, this type of interpretation tends to 

be more challenging and requires a higher degree of geological and 

structural understanding. This becomes extremely important in 2D 

fault interpretation of complex structures. Due to insufficient data, 

the interpreter has to use his own structural expertise and 

experience in order to generate a geologically correct fault 

framework.  

Workflows of horizon mapping of 2D seismic data are similar to 

those of 3D interpretation. One of the issues that the interpreter 

faces here is mismatches and time shifts at line intersections. 

Although such mismatches can be manually addressed during 

picking, they may be the cause of additional problems during



 
gridding of the surfaces. 

Often time interpretation is carried out on datasets of different 

vintages. The vintages are generally the product of different 

acquisition and processing parameters resulting in data that may 

have bandwidth variations, phase inconsistencies and even time 

shifts. Usually, prior to commencing time interpretation, the 

geophysicist may have to match the vintages by applying 

appropriate matching operators. Such processes may be available 

on interpretation software packages although usually they are 

performed by seismic data processing experts.       

4. Attributes 
The seismic data can be converted to numerous different attributes 

and in fact even the substacks (offset/angle stacks) are such 

attributes. Other attributes already mentioned here are the 

semblance and dip azimuth derivatives. The attribute most 

commonly used for seismic data evaluation is the amplitude of the 

reflections.  

Bright events can easily be identified on the 2D seismic profiles, 

however manual mapping of such events rarely produces the 

desirable outcomes. The best approach to amplitude evaluation is 

the extraction along interpreted horizons. Normally, these 

extractions are RMS calculation over a time window that contains 

the horizon. The size of the window depends on the objective of the 

analysis but generally it does not exceed 6 seismic samples. The 

amplitude extractions are displayed on map view and preferably in 

conjunction with the contours of the horizon. This allows 

understanding of the amplitudes in relationship to structure. Bright 

amplitudes that are conformable to structure could indicate 

hydrocarbons. Other amplitudes may just be lithology or stratigraphy 

indicators. The importance of the relationship between structure and 

amplitudes highlights the significance of extracting amplitudes along 

carefully interpreted horizons. Interpretation inconsistencies will 

adversely influence the quality of the amplitudes. 

Beyond the amplitudes extracted on full stack seismic, amplitudes 

can be also extracted along the same horizon on several substacks. 

Then the substack extractions can be combined to investigate AVO 

effects on the seismic. Typical example is the subtraction of far 

stack from the near stack. The resulting attribute could be 

considered a good indicator of class 3 AVO effects on the data.   

A very important aspect of attribute analysis is overburden effects. 

Shallow events may disturb the signal at the levels of interest and 

could lead to erroneous analysis of the amplitude extractions. It is 

not unusual to have amplitude maps showing features conformable 

to structure only due to overburden effects rather than actual 

variations along the mapped horizon. There are techniques 

available that allow for the reduction of overburden effects. The best 

known such technique is the A over B where the back ground 

amplitude is removed from the amplitude of interest.  

5. QI Special Studies Inversion 
Inversion is a technique that combines seismic reflectivity data, 

acoustic logs from wells and interpreted horizons to produce 

impedance seismic volumes. The impedance volumes are normally 

generated in pairs including both Shear and compessional 

components. As a final step of the technique the impedance 

volumes are converted to various rock property and fluid volumes 

using rock physics functions. 

The most important part of the method is the conditioning of both 

well and seismic data. The well logs are edited for any bad intervals 

and normally modeled logs are created using established rock 

physics functions and techniques. The recorded logs are then 

compared against the modeled logs to ensure that they fall within 

the known rock property trends. If significant deviations are 

observed, the modeled logs may be used for the inversion. 

Conditioning of the seismic data includes application of very mild 

amplitude normalization to reduce overburden effects. A second 

type of conditioning is the alignment between the various substacks 

to ensure stable measurement of amplitude from offset to offset. 

Finally, zero phasing may be applied to the data although this step 

may be incorporated with the wavelet extraction phase.  

Following data conditioning, the wavelet is extracted for each 

substack utilising both seismic and well data. This process is 

extremely important since the wavelet is the only tool that allows the 

combination of logs with seismic. Extra attention is paid in retaining 

the high frequencies of the seismic although equally significant is 

the generation of wavelets with low frequencies as close to zero as 

possible.   

 The next step of the inversion workflow is the building of earth 

models. Three different models are generated, including 

compressional impedance, shear impedance and density. The earth 

models are based on the extrapolation and interpolation of the 

conditioned acoustics logs from the available wells along the time 

interpreted horizons. Effectively, the models represent the prior 

knowledge of the geology within the areas covered by the seismic 

volumes. 

The conditioned seismic data (usually more than one offset stacks), 

the extracted wavelets and the earth models become part of a test 

process that allows parameterization of the inversion algorithm. 

When the parameters have been selected, the actual inversion 

process is performed using the data mentioned above. The output 

of the inversion is compressional impedance, shear impedance and 

density volumes together with synthetic seismic. The latter is very 

important as it allows for comparison between the actual seismic 

and the synthetics generated by the inversion and gives a good 

indication about the quality of the inversion results. 

The final step of the inversion technique is the conversion of the 

elastic volumes to rock and fluid properties. This conversion is 

based on cross plots that combine elastic properties and rock 

properties. The actual conversion is based on functions (linear or 

polynomial) derived from the cross plots and on polygons defined by 

the users on the same cross plots. Porosity is a straight function of 

the compressional impedance for the same fluid. Net to Gross can 

be inferred by cross plotting Shear impedance vs compressional 

impedance and deriving a shale line trend, Fluids can be derived 

using various techniques including Lambda-Rho Mue-Rho and 

VpVs cross plots and polygons. 



 

6. Time Depth Conversion 
The interpreted horizons and faults are converted to depth using 

velocity functions. The time depth conversion is also applicable to 

seismic volumes in particular the products of the inversion process.  

The most essential aspect of the time depth conversion is the 

generation of a velocity model. There are several different ways to 

do so and here, the most common techniques are described. 

The simplest approach is to create one single polynomial function 

that honors the Time Depth functions of all the wells. Effectively, 

this technique assumes that the earth is dominated by a simple 

compaction trend that is the same in the entire study area.    

A further technique is to use the seismic stacking velocities 

calibrated on the wells to form the velocity model. This approach 

takes into consideration all independent data (seismic and well 

checkshots) but often it tends to provide erratic results because the 

seismic velocities do not always follow the actual velocities of the 

earth. 

The next technique is to use again the time depth functions for 

each well but this time interpolate them following geological layers 

and therefore create a layer cake model. This method is very 

elaborate and generally provides robust results although it fails in 

areas with severe lateral anomalies in the overburden. 

The final technique discussed here is the VoK approach. Here the 

velocity functions are defined by two variables, the Vo and the K. 

This is also an approximation using the time depth pairs at each 

well. However, the very nature of this approximation reduces the 

sensitivity to substantial lateral anomalies within the overburden.   

Irrespectively of the approach used for the time depth conversion, 

the depth converted horizons always have to be checked against 

the well tops to avoid large errors. More often than not, such errors 

occur and they are minimized by flexing the depth converted 

horizon to fit the tops.    

7. Future Seismic Acquisition VOI 
and Recommendations 

All the processes mentioned above not only generate depth maps, 

a comprehensive structural framework and rock property volumes, 

they also provide the geophysics team with an insight about the 

limitations of the data and the overall quality of the seismic. Based 

on this understanding the geophysicists are in a position to 

recommend future activities like acquisition of new surveys or 

reprocessing of the existing data.  

For instance, if fault imaging is an issue the interpreter may 

consider the option of acquiring new seismic with longer offsets or 

different shooting orientation. Such an approach may also be 

beneficial to the QI studies allowing for better estimation of 

amplitudes at the very far offsets, therefore providing more robust 

calculation of sheer impedance. 

Apart from the purely technical benefits of such new acquisition the 

value of information for the overall business activities needs to be 

calculated.  VOI provides a quantitative way to establish if the 

expenditure for the new seismic is justifiable.   

 



 

GEOLOGICAL & STATIC RESERVOIR MODELLING 

Our consultants have a long track record of deploying geo-modelling tools on integrated field studies. We can work with a 

variety of commercial softwares: Petrel (Schlumberger), SKUA (Paradigm), Geographix and DecisionSpace (Landmark 

Halliburton), Jewel Suite (JOA Baker), RMS (Roxar).  

LEAP Energy uses a structured set of static reservoir modelling workflows, ensuring therefore consistency of approaches from 

a project to another. However, recognising that each asset has its own specific challenges, some aspects must be tailored to 

optimally deal with the specific issues in the field and the availability of data.  

1. General static modelling workflow  

 Lithofacies and diagenetic facies/sequence from core. 

This typically involves study of existing core photographs 

and descriptions and integration of these with RCA and 

SCAL core plug measurements, to result in a facies 

scheme that is centred around flow behaviour; 

 Study of conventional as well as novel (e.g., NMR) 

wireline logs where available, with the aim to recognize 

and predict the different facies over the uncored sections 

in the wells; 

 Establish a correlation framework using sequence-

stratigraphic principles. Correlations would be flow-unit 

based and take into account well-log as well as seismic 

evidence; 

 Construct 3D facies model based on the facies 

observations and predictions from core and well logs 

integrated with seismic data (especially seismic 

inversion results) where available. Different model 

realizations will be made to capture the prediction 

uncertainty; 

 Generate reservoir property estimations/predictions at 

the wells based on core plug and wireline log evidence. 

Permeability predictions may utilize Phi-K relationships 

per facies and/or neural net techniques. Upscaling of 

reservoir properties to reservoir-grid scale considers 

pore geometry and distribution (i.e., layering, vuggy vs. 

intergranular nature of porosity development); 

 Construct 3D reservoir flow property models based on 

upscaled core-plug and well-log data, where possible 

conditioned to seismic attributes or inversion data; 

 Mapping of secondary porosity e.g. fractures (see 

fracture workflows) or possible karst features (mapped 

from well and seismic data) into the 3D grid, either as 

effective properties (permeability multipliers) or as dual-

porosity input; 

 Upscale layers and properties to simulation grid scale. 

Properties can be upscaled in a variety of ways. Best 

practices such as areal flow-based upscaling for 

permeabilities and transmissibilities will be applied. 

 

. 

  

Figure 5: General workflow for static modelling 
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2. Fracture characterisation and 
modelling  

Natural fractures occur regularly in reservoirs – notably but 

not restricted to carbonates. Unconventional reservoirs such 

as tight gas, shale gas and CBM rely extensively on the 

natural fracture network to provide a flow path for fluids to 

move within the reservoir. 

LEAP Energy’s approach to fractured reservoirs 

characterization and modelling depends on the specific 

issues and data availability for the asset in question, but 

generally involves the following steps: 

 

1. Establish properties of the fracture networks intersected 

by the wells: 

a) Fracture identification from core (relative timing of 

fracture set, height, aperture, fracture fill, fracture-

fracture and fracture-layer abutting); 

b) Fracture identification from downhole logs (in order 

of decreasing confidence: resistivity image, acoustic 

scanner, dipmeter). Establish orientation, spacing, 

relationship to lithology (if any) per fracture set; 

c) Evidence of fracturing from drilling data (mudlosses, 

bit drops); 

d) Evidence of fracturing from dynamic data (DST’s, 

production); 

e) Integration / cross calibration of the results from 

steps 1a) to 1d) to establish ranges in fracture 

spacing and properties for the fractures seen in the 

wells that matter to flow; 

2. Establish conceptual fracture network model(s) 

consistent with the data: 

a) Estimate of present-day stress vectors orientation 

and relative magnitude based on integration of 

borehole breakout data (oriented caliper) and 

leakoff test results; 

b) Mapping of structural features (faults, curvature) 

from seismic that could have a bearing on fracture 

distribution, orientation and/or properties; 

c) Identify possible orientation of paleo-stresses 

responsible for the seismically mapped 

structuration; 

d) Consideration of possible diagenetic overprints on 

the fracture network; 

e) Integration of the results of steps 1 with steps 2a) to 

2e) to establish one or more conceptual models that 

link fracture orientation/spacing/properties (from 

step 1) to presence and orientation of seismically 

mapped features (e.g., faults, structural curvature) 

and stress (either present-day or paleo-stresses) as 

well as to lithology and diagenesis. Construct 

fracture orientation & spacing maps for each 

conceptual model. 

3. Cross-validate the conceptually derived fracture maps 

with direct fracture mapping from seismic (application of 

volume attribute techniques as far as the data quality 

allows): 

a) Fracture identification from seismic using volume 

attribute techniques; 

b) Comparison with conceptually derived maps, 

integrating results into one or more final fracture 

maps. 

4. Incorporation of the final fracture maps into the static 

and dynamic reservoir models, either as effective 

properties (permeability multiplier) or as dual-porosity 

properties (k, Phi of fracture nodes). Depending on the 

availability and resolution of the data, maps could be per 

reservoir layer, for the reservoir as a whole, per lithology 

or any combination of those. 

5. Cross-validation of integrated fracture/matrix property 

models against dynamic data via simulation and history 

matching where possible.  

Figure 6: Fracture network characteristics mapping based on 
interpolated well log data 
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Determine rock and fluid properties based on log, 

core and well test data. Generate models to 

distribute these properties within the reservoir.

Validate and confirm ranges of dynamic reservoir 

properties using production data. Conduct DCA for 

future well performance.

Gain insights on In-Place volumes (for 

reservoir/layer/pool), drive mechanism, 

compartmentalisation and NFA field performance. 

Gain insights on In-Place volumes (for 

reservoir/layer/pool), drive mechanism, 

compartmentalisation and future field performance 

vs. alternative future development scenarios.

RESERVOIR ENGINEERING EVALUATION & DYNAMIC MODELLING 

1. Workflow and key components 
The overall workflow for reservoir engineering studies is shown below on Figure 7. 

  

 
 
 
 
 
 
 

 
 

 
 

 
 

 
 
 
 

 

2. Basic Reservoir Engineering data 
analysis 

Fundamental to a successful reservoir simulation study is the 

rigorous analysis of basic reservoir engineering data (e.g RCA and 

SCAL analysis, pressure data analysis, PVT data analysis) and the 

construction of adequate models representing the distribution of the 

rock and fluid properties throughout the reservoir. 

LEAP Energy consultants have a wealth of experience conducting 

basic reservoir engineering analysis and modelling in a variety of 

settings. Key to success in sparse data environment is access to 

local, regional and world-wide analogue databases, and the 

judicious choice of the relevant analogues for the field under 

analysis.  

3. Production data analysis: 
historical data review (HDR) and 
decline curve analysis (DCA) 

LEAP Energy utilises a unique combination industry best practices, 

proven techniques and proprietary technology to conduct rapid 

assessments of field and well performance.  

Production data analysis and Historical Data Review 

With respect to production data analysis (PDA), and historical data 

review (HDR), LEAP Energy employs the following strategy, 

leveraged by access to 3rd Party and self-developed internal 

technology: 

 Deployment of powerful data analysis algorithms, utilizing 
simple yet proven analytical techniques embedded in an easy-
to-use application or set of tools 

 Following clear workflows adapted to the data reality 
environment experienced in THE CLIENT’s portfolio which can 
be replicated and followed readily in other fields 
 

 

  

  

 

 
 
 Ensuring direct involvement of the knowledge holders in the 

optimization process, ensuring the full use of available data and 
accumulated field experience and expertise 

Decline Curve Analysis 

Arps (1945) created the foundation of decline curve analysis by 

proposing simple mathematical curves, i.e. exponential, harmonic or 

hyperbolic, as a tool for creating a reasonable outlook for the 

production of an oil well once it has reached the onset of decline. 

His original approach has later been developed further and is still 

used as a benchmark for industry for analysis and interpretation of 

production data due to its simplicity.  

There is some connection between the physical models for reservoir 

flows and empirical simplifications based on decline curves. The 

exponential curve, introduced by Arps (1945), is actually the 

analytical long-term solution to flow equation of a well with constant 

bottomhole flowing pressure (Hurst, 1934; van Everdingen and 

Hurst, 1949). The biggest advantage of decline curve analysis is 

that it is virtually independent of the size and shape of the reservoir 

or the actual drive mechanism (Doublet, 1994), thus avoiding the 

need for detailed reservoir or production data. The only data 

requirement for decline curve analysis and extrapolation is 

production data, which is relatively easy to obtain for a large number 

of wells within the field. 

It is generally observed that decline curves of various forms must be 

used to create reasonable outlooks for fluid production over an 

entire field, or field sector. That is because in many field cases a 

single curve is not sufficient to obtain a good fit and it may be 

necessary to use a combination of curves to obtain good agreement 

(Haavardsson & Huseby, 2007), due to the different degree of 

recovery mechanisms at play from well to well within a field/sector. 

Figure 7: Workflow and key components 
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33 KhMult --------------> Increasing Average K

Kkarst

1 1.5 2 1 3 1.5 2 4 3 4 1 1.5 2 3 4 1 1.5

KaqfMult GIIP KarstVolMult PorAdd 100 100 100 200 100 200 200 100 200 200 400 400 400 400 400 800 800
3 5.79 1 -0.02 6.4 5.3 5.3 5.0 4.6 3.9 3.9 3.9 3.2 2.5 3.4 2.2 2.2 1.6 1.0 2.1 1.0
2 5.79 1 -0.02 6.4 5.3 5.3 5.0 4.6 3.9 3.9 3.9 3.2 2.5 3.4 2.2 2.2 1.6 1.0 2.1 1.0
1 5.79 1 -0.02 6.4 5.3 5.3 5.0 4.6 3.9 3.9 3.9 3.2 2.5 3.4 2.2 2.2 1.6 1.0 2.1 1.0

0.1 5.79 1 -0.02 6.7 5.6 5.6 5.4 4.9 4.3 4.3 4.3 3.6 3.0 4.0 3.0 3.0 2.5 2.2 3.0 2.2
0.01 5.79 1 -0.02 6.3 5.2 5.2 5.1 4.6 4.0 4.0 4.0 3.5 3.0 4.0 3.2 3.2 2.9 2.8 3.4 2.8

3 6.54 1 -0.01 5.3 4.2 4.2 3.9 3.5 2.8 2.8 2.8 2.1 1.4 2.2 1.1 1.1 0.5 0.5 1.0 0.5
2 6.54 1 -0.01 5.3 4.2 4.2 3.9 3.5 2.8 2.8 2.8 2.1 1.4 2.2 1.1 1.1 0.5 0.5 1.0 0.5
1 6.54 1 -0.01 5.3 4.2 4.2 3.9 3.5 2.8 2.8 2.8 2.1 1.4 2.2 1.1 1.1 0.5 0.5 1.0 0.5

0.1 6.54 1 -0.01 5.6 4.5 4.5 4.3 3.8 3.2 3.2 3.2 2.5 2.0 3.0 2.1 2.1 1.8 1.8 2.2 1.8
0.01 6.54 1 -0.01 5.2 4.1 4.1 4.0 3.5 3.0 3.0 3.0 2.5 2.2 3.2 2.5 2.5 2.5 2.7 2.8 2.7

3 6.55 1.2 -0.02 5.0 3.9 3.9 3.6 3.2 2.5 2.5 2.5 1.8 1.1 2.1 1.0 1.0 0.7 1.0 1.1 1.0
2 6.55 1.2 -0.02 5.0 3.9 3.9 3.6 3.2 2.5 2.5 2.5 1.8 1.1 2.1 1.0 1.0 0.7 1.0 1.1 1.0
1 6.55 1.2 -0.02 5.0 3.9 3.9 3.6 3.2 2.5 2.5 2.5 1.8 1.1 2.1 1.0 1.0 0.7 1.0 1.1 1.0

0.1 6.55 1.2 -0.02 5.4 4.3 4.3 4.1 3.6 3.0 3.0 3.0 2.5 2.1 3.0 2.2 2.2 2.1 2.2 2.5 2.2
0.01 6.55 1.2 -0.02 5.1 4.0 4.0 4.0 3.5 3.0 3.0 3.0 2.7 2.5 3.4 2.8 2.8 2.9 3.2 3.2 3.2

3 6.87 1.4 -0.02 3.9 2.8 2.8 2.5 2.1 1.4 1.4 1.4 0.7 0.0 1.0 0.5 0.5 1.1 1.8 1.0 1.8
2 6.87 1.4 -0.02 3.9 2.8 2.8 2.5 2.1 1.4 1.4 1.4 0.7 0.0 1.0 0.5 0.5 1.1 1.8 1.0 1.8
1 6.87 1.4 -0.02 3.9 2.8 2.8 2.5 2.1 1.4 1.4 1.4 0.7 0.0 1.0 0.5 0.5 1.1 1.8 1.0 1.8

0.1 6.87 1.4 -0.02 4.3 3.2 3.2 3.0 2.5 2.0 2.0 2.0 1.6 1.4 2.2 1.8 1.8 2.1 2.5 2.2 2.5
0.01 6.87 1.4 -0.02 4.0 3.0 3.0 3.0 2.5 2.2 2.2 2.2 2.1 2.2 2.8 2.7 2.7 3.0 3.5 3.2 3.5

3 6.92 1.2 -0.01 3.9 2.8 2.8 2.5 2.1 1.4 1.4 1.4 0.7 0.0 1.0 0.5 0.5 1.1 1.8 n 1.8
2 6.92 1.2 -0.01 3.9 2.8 2.8 2.5 2.1 1.4 1.4 1.4 0.7 0.0 1.0 0.5 0.5 1.1 1.8 1.0 1.8
1 6.92 1.2 -0.01 3.9 2.8 2.8 2.5 2.1 1.4 1.4 1.4 0.7 0.0 1.0 0.5 0.5 1.1 1.8 1.0 1.8

0.1 6.92 1.2 -0.01 4.3 3.2 3.2 3.0 2.5 2.0 2.0 2.0 1.6 1.4 2.2 1.8 1.8 2.1 2.5 2.2 2.5
0.01 6.92 1.2 -0.01 4.0 3.0 3.0 3.0 2.5 2.2 2.2 2.2 2.1 2.2 2.8 2.7 2.7 3.0 3.5 3.2 3.5

3 7.20 1.6 -0.02 2.8 1.8 1.8 1.4 1.1 0.5 0.5 0.5 0.5 1.1 0.5 1.4 1.4 2.1 2.8 1.8 2.8
2 7.20 1.6 -0.02 2.8 1.8 1.8 1.4 1.1 0.5 0.5 0.5 0.5 1.1 0.5 1.4 1.4 2.1 2.8 1.8 2.8
1 7.20 1.6 -0.02 2.8 1.8 1.8 1.4 1.1 0.5 0.5 0.5 0.5 1.1 0.5 1.4 1.4 2.1 2.8 1.8 2.8

0.1 7.20 1.6 -0.02 3.2 2.1 2.1 2.0 1.5 1.1 1.1 1.1 1.1 1.5 1.8 2.0 2.0 2.5 3.2 2.5 3.2
0.01 7.20 1.6 -0.02 3.0 2.1 2.1 2.2 1.8 1.8 1.8 1.8 2.1 2.5 2.7 3.0 3.0 3.5 4.1 3.5 4.1

3 7.25 1.4 -0.01 2.8 1.8 1.8 1.4 1.1 0.5 0.5 0.5 0.5 1.1 0.5 1.4 1.4 2.1 2.8 1.8 2.8
2 7.25 1.4 -0.01 2.8 1.8 1.8 1.4 1.1 0.5 0.5 0.5 0.5 1.1 0.5 1.4 1.4 2.1 2.8 1.8 2.8
1 7.25 1.4 -0.01 2.8 1.8 1.8 1.4 1.1 0.5 0.5 0.5 0.5 1.1 0.5 1.4 1.4 2.1 2.8 1.8 2.8

0.1 7.25 1.4 -0.01 3.2 2.1 2.1 2.0 1.5 1.1 1.1 1.1 1.1 1.5 1.8 2.0 2.0 2.5 3.2 2.5 3.2
0.01 7.25 1.4 -0.01 3.0 2.1 2.1 2.2 1.8 1.8 1.8 1.8 2.1 2.5 2.7 3.0 3.0 3.5 4.1 3.5 4.1

3 7.28 1 0.01 4.2 3.2 3.2 2.8 2.5 1.8 1.8 1.8 1.1 0.5 1.1 0.0 0.0 0.7 1.4 0.5 1.4
2 7.28 1 0.01 4.2 3.2 3.2 2.8 2.5 1.8 1.8 1.8 1.1 0.5 1.1 0.0 0.0 0.7 1.4 0.5 1.4
1 7.28 1 0.01 4.2 3.2 3.2 2.8 2.5 1.8 1.8 1.8 1.1 0.5 1.1 0.0 0.0 0.7 1.4 0.5 1.4

0.1 7.28 1 0.01 4.5 3.4 3.4 3.2 2.7 2.1 2.1 2.1 1.5 1.1 2.1 1.4 1.4 1.6 2.0 1.8 2.0
0.01 7.28 1 0.01 4.1 3.0 3.0 3.0 2.5 2.1 2.1 2.1 1.8 1.8 2.5 2.2 2.2 2.5 3.0 2.7 3.0

3 7.59 1.6 -0.01 1.8 1.0 1.0 0.5 0.7 1.0 1.0 1.0 1.6 2.2 1.4 2.5 2.5 3.2 3.9 2.8 3.9
2 7.59 1.6 -0.01 1.8 1.0 1.0 0.5 0.7 1.0 1.0 1.0 1.6 2.2 1.4 2.5 2.5 3.2 3.9 2.8 3.9
1 7.59 1.6 -0.01 1.8 1.0 1.0 0.5 0.7 1.0 1.0 1.0 1.6 2.2 1.4 2.5 2.5 3.2 3.9 2.8 3.9

0.1 7.59 1.6 -0.01 2.1 1.0 1.0 1.1 0.7 1.0 1.0 1.0 1.6 2.2 2.0 2.7 2.7 3.4 4.0 3.2 4.0
0.01 7.59 1.6 -0.01 2.1 1.4 1.4 1.8 1.6 2.0 2.0 2.0 2.5 3.2 3.0 3.6 3.6 4.3 4.9 4.1 4.9

3 7.65 1.2 0.01 2.8 1.8 1.8 1.4 1.1 0.5 0.5 0.5 0.5 1.1 0.5 1.4 1.4 2.1 2.8 1.8 2.8
2 7.65 1.2 0.01 2.8 1.8 1.8 1.4 1.1 0.5 0.5 0.5 0.5 1.1 0.5 1.4 1.4 2.1 2.8 1.8 2.8
1 7.65 1.2 0.01 2.8 1.8 1.8 1.4 1.1 0.5 0.5 0.5 0.5 1.1 0.5 1.4 1.4 2.1 2.8 1.8 2.8

0.1 7.65 1.2 0.01 3.2 2.1 2.1 2.0 1.5 1.1 1.1 1.1 1.1 1.5 1.8 2.0 2.0 2.5 3.2 2.5 3.2
0.01 7.65 1.2 0.01 3.0 2.1 2.1 2.2 1.8 1.8 1.8 1.8 2.1 2.5 2.7 3.0 3.0 3.5 4.1 3.5 4.1

3 7.66 1 0.02 2.8 1.8 1.8 1.4 1.1 0.5 0.5 0.5 0.5 1.1 0.5 1.4 1.4 2.1 2.8 1.8 2.8
2 7.66 1 0.02 2.8 1.8 1.8 1.4 1.1 0.5 0.5 0.5 0.5 1.1 0.5 1.4 1.4 2.1 2.8 1.8 2.8
1 7.66 1 0.02 2.8 1.8 1.8 1.4 1.1 0.5 0.5 0.5 0.5 1.1 0.5 1.4 1.4 2.1 2.8 1.8 2.8

0.1 7.66 1 0.02 3.2 2.1 2.1 2.0 1.5 1.1 1.1 1.1 1.1 1.5 1.8 2.0 2.0 2.5 3.2 2.5 3.2
0.01 7.66 1 0.02 3.0 2.1 2.1 2.2 1.8 1.8 1.8 1.8 2.1 2.5 2.7 3.0 3.0 3.5 4.1 3.5 4.1

3 7.85 2 -0.02 2.2 1.1 1.1 1.0 0.5 0.5 0.5 0.5 1.1 1.8 1.5 2.2 2.2 2.9 3.6 2.7 3.6
2 7.85 2 -0.02 2.2 1.1 1.1 1.0 0.5 0.5 0.5 0.5 1.1 1.8 1.5 2.2 2.2 2.9 3.6 2.7 3.6
1 7.85 2 -0.02 2.2 1.1 1.1 1.0 0.5 0.5 0.5 0.5 1.1 1.8 1.5 2.2 2.2 2.9 3.6 2.7 3.6

0.1 7.85 2 -0.02 3.0 2.1 2.1 2.2 1.8 1.8 1.8 1.8 2.1 2.5 2.7 3.0 3.0 3.5 4.1 3.5 4.1
0.01 7.85 2 -0.02 3.2 2.5 2.5 2.8 2.5 2.7 2.7 2.7 3.0 3.5 3.6 4.0 4.0 4.5 5.1 4.5 5.1

3 8.01 1.4 0.01 1.8 1.0 1.0 0.5 0.7 1.0 1.0 1.0 1.6 2.2 1.4 2.5 2.5 3.2 3.9 2.8 3.9
2 8.01 1.4 0.01 1.8 1.0 1.0 0.5 0.7 1.0 1.0 1.0 1.6 2.2 1.4 2.5 2.5 3.2 3.9 2.8 3.9
1 8.01 1.4 0.01 1.8 1.0 1.0 0.5 0.7 1.0 1.0 1.0 1.6 2.2 1.4 2.5 2.5 3.2 3.9 2.8 3.9

0.1 8.01 1.4 0.01 2.1 1.0 1.0 1.1 0.7 1.0 1.0 1.0 1.6 2.2 2.0 2.7 2.7 3.4 4.0 3.2 4.0
0.01 8.01 1.4 0.01 2.1 1.4 1.4 1.8 1.6 2.0 2.0 2.0 2.5 3.2 3.0 3.6 3.6 4.3 4.9 4.1 4.9

3 8.03 1 0.03 2.2 1.1 1.1 1.0 0.5 0.5 0.5 0.5 1.1 1.8 1.5 2.2 2.2 2.9 3.6 2.7 3.6
2 8.03 1 0.03 2.2 1.1 1.1 1.0 0.5 0.5 0.5 0.5 1.1 1.8 1.5 2.2 2.2 2.9 3.6 2.7 3.6
1 8.03 1 0.03 2.2 1.1 1.1 1.0 0.5 0.5 0.5 0.5 1.1 1.8 1.5 2.2 2.2 2.9 3.6 2.7 3.6

0.1 8.03 1 0.03 3.0 2.1 2.1 2.2 1.8 1.8 1.8 1.8 2.1 2.5 2.7 3.0 3.0 3.5 4.1 3.5 4.1
0.01 8.03 1 0.03 3.2 2.5 2.5 2.8 2.5 2.7 2.7 2.7 3.0 3.5 3.6 4.0 4.0 4.5 5.1 4.5 5.1

3 8.03 1.2 0.02 1.4 0.5 0.5 0.0 0.5 1.1 1.1 1.1 1.8 2.5 1.8 2.8 2.8 3.5 4.2 3.2 4.2
2 8.03 1.2 0.02 1.4 0.5 0.5 0.0 0.5 1.1 1.1 1.1 1.8 2.5 1.8 2.8 2.8 3.5 4.2 3.2 4.2
1 8.03 1.2 0.02 1.4 0.5 0.5 0.0 0.5 1.1 1.1 1.1 1.8 2.5 1.8 2.8 2.8 3.5 4.2 3.2 4.2

0.1 8.03 1.2 0.02 2.0 1.1 1.1 1.4 1.1 1.5 1.5 1.5 2.1 2.7 2.5 3.2 3.2 3.8 4.5 3.6 4.5
0.01 8.03 1.2 0.02 2.2 1.8 1.8 2.2 2.1 2.5 2.5 2.5 3.0 3.6 3.5 4.1 4.1 4.7 5.4 4.6 5.4
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4. Simulation pre-cursor: Material 
balance modelling 

A pragmatic pre-cursor, or even in some cases, replacement for a 

full numerical simulation (finite-elements or streamlines) can be 

offered by the application of material balance techniques.   

Indeed, where sufficient production is available, traditional and 

computing-efficient material balance techniques can provide an 

independent alternative method of estimating the original 

hydrocarbons in-place (OOIP and OGIP). This can be used to 

supplement and/or confirm the direct volumetric calculation at the 

static modelling stage. Material balance also provides insights on 

the drive mechanism since different drive mechanisms display 

different pressure histories for the same cumulative production. 

 

Material balance can also be used to: 

 Define compartment sizes that wells are draining – this 
information can be utilised and cycled back into the geological 
modelling building exercise. 

  Determine a ‘No Further Activity case’ (NFA): in absence of 
future investment, given assumptions on the surface operating 
conditions and provided that the general reservoir recovery 
method doesn’t change, then material balance techniques can 
provide a useful first pass assessment of future production 
performance. 

Following a positive assessment of the applicability of material 

balance methods given the available production data and the 

reservoir recovery process, then a material balance review will form 

the first step of the dynamic  

5. Reservoir Simulation (Numerical 
Dynamic Modelling) 

LEAP Energy’s approach to field reservoir modelling depends on 

the maturity (presence and quantity of the production data), specific 

issues and data availability for the asset in question, but generally 

involves the following steps: 

1. Define problem and objective 

2. Review and validate available data (reservoir description, rock, 

fluid, production and pressure data) 

3. PVT analysis 

a) Select fluid model and define PVT properties 

b) Select model configuration that best represents the 

reservoir fluid dynamics and that will meet model 

objectives 

4. Select and evaluate grid type and size (rectangular, hexagonal, 

local refinement, etc.), guided by reservoir description and reservoir 

fluid dynamics.  

a) Use variable grid sizing (coarse in aquifer, fine at coning 

wells) 

b) Simple, areal models is normally introduced to evaluate 

the grid orientation effects (especially for unfavourable 

mobility ratios) 

5. Define initial and boundary conditions  

6. Decide on model rock-types; define rock properties (relative 

perm. curves, cap. pressure, hysteresis effects) 

7. Define how wells will be modeled and well management 

requirements.  

8. History Matching (when production data is available) 

a) Simulate field history, and compare model and field 

performance 

 rates, ratios (for field, areas/group, wells level) 
 static and flowing pressures 
 Contacts 
 

b) Adjust model properties if required and confer with 

geology regarding changes in geological model (possible 

required iterative work with geo-modeller) 

9. Run prediction cases on the basis of field 

development/optimization purposes i.e: 

a) New Discoveries (potential reserve/development costs, 

basis for development decision or identification of critical 

data required to reduce uncertainty) 

b) Development Planning (development concept selection, 

establish production profile and reserve estimation, 

quantification of key uncertainties) 

c) Reservoir management (find the opportunities for new 

wells/workover, impact of facility modifications etc) 

d) Late life development (EOR screening or forecasting of 

economic abandonment conditions)  

 

 

 

 

  

Figure 8: Gas Material balance P/z profiles (after R.Mireault) 

Figure 9: Assisted history match process 
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