
POSEIDON
A reservoir management revolution

Complex Problems. 
Simulation models out of date?

Wish to independently verify simulation results?

Production allocation unreliable?

Where is the by-passed oil?

Need a time and cost effective approach?
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We have the solution. 
POSEIDON is the first-ever dedicated reservoir 

management and Locate-The-Remaining-Oil software.



POSEIDON
locate the remaining oil
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At LEAP, we look at adding value to your producing oil and gas
fields through the combination of extensive applied consulting
experience and innovative algorithm development.

As maturity increases, producing fields reveal their geological
complexities through their production and surveillance
history, the traditional reservoir simulation workflows become
increasingly resource intensive, with uncertain results.
Maintaining up-to-date models become increasingly
prohibitive, and operators traditionally revert to more
‘classical’, labour intensive studies to identify by-passed oil
opportunities. A new approach is needed.

Introduction

Following several years of internal applied R&D and partial
application within selected consulting projects, the
PoseidonTM workflow is now available to the wider market as a
structured reservoir management, surveillance and LTRO
(Locate-The-Remaining-Oil) solution.

PoseidonTM is an universally applicable solution to all
producing oil & gas fields. Given the renewed industry focus
on production optimisation from existing fields there is an
ongoing uptake of the technology.

PoseidonTM’s global experience and clients

Universally applicable
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Mature oil fields, complex problems

Breakthrough innovation
PoseidonTM offers a fully embedded workflow-based reservoir
management solution, within a modern intuitive software
framework. Beyond the automation of classical reservoir
engineering workflows, PoseidonTM contains a number of
significant breakthrough innovations such as Advanced
phase-wise zonal Allocation (AA) and the revolutionary
Remaining Oil Compliant Mapping (ROCM) algorithm, which
allows to rapidly define hydrocarbon distribution realisations
consistent with production history and material balance.

Global implementation underway

PETRONAS 
customised product, 
joint R&D

Corporate adoption



Fundamental to the POSEIDON workflow is the Remaining Oil 
Compliant Mapping algorithm (ROCM), which performs a 
production data inversion into a saturation distribution, 
compliant to the fractional flow of individual wells and the total 
flow unit material balance. The revolutionary algorithm is an 
intensively tested simulation proxy, utilising massive parallel 
optimisation techniques, whilst preserving the physics of the 
displacement.

Results-driven

POSEIDONTM | Locate The Remaining Oil

The core of PoseidonTM

DataScan Allocation Analytics

ROCM

Prediction
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Innovation
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STOIP (stb)

Low HighActual field outline modified and metrics removed to protect 
confidential information

SIMULATORROCM
TM

Successfully
validated

The ROCM algorithm has been successfully tested against 
industry standard numerical simulations. Case studies include 
fields with up to 900 wells, 60 years of production history, 
stacked-reservoirs, viscous oill, water flood and and fields with 
varying degrees of aquifer drive.

Comparison of remaining oil maps using ROCM (left) and industry numerical simulator (right)

Saturation at wells is 

inverted from 

production data 

based on each 

well’s fractional flow. 

Incorporation of geological 

understanding (porosity, 

perm trends, channels, 

etc) in determining 

preferred flow paths

Simultaneously, running flow 

paths-based saturation mapping 

engine while optimising matches of 

fractional flows and volumes
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PoseidonTM is the first-ever mature 
field dedicated reservoir management 
and Locate-The-Remaining-Oil 
software.

The software package standardises the 
workflow into a number of different 
modules, designed to address different 
challenges around the quality of data 
acquired, along with analysis and 
validation of that data. This ensures 
auditability and repeatability.

The objectives are to produce infill and 
in-well opportunities for producing 
fields undergoing a displacement drive 
such as water-flooding, natural aquifer 
drive, gas cap expansion and any 
combinations of these. 

A new approach to 

The PoseidonTM workflow answers 
timely the following questions:

POSEIDONTM | Locate The Remaining Oil

Core to the POSEIDON innovation, the remaining oil compliant mapping (ROCM) algorithm

Modules

A total of 60+ validators allow to 
identify, quantify and map both 
suspicious production data 
behaviour and clear anomalies. 
To that effect, well events (zone 
changes, injection start/stop etc) 
are incorporated in the analysis. 
A data quality index is generated 
and data corrective measures 
proposed for each well string. 
This step is the first in the 
reservoir management 
workflow, and can be used as a 
pre history-matching validation.

ROCM is a robust algorithm that 
allows to generate remaining oil 
maps honouring both the ‘known’ 
estimated localized phase 
distributions around the wells 
together with the material balance 
for each reservoir unit. It is naturally 
expected that this approach becomes 
increasingly reliable as reservoir 
maturity increases, and with greater 
production constraints (number of 
wells), but unlike reservoir simulation 
history-matching, the process 
remains very practical, resource-light 
and time-effective irrespectively of 
this increasing complexity.  

DataScan

Allocation

Analytics

ROCM

Prediction

Inter-well and inter-field 
allocation: besides the benefit of 
zonal allocation improvements, 
the ROCM process can be 
performed under well/field 
allocation uncertainty. This can be 
particularly insightful when 
multiple platforms/fields have 
been combined into one metering 
scheme and uncertainty is 
propagated to wells and/or 
platforms/fields. 

Infill and Behind Casing Opportunities: 
opportunities can be readily classified 
into Behind-Casing-Opportunities (BCO) if 
accessible from existing wells, or Infill 
Opportunities if they reside outside of the 
reach of existing wells. In order to 
understand the true nature of by-passed 
oil, it is recommended to generate ROCM 
maps at the end of the No Further Activity 
(NFA) forecast. The Estimated Ultimate 
Recovery (EUR) of these incremental 
opportunities can be calculated either 
deterministically through a target volume 
method, or using Predictive Analytics, 
estimated and benchmarked to historical 
reservoir performance via a machine 
learning methodology. 

Sweep pattern understanding and 
improvement: the combination of 
ROCM and well interactions 
(Analytics) allows for the diagnosis 
both visually and quantitatively of the 
effectiveness of gas and/or water 
flood. Sweep factor maps can be 
easily generated to visualise the 
efficiency of the fluid movement 
through the reservoir. 

Locate the remaining oil

How reliable are the data 
measurements and data inputs?

What impact does flow-unit 
grouping (allocation) have on 
pressure and saturation maps?

How efficient is sweep across the 
field?

Where is the best place to drill an 
infill well?

What is the range in uncertainty in 
production forecasts?

1

2

4

53

A key tool for reservoir 
management that is time 

and cost efficient

an old problem
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Loading & Validating
This module provides the means of loading available 
data  and outlines the minimum data required for 
analysis within the DataScan module itself, and 
other modules within PoseidonTM. DataScan includes 
methods for production data analysis, screening for 
anomalies and errors. Correction of inconsistent 
datasets (such as rates and cumulative) is 
automatically performed. Functionality includes a 
map-based visualisation of 60+ validators.

Loading data and the 
process of validating 
datasets

DataScan

The minimum data set required for each module

POSEIDONTM | DataScan

Project Setup &
Data Loading

The following data is required for the setup of the 
PoseidonTM model. Some data is essential to 
applying processes (blue) whilst other data (white) 
are used to enhance the results only. 

Loading & 
Validation

Allocation Analytics Remaining oil Prediction

Base dataset requirement Optional dataset requirement

Data or Interpretation DataScan
Commingled 

Assessment

Advanced 

Allocation

Descriptive 

Analytics

Predictive 

Analytics
ROCM

Production 

Inversion Log

Opportunity 

Identification
Forecasting

Production data (monthly)

PVT data

Relative permeability

Top structure map

Volumetric Maps (HCPV, PV, NV, GRV)

Faults and Aquifer location

Permeability trends

Reservoir Pressure

Well trajectory (X.Y,Z) and well tops

Well events (zone open/close)

Well Log Data

Category
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DataScan Procedure
The first steps entail the review and validation of the 
production data.  To this effect the team will perform 
the well events reconciliation and ensure data integrity. 
This includes performing a DataScan procedure to 
identify: 

Loading data and the 
process of validating 
datasets

DataScan

POSEIDONTM | DataScan

Map data quality over the field and/or reservoir layers

Scan large volumes of data and 
validate production/injection data

Validation
Analysis &

Analyse cumulative volumes, well groups, field production, 
injection data, watercut and gas-oil-ratios for inconsistencies. 
Analyse production and injection trends for rapid increments, 
peaks and constant values. Identify missing production data 
and missing well events. Repair erroneous datasets and export 
cleaned-up datasets to PoseidonTM or other industry 
simulators.

Production and injection data (well/group/field) and well 
events history are analysed through a set of validator 
algorithms with weightings.

Production data errors: these include inconsistencies 
between rates, cumulative volumes and ratios

Production data anomalies: these include unusual 
trends and changes, suspected well allocation and 
production data anomalies. 

This functionality was developed to serve as a data pre-
conditioning to both LTRO/Reservoir Management 
activities, as well as Dynamic Modelling activities. A total 
of 60+ validators have been coded, and further 
customization can be performed. 

Areas with poor 
data quality
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Commingled Analysis
Comprehensive analysis of production and perforation 
data to quantify the amount of oil/water/gas produced 
within commingled period of wells operations. Impact of 
flow-units grouping can be established. Results are 
provided per field/block/well.

Commingling assessment: by merging the well events 
(open/close perforation sequences) with the well 
production rates, a precise calculation of commingled 
production is performed. This process allows the 
quantitative understanding of the zonal allocation 
uncertainty. 

The commingling assessment analysis allows 
determination of the zonal allocation uncertainty for 
each flow unit. Understanding the zonal uncertainty is 
an important aspect of the LTRO process, as it qualifies 
the aggregation strategy of targets issued from the 
remaining oil assessment, and also provides a Value of 
Information (VoI) quantified basis towards reservoir 
surveillance decisions.

Quantify the 
contributions of 
phases by layer

Allocation

Visualise the extent of commingling in your wells

POSEIDONTM | Allocation

Well-1

Well-4

Field Cum Oil, MMstb
Field  Commingled Cum Oil, MMstb
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Perform Multiphase Allocation
Multi-phase production allocation (well-to-layers) uses 
classical deterministic (reservoir properties and pressure 
driven) or innovative stochastic (including prediction of 
watercut and GOR evolution) approaches.

Advanced phase-based Allocation (AA) is performed at the 
flow unit level. AA allows for the recognition of different WCT 
and GOR contributions from commingled layers, rather than 
applying a constant allocation factor to all phases as classically 
done in KH type allocations. 

In this work process, a high-resolution vertical (layer-wise) 
allocation, at the flow-unit level, is performed. Alternative 
allocation methodologies may be performed in order to select 
a reference case and up to two alternative realisations. This 
process honours all available data in terms of PLT data and 
flushed zones identified in infill wells.

PoseidonTM carries out a multi-phase allocation by fully 
integrating a pseudo-steady state rate formulation with 
fractional flow modelling. Permeability profiles at the well and 
production logs are included in the allocation process. By 
precisely evaluating the phase allocation uncertainty for each 
well and layer, the optimum reservoir surveillance program 
can be determined.

Deterministic methods such as KH, KHP and KHPM are 
generated and comparisons made to key reservoir diagnostics 
such as the RF vs. PV plots.

Quantify the 
contributions of 
phases by layer

Allocation

The range of allocation methods 
in the ALLOCATION module

POSEIDONTM | Allocation
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Workflow Validation
Multi-phase production allocation (well-to-layers) workflow 
has been validated against synthetic simulation case. In the 
synthetic case, a well is perforated and produced from 
multiple layers. Well’s simulated production  is allocated back 
to individual zone using  multi-phase production allocation 
workflow. The allocated zonal production is compared with 
simulation and KH-based allocation results.

Quantify the 
contributions of 
phases by layer

Allocation

POSEIDONTM | Allocation
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Synthetic case – perforation and 
well production 

Results comparison – Advanced Allocation 
vs KH Allocation vs Simulation 



Descriptive analytics
Using the PoseidonTM’s Analytics module, the dynamics 
of the reservoir units are evaluated using classical 
reservoir engineering techniques, inclusive of material 
balance, zone-wise fractional flow fitting, development 
intensity, and sweep efficiency assessment per reservoir 
unit over the field (block and layer). This step provides a 
guide to define high-level priority strategies for the field 
which form a framework for redevelopment 
opportunities.

Likely flowpath 
assessment

Analytics

Descriptive analytics and reservoir diagnostics

Well interaction and connectivity assessment
A well and reservoir connectivity assessment can be 
performed using PoseidonTM’s powerful statistical analysis of 
production data (monthly data, or if available, high-frequency 
data). Connectivity evidence from tracer testing or 
interference testing can be incorporated in the analysis as an 
independent validator and calibration. This analysis is used to 
provide recommendations on injection-producer pairs and 
producer-producer groups, without the recourse of history-
matching simulated models (either full simulation or 
streamline models). The connectivity across-faults can be 
evaluated with this method. The reliability of this assessment 
is directly correlated to the quality of the production data.

PRODUCER-PRODUCER CONNECTIVITY INJECTOR-PRODUCER CONNECTIVITY 

Well and reservoir connectivity 
assessment outcome

POSEIDONTM | Analytics
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Predictive analytics
Using powerful modern machine learning techniques, 
PoseidonTM can combine the initial state reservoir maps 
(property distribution, PVT, relative permeability) and 
historical well performance with the remaining oil maps 
at different time-steps generated by the ROCM module. 
The predictive analytics capability provides a 
historically-trained prediction of future performance for 
existing wells, behind casing opportunities and infill 
wells. This approach complements the more 
deterministic approaches that can be used such as 
decline curve modelling and target volume 
identification. 

Finding trends for 
useful prediction

Analytics

POSEIDONTM | Analytics

12

Predictive analytics with ROCM access 

Access to time-step maps of 

remaining oil, saturation etc.. 

Explicit function
Single step

KNN 1yr time-step 
fitting 

Delivers high reliability estimates of 
well production performance 

Use of predictive analytics to regress 
historical performance and provide a 
forecasting basis for future activities
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Automated DCA & forecast
Using smart decline patterns recognition algorithm, 
PoseidonTM can automatically identify multiple decline 
periods, decline model fitting and estimate remaining 
reserves. Ability to identify multiple decline periods 
allows PoseidonTM to generate possible range of 
estimated remaining reserves based on historical well 
performance. 

Oil rate smoothing

Decline patterns recognition & 
model fitting

Multiple predicted profile based 
historical declines

Forecast



Saturation at wells is 

inverted from 

production data 

based on each 

well’s fractional flow. 

Incorporation of geological 

understanding (porosity, 

perm trends, channels, 

etc) in determining 

preferred flow paths

Simultaneously, running flow 

paths-based saturation mapping 

engine while optimising matches of 

fractional flows and volumes
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Reliable remaining oil maps without simulation
ROCM is a robust algorithm that allows the generation 
of remaining oil maps honouring both the ‘known’ 
estimated localized fluid phase distributions around the 
wells together with the material balance for each 
reservoir unit. It is naturally expected that this approach 
becomes increasingly reliable as reservoir maturity 
increases, and with greater production constraints 
(number of wells), but unlike reservoir simulation 
history-matching, the process remains very practical, 
resource-light and time-effective irrespective of 
increasing complexity.

The compliant mapping process consists of an 
integration of the following parts :

Generating a 
remaining oil map

ROCM

The ROCM algorithm – a 
timestep overview 

A material balance engine that ensures at the flow 
unit level that conservation of mass is computed, 
over the entire map. With pressure history and in-
place volumes as given, aquifer influx time series are 
computed.

A mapping algorithm which ensures a realistic 
saturation or contact movement of water and gas, by 
integrating a 2D flow velocity solver with a gradual 
deformation algorithm to account for assumed 
geological trends and fractional flow values at each 
producer. In other words, the mapping algorithm is a 
proxy simulator which tries to mimic the water and 
gas encroachment into producing reservoirs.

A coupled search algorithm which allows the 
computation of a ‘best’ solution that honours both 
material balance and the fractional flow behaviour of 
the wells at each time-step.

POSEIDONTM | Remaining oil compliant mapping
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Saturation mapping
PoseidonTM is able to perform the ROCM process with 
two levels of complexity:

2D saturation 
mapping vs pseudo 
3D saturation and 
contact mapping

ROCM
The 2D-only approach: in this configuration, the 
vertical heterogeneity is upscaled into a single set of 
averages (porosity, permeability, net-to-gross, net 
thickness, depth) and saturations are distributed 
accordingly. 

The pseudo-3D approach (Advanced Fractional Flow): 
in this configuration each well fractional flow is 
modified by the user-input log-data (Swi, Sgi, 
permeability vs depth) and the vertical heterogeneity 
in each cell is taken into account to distribute 
contacts throughout the reservoir, using the C-Track 
algorithm. When this option is selected a GOC and 
OWC contact in each well is calculated, and if 
relevant data is available, in each grid-cell of the map. 

POSEIDONTM | Remaining oil compliant mapping
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Advanced fractional flow modelling – capturing local well 
heterogeneity and monitoring contacts movement 



Workflow validation
The compliant mapping algorithm has been extensively 
validated with synthetic and real-life reservoir 
simulation models, to ensure its all-round robustness 
versus different geological and reservoir dynamics 
settings. The results show a consistent and remarkable 
fidelity versus the full physics 3D simulation.

Validation to full physics 
simulation

ROCM

Fluid contact (left) & STOIP maps (right) generated by ROCM (left) vs commercial simulator (right), 
for a Middle East major carbonate field case with 30+ horizontal wells.

Accuracy vs speed
When these two alternative methods are compared 
quantitatively for a number of randomly selected 
targets, the ROCM oil volumes distribution accuracy 
compared to simulation outcomes is consistently 
greater than 85% as shown in the figure below. 

Comparison of simulation (grey) 
results vs ROCM (blue) results for 
a number of target areas

POSEIDONTM | Remaining oil compliant mapping
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Sensitivity & Risking
Thanks to its speed, the ROCM process can be rapidly 
iterated, thus generating a multi scenario set of 
outcomes. It is possible to investigate pragmatically the 
impact of allocation, geology and rock-fluid properties 
on the remaining oil distribution, and therefore to 
generate a risk profile for each identified LTRO 
opportunity.

In particular, target risking can be performed using this 
process. 

Uncertainty assessment

ROCM

Uncertainty analysis capability with 
ROCM: generation of scenarios by 
combining rock-fluid property 
cases, property distribution cases 
and production allocation
realisations

ALLOCATION 

DATASETS

ALLOCATION PROCESS

ALTERNATIVE PROPERTY 

MAPS AND ASSOCIATED 

VOLUMES

A SET OF SCENARIOS

RELATIVE PERMEABILITY

FRACTIONAL FLOW

PVT UNCERTAINTIES

POSEIDONTM | Remaining oil compliant mapping
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Synthetic Log Generation (C-track)
A production data inversed saturation log is generated 
to model vertical heterogeneity and assess in-well 
contacts versus time. A complex fractional flow model is 
also available.

If log data is available (porosity, permeability, Swi, Sgi) 
as well as facies-based relative permeability, for each of 
the producing wells, then the complex fractional flow 
evaluation option of PoseidonTM can be exploited to 
estimate the GOC (or GLC) and OWC at each producing 
well. Facies can be porosity or permeability bin-defined. 
The C-Track algorithm performs a production inversion 
which allows the accurate estimation of gas, oil and 
water distribution vertically within the well. 
This approach, illustrated on a synthetic simulation 
example below, allows the identification and evaluation 
of gas and water shutoff opportunities without direct in-
well measurements such as production logs (PLTs) or 
saturation logs (RST, PDK…). This approach can also be 
used to drive reservoir surveillance activities. The other 
benefit of deploying the C-Track algorithm is to model 
more accurately each well’s fractional flow, thereby 
taking into account the vertical heterogeneity 
distribution and its impact on GOR and WCT 
development as a function of volumetric invasion by gas 
and water. 

Well saturation synthetic 
from production inversion 
algorithm C-Track

ROCM

Estimated Gas Liquid Contact (GLC) 
and gas saturation using the C-Track 
production inversion algorithm. Note 
the very close match obtained to the 
simulation results (itself constrained 
to gridding size)

POSEIDONTM | Remaining oil compliant mapping
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Understanding contact movements assist 
work-over, intervention and surveillance 
planning and decision-marking.

Water/gas shut-off : Gas or water invaded 
zones can be shut-off to reduce high water 
or gas production.

Re-perf : Knowing current gas and water 
contact location allows re-perf in unwept 
zones.

Stimulation : Acid or chemical can be 
injected in the intended zones. 

Data acquisition : Certain data acquisition 
can be well planned with current contact 
information.



Notional target quantification
This module allows the identification of infill / in-well 
opportunities, quantified and ranked on multiple 
criteria.

Deterministic Forecasting
Classical production decline driven forecasting is 
utilised.

Predictive Analytics Forecasting
Predictive (historically benchmarked) forecast, linked to 
the Predictive Analytics module and uses a machine 
learning algorithm.

The ROCM can be directly utilised towards opportunity 
identification, at the following levels:

An example of this opportunity identification process is 
shown below. In this step, a volume target (Stock Tank 
Oil In-Place and Moveable Oil In-Place) and basic static 
and dynamic data are collected from the ROCM maps 
within the target area and/or at the location of the 
opportunity. This includes average phase (oil, water, 
gas) saturations, porosity, net pay, permeability, 
pressure etc.

Prediction 

Target identification based on 
obtained remaining oil maps

Behind Casing Opportunities (BCO): well re-entries 

Infill Drilling Opportunities

POSEIDONTM | Prediction

Finding a range of 
risked opportunities
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Infill Opportunities 



Generating a seriatim
The process of opportunity identification can be performed 
for all zones, thus creating a seriatim of opportunities. 
For each opportunity, production and ultimate recovery 
characteristics are estimated by integrating the saturation 
information, as well as productivity from neighbouring wells 
and/or mapped permeability. Identified uncertainties are 
taken into account in the risking of the in-well and infill 
opportunities. 
A seriatim of opportunities with quantified recovery and 
production upside will be generated for the field.

Seriatim of opportunities 
generated by remaining oil 
maps multi-objective 
filtering

POSEIDONTM | Prediction

List of BCO 
opportunities

Quantified volume within 
the estimated drainage 

area

Estimated 
production 

Other static 
parameters

Assessing uncertainty
Target risk assessment can be performed by iterating the 
ROCM process with different inputs (geological, production 
allocation etc.); a standard deviation map of remaining oil can 
be generated, and selected targets super-imposed; where 
standard deviation is high, the target risk is correspondingly 
higher; where it is low, then it means that risk is limited and 
the selected subsurface target is robust against the tested 
uncertainties. 

Aggregating forecasts
Finally, using either a deterministic (direct interrogation of 
ROCM and application of flow calculation) or machine learning 
(Predictive Analytics) method, the future production 
characteristics of the selected opportunities can be 
determined. Through a sequential aggregation, a production 
forecast can be generated. Examples are shown below:

TARGET RISK ASSESSMENT
Low High

Med Risk

Low Risk
High Risk

Target risk assessment

Forecast aggregation examples

Prediction

Finding a range of 
risked opportunities
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