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Value

 Ø Provide a sound method of analyzing and interpreting shale liquids 
production data that is superior to conventional decline curve analysis.

 Ø Provide the ability to optimize production strategies to maximize liquids 
production from shales over different time scales (short, medium, long).

 Ø Provide a predictive tool for asset management teams to evaluate future 
production characteristics as well as estimating recovery factors.

Key Deliverables

1. An analytical tool that captures the physics of two-phase production from 
shales and facilitates the optimization of production strategy.

2. Document describing the main effect of  phase changes on production 
from shale reservoirs as well as the importance of relative permeability 
parameters, different gas or oil compositions, reservoir properties, and the 
relative magnitudes of bottom hole flowing pressure, dew-point pressure (or 
bubble-point pressure) and initial reservoir pressure.

3. Sponsors have the option to have a test case of their production and 
completions data analyzed to improve production.

Eagle Ford Liquids Production (b/d)
Production data from: http://eaglefordshale.com/eagle-ford-oil-production/
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Rationale
With the current focus on liquids-rich shale plays there is an increased need to develop reservoir 
engineering methods to analyze production data, to predict future production, and to develop optimal 
methods of producing such reservoirs. Without careful planning a gas condensate reservoir can choke 
on its own production. Drawdown below the dew point of the reservoir fluid can result in condensate 
liquid dropout, particularly close to the wellbore, the sand face or the fracture face. The increased liquid 
saturation leads to reduced permeability to gas and, in some cases, significant choking back of the gas 
production. Similar comments apply to oil production below the bubble point where gas evolution can 
impair the permeability to oil. The impact on well production is most significant for ultra-tight shale 
reservoirs where most of the total pressure drop is in the formation. Moreover, these wells produce in 
transient flow over a long period of time and conventional pseudo-steady-state production models are 
not applicable.

One of the key elements in the development of enhanced production and stimulation technology 
is an understanding of production mechanisms. In turn, this hinges on the availability of a model of 
the production process that represents the physical aspects of the reservoir and the completion and 
provides a satisfactory match with available production data. The rationale/hypothesis for this project 
(and its predecessor projects at EGI) is that many techniques for evaluation and stimulation of shale 
hydrocarbon reservoirs are compromised by an inadequate and/or incomplete description of the 
essential physical processes and/or numerical simulator accuracy. Consequently industry publications 
contain many, often contradictory, assertions about the role played in the production process by a 
host of factors that include not only reservoir parameters, but also parameters that are dependent on 
completion, stimulation and production techniques.

In recent EGI research projects (Shale Gas Production Analysis (SGPA) Phase 1 and Phase 2), we have 
developed a mathematical model of the dry gas production process from shales. In Phase 2 of that 
project we explored the applicability of the ideas developed in Phase 1 to production of saturated oil 
from shale reservoirs.

The model developed provided no more than a first pass at analyzing the complex processes at play 
in this two-phase production system. Nevertheless the results were sufficiently encouraging that 
further development is warranted. In this project proposal we suggest that, first, an extension of that 
preliminary model to gas condensate plays should be considered and second, a more detailed and 
rigorous mathematical analysis is merited.

Project Description
One of the attractive features of the production analysis techniques developed at EGI is that production 
data from many wells can be analyzed very quickly and easily. For example, in the shale gas arena 
production data from thousands of wells in the Barnett shale have been analyzed and their productivity 
assessed in terms of a new production metric, the Production Coefficient. As a result, we were better 
able to understand the production decline rate and to predict future production.

1 The Shale Gas Production Analysis Phase 2 final project report (I 00983_2) is available to project sponsors only. 
Please contact EGIDirector@egi.utah.edu for sponsorship details. Shale Gas Production Analysis Phase 1 (I 00983) 
is available to all CA members.

https://www.egi.utah.edu
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In SGPA Phase 2 we explored the applicability of the concepts that were developed during Phase 1 for 
shale gas production to shale liquid production. The model developed in Phase 1 applies in principle to 
single-phase production from fractured shale reservoirs whether the reservoir fluid is gas or oil. In view 
of the advantages offered by the Phase 1 model and the current industry interest in liquid production 
from shales, we investigated the applicability of that modeling process to shale oil reservoirs.

The major complicating factor of oil or wet gas production from shales in comparison with dry gas 
production is that it is rare for the production to be entirely single-phase. A necessary requirement for 
single-phase oil flow is that the reservoir pressure is initially above the bubble point pressure (i.e. the 
reservoir fluid is under-saturated with gas) and remains so throughout the production process. Clearly 
this imposes a severe restriction on the drawdown that can be applied. Even then gas is released from 
solution as the oil reaches the surface and surface measurement almost always involves the flow rates of 
oil and gas. Similarly, in gas condensate wells, when the reservoir pressure falls below the dew point liquid 
(condensate) often drops out either in the well or in the reservoir resulting again in two-phase production.

In some respects hydrocarbon production from shale reservoirs is a special case of solution-gas-drive 
production (in the case of saturated oil) or gas–condensate production. Often two phases (oil/gas or 
gas/condensate) are mobile in at least part of the reservoir, usually quite close to the wellbore or the 
fracture surface. Further from the “sand face” both phases may be present but the saturation of the 
lesser phase may be sufficiently low that it is not mobile. 

The governing equations for simultaneous production of two phases are well known, but are no easier to 
solve for that. In essence there are two coupled non-linear partial differential equations for the reservoir 
pressure and for the liquid/gas saturation. For the most part the relevant literature has been concerned 
with steady-state or pseudo-steady-state solutions in a radial geometry and often under constant flow 
rate conditions. By contrast we are now presented with the problem of determining the solution under 
transient conditions in which the far-field boundaries have not yet impacted the flow. In addition, the flow 
conditions are closer to constant drawdown than constant flow rate and the geometry may be considered 
to be linear rather than radial to reflect the fact that reservoir inflow is normal to fracture surfaces.

In our earlier work (described in SGPA Phase 2) we provided a simple approximate method of analyzing 
two-phase hydrocarbon production data under circumstances pertaining to production from multi-
fractured horizontal wells (MFHW) in shales. In that study we used Gas-Oil Ratio (GOR) data to provide 
information about the liquid/gas saturation at the sand face (fracture face) and to infer from that the 
individual production rates of oil and gas at that point. In this manner the effective relative permeability 
to oil and the oil/gas saturation at bottomhole conditions may be estimated from the measured GOR. 
As expected, the relative permeability to oil and the oil saturation decline as more gas is produced. 
Furthermore the variation of the GOR with time enables an estimate to be made of the variation of 
the gas saturation and the relative permeability to oil at bottomhole with time. Our single-phase gas 
production model was then modified to take into account the relative permeability to oil measured at 
the sand face. The resulting prediction of decline rates and production rates agreed tolerably well with 
available data and with published numerical simulations (See Figure 1).

There are several defects to this simple approach to modeling the production process and to analyzing 
the data. Although the method of estimating the gas saturation and relative permeability at bottomhole 
is quite sound and the results are quite plausible, the main issues concern how this information is used 
to calculate the variation of the oil production rate with time and, in this interpretation, the relative 
permeability to oil and oil saturation throughout the reservoir. In a sense we have circumvented the need 

https://www.egi.utah.edu
https://egi.utah.edu/research/current-projects/I00983_2/
https://egi.utah.edu/research/current-projects/I00983_2/
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for solving a pair of coupled partial differential equations by utilizing GOR data to reduce the problem to 
solving a single-partial differential equation similar to that for single-phase production. However, pertinent 
parameters such as the bubble-point pressure have not yet been factored  into these calculations.

We are now proposing to delve deeper into these matters by examining the partial differential equations 
that describe the flow of oil and gas in the matrix and to develop more rigorous solutions. The fundamental 
method of attacking the problem remains the same: we will seek analytic or semi-analytic solutions 
appropriate to the specific conditions for production from MFHW shale reservoirs and compare and 
validate the results and model development with appropriate production data and results of numerical 
simulations.

Figure 1 Analysis of production data from a group of wells in the Bakken field. Techniques developed in  
SGPA Phase 2 enabled us to identify and quantify productivity in three periods:

1.  Linear flow into fractures, but impacted by variable drawdown
2.  Conventional root time period where GOR is constant, free gas in the reservoir is immobile.
3.  Emergence of two-phase flow leads to a reduction in relative permeability and a concomitant 

reduction in production rate. 

Scope of Work
Objective:
The overall objective is to develop an analytical or semi-analytical model that captures the most 
important physics of two-phase production from shales. We have divided the work outlined above into 
three major tasks:

 Ø First, we will extend the simple analysis developed in SGPA Phase 2 to the case of wet gas/ 
condensate production.

 Ø Next, we will develop more robust solutions based on analysis of the partial differential equations 
(pdes) that govern reservoir flow under these conditions. Although the formulation in terms of 

https://www.egi.utah.edu
https://egi.utah.edu/research/current-projects/I00983_2/
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two coupled non-linear pdes is well known, solutions are difficult to come by. We propose to 
develop semi-analytic solutions where possible by taking advantage of the specific features of 
these reservoirs (for example, extremely low permeability, linear flow into fractures).

 Ø We will compare the results from both levels of modeling to available well data and the results 
of numerical simulations. Notwithstanding the availability of published simulator results, an 
important task is to develop our own numerical simulations using in-house and third-party 
reservoir simulators with which to guide and validate the semi-analytic models.

We propose in the first instance to make the following simplifying assumptions; depending on the 
results of the investigation the restrictions will be lifted in a follow-up phase of the project:

 Ø Production takes place subject to constant drawdown. We made this assumption in SGPA Phase 
1 and relaxed it in Phase 2. The constant drawdown condition enabled us to interpret production 
data over a substantial part of the production history, but early production (sometimes as long 
as 12 months but often shorter) was heavily influenced by variable drawdown.

 Ø A distinguishing feature of the two-phase production mechanism from shales may be the impact 
and importance of capillary pressure. The capillary pressure is usually small in conventional 
reservoirs and it is usually ignored in applications to shales, even though it may be as large as several 
thousand psi. We shall follow the lead of previous investigations and ignore capillary pressure in 
our first investigation, with the intention of returning to the issue in a later phase of the project.

 Ø Hydraulic fracture conductivity is effectively infinite. We found that this is a perfectly reasonable 
assumption in shale gas production, but the development of two-phase flow in the fractures may 
call for this assumption to be re-visited.

The expected outcomes of this investigation include:
 Ø Improved understanding of the major factors that control well performance, specifically 

under two-phase transient flow conditions. In particular we will determine the main effect of 
condensate dropout on gas and condensate production and gas release on oil production from 
these reservoirs. The importance of other factors will be assessed, including
• Relative permeability parameters
• Different gas or oil compositions, including impact on dew point and bubble point.
• Reservoir properties (permeability and porosity)
• The relative magnitudes of bottom hole flowing pressure, dew-point pressure (or bubble-

point pressure) and initial reservoir pressure.

 Ø Adaptation of material balance calculations to transient flow in which the control volume 
increases with time. Material balance concepts are often used when boundary-dominated or 
pseudo-steady state flow can be assumed, but are not generally applicable to transient flow. This 
problem was addressed briefly in SGPA Phase 1 and will be explored in more depth here.

 Ø Assessments of the optimal production strategy to  maximize gas production (at the expense 
of condensate production) or condensate production (at the expense of gas production) or oil 
production. Prediction of future production characteristics. We anticipate that the optimal strategy 
developed above may depend on the time scale over which production is to be maximized and 
this requires a careful estimate of future production.

 Ø Assessment of recovery factors and drainage area for multi-fractured horizontal well completions.

https://www.egi.utah.edu
https://egi.utah.edu/research/current-projects/I00983_2/
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To supplement and support the major tasks outlined above, background information will be collected 
as follows:

 Ø Perform a literature search to collect available information on production rates, production 
mechanisms and production models in these reservoirs. Included in this search will be well data 
and results of numerical simulations. A critical assessment of published models of  two-phase 
flow in shales will be made, including such factors as relative permeability correlations.

 Ø Collect and analyze publicly available production data for several shale plays (e.g. Eagle Ford, 
Permian Basin, Woodford, Montney, Duvernay, Utica and Williston Basin). Some of this information 
is available from state regulatory agencies (e.g. the Texas Railroad Commission). We note that in 
Texas production data for oil wells is not available on a per well basis (per section only). However 
gas production (including condensate) is available on a per well basis. A student will be employed 
to assist with collection and analysis of this data.

 Ø Analyze sponsor-supplied production and completions data (if available). 

Project Timeline, Report & Investment
The project is to be carried out over a period of 12 months and will commence when contracts have 
been signed. A kick-off, interim update and final project meeting will be scheduled. Sponsors will receive 
a digital and printed final report. Project investment per sponsor is $52,000 (USD).

EGI Technical Contacts
Ian Walton, Ph.D.  |  Senior Research Scientist 
Energy & Geoscience Institute at the University of Utah  
423 Wakara Way, Suite 300  |  Salt Lake City, UT 84108 
Tel. 801-581-8497  |  Cell: 281-381-5295  |  Email: iwalton@egi.utah.edu

Raymond Levey, Ph.D.  |  EGI Director and Research Professor 
Energy & Geoscience Institute at the University of Utah  
423 Wakara Way, Suite 300  |  Salt Lake City, UT 84108 
Tel. 801-585-3826  |  Email: rlevey@egi.utah.edu

EGI Sponsorship & Contract Information
Raymond Levey, Ph.D., EGI Director & Research Professor – College of Engineering   
Tel. (801) 585-3826  |  Fax (801) 585-3540  |  Email: EGIDirector@egi.utah.edu
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Ian Walton, PhD
Senior Research Scientist

Ian holds a Ph.D. in Applied Mathematics from the University of Manchester and 
a B.Sc. in Mathematics from University College London. He has a total of 11 years 
academic experience between Imperial College London and the University of 
California, Los Angeles (UCLA) where he was a Visiting Professor. 

Ian’s 25 years of oil industry experience began with BP Research in Sunbury and 
then at various Schlumberger locations, including Schlumberger Cambridge  
Research, Dowell Tech Center, Tulsa, Perforating Research in Rosharon, Texas and, 
most recently, the Regional Technology Center for Unconventional Gas in Dallas. 

He has published more than 70 papers and has been awarded eight patents. In 2015 
Ian was selected as a Distinguished Lecturer by the Society of Petroleum Engineers 
for the 2016-2017 lecture series.

Professional Philosophy:
Unconventional Gas Production 
By developing mathematical models of the production process, Ian has been able 
to provide fundamental insights into production mechanisms, identify the main 
production drivers, and relate those drivers to measurable formation, reservoir, 
and fluid parameters, and to specific completions practices. His recent work has 
focused on the role of induced and natural fractures in the production process and 
the distribution and flowback of pumped fracturing fluid. The models also facilitate 
history matching of production data and provide more accurate estimates of future 
production than do conventional techniques.

Rock-fluid interactions
The development of mathematical models has facilitated better understanding 
of processes such as imbibition and desorption that are important for shale gas 
production. Models have also been developed to interpret and enhance laboratory 
measurements of capillary pressure, permeability, relative permeability and porosity.

Near-wellbore Geomechanics
Ian has worked on the impact of rock properties on shaped charge perforating and 
the identification of optimal perforating systems for the generation of hydraulic 
fractures, specifically in multi-fractured horizontal wells. The near-wellbore fracture 
geometry for horizontal gas shale wells is a current focus.

Fluid Processes 
Throughout his career, Ian has developed fluid mechanics models for many different 
oil field applications, whether they are in the wellbore (non-Newtonian and two-
phase fluid pressure losses, pressure transients and sand transport) or in the reservoir 
itself.

Research Interests
• Unconventional gas 

production

• Rock-fluid interactions

• Near-wellbore 
geomechanics

• Fluid processes
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iwalton@egi.utah.edu
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801-581-8497
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