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ABSTRACT 

In the last few decade and more, shale gas resources have emerged as a viable energy 
source. The United States has experienced a rapid increase in natural gas production 
from shale resources and oil production from shale and other tight resources. Prominent 
US liquid shale/tight plays are Eagle Ford, Bakken, Permian, Niobrara, Granite Wash 
etc. whereas major gas plays are Marcellus, Haynesville, Fayetteville, Barnett, and 
dry/associated gas from Eagle Ford, Bakken, Woodford etc.  
 
Development of shale gas plays has many surface and subsurface risks and challenges 
from discovery, appraisal to commercial production. Unlike conventional play, shale 
formation is self-sourced fine grained and organic rich reservoir which has all the 
elements of petroleum system in itself i.e. source, reservoir, seal, trap etc. Typically 
shale reservoir is characterized by its large areal extent which is widespread continuous 
and ultra-low permeability which cannot produce economically without the aid of 
horizontal drilling and multistage hydraulic fracturing. Understanding of key parameters 
which enable successful US shale plays are total organic content (TOC), thermal 
maturity (Ro), thickness, depth, saturation, oil/gas-in-place, mineralogy, brittleness, pore 
pressure, porosity/pore system, and permeability, natural fractures is critical for success 
of shale plays. Although shale formations are continuous, lateral variations in thickness, 
mineralogy, Geomechanics (Young’s Modulus, Poisson's ratio) are most common. 
Besides TOC, maturity, hydrocarbon content of shale, the main controls on shale 
reservoir fraccablity and well productivity are mineralogy, rock mechanical properties, in 
situ stress, density and presence/orientation of natural fractures. The range of variations 
(1-3 times) in well productivity (EUR)/well within the localized area in play is not 
uncommon despite similar lateral lengths and frac designs.  
 
Shale reservoir is geologically complex and heterogeneous and understandings of 
production mechanisms are evolving with plays maturity as more and more wells are 
drilled and brought on production. The purpose of the study are: (i) to identify general 
screening criteria for shale gas reservoir during initial exploration and appraisal stage (ii) 
to characterize geomechanical properties of shale reservoir using seismic data for 
identification of areas suitable for effective frac stimulation and expected improved well 
productivity for a successful shale development and (iii) production data analysis, EUR 
(Estimated Ultimate Recovery) estimation and its variations. The study consists of few 
US shale play - Eagle Ford & Niobrara and give an outlook on various key 
geological/geomechanical controls to achieve success in shale play.  
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Introduction 

Shale gas exploration was started long 
back as a resource in Fredonia, New 
York, in 1821. Later date, horizontal 
drilling began in the 1930s, and in 1947 
a well was first fracked in the US. The 
Department of Energy later partnered 
with private gas companies to complete 
the first successful air-drilled multi-
fracture horizontal well in shale in 1986. 
But commercial shale-gas wells were 
drilled in 1998 in Mississippian Barnett 
Shale of US by Mitchell Energy after 
prolonged experimentations and 
advancements in drilling and 
stimulation. Since then, natural gas from 
shale has been the fastest growing 
contributor to total primary energy in the 
United States, and has led many other 
countries to pursue shale deposits. The 
outlook for North America’s natural gas 
supply has improved dramatically in 
recent years as horizontal drilling and 
hydraulic fracturing technologies have 
made it possible to commercially 
develop unconventional gas reserves, 
particularly shale gas reserves. These 
gas basins are located in diverse 

geographical areas, spanning at least 
48 states in the continental United 
States (Figure.1).  

Figure.1: US Shale Plays (Source: EIA, April, 15) 

From 2010 onwards US has 
experienced a rapid increase in natural 
gas and oil production from 
unconventional plays like shale and 
other tight resources which 
compensated for declining conventional 
gas production from conventional fields. 
The production from major US shale 
plays has been increasing exponentially 
from virtually nothing to more than 25% 
in 2013. Leading US shale plays and 
contribution of oil and gas production is 
shown below in the figures 2. 

Figure 2: US tight oil & shale gas estimates (Source-EIA Outlook, Sept, 2015) 

11th Biennial International Conference & Exposition



Page 3 of 20 
 

 
The term “unconventional reservoirs” 
covers a wide range of hydrocarbon-
bearing formations and reservoir types 
that generally do not produce economic 
rates of hydrocarbons without 
stimulation. Common terms for such 
“unconventional” reservoirs include: 
Tight-Gas Sandstones, Gas Hydrates, 
Oil Shale formations, Heavy Oil 
Sandstones, and Shale Gas, among 
others. Typically shale reservoir is 
characterized by its large areal extent 
which is widespread continuous and 
ultra-low permeability and trapped 
within shale formations. Thus, shale 
plays are considered as “self-contained” 
continuous (large) petroleum systems 
where source rock is reservoir and seal 
too. 
 

The focus of this paper is to discuss the 
prioritization of good shale plays based 
on primary selection norms. We also 
discuss the way to identify effective 
fracable area based on seismic attribute 
analysis for characterization of the class 
of “unconventional” reservoirs. Lastly we 
try to analyze the production data, EUR 
estimation and its variations to point a 
specific trend. Our study mainly consists 
of Eagle Ford & Niobrara shale. 
Basically we discuss an integrated 
workflows below for characterizing shale 
formation that involves seismic, well log 
data as well as production data.  
 
 
A. General screening criteria for 

shale gas reservoir 

The uniqueness of shale gas plays is 
contrasted with conventional oil and gas 
exploration. For a shale gas reservoir to 
become a successful shale gas play, the 
following characteristics need to be 
considered: (a) organic richness (TOC), 
(b) maturation (Ro%), (c) thickness, (d) 
gas-in-place, (e) permeability, (f) 
mineralogy, and (g) brittleness. An 
optimum combination of these factors 

leads to favorable productivity. Although 
each shale play is unique with its set of 
specific reservoir properties that control 
the well performances, there is a 
common denominator in all the shale 
plays that could be considered the 
minimum requirements for a successful 
development. Typical shale gas 
screening criteria is as below:
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Listed and explained below are the 
specific criteria and other  
considerations that we have discussed 
that we believe are necessary to ensure 
that the best shale gas plays can be 
brought forward as part of a structured, 
technically rigorous process. These 
criteria consider technical, operational 
and economic issues.   
 
Evaluation Criteria 
 

i. Shale Thickness – It is the vertical 
concentration of TOC that is most 
important, not just the overall shale 
thickness.  There should be at least 
one zone within the shale that has 
high TOC with at least 150 feet 
continuous thickness.  This will be a 
viable target for the lateral 
(dependant on adjacent layered 
porosity zones as well) and well 
within the vertical extent of the 
hydraulic fracturing.  If the TOC is 
vertically spread out over 500 to 
1,000 feet or more, the effect of the 
hydraulic fracturing could be 
dispersed over low potential rock. 
The Eagle ford Shale optimum 
thickness is ~350 ft and Niobrara 
Shale Optimum thickness is about 
300 ft; however, good wells can be 
present with 200 ft thickness if the 
organic component is a large 
vertically concentrated fraction of 
that thickness. 

 
ii. Organic Richness, TOC, Hydrogen 

Index and Kerogen Type – The 
TOC should be at least 2% with 
Type I, II or III kerogen.  Higher TOC 
will result in higher gas-in-place 
volumes.  Type I (oil prone kerogen) 
can be a good gas source if %Ro is 
> 1.4 to ensure that the oil has at 
least been cracked to wet gas or with 

%Ro >2.0 to ensure condensate rich 
gas has been cracked to dry gas.  
Types II and III kerogen require 
higher HI for comparable gas 
volumes. 

 
iii. Thermal Maturity (%Ro, Tmax, TR, 

Rock Eval) – Vitrinite Reflectance 
(%Ro) should be >1.0 and <3.0.  
Evaluate areas for deep burial and 
later inversion (uplift) as currently 
shallow shales may have been 
deeply buried with later uplift having 
higher %Ro than current burial depth 
would indicate.  Beware of extremely 
deeply buried shales as %Ro >3.0 is 
onset of hydrocarbon destruction 
producing probable non-economic 
gas in place.  Figure 3 illustrates the 
relationship between %Ro 
boundaries, kerogen source and 
hydrocarbon generation.   

 
 

 
Figure 3: %Ro boundaries, kerogen source 

iv. Porosity – The best gas shales 
have average gas filled porosities of 
greater than 4.0% with the higher the 
better. Optimal range is considered 
as 3-6%. The porosity is usually 
concentrated in laminated zones 
vertically adjacent to or within the 
highest TOC.  The porosity is 
generally expressed as porosity-ft 
after wireline log analysis. 
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v. Permeability – Gas shales have 
very low permeability (K), ranging 
from 0.001 mD (microDarcy) to 
0.00001 mD (nanoDarcy).  Optimal 
range is considered as ~ 400 nano 
Darcy permeability. Gas Shale 
recovery factors currently range from 
8% to 15% and can rise significantly 
as well spacing is reduced and 
fracture design and efficiency 
improves.  Permeability, both vertical 
and lateral, will be created by the 
hydraulic fracturing.  High TOC may 
also provide in-situ permeability and 
greatly enhance EURs (Wang, 
2008). 
 

vi. Shale Brittleness – Extreme 
brittleness is absolutely necessary 
for hydraulic fracture efficiency and 
long term stability of the induced 
fractures.  High quartz concentration 
adds to the shale brittleness (Figure 
4). The shale brittleness is a function 
of Poisson’s Ratio and Young’s 
Modulus.  These parameters can be 
readily determined using the Dipole 
Sonic log or direct conventional core 
measurement.  The most productive 
gas shales have Poisson’s Ratio 
<0.25 and Young’s Modulus > 2.0.  
 

 

Figure 4: Brittleness Index of major US shale 
play 

Lack of brittleness also may cause 
closure of induced fractures around 
proppant due to plastic flow of the 
ductile shale and may lead to casing 
collapse. 

 
vii. Shale Mineral Composition – The 

gas shales are actually mudstones 
with particle sizes ranging from clays 
(< 5 microns), through silts (5 to 63 
microns) to sand (> 63 microns).  
They usually have a high 
concentration of quartz (Figure 5).  
Clay minerals generally produce 
poor gas recoveries.  The kaolinite 
(K orthoclase feldspars) has minimal 
negative reaction to drilling and slick 
water fracture fluid and having higher 
gas recovery.  X-Ray diffraction and 
wireline logs can easily define these 
mineral constituents in shale. 
 

 
Figure 5: Ternary plot of US shale play 

 
viii. Pressure Gradient – A pressure 

gradient >0.465 psi/ft is optimum as 
it will increase gas-in-place but it 
should not be so high that over 
pressure induced drilling problems 
occur.  High formation pressure will 
require use of expensive manmade 
proppant to overcome proppant 
crushing due to pressure. 
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ix. Temperature Gradient – This will 
increase gas-in-place due to the 
higher gas compressibility at lower 
temperature. Optimal Tmax is 
considered as 450+ Deg Centigrade. 
 

x. Fracture Barriers - Well bounded 
overlying and underlying formations 
to contain fracture energy. 
Separated from target source 
intervals by ductile barrier. 
 

xi. Absolute Age of Shale – Paleozoic 
Era shales such as Barnett, 
Woodford, Fayetteville and Marcellus 
(Devonian-Mississippian) with 
absolute ages of 416 MM to 326 MM 
years appear to be the best targets 
at this time (Figure 6). This is mostly 
due to shale brittleness.  The 
younger shales currently under 
development (Jurassic Haynesville - 
160 mm years and Upper 
Cretaceous Eagle Ford - 100 MM 
years, Late Cretaceous Niobrara 
Shale ~ 60- 100 MM years) may not 
have had enough time to obtain 
optimal brittleness.   
 

 

Figure 6: Geological age Vs TOC of US shale 
plays 

This can lead to poor EURs. Even 
though initial flow rates can be very 
high, these shales will exhibit even 
greater production declines than the 
older gas shales.This may be due to 
plastic movement of these younger 
shales over time around the 
proppant which may close, inducing 
fractures and cause casing collapse. 
 

xii. Tectonic Setting /Depositional 
Environment – The structural 
complexity of the overburden and 
zones physically adjacent to the gas 
shale should be at a minimum.  
Complex overburden structure and 
faulting can significantly raise drilling 
costs.  Similar complexity directly 
above and below the targeted high 
TOC and porosity zone can cause 
completion failure. This would be 
caused by fracture fluid diverting into 
faults and natural fracture zones thus 
losing fracture effectiveness and 
possibly opening highly permeable 
water zones that can reduce gas 
production to zero.   
 

xiii. Lateral Continuity of Shale – The 
various screening criteria must be 
reasonably consistent and extend 
over a large area to eventually 
produce any meaningful 
development and production 
volumes. For example, the Barnett 
Shale play extends over at least 
4,600 sq mi or an area about 55 
miles by 85 miles.   
 

xiv. 3D Seismic data – While this is not 
an attribute of the  gas shale, it is an 
extremely important component in 
evaluating drilling risk  and 
potentially identifying orientations of 
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regional and tectonic fracture 
swarms. Once drilling of the lateral 
has begun, any unsuspected fault 
encountered interpretated and could 
result in target orientated drilling. 
Several attribute analysis of 3D 
seismic data is being used for 
optimal placement of shale wells 
based on fracability.  
 

xv. Natural Fracture - The large scale 
regional fracture systems need to be 
re-examined to understand fracture 
density and conjugate fracture sets 
for initial determination of horizontal 
well azimuths and potential well 
spacing.  The tectonic fracture 
systems can be determined by 
seismic interpretation.  Combinations 
of regional and tectonic fractures and 
their conjugate systems will be vitally 
important to the drilling direction and 
effectiveness of the hydraulic 
fracturing.   
 

xvi. Geosteering -This is a very 
important aspect of shale 

exploration, though this is not a 
direct screening attribute. Using 
LWD, advanced log suits and micro 
seismic monitoring contribute to 
optimizing the placement of the well 
within the target zone and fracturing 
stages.  
 

xvii. Gas-in-Place and Reserves – Gas-
in-Place (GIP) is the total gas and is 
the sum of the free gas (also known 
as the absorbed gas) and the 
adsorbed gas. The free gas is 
present in the porosity and provides 
the high initial production rates.  The 
adsorbed gas is that which is 
attached to the kerogen and clay 
plates and is released through time 
providing the long declining 
production.  The free gas and 
adsorbed gas values are derived 
from core analysis and core 
calibrated log analysis.  Total Gas 
should be at least 75-100 Bcf per sq 
mile. The better gas shales have 
over 150 Bcf per sq mile. 

 
Evaluation Methods based on screening papameters can be sum up as below: 
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Screening parameters of various US Shale play are compared below (Figure 7) 
 

 
 

  
(Source: S Chopra et. Al., AAPG, Jan, 2014) 

Figure 7:  Screening parameter comparison of various US Shale play  

 
Shale reservoir is geologically complex 
and heterogeneous which is related to 
production mechanism. In shale plays, 
success is determined by better 
reservoir understanding and productivity 
of wells. Critical parameters for 
development of shale-gas plays cannot 

be generalized and need prospect-
specific evaluation. At the industry level, 
we observe genuine integration of 
disciplines between geophysicist, 
geologists and engineers in order to 
solve the challenges posed by the shale 
plays. 
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B. Characterize Geomechanical 

properties of shale reservoir using 
seismic data-Niobrara 

A clear understanding of the 
geomechanical properties and their 
distribution explains the reservoir 
heterogeneity. Geomchanical properties 
are one of the important parameter 
extracted from seismic and useful to 
characterize shale and optimize drilling 
location. In this paper we mainly 
focused on the Young’s modulus, and 
Poisson’s ratios which are the main two 
parameters related to rock brittleness.  
 
The Niobrara formation is found 
throughout Rockies in the DJ Basin, 
Powder River Basin (PRB), North Park 
River Basin (PRB), North Park Basin 
(NPB), Wind River Basin (WRB), Green 
River Basin (GGRB) and 
Hanna/Laramie Basins (HLSB). 
Depositional environments and rock 
types of unconventional plays are really 
quite different as can be seen Niobrara 
Oil play in the DJ Basin of Colorado, 
Wyoming and Nebraska. The play is 
described below for the study area 
(Figure 8).  
 

 
Figure 8: Study area of Niobrara Shale 

The Niobrara Formation lies in a 
thermally mature fairway, which today is 
present in the Denver-Julesburg (DJ) 
basin. The Niobrara is carbonate-rich on 
east side, where the study area is 
located, producing oil, and Clay rich on 
west side of the Basin. In the DJ Basin, 
the targeted interval within the Niobrara 
is the Smoky Hill Section (300-400 ft), a 
chalk/marl hybrid consisting of three 
chalk benches (“A”, “B” & “C”) 
interspersed by marl/shale interval each 
of which are ~30 - 40 ft thick. The “B” 
bench is thicker consistently, has better 
porosity and higher oil content than 
other two benches, and is target for 
hydraulic fracturing, given its higher 
calcite content with the resultant higher 
porosity and brittleness. Although the 
formations in the Niobrara are not fully 
resolved, they can be easily detected on 
the seismic and possibly show signs of 
tuning effects. Sweet spots in Niobrara 
are observed to be a combination of 
increased carbonate content, increasing 
the rock brittleness and porosity and 
natural fractures possibly associated 
with complex subtle faults which 
resulted in to high anisotropy in Niobrara 
formation. Generalized stratigraphy and 
lithology is correlated with seismic 
character (Figure 9).  

 
(Adapted from Sonneberg, 2011) 

Figure 9: Litho-Stratigraphy and Seismic 
marker of Niobrara. 
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A material is brittle if, when subjected to 
stress, it breaks without significant 
deformation (strain). The Brittleness 
Index is a computed as the ratio of 
Young’s modulus (E) and Poission’s 
ratio (Mu). Hence, rocks with high 
Young’s modulus (ability to maintain a 
fracture) and low Poission’s ratio 
(propensity to resist failure under stress) 
have higher Brittleness Index and have 
higher reservoir quality (TOC and 
porosity are both higher). High 
Poisson’s Ratio and low Young’s 
Modulus rock is ductile. Estimation of 
these rock properties from seismic data 
allows the qualitative estimation of rock 
brittleness by cross-plotting the results. 
Once TOC, mineralogy and lithology are 
understood, the formation can be 
evaluated for relative fracability. 
Brittleness is a key factor, indicating the 
likeliness to fracture under stress. 
Ductile shale naturally heals, while 
brittle silty shale with a quartz fraction is 
more likely to fracture and remain open. 
 
Poission’s ratio (Figure 10) and Young’s 
Modulus (Figure 11) volume were 
generated using Pre-stack inversion 
workflow. Based on the Vp & Vs model, 
initial model were generated. Initial 
angle gather were also generated based 
on the angle gather initially selected. To 
get the accurate result angles were 
restricted up to 45 degree.  

Wells were correlated with seismic data 
with respect to extracted statistical 
wavelet. Final model were matched with 
the input data and it shows a good fit 
with the data. 
 

 

Figure 10: Poisson’s Ratio was computed 
from P Impedance and S Impedance using 
simultaneous AVO inversion. The white 
arrow indicates the reservoir level in the 
lower Niobrara B Bench. Low Poisson’s 
Ratio rocks are more brittle. 

 

Figure 11: Inverted Young’s modulus 
volume. Purple and blue color indicate  
higher Young;s modulus at the reservoir 
interval. 

 

Figure 12: Inverted seismic section of Young’s Modulus*Rho (Window 50 ms)
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The Niobrara interval (50 ms) cross 
plotted, in the upper right insert, are 
Poission’s ratio and Young’s 
Modulus*Density which shows two main 
clusters (Figure 12).The lower cluster is 
associated to Niobrara A and the upper 
cluster to the Niobrara B. Brittle areas 
are identified in the crossplot as those 
having high Young’s modulus*Density 
and low Poission’s ratio (towards lower 
right) and mapped back into the seismic 
section with same colors.  

 

Figure 13: Niobrara B Bench-Inversion 
Output of Poission’s Ratio (map view) 

The amplitudes in the seismic section 
correspond to Youngs modulus 
multiplied by density. The high brittle 
areas in the Niobrara B bench are 
shown in dull purple color. The cluster 
separation for Niobrara A and B is 
attributed to the change in Calcite 
content. 

Seven wells (Well-1 to Well-7) were 
taken to analyze the inversion results. 
Well 5, Well-6 and Well-7 were better 
producer with respect to Well-1, Well-2, 
Well-3 and Well-4. The inversion results 
shows Well 5, Well-6 & Well-7 falls 
within a Low Poisson’s ratio and High 
Young’s Modulus area and hence 
concluded as more brittle area. Based 
on this analysis, next drilling location, 
therefore, was identified by targeting a 
zone of low Poisson’s ratio value west of 
horizontal Well-5 & Well-6 as indicated 
by green dotted box in Figure 13 and 
14. 

  

Figure 14: Inversion Output of Young’s 
Modulus (Niobrara B Bench-Map view) 

The reservoir in the new well fractured, 
as predicted, the wells were producing 
equally good as of well 5, Well-6 and 
Well-7. The methodology described in 
this case study has been applied 
successfully to direct the placement of 
subsequent Niobrara wells. 
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C. Shale Gas well Production, well 
productivity and EUR estimation - 
Eagle Ford and Niobrara 

 
Shale well Production 
 
Wells have produced gas from shale 
since the 1820s, and many studies have 
been carried out over the past 30 years 
to understand and predict their 
performance. In general shale/tight 
reservoir which usually requires frac- 
stimulation exhibit steep decline of 50-
80% or more in the first year followed by 
a flattening after six months of 
production. This decline behavior is 
evidence that wells are in transient flow. 
This may persist for many years 
depending upon well spacing and 
permeability. Because the permeability 
is so low in these reservoirs, it may be 
tens of years before pressures begin to 
decrease substantially away from 
hydraulic fractures.  
 
Initial rates for fracture stimulated 
horizontal wells are typically higher in 
the range of 2-15 MMscfd for gas wells 
and 300-700+ Bbls/day and EUR in the 
range of 2-7 Bcf/well in gas well to 150-
500+MBoe/well in oil/liquid rich zones. 
Most of the companies report initial 
production (IP) rate for 24 hrs of initial 
production of their best wells with large 
choke size which is not indicative of 
ultimate well recoveries as high rates 
wells declines quickly. Wells 
performances are measured in terms of 
their production rate and estimated 
ultimate recovery(EUR), which varies 
and is not uncommon even within the 
within the shale plays based on lateral 
length, frac treatment size and type, 
frackability of the formations, natural 
fractures, geological heterogeneity, 
types of hydrocarbon, pore pressure etc. 

It is noticed that initial production rates 
and EUR also keep increasing with time 
due to the evaluation and adaptation of 
drilling, completion and stimulation 
practices as geological understanding of 
shale reservoir improves with more and 
more wells and availability of data. The 
well productivity and EUR analysis is 
focused on La Shale county of Eagle 
Ford and Weld County of Niobrara as 
shown in Figure 15.  
              

 
 

 
 

Figure 15: Study area for well production 
analysis In Eagle Ford and Niobrara 
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Decline Curve Analysis and EUR 
estimation: 
 

The decline curve analysis (DCA) for 
well performance prediction based on 
production history matching with time is 
the most widely used methods as this 
method requires only production data for 
analysis which is available with 
producing US shale plays. Moreover, 
decline curve analysis is relatively 
simple, easy to plot with available 
production data, yield results on a time 
basis and easy to analyze and forecast 
EUR on well to well basis (Figure 16). 
Well Productivity i.e. EUR/well can be 
derived by statistically fitting a declining 
curve to the historical production from a 
well or group of wells and extrapolating 
this forward into the future. This 
approach is only applicable in regions 
where production is relatively well 
established and requires a significant 
amount of data on historic production 
from multiple wells. Although decline 
curve analysis is frequently used it has 
many limitations as well 
 

Shale well production declines are 
modeled by initial hyperbolic decline 
period which varies from less than a 
year to about 2-3 years and then decline 
switches to exponential (constant rate) 
decline and expected to continue until 
remaining life of the well. The key 
parameters in historical production data 
matching is exponent factor call ‘b 
factor’ which is assumed to be greater 
than 1.0 (range of 1.1-2.0) by many 
shale gas companies active in US. 
Larger value of b means slower rate of 
production decline resulting in higher 
EUR/well and usually gives much 
optimistic estimates of EUR. With limited 
production history of 2-3 years of shale 
oil/gas, choke management, artificial lifts 

in early well life etc, there is 
considerable uncertainty regarding long 
term well productivity. At this stage, it is 
difficult to predict whether production will 
continue to decline at same rate or 
faster rate and projected 30+ years of 
shale well life is sustainable. 
  
The Arp’s equations used for shale well 

decline curve analysis is as below: 
Where qi – Initial rate, b – hyperbolic 
decline exponent factor, Di- Initial 
nominal decline rate, t – time since 1st 
production, t*-  time when decline 
switches from transient flow/hyperbolic 
to exponential decline. 

           

 
 
Figure 16: DCA analysis based on 
Production History matching 
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Typical example of Production 
history and well productivity 
assessment of Eagle Ford and 
Niobrara play: 
 
The study covers liquid rich Eagle Ford 
and Niobrara plays well performances 
and EUR estimates based production 
history which is both liquid play.  Ten 
counties of Texas lie in the heart of the 
Eagle Ford productive play trend namely 
Atascosa, DeWitt, Dimmit, Gonzales, 
Karnes, La Salle, Live Oak, Maverick, 
McMullen, and Webb whereas most of 
the activities in Niobrara is in Colorado 
and Wyoming. The location map of 
successful horizontal wells in Eagle 

Ford Play and in Denver-Julesburg (DJ) 
Basin of Niobrara plays is shown in 
figure 17: 
 
Eagle Ford is most active shale plays 
with over 213 rigs running and over 
9000 oil & gas wells. The formation is 
best known for producing variable 
amounts of dry gas, wet gas, NGLs, 
condensate and oil. Production as on 
March 2014 is oil 0.804MMBOPD, 
Condensate 0.205MMBOPD and gas 
3.5Bcf/d. Niobrara has about 58 drilling 
rigs running in 2014 and production in 
Feb 2014 was 0.29MMBOPD of oil and 
4.3Bcf/d of gas.  

 

 
 

Figure 17: Shale Well location in Eagle Ford & Niobrara 
 

 

 
                                                                                                                                                                                                                               (Source: SPE 158207) 

 
Figure 18: EUR Vs Peak month production             Figure 19: EUR Vs month production by year 
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Initial potential (IP) is a mostly quoted 
figure  by companies operating in shale 
resource play which though  gives an 
indication of instantaneous well 
productivity, may not result in higher 
well productivity/EUR over life of the 
well. It is to be noted that initial choke 
size may vary between companies and 
the IP may not be a reliable indicator of 

EUR.  However, peak actual monthly oil 
production had a fairly good correlation 
with EUR (Gary et al. 2012)  and there 
is improving EUR/well with time may be 
due to adaptation of completions was 
shown in Figure 18 & 19 (above) in their 
analysis plotted EUR vs peak oil  and vs 
time for Eagle ford wells.  
 

Average oil and gas production/day 
based on maximum monthly oil and gas 
production mapped over thickness map 
in Eagle Ford (Ron Martin et al, 2011) 
indicates (Figure 20 & 21) that best oil 
producing area in the Eagle Ford shale 

is in the Karnes Trough region whereas 
the best gas producing area is near 
Hawkville. The good Eagle Ford 
production is related to stratigraphy, 
structure (faults and fractures), and 
thickness. 

 

 
                                                                          (Source: SPE 145117) 

Figure 20: Eagle Ford Ave daily gas Production based  
on Max month oil production overlying thickness map  
of Eagle Ford 

 

 
(Source: SPE 145117) 

Figure 21: Eagle Ford Ave daily oil Production based  
on Max month oil production overlying thickness map  
of Eagle Ford 
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For well performance and productivity 
evaluation, the production data i.e. oil 
rate and cumulative oil is plotted vs time 
shifted so as to assume identical “day 
one” production and decline curve 
analysis is carried out using Arps 
equation for hyperbolic and exponential 
decline production history is matched 
and future production and EUR is 
estimated. It has been observed that 
initial rates, gas oil ratio, decline rate, 
wellhead pressure etc and resulting 
EUR/well varies widely within a short 
distance even among oil, condensate 
and gas window despite similar drilling 
and completion practices. 

The production data for few wells in 
Niobrara play and Eagle Ford 
condensate window depicts wide 
variation in initial oil rates (200-700 
BOPD in Niobrara and 300-800 BOPD 
in Eagle Ford), initial decline percentage 
(50%-90%), GOR500-10,000 scf/Bbl 
Niobrara 500-2,000+ scf/Bbl in Eagle 
Ford and so the future production 
forecast and EUR estimates (90-
300MBOE in Niobrara and <100-
650MBOE in Eagle Ford) as is shown in 
the figures below: 
 

 

 
 

Figure 22: Production data of Niobrara wells 
 

 
 

Figure 23: Production data of Eagle Ford wells 
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Figure 24: Niobrara well performances analysis 

 

 
Figure 25: Eagle Ford well performances analysis 

 
Based on review of production history 
and performance of so many wells, an 
example of EUR estimates of wells in 
condensate window in Niobrara has 
been shown with initial rate of 300BOPD 
and 500BOPD with decline rate of 87% 
and b factor of 1.2 results in EUR of 
138MBOE and 191MBOE respectively. 
Similarly an example of EUR estimates 
of one well in condensate window and 
one well in oil window Eagle Ford has 
been shown with initial rate of 675BOPD 
and 650BOPD with decline rate of 80% 
& 74% and b factor of 1.2 results in EUR 
of 400MBOE and 445MBOE 
respectively. 
 
Estimating EUR and predicting 
production in shale gas reservoirs has 
been a challenge for a long time. With 

limited production history of 2-3 years of 
shale oil/gas, choke management, 
artificial lifts in early well life etc, there is 
considerable uncertainty regarding EUR 
estimates and long term well 
productivity. Shale play development 
and production is in early part life cycle 
and is evolving over time. The initial 
EUR estimation with limited production 
history of less that 2-3 years may be 
subject to review as more and more 
production data would come and reliable 
prediction methodology taking into 
consideration of geological 
heterogeneity, production mechanism 
and unconventional reservoir simulation 
evolves over time. A schematic of EUR 
estimation uncertainty with time in 
convention al and unconventional plays 
is shown in Figure 26. 

 

11th Biennial International Conference & Exposition



Page 18 of 20 
 

 

Figure 26: Niobrara well performances analysis 

Review of wells within the same shale 
play suggests that well performance 
vary despite similar drilling/completion 
practices, well spacing etc. Thus there is 
growing evidence that shale plays are 
highly heterogeneous, with some areas 
being more productive than others. A 
frequent distinction is made between the 
most productive areas (commonly 
termed ‘sweet spots’) and the less 
productive areas (‘non-sweet spots’) 
with the former providing considerably 
higher production flow rates and 
ultimate recovery from individual wells. 
There is also significant variation in the 
productivity of wells within sweet spot 
areas, although this distinction partly 
depends on how sweet spots are 
defined. The frequency, extent, and 
degree of variation between (and within) 
sweet-spots and other areas remain 
uncertain, even in comparatively well-
developed shales. To date, shale gas 
production in North America has 
predominantly focused upon these most 
productive core areas within each play. 
 
The greatest successes in shale gas 
development are realized by companies 
that acquire large acreage positions at 
low cost in locations that eventually 
become the core area of a shale gas 

play as more and more wells are drilled 
and completed. 
 
Challenges of Shale Gas 
Development 

There are geological risks towards 
confirming the presence, areal extent 
and favorable characteristics of shale 
gas in specific area. Finding effective 
source rock with optimum TOC, maturity 
is a critical task. Finding depth, 
thickness and strati-structural 
interpretation is another challenge. 
Identifying target zones favorable for 
drilling and stimulation, identifying 
natural fractures, stress orientation, 
geochemical property distribution is 
really challenging. Technological and 
viability risks are also there towards 
determining whether a specific deposit 
can be developed on an economically 
viable basis at the prevailing market 
price by the application of technology. 
Apart from these, regulatory and public 
acceptance risks are also there whether 
the regulatory structure is conducting to 
unconventional gas exploitation and 
whether related environmental impact is 
acceptable to local population. 
Availability of water among competing 
demand in the region to meet the large 
scale hydrofracking is a challenging 
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issue. Operator and service sector 
capacity to support intensive factory 
approach of shale gas development is 
another challenge. Although overall 
geological understanding of variability 
has improved with more and more wells 
drilling/completion and production data 
and technological innovations continue 
to improve, the shale gas industry is 
facing a greater challenge in terms of 
challenging economics in pure gas play 
due to lower gas price and 
environmental issues. 
 
Conclusion 

US shale gas success is widely 
recognized as alternative source of 
hydrocarbon from unconventional 
reservoir. Advances in horizontal drilling 
and hydrofracking technology and its 
wide successful in shale gas has made 
exploitation of hydrocarbons from shale 
gas, tight reservoirs commercially 
recoverable which was considered 
uneconomic. Each gas shale basins is 
different and each has a unique set of 
operational, logistic, environmental, 
availability of water, infrastructure and 
service industry to support development. 
Because of these differences, the 
development of shale gas resources in 
each of these areas faces potentially 
unique opportunities and challenges. 
There is no unique solution that fits for 
each shale basin evaluation, drilling, 
completion and stimulation design and 
execution. Unconventional approach is 
required for development of these 
unconventional resources. Traditional 
reservoir properties like thickness, 
porosity, permeability, saturation etc. 
and geo-mechanical, geochemical 
properties like rock strength, stresses, 
brittleness, total organic content (TOC) 
and thermal maturity are required to be 
inferred from interpretation. The most 

difficult task in a shale play is 
developing it economically, not 
discovering it. Seismic attributes and 
inversion analysis help in mapping of 
natural fractures in shales which are 
critical for well planning and stimulation 
by hydraulic fracturing. Risk reduction in 
sweet spot identification is 
accomplished through estimation of 
anisotropy dependent attributes such as 
rock properties estimated through 
prestack elastic inversion of seismic 
data. Anisotropy related attributes 
provide information about the fracture 
density and orientation, rock properties 
derived from seismic inversion provide 
information about brittleness and 
reservoir quality. Based on 
understanding of shale reservoir 
characteristics horizontal well drilling 
and stimulation technologies and 
practices are being optimized over the 
period of time  resulting in  overall 
increase of initial production rates (IP) 
and estimated ultimate recovery (EUR) 
of gas shale though variation in  well 
performances  within the play is not 
uncommon due to lateral  shale 
reservoir heterogeneity. 
 
Although each shale play is unique, 
there are some general rules that are 
more widely applicable than others. 
These rules are derived from the 
following observations - well must be 
drilled in a zone of adequate net 
thickness that has a high TOC content 
and thermal maturity thus guaranteeing 
the presence of oil or gas (assuming a 
favorable petroleum system), the 
targeted “shale” must have low clay 
content and brittle enough to be 
effectively fracked. The higher 
brittleness (low Poisson’s ratio and high 
Young’s Modulus) is caused by an 
increase in the percentage of Calcite 
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and higher porosities in the limestones.  
Also high hydrocarbons saturation and 
moderate pore pressure is important for 
higher recovery. We discussed an 
integrated approach for shale gas play 
screening parameter for exploration and 

geomechanical attribute analysis for 
identifying productive areas, thereby 
optimizing drilling/completion and 
correlating production analysis of 
various areas within the play.
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