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USER INPUT 

comprises extracting one or more shale samples, performing 
a rock eval pyrolysis on the shale samples to determine certain 
geochemical properties of the shale, using the geochemical 
properties to determine athermal maturity of the shale, deter 
mining a Langmuir Volume of the shale, generating a adsorp 
tion isotherm of the shale, and determining a gas storage 
capacity of the shale. Advantages of the methods include a 
more efficient and rapid determination of shale gas storage 
with a minimal expenditure of resources. 
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SHALE ANALYSIS METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a non-provisional application 
which claims the benefit of and priority to U.S. Provisional 
Application Ser. No. 61/331,574 filed May 5, 2010, entitled 
“Shale Analysis Methods,” which is hereby incorporated by 
reference in its entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to methods 
and systems for evaluating hydrocarbon prospects. More par 
ticularly, but not by way of limitation, embodiments of the 
present invention include methods and systems forestimating 
the hydrocarbon production potential of a subsurface hydro 
carbon shale prospect or prospects. 

BACKGROUND 

0003) Determining the expected hydrocarbon recovery 
from a shale hydrocarbon prospect is an important role in 
determining the desirability of completing a well for exploit 
ing the prospect. Various methods have been developed to 
predict the potential production performance of a hydrocar 
bon prospect. Generally, it is desired to make this determina 
tion in the most cost effective, efficient fashion with a mini 
mum of delay. These factors become especially significant 
where an operator has a need to simultaneously evaluate 
dozens or even hundreds of hydrocarbon prospects. 
0004 Examples of conventional methods for determining 
expected hydrocarbon production potential for hydrocarbon 
prospects include, for example, seismic Surveys, well logging 
techniques, and core sampling. Unfortunately, each of the 
conventional methods for evaluating expected hydrocarbon 
recovery from a prospect Suffers from one or more significant 
disadvantages. 
0005. Although seismic surveys can reveal a great deal of 
geological information about a Surveyed Zone, seismic Sur 
veys are highly limited in their ability to estimate hydrocar 
bon recovery potential, because seismic Surveys fail to yield 
the detailed type of data required for accurate well perfor 
mance predictions. In addition to this failure of providing 
accurate estimations of hydrocarbon recovery potential, seis 
mic Surveys are costly to perform and require significant 
SOUCS. 

0006 Various well logging tools can also provide a myriad 
of downhole information related to a prospect, including sig 
nificant geological information relating to a particular well. 
Nevertheless, well logging devices traditionally fail to pro 
vide adequate data for efficiently estimating a prospect's 
hydrocarbon production potential. Moreover, logging a well 
is both costly and time intensive. 
0007 Of the conventional methods, core sampling can 
provide the most detailed information about a prospect's 
hydrocarbon production potential. Again, however, this con 
ventional method Suffers from both high cost and significant 
time delays. Not only does this method require drilling and 
extracting a core sample, which is resource and time inten 
sive, this method also requires onerous lab tests to be per 
formed to analyze the core samples. 

Nov. 17, 2011 

0008 Accordingly, there is a need in the art for improved 
methods and devices for quickly and inexpensively evaluat 
ing hydrocarbon prospects that address one or more disad 
Vantages of the prior art. 

SUMMARY 

0009. The present invention relates generally to methods 
and systems for evaluating hydrocarbon prospects. More par 
ticularly, but not by way of limitation, embodiments of the 
present invention include methods and systems forestimating 
the hydrocarbon production potential of a subsurface hydro 
carbon shale prospect or prospects. 
0010. One example of an empirical method for determin 
ing an adsorbed gas storage capacity of a shale reservoir 
comprises the steps of extracting one or more shale samples 
from the shale reservoir at a plurality of depths; performing a 
rock eval pyrolysis on the one or more shale samples to 
determine a T of the one or more shale sample, an S1 of the 
one or more shale samples, and a TOC content of the one or 
more shale samples, wherein S1 is an amount of free hydro 
carbons in the one or more shale samples and wherein TOC is 
a total organic carbon (TOC) content of the one or more shale 
samples; determining a thermal maturity of the shale reser 
voir at each depth, wherein the thermal maturity is character 
ized as one of immature, oil Zone, or gas Zone, wherein the 
thermal maturity is characterized as immature if T is less 
than about 435 F., wherein the thermal maturity is charac 
terized as oil Zone if T is from about 435 F. to about 465° 
F., and wherein the thermal maturity is characterized as a gas 
Zone if T is more than about 465. F.; determining a Lang 
muir Volume (G) of the shale reservoir at each depth, 
wherein the Langmuir volume (G) is characterized by a first 
product (a-S1) if the shale reservoir is characterized as oil 
Zone and wherein the Langmuir volume (G) is character 
ized by a second product (b TOC) if the shale reservoir is 
characterized as immature orgas Zone, whereina is a constant 
from about 35 to about 38, and wherein b is a constant from 
about 19 to about 25; generating a synthetic adsorption iso 
therm, wherein the synthetic adsorption isotherm is a set of 
sorbed gas storage capacities corresponding to a range of 
desired pressures, wherein each Sorbed gas storage capacity 
(G) for a particular pressure (p) is determined according to 
the relationship, wherein p is a Langmuir pressure of the 
shale reservoir; and outputting the synthetic adsorption iso 
therm to a user. 
0011. Another example of an empirical method for deter 
mining an adsorbed gas storage capacity of a shale reservoir 
comprising the steps of determining a T of a shale sample 
of the shale reservoir; determining a thermal maturity of the 
shale reservoir, wherein the thermal maturity is characterized 
as one of immature, oil Zone, orgas Zone, wherein the thermal 
maturity is characterized as immature if T is less than 
about 435 F., wherein the thermal maturity is characterized 
as oil Zone if T is from about 435 F. to about 465° F., and 
wherein the thermal maturity is characterized as a gas Zone if 
T is more than about 465. F.; determining a Langmuir 
volume (GSL) of the shale reservoir, wherein the Langmuir 
volume (G) is characterized by a first product (a:S1) if the 
shale reservoir is characterized as oil Zone and wherein the 
Langmuir volume (G) is characterized by a second product 
(b TOC) if the shale reservoir is characterized as immature or 
gas Zone, wherein a is a constant from about 35 to about 38, 
and wherein b is a constant from about 19 to about 25; and 
generating a synthetic adsorption isotherm, wherein the Syn 
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thetic adsorption isotherm is a set of Sorbed gas storage 
capacities corresponding to a range of desired pressures, 
wherein each Sorbed gas storage capacity (G) for a particu 
lar pressure (p) is determined using the Langmuir equation, 
wherein p is a Langmuir pressure of the shale reservoir, G 
in-situ Langmuir storage, and p is a pressure step. 
0012. The features and advantages of the present invention 
will be apparent to those skilled in the art. While numerous 
changes may be made by those skilled in the art, Such changes 
are within the spirit of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013. A more complete understanding of the present dis 
closure and advantages thereof may be acquired by referring 
to the following description taken in conjunction with the 
accompanying figures, wherein: 
0014 FIG. 1 illustrates a method for estimating an 
adsorbed gas storage capacity of a shale reservoir in accor 
dance with one embodiment of the present invention. 
0015 FIG. 2 illustrates a computer system for calculating 
adsorbed gas storage capacity of a shale reservoir in a Subter 
ranean formation. 
0016 FIG. 3 illustrates a method for assessing certain 
financial indicators relating to a shale prospect of interest in 
accordance with one embodiment of the present invention. 
0017 While the present invention is susceptible to various 
modifications and alternative forms, specific exemplary 
embodiments thereofhave been shown by way of example in 
the drawings and are herein described in detail. It should be 
understood, however, that the description herein of specific 
embodiments is not intended to limit the invention to the 
particular forms disclosed, but on the contrary, the intention is 
to cover all modifications, equivalents, and alternatives fall 
ing within the spirit and scope of the invention as defined by 
the appended claims. 

DETAILED DESCRIPTION 

0018. The present invention relates generally to methods 
and systems for evaluating hydrocarbon prospects. More par 
ticularly, but not by way of limitation, embodiments of the 
present invention include methods and systems forestimating 
the hydrocarbon production potential of a subsurface hydro 
carbon shale prospect or prospects. 
0019 Methods and systems are provided for rapid assess 
ment of hydrocarbon storage of shale prospects. Rapid evalu 
ation of hydrocarbon content of shale prospects aids opera 
tors in determining which prospects to exploit. In short, the 
methods disclosed herein provide rapid mechanisms to deter 
mine sorbed gas storage of a shale reservoir with minimal 
delay and resource expenditure. 
0020. In certain embodiments, an empirical implemented 
method for rapidly assessing hydrocarbon content of a shale 
reservoir comprises extracting a shale sample, performing a 
rock eval pyrolysis on the shale sample to determine certain 
geochemical properties of the shale, using the geochemical 
properties to determine athermal maturity of the shale, deter 
mining a Langmuir Volume of the shale, generating a adsorp 
tion isotherm of the shale, and determining a gas storage 
capacity of the shale. Advantages of the methods herein, 
include, but are not limited to, a much more efficient and rapid 
determination of shale gas storage with a minimal expendi 
ture of resources. 
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0021 Reference will now be made in detail to embodi 
ments of the invention, one or more examples of which are 
illustrated in the accompanying drawings. Each example is 
provided by way of explanation of the invention, not as a 
limitation of the invention. It will be apparent to those skilled 
in the art that various modifications and variations can be 
made in the present invention without departing from the 
Scope or spirit of the invention. For instance, features illus 
trated or described as part of one embodiment can be used on 
another embodiment to yield a still further embodiment. 
Thus, it is intended that the present invention cover such 
modifications and variations that come within the scope of the 
invention. 
0022 FIG. 1 illustrates a method for estimating an 
adsorbed gas storage capacity of a shale reservoir in accor 
dance with one embodiment of the present invention. 
(0023 Generally, method 100, via steps 110 to 170, allows 
for the estimation of an amount of sorbed gas storage capacity 
(G) of a shale reservoir. Sorbed gas storage capacity (G) is 
one significant component needed to determine the total gas 
content or storage capacity of a shale reservoir. In general, the 
total gas content (G) of a shale reservoir is the sum of the 
sorbed gas content thereof (G), the free gas content thereof 
(G), and the dissolved gas content thereof. The following 
steps of method 100 focus on estimation of sorbed gas storage 
capacity (G), a significant component of the total gas stor 
age capacity (G) of the shale reservoir. 
0024. In step 110, a representative sample is extracted 
from the shale reservoir. In certain embodiments, multiple 
samples may be extracted. 
0025. In step 120, a rock eval pyrolysis is then performed 
on the sample to obtain certain geochemical characteristics of 
the shale. Rock eval pyrolysis is a standard procedure used to 
identify the type and maturity of organic matter in sediments. 
In particular, the quantities T, S1, and TOC content of the 
shale are some of the geochemical properties measured. T 
refers to is the temperature at which the maximum release of 
hydrocarbons from cracking of kerogen occurs during 
pyrolysis of the shale. S1 refers to the amount of free hydro 
carbons (gas and oil) in the sample. TOC content refers to the 
total organic carbon content of the sample. Although the 
standard procedure of rock eval pyrolysis is well documented 
elsewhere, a brief overview of the process is provided here for 
completeness. TOC content analysis and pyrolysis are two 
aspects of rock eval pyrolysis that can provide the desired 
geochemical shale properties. 
0026 Total organic carbon (TOC) content is usually mea 
sured via a LECOR carbon analyzer system. The quantity of 
organic material present in sedimentary rocks is measured as 
the total organic carbon (TOC) content, which here is deter 
mined by combustion. In this procedure, carbonates are 
removed from the rock sample of interest with hydrochloric 
acid before combustion as these minerals would yield carbon 
dioxide during combustion. TOC analyses are then run in a 
LECOR) carbon analyzer that combusts a 140 mg sample of 
powdered rock at 1,300°F. in the presence of a large excess of 
oxygen. All organic carbon is converted to carbon dioxide 
that is trapped within the instrument and released into a detec 
tor once combustion is complete. The amount of carbon diox 
ide measured is proportional to the total organic carbon 
(TOC) content. 
0027 Pyrolysis mimics the natural hydrocarbon genera 
tion process that occurs over geologic time at much lower 
temperatures. Roughly 50 to 100 mg of the sample is heated 
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slowly in the absence of oxygen from 300 to 550° C. Exclu 
sion of oxygen ensures that only thermal decomposition reac 
tions occur. 
0028. During heating, a first volume of hydrocarbon is 
released when heated at a temperature of 300° C. for three 
minutes. These hydrocarbons are analogous to solvent-ex 
tractible bitumen. The hydrocarbon volume is monitored by a 
detector and a peak referred to as S1 is recorded. High S1 
values indicate large Volumes of bitumen in an active source 
rock or the presence of migrated hydrocarbons. S1 normally 
increases with depth. 
0029. The temperature is then increased by 25° C. per 
minute to a maximum temperature of 600° C. A second vol 
ume of hydrocarbon begins to emerge above approximately 
350° C., and reaches a maximum flux rate somewhere 
between about 420° C. and about 480°C., and then declines. 
This second volume of hydrocarbons is referred to as S2 and 
represents the hydrocarbon volume generated by thermal 
decomposition of kerogen. The S2 peak is typically the most 
important indicator of the present-day ability of the kerogen 
to generate hydrocarbons. The temperature at which the S2 
peak occurs is referred to as T. T. may not be reliable 
when S2 is less than approximately 0.2 mg/g. 
0030 Carbon dioxide (CO) is also released from the 
kerogen during pyrolysis. It is recorded by the CO detector 
as a peak referred to as S3 and is detected in the temperature 
range of about 300° C. to about 390°C. The amount of carbon 
dioxide released is generally believed to be related to the 
oxygen content of the kerogen. High oxygen content is con 
sidered a negative indicator of source rock potential. 
0031. In summary, the four parameters obtained from 
pyrolysis are as follows: 

0032 S1 bitumen content of the source rock, mg/g of 
rock 

0033 S2 future hydrocarbon generating potential of the 
Source rock, mg HC/g of rock 

0034 S3 CO generated by thermal decomposition, 
mg/g of rock 

0035 T the temperature at which maximum hydro 
carbon generation occurs, C. 

0036. These four parameters are traditionally used to 
determine the thermal maturity and source rock characteris 
tics of the organic material. Source rock types are often char 
acterized as followed as one of three types of source rocks as 
follows: 

0037 1. Effective source rock: any sedimentary rock 
that has already generated and expelled hydrocarbons. 

0038 2. Possible source rock: any sedimentary rock 
whose source potential has not been evaluated but may 
have generated and expelled hydrocarbons. 

0039. 3. Potential source rock: any immature sedimen 
tary rock known to be capable of generating and expel 
ling hydrocarbons if the level of thermal maturity were 
greater. 

0040. Accordingly, the determination of TOC content and 
S1, which in certain embodiments may be obtained through a 
standard rock eval pyrolysis test, concludes step 120. Next, in 
step 130, the thermal maturity of the shale may be deter 
mined. Thermal maturation can be related to T, which 
often increases with depth. T is also dependent on kerogen 
type, which can cause T values to not increase with depth 
as expected. Therefore, isolated T values are not consid 
ered representative. The thermal maturity is classified as fol 
lows: 
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0041. Immature: Less than about 435°C. 
0042. Oil Zone Greater than about 435° C. and less than 
about 465° 

0043. Gas Zone Greater than about 465° C. 
0044 Both the oil Zone and the gas Zone are considered 
potential Source rock for hydrocarbons whereas an immature 
Zone is usually considered to generate insufficient hydrocar 
bons for economic viability. In this way, the measured T. 
may be used to characterize the thermal maturity of shale as 
immature, oil Zone, or gas Zone. In certain embodiments, 
T may be obtained by other means known in the art, 
including, but not limited to, vitrinite reflectance and TAI 
index. Where T is obtained by a method other than by step 
120, it is recognized that step 110 and/or step 120 may be 
optional. 
0045. In step 140, the Langmuir volume (G) of the shale 

is determined The Langmuir Volume (G) and its signifi 
cance is described in detail in Langmuir, Irving. The Consti 
tution and Fundamental Properties of Solids and Liquids, 
Part I. Solids, 38 J. AM. CHEM. SOC. 2221-95 (1916). The 
Langmuir Volume (G) is particularly useful, because it is 
related to the Sorbed gas storage capacity in a shale gas 
reservoir as will be further described below with respect to 
step 150. 
0046 More specifically, determination of the Langmuir 
Volume (G) depends on the thermal maturity of the shale, 
and more particularly, on whether the thermal maturity of the 
shale is characterized as immature, oil Zone, or gas Zone. 
0047. Where the shale is characterized as oil Zone, the 
Langmuir volume (G) may be characterized by a first prod 
uct (a S1). Where the shale is characterized as immature or 
gas Zone, the Langmuir Volume (GSL) may be characterized 
by second product (b TOC). In certain embodiments, the 
constant “a” is a constant from about 35 to about 38, and the 
constant “b' is a constant from about 19 to about 25. In other 
embodiments, the constant 'a' is about 36.3, and the constant 
“b' is about 21.8. 
0048. In step 150, a sorbed gas capacity (G) or capacities 
of the shale may be determined that corresponds to one or 
more pressures. The sorbed gas storage capacity (G) for a 
particular pressure (p) is determined according to the rela 
tionship, 

Gcs = st (). 

wherein p is a Langmuir pressure of the shale. Again, G is 
the Langmuir volume determined above in step 140. 
0049. The Langmuir pressure (p) may be determined as 
part of step 150 to determine the sorbed gas capacity (G) of 
the shale. In certain embodiments, the Langmuir pressure 
may be characterized by the quantity (c-T-d) if the shale 
reservoir is characterized as immature orgas Zone. Where the 
shale reservoir is characterized as oil Zone, the Langmuir 
pressure may be characterized by the quantity (e:T-f). 
0050. In certain embodiments, the constant c is constant 
from about 4.9 to about 5.4, and the constant d is a constant 
from about 1,697 to about 1,876. In certain embodiments, e is 
a constant from about 106 to about 117 and wherein f is a 
constant from about 45,422 to about 50,204. In other embodi 
ments, the constant c is about 5.1, the constant d is about 
1,786, the constante is about 111.8, and the constant fis about 
47,813. 
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0051. The sorbed gas capacities calculated as part of step 
150 may also be evaluated for a range of pressures to generate 
a set of sorbed gas storage capacities as a function of pressure. 
These calculated Sorbed gas storage capacities may be inte 
grated with reservoir pressure to provide the total sorbed gas 
storage of the shale reservoir as desired. 
0052. Upon determination of the sorbed gas storage 
capacity, the total gas storage capacity (G) may be deter 
mined in step 160. As described above, the total gas capacity 
(G) is the Sum of the Sorbed gas capacity (G), the free gas 
capacity (G), and the dissolved gas capacity (G). 
0053 Again the sorbed gas storage capacity (G) is a 
significant component of the total gas storage. The dissolved 
gas capacity is typically rather Small and in certain optional 
embodiments, is sufficiently negligible that it is ignored. The 
free gas capacity (G) may be determined according to the 
relationship 

where: 

0054 cp porosity, fraction of bulk volume 
0055 p bulk density, g/cm 
I0056 p, matrix (grain) density, g/cm 
(0057 p, density of fluid within the porosity, g/cm 

0058. In step 170, one or more of the above parameters is 
provided to a user. Examples of Suitable parameters that may 
be outputted to a user include, but are not limited to, the 
thermal maturity determined as part of step 130, one or more 
of the Langmuir volumes determined as part of step 140, one 
or more of the gas storage capacities determined as part of 
step 150, the total gas storage capacity determined as part of 
step 160, or any combination thereof. 
0059 FIG. 2 illustrates an empirical method for estimat 
ing an adsorbed gas storage capacity of a shale reservoir in a 
Subterranean formation. 

0060. One or more methods of the present invention may 
be implemented via an information handling system. For 
purposes of this disclosure, an information handling system 
may include any instrumentality or aggregate of instrumen 
talities operable to compute, classify, process, transmit, 
receive, retrieve, originate, Switch, store, display, manifest, 
detect, record, reproduce, handle, or utilize any form of infor 
mation, intelligence, or data for business, Scientific, control, 
or other purposes. For example, an information handling sys 
tem may be a personal computer, a network storage device, or 
any other Suitable device and may vary in size, shape, perfor 
mance, functionality, and price. The information handling 
system may include random access memory (RAM), one or 
more processing resources such as a central processing unit 
(CPU or processor) or hardware or software control logic, 
ROM, and/or other types of nonvolatile memory. Additional 
components of the information handling system may include 
one or more disk drives, one or more network ports for com 
munication with external devices as well as various input and 
output (I/O) devices, such as a keyboard, amouse, and a video 
display. The information handling system may also include 
one or more buses operable to transmit communications 
between the various hardware components. 
0061. As an example of one implementation of an infor 
mation handling system for use in combination with the 
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present invention, user input is communicated from a user 
input device or devices 110 to information handling system 
280, which is comprised of processor or CPU 281, system bus 
282, memory 283, software 284, and storage 289. Informa 
tion handling system 280 may be used to implement any of 
the determination steps described above. As described above, 
information handling system 280 may output one or more of 
the determined parameters to output device 293, which may 
be any output device known in the art, including a display or 
printer output. 
0062 FIG. 3 illustrates a method 300 for assessing certain 
financial indicators relating to a shale prospect of interest in 
accordance with one embodiment of the present invention. 
0063. In step 315, the user inputs parameters which may 
be used to determine gas in place estimates in step 325. These 
steps may use any of the steps and features described above as 
to method 100 to accomplish these objectives. Upon deter 
mining the gas in place, either on a storage capacity basis, any 
number of financial indicators may be determined relating to 
the economic desirability of exploiting a shale prospect. 
Examples of suitable financial indicators include, but are not 
limited to, a project resource indicator. A project resource 
indicator may comprise the product of the original gas in 
place and the expected project recovery efficiency. The 
project resource indicator may be further refined by further 
taking into account the chance of Success of a contemplated 
project. Under this refined approach, the project resource 
indicator comprises the product of the original gas in place, 
the expected project recovery efficiency, and the chance of 
SCCCSS, 

0064. To facilitate a better understanding of the present 
invention, the following examples of certain embodiments 
are given. In no way should the following examples be read to 
limit, or define, the scope of the invention. 
0065. It is explicitly recognized that any of the elements 
and features of each of the devices described herein are 
capable of use with any of the other devices described herein 
with no limitation. Furthermore, it is explicitly recognized 
that the steps of the methods herein may be performed in any 
order except unless explicitly stated otherwise or inherently 
required otherwise by the particular method. 
0066. Therefore, the present invention is well adapted to 
attain the ends and advantages mentioned as well as those that 
are inherent therein. The particular embodiments disclosed 
above are illustrative only, as the present invention may be 
modified and practiced in different but equivalent manners 
apparent to those skilled in the art having the benefit of the 
teachings herein. Furthermore, no limitations are intended to 
the details of construction or design herein shown, other than 
as described in the claims below. It is therefore evident that 
the particular illustrative embodiments disclosed above may 
be altered or modified and all Such variations and equivalents 
are considered within the scope and spirit of the present 
invention. 

What is claimed is: 

1. An empirical method for determining an adsorbed gas 
storage capacity of a shale reservoir comprising the steps of 

extracting one or more shale samples from the shale reser 
voir at a plurality of depths; 



US 2011/0282584 A1 

performing a rock eval pyrolysis on the one or more shale 
samples to determine a T of the one or more shale 
sample, an S1 of the one or more shale samples, and a 
TOC content of the one or more shale samples, wherein 
S1 is an amount of free hydrocarbons in the one or more 
shale samples and wherein TOC is a total organic carbon 
(TOC) content of the one or more shale samples: 

determining a thermal maturity of the shale reservoir at 
each depth, wherein the thermal maturity is character 
ized as one of immature, oil Zone, or gas Zone, wherein 
the thermal maturity is characterized as immature if 
T is less than about 435 F., wherein the thermal 
maturity is characterized as oil Zone if T is from about 
435°F. to about 465°F., and wherein the thermal matu 
rity is characterized as a gas Zone if T is more than 
about 465°F.; 

determining a Langmuir Volume (G) of the shale reser 
Voir at each depth, wherein the Langmuir Volume (G) 
is characterized by a first product (aS1) if the shale 
reservoir is characterized as oil Zone and wherein the 
Langmuir volume (G) is characterized by a second 
product (b:TOC) if the shale reservoir is characterized as 
immature orgas Zone, whereina is a constant from about 
35 to about 38, and wherein b is a constant from about 19 
to about 25: 

generating a synthetic adsorption isotherm, wherein the 
synthetic adsorption isotherm is a set of sorbed gas stor 
age capacities corresponding to a range of desired pres 
Sures, wherein each Sorbed gas storage capacity (G) for 
a particular pressure (p) is determined according to the 
relationship, 

wherein p is a Langmuir pressure of the shale reservoir, and 
outputting the synthetic adsorption isotherm to a user. 
2. The method of claim 1 further comprising determining a 

Langmuir gas storage capacity (L) at each depth wherein the 
Langmuir gas storage capacity (L) is characterized by a 
product (gTOC) if the shale reservoir is characterized as gas 
Zone or immature and wherein the Langmuir gas storage 
capacity (L) is characterized by a product (h-S1) if the shale 
reservoir is characterized as oil Zone, wherein the constant g 
is a constant from about 21 to about 23 and wherein the 
constant his a constant from about 35 to 38. 

3. The method of claim 2 wherein the constant g is about 
21.8 and wherein the constant his about 36.3. 

4. The method of claim 1 further comprising determining a 
total sorbed gas storage capacity of the shale reservoir. 

5. The method of claim 4 wherein the total gas storage 
capacity (G) comprises the sum of the sorbed gas storage 
(Gs) and a free gas capacity (G) of the shale reservoir. 

6. The method of claim 5 wherein the free gas capacity 
(G) is characterized by the relationship p-(1-p)p,+ppa 
wherein (p is a porosity as a fraction of bulk volume, p is a bulk 
density, p, is a matrix (grain) density, p, is a density of fluid 
within the porosity. 

7. The method of claim 5 wherein the total gas storage 
capacity (G) comprises the sum of the sorbed gas storage 
(G), a free gas capacity (G) of the shale reservoir, and a 
dissolved gas capacity (G) of the shale reservoir. 
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8. The method of claim 1 wherein T is determined by a 
rock eval pyrolysis test. 

9. The method of claim 1 wherein the Langmuir pressure is 
characterized by the quantity (c-T-d) if the shale reservoir 
is characterized as immature or gas Zone, wherein c is a 
constant from about 4.9 to about 5.4 and wherein d is a 
constant from about 1,697 to about 1,876 and wherein the 
Langmuir pressure is characterized by the quantity (e:T-f) 
if the shale reservoir is characterized as oil Zone, whereine is 
a constant from about 106 to about 117 and wherein f is a 
constant from about 45,422 to about 50,204. 

10. The method of claim 9 wherein c is about 5.1 and 
wherein d is about 1,786, and whereine is about 111.8 and 
wherein f is about 47,813. 

11. The method of claim 1 wherein a is about 36.3 and 
wherein b is about 21.8. 

12. The method of claim 4 further comprising the steps of: 
determining an original gas in place of the shale reservoir; 
determining an expected project recovery efficiency of the 

shale reservoir; 
determining a project resource indicator that comprises a 

product of the original gas in place and the expected 
project recovery efficiency; and 

outputting the project resource indicator to the user. 
13. The method of claim 4 wherein the shale reservoir is a 

marine-based shale. 
14. The method of claim 1 wherein the step of outputting 

comprises displaying output on a display or printing hard 
copy output. 

15. A method claim 5 further comprising: 
determining an original gas in place of the shale reservoir; 
determining an expected project recovery efficiency of the 

shale reservoir; 
determining a project resource indicator that comprises a 

product of the original gas in place and the expected 
project recovery efficiency; 

outputting the project resource indicator to the user; 
wherein T is determined by a rock eval pyrolysis test: 

and 
wherein the Langmuir pressure is characterized by the 

quantity (c-Tmax-d) if the shale reservoir is character 
ized as immature or gas Zone, wherein c is a constant 
from about 4.9 to about 5.4 and wherein d is a constant 
from about 1,697 to about 1,876 and wherein the Lang 
muir pressure is characterized by the quantity (e:T-f) 
if the shale reservoir is characterized as oil Zone, 
whereine is a constant from about 106 to about 117 and 
wherein f is a constant from about 45,422 to about 
50,204. 

16. A empirical method for determining an adsorbed gas 
storage capacity of a shale reservoir comprising the steps of 

determining a T of a shale sample of the shale reservoir; 
determining a thermal maturity of the shale reservoir, 

wherein the thermal maturity is characterized as one of 
immature, oil Zone, or gas Zone, wherein the thermal 
maturity is characterized as immature if T is less than 
about 435 F., wherein the thermal maturity is charac 
terized as oil Zone if T is from about 435 F. to about 
465° F., and wherein the thermal maturity is character 
ized as a gas Zone if T is more than about 465° F.: 

determining a Langmuir Volume (G) of the shale reser 
Voir, wherein the Langmuir Volume (G) is character 
ized by a first product (aS1) if the shale reservoir is 
characterized as oil Zone and wherein the Langmuir 
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Volume (G) is characterized by a second product 
(b TOC) if the shale reservoir is characterized as imma 
ture orgas Zone, whereina is a constant from about 35 to p 
about 38, and wherein b is a constant from about 19 to Gcs = st + p ), 

L. about 25; and 
generating a synthetic adsorption isotherm, wherein the 

synthetic adsorption isotherm is a set of sorbed gas stor 
age capacities corresponding to a range of desired pres 
sures, wherein each sorbed gas storage capacity (G) for in-situ Langmuir storage, and p is a pressure step. 
a particular pressure (p) is determined using the Lang 
muir equation, 

wherein P, is a Langmuir pressure of the shale reservoir, G 

c c c c c 


