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The understanding of gas sorption mechanism is essential to characterize the orig-
inal gas-in-place for shale gas reservoirs. In this study, experimental data of five 
shale samples have been used to estimate the shale gas-in-place with new sights. 
Langmuir model is commonly used to measure the amount of adsorbed gas but this 
model does not include the amount of absorbed gas and its behavior. However, 
such gas usually contributes about 22% in respect to total gas storage even though 
its input remains undefined. Sorption model used in this study includes adsorbed 
and absorbed gas. Good results are obtained from sorption model as compared 
to Langmuir model. Variable range of total gas storage is observed using differ-
ent approaches in all shale samples. Initially at low pressure, total gas storage is 
observed to be higher because of gas absorption contribution in new proposed 
approach when compared to approach-2. When pressure increases, total gas stor-
age is altered in keeping with characteristics of adsorption and absorption of gas. 
Adsorbed and sorbed porosity is estimated at two different approaches and where 
total gas storages capacity is affected due to adsorbed or sorbed porosity. Further, 
the contribution of absorbed gas amount is found at about 19-22% in respect to 
total gas storage in all shale samples and that is in same range as mentioned in 
literature. The sorption model and new proposed approach includes adsorption 
and absorption of gases and provides new insights to understand the gas storage 
mechanisms and estimation of shale gas-in-place.
Key words: free gas, adsorbed gas, absorbed gas, adsorbed porosity,  

sorbed porosity, gas-in-place

Introduction

Shale gas reservoirs are unconventional reservoirs and are characterized by complex 
pore structure, low porosity, extremely low permeability, non-Darcy flow etc. [1, 2] and prob-
lems are consequently associated to assess the complexity of shale and predict the shale produc-
tivity [3, 4]. For shale gas reservoirs, the current volumetric methodologies are constructed on 
the basis of two volumes namely free and adsorbed gas volume. However, three forms of gas 
are present [5-7] in such reservoir e. g:
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 – free gas which is stored in organic pore space and in natural fractures [8, 9] and this can be 
determined by amendments of standard reservoir evaluation approaches, 

 – adsorbed gas which is stored in organic matter i. e. kerogen and inorganic matrix i. e. clay 
mineral [8, 9] and this can be measured from the isotherm gas sorption measurements [10], 
and 

 – absorbed gas which is also stored in kerogen and associated with adsorbed gas. 
The adsorbed and absorbed gas contributes in term of total gas storage about 20-80% 

[11] and 22% [12], respectively. 
The absorbed gas remains associated with adsorbed gas but previous studies under-

estimated such gas in predicting the gas sorption and production behavior [13-16]. However, 
it is broadly recognized as gas dissolved into organic matter but has not yet attracted enough 
attention [17, 18]. 

Material balance is a common and excellent technique that is widely used in petro-
leum industry for estimation of original oil/gas in place in case when adequate field infor-
mation is accessible. Nevertheless, in case adequate field information is not accessible. The 
volumetric methods can be practical. Generally, this method permits petroleum industry to 
measure the shale gas-in-place (GIP) with respect to the total gas by using key shale reservoir 
parameters that can be obtained through reservoir evaluation techniques such as well logging, 
coring, samples and well testing, etc. [5]. The understanding of shale complexity and accurate 
measurement of shale GIP is still a big question for petroleum industries and researchers beside 
the availability of advanced techniques and methods. Hence, keeping view on this question, 
sorption model (includes adsorbed and absorbed gas) has been proposed in this study to under-
stand the gas storage mechanisms and estimate the shale GIP with new sights. 

The following steps were followed to conduct this study: First, collected experimen-
tal data of five shale samples from literature [19]. Second, developed the sorption model by 
combining the adsorbed and absorbed gas equations. Third, measured the fitting parameters 
of models through fitting techniques and then compared the results of sorption model with 
Langmuir model. Fourth, measured the adsorbed and absorbed gas porosity based on sorption 
model; then, added adsorbed and absorbed gas porosity to measure the gas sorbed porosity. 
Fifth, measured the gas storage capacity at different approaches (i. e. two previous approaches 
and new proposed approach) and compared their results. At the end, investigated the effect of 
adsorbed and sorbed gas porosity on shale GIP by using different approaches and also measured 
the contribution of free, adsorbed and absorbed gases based on presented approaches. 

Description of samples

Gas adsorption, bulk density, porosity and total organic carbon (TOC) data of five 
shale samples were taken from literature [19] to accomplish this study. The characteristics of 
five shale samples are shown in tab. 1.

Table 1. Characteristics of shale samples [19]
Shale sample Bulk density [kgm–3] TOC [wt.%] Porosity [%] Kerogen type

A-1 2742 3.53 6.3 II
A-2 2502 9.20 7.1 I
A-3 2691 4.21 6.0 III
A-4 2674 5.10 6.5 I
A-5 2684 4.73 6.0 I
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Models description and fitting parameters

Adsorption and absorption model

Langmuir model is the most common model and has widely been used to measure the 
absolute adsorption of gas [20]:

ads,ab
       L

L

Pn n
P P

=
+ (1)

where nads,ab is the absolute adsorption capacity [mmolg/g], nL – the langmuir volume [mmolg–1], 
P and PL – the equilibrium and Langmuir pressure [MPa]. Henry’s law can be used to describe 
the absorbed gas [21]: 

abs,ab  n KP TOC= × (2)
where nabs,ab is the molar number of absolute absorbed gas [mmolg–1] and K is the Henry’s law 
constant [mmol / (MPa g TOC)]. 

Sorption model

Combination of adsorption and absorption gas is known as sorbed gas. When combine 
eqs. (1) and (2), we can get eq. (3) which shows adsorption and absorption of gases:

sor,ab          L
L

n n KP TOC
P P

P
= + ×

+
(3)

where nsor,ab is the molar number of absolute sorbed gas [mmolg–1]. An excessive sorption can 
be obtained from the laboratory. Hence, conversion of excess to absolute sorption is necessary 
for estimation of shale GIP. Yu, et al. [16] provided a conversion of excess to absolute sorption 
by supposing the excess amount contains both adsorbed and absorbed gases: 

ads abs
sor,ex sor,ab gas

ads abs
   1    

k k
n n ρ

ρ ρ

  
= − +  

   
(4)

where kads and kabs [%] is the adsorption and absorption contribution in respect to total sorption, 
ρgas, ρads, and ρabs [kgm–3] is the free, adsorbed, and absored gas density. 

It is worth noting that the density of adsorbed and absorbed gas phase is the key factor 
and plays a vital role in conversion of excess to absolute sorption. Previous studies assumed 
various density of adsorbed gas phase (ρads) value in their studies. For example, Ambrose et al.  
[5] suggested ρads is around 0.34 g/cm3. Yang [22] and Lei et al. [23] assumed 0.421 g/cm3 
adsorbed phase density for methane gas as the liquid density at boiling temperature and ambi-
ent pressure. Jing et al. [24] measured the adsorbed gas density ranges from 0.210-0.546 g/cm3  
and 0.209-0.489 g/cm3 of six samples (shale and kerogen) based on Langmuir and SDR model 
by using least-square techniques at temperature 60 oC to 140 oC. Zhou et al. [25] presented three 
different techniques for measuring the adsorbed gas phase and concluded that DR gas adsorp-
tion model (excess) is a more reliable method than assuming liquid density (i. e. 0.373 g/cm3 or 
0.423 g/cm3) or measure through linear relationship (gas adsorption vs. gas density).

As observed in the aforementioned literature studies that DR gas adsorption mod-
el (excess) is a more consistent method. Hence, this method used measurement of density 
of adsorbed gas phase in this study. The adsorbed gas phase density of all shale samples 
ranges from 0.304-0.339 g/cm3 with an average value of 0.321 g/cm3. For simplicity, the 
density of adsorbed gas phase was assumed 0.321 g/cm3 while the density of kerogen was 
assumed 1.23 g/cm3 in this study since ranges from 1.1 to 1.4 g/cm3 for shale as observed 
in literature [26]. 
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Curve fitting parameters of models 

The curve fitting parameters of Langmuir and gas sorption models of all shale samples 
were obtained through curve fitting techniques and described in tab. 2. Equation (4) was used 
for conversion of excess to absolute sorption. 

Table 2. Curve fitting parameters of models for all shale samples

Sample Henry constant, K 
[mmol(MPagTOC)–1]

Langmuir model Sorption model
nL, [mmolg–1] PL, [MPa] nL, [mmolg–1] PL, [MPa]

A-1 0.05764 0.1064 1.380 0.08378 0.8975
A-2 0.06430 0.4072 2.567 0.3218 1.863
A-3 0.05182 0.1359 3.742 0.0991 2.579
A-4 0.05304 0.1490 2.463 0.1140 1.634
A-5 0.05125 0.1264 2.303 0.09376 1.492

Shale GIP estimation approaches 

Approach-1

This is the old approach that used to estimate the total gas storage and includes vol-
umes of free and adsorbed gas for total gas storage estimation [18, 27]:

t f sorp f a                 G G G G G= + = + (5)

where Gt, Gf, and Ga are the total, free and adsorbed gas storage, respectively [scf/ton]. The 
volume of free gas can be measured: 

( )gi
f

b g

 1  
 32.0368   

 

S
G

B

ϕ

ρ

−
= (6)

where φ and Sgi [%] is the initial porosity and gas saturation, ρb [gcm–3] – the bulk rock density, 
and Bg – the gas formation volume factor. The volume of adsorbed gas can be estimate from 
Langmuir model as described in eq. (1). 

Approach-2

This is the existing approach that has widely been used to estimate the total gas stor-
age and includes volumes of free and adsorbed gas for total gas storage estimation. Ambrose et 
al. [5, 27] proposed a new method to estimate the total gas storage by correcting porosity, φa, 
before free gas volume estimation:

( )w a
f

b g

 1
  32.0368     

 
S

G
B

ϕ ϕ
ρ
− −

= (7)

where Sw is the initial water saturation.he porosity occupied by adsorbed gas can be expressed:

( )6 b
a a

s
            1.318 10      M G

ρ
ϕ

ρ
−= ⋅ (8)

where Ga [scf/ton] is adsorbed gas volume and can be measured from Langmuir model,  
ρs [gcm–3] – the adsorbed gas phase density, and M [lb/lbmol] – the molecular weight of natural 
gas. Further, adsorbed, absorbed or sorbed porosity can be measured:
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sor ads abs  ϕϕ ϕ= + (11)
Based on porosity correction, the eq. (7) may be re-written: 
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w
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(12)

New proposed approach

In this approach, sorption model is to be used to estimate the total gas storage. Some 
modification of eq. (12) was undertaken based on sorption model for estimation of free gas volume: 

( ) 6
w

f
b s

 1 1.318 10       32.0368     
 L

L

S MG V KP TOCP
P P

ϕ
ρ ρ

−  −  ⋅
= − + ×     +    

(13)

Here, it is worth noting that free, adsorbed and absorbed volumes must be considered 
for total gas storage estimation as these volumes are present in shale gas reservoirs, therefore, 
the eq. (5) was also modified:

t f sorp f a dG G G G G G= + = + + (14)

  Further, as mentioned earlier that the Langmuir model does not contain the absorbed 
gas but on other hand, sorption model does contain both absorbed and adsorbed gas, hence; this 
approach may provide a new sight to accurate estimation of shale GIP. 

Mechanism and parameters for shale GIP calculations

The composition of shale matrix, organic matter characteristics i. e. type, richness and 
maturity, structure of pores, pressure, temperature and water content are the main controlling 
factors that affect the physics and laws in shale gas storage [28, 29]. The mechanism of shale 
gas storage changes due to these controlling factors and resulted behavior of free, adsorbed and 
absorbed gas (total gas storage) is altered. Hence, it is essential to comprehend the mechanism 
Table 3. Key reservoir parameters of five shale samples

Sample A-1 A-2 A-3 A-4 A5
Porosity [%] 0.063 0.071 0.06 0.065 0.06
Sw [%] (assume) 0.35 0.35 0.35 0.35 0.35
So [%] (assume) 0 0 0 0 0
Bg (calculated) 0.01019 0.01019 0.010234 0.010234 0.029732
Molecular wt. [lb(lbmol)–1] 16 16 16 16 16
Pressure [MPa] 10.2 10.2 10.16 10.16 10.16
Temperature [F] 158 158 158 158 158
Bulk rock density [gcm–3] 2.742 2.502 2.691 2.674 2.684
Adsorbed gas phase density [gcm–3] (assume) 0.321 0.321 0.321 0.321 0.321
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of shale gas storage before calculation of shale GIP otherwise inaccuracy could be observed in 
the results. 

The shale GIP can be calculated by using equations as mentioned in the section Shale 
GIP estimation approaches after getting the key shale reservoir parameters such as initial po-
rosity, initial water and oil saturation, initial formation volume factor, bulk rock density and gas 
sorption through reservoir evaluation techniques. Table 3 describes the key reservoir parame-
ters for shale sample that was used to measure the total gas storage at different approaches in 
this study.

Results and discussions

Gas sorption capacity

The Langmuir and gas sorption models were used to measure the gas sorption capac-
ity of all shale samples. Figure 1 shows Langmuir model that includes only adsorbed gas and 
sorption model that includes both adsorbed and absorbed gas, hence it is observed that good 
results are obtained from sorption model as compared to Langmuir model and its value is also 
very close to experiments.
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Figure 1. Gas sorption results based on Langmuir and sorption model for shale Samples A-1 and A-2

Shale GIP 

The total gas storage capacities of all shale samples were measured using three dif-
ferent approaches as defined in section Shale GIP estimation approaches. Approach-1 is the 
old approach and does not correct volume occupied by adsorbed porosity in free gas volume 
estimation e. g. eq. (6). However, Approach-2 does correct for porosity volume occupied by 
adsorbed porosity in free gas volume estimation e. g. eq. (12) and the free and adsorbed gas 
volume was considered for total GIP estimation. However, this approach underestimates the 
amount of absorbed gas in shale GIP estimation. Sorption model includes both adsorbed and ab-
sorbed gas, this model has been used in new proposed approach i. e. eq. (13) and free, adsorbed 
and absorbed gas volumes were considered for total GIP estimation i. e. eq. (14). The calcu-
lated results of shale GIP of all samples based on aforementioned approaches are described in  
tab. 4-6.

From these tables, it was observed that when using the A-1 and A-2 for shale GIP 
estimation, the free, adsorbed and total gas storage capacities for shale sample A-1 represents a 
decrease of 31.26% and 12.44% of the free and total gas storage capacities, respectively. Sim-
ilarly, shale samples A-2 to A-5 represent a decrease of 87.94%, 34.17%, 37.85%, and 35.36% 
of free and 16.72%, 12.84%, 13.32%, and 13.00% of total gas storage capacities, respectively. 
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Further, observed that when using A-1 and new proposed approach, the free gas decreases on 
one end but the total gas storage increases on other end as compared to A-2. For example, sam-
ple A-1 to A-5 represents a decrease of 32.64%, 89.87%, 34.82%, 39.66%, and 36.51% of free 
and 10.33%, 15.32%, 11.90%, 10.85%, and 11.37% of total gas storage capacities, respectively. 
Furthermore, when using A-2 and new proposed approach that the free gas decreases while the 
total gas storage capacity increases might be due to contribution of gas absorption. For exam-
ple, sample A-1 to A-5 represents a decrease of 2.00%, 15.95%, 0.98%, 2.92%, and 1.77% of 
free and an increase of 2.40%, 1.69%, 1.08%, 2.85%, and 1.87% of total gas storage capacities, 
respectively. 

The average shale GIP calculated using the A-1, A-2, and new proposed approach was 
161.574 scf/ton, 138.377 scf/ton, and 141.055 scf/ton, respectively. Here, it is worth noting that 
the average shale GIP calculated using new proposed approach is observed to be higher than 
A-2. Also, 2.485 scf/ton difference in total gas storage capacities was found in shale sample A-1 
when using new proposed approach as compare to A-2 at pressure 10.2 MPa. Similarly, at same 
pressure, the 4.284 scf/ton, 1.135 scf/ton, 3.474 scf/ton, and 2.014 scf/ton difference in total 
gas storage capacities was also found in shale samples A-2 to A-5, respectively. Hence, these 
outcomes show that the absorbed gas must be accounted for accurate measurement of shale GIP 
for shale gas reservoirs. 

The behavior of adsorbed, absorbed and total gas storage capacities with respect to 
pressure were also observed at various approaches for shale samples, figs. 2 and 3. Results show 
that initially at low pressure the total gas storage was higher due to contribution of absorbed 
gas when using new proposed approach as compared to A-2. When pressure increases, total gas 
storage was altered in keeping with characteristics of adsorption and absorption of gas. Even 
at same pressure, i. e. 10.2 MPa, the behavior of free, adsorbed and total gas storage capacity 
was observed to change may be due to different characteristics and properties of shale sample. 

Table 4. Shale GIP calculations based on Approach-1
Sample A-1 A-2 A-3 A-4 A-5

Gf [scf/ton] 46.953 57.990 45.368 49.462 45.487
Ga [scf/ton] 71.067 247.923 75.384 91.025 78.210
Gt [scf/ton] 118.020 305.913 120.752 140.486 123.697

Table 5. Shale GIP calculations based on Approach 2
Sample A-1 A-2 A-3 A-4 A-5

Gf [scf/ton] 32.275 9.991 29.866 30.742 29.403

Ga [scf/ton] 71.067 246.923 75.384 91.025 78.210

Gt [scf/ton] 103.341 253.934 105.250 121.767 107.612

Table 6. Shale GIP calculations based on new proposed approach

Sample A-1 A-2 A-3 A-4 A-5

Gf [scf/ton] 31.628 5.876 29.572 29.843 28.881
Ga [scf/ton] 58.446 206.525 59.990 74.538 62.051
Gd [scf/ton] 15.752 45.797 16.823 20.860 18.693
Gt [scf/ton] 105.826 258.198 106.384 125.241 109.626
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Effect of adsorbed and  
sorbed gas porosity on shale GIP

The accurate measurement of adsorbed or sorbed porosity is play-
ing an important role in accurate estimation of shale GIP as observed in litera-
ture. In this study, adsorbed or sorbed porosity was measured using A-2 and new 
proposed approach and results compared. The eq. (8) has commonly been used 
to measure the porosity occupied by adsorbed gas in A-2. However, the eqs. (9)-
(11) can also be used to measure the adsorbed, absorbed and sorbed porosity. Table 7  
describes the effect of adsorbed and sorbed porosity on shale GIP based on aforementioned 
approaches for all shale samples. It is observed from the results that adsorbed and sorbed 
porosity is creating some influences and changes in free gas volume and gas storage ca-
pacities. 

Figure 2. Gases storage 
capacities at three different 
approaches for Samples  
A-1 to A-5
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Table. 7. Effect of adsorbed and sorbed gas porosity ontal gas storage for shale samples

Sample A-1

Pressure [MP] φa 

eq. (8)

Gt 

[scf/ton] 
eq. (5)

φa 

eq. (9)

Gt  
[scf/ton]
eq. (14)

φs 
eq. (11)

Gt  
[scf/ton]
eq. (14)

0.38 0.00314 32.279 0.00341 34.252 0.00344 34.241
0.76 0.00516 42.717 0.00526 44.354 0.00532 44.333
1.51 0.00759 55.263 0.00720 55.478 0.00731 55.435

2 0.00860 60.453 0.00792 59.960 0.00807 59.902
2.93 0.00989 67.058 0.00879 65.842 0.00900 65.758
3.73 0.0106 70.816 0.00925 69.472 0.00952 69.356
5.36 0.0115 75.712 0.00983 74.974 0.0102 74.820
7.63 0.0123 79.580 0.0103 80.735 0.0108 80.517
10.2 0.0128 82.128 0.0105 86.144 0.0112 86.853

Sample A-2

Pressure 
[MPa]

φa 
eq. (8)

Gt  

[scf/ton]
eq. (5)

φa 
eq. (9)

Gt  
[scf/ton]
eq. (14)

φs 
eq. (11)

Gt  
[scf/ton]
eq. (14)

0.38 0.00655 56.906 0.0068 60.025 0.0069 59.993
0.76 0.0116 85.478 0.0116 89.036 0.0118 88.973
1.51 0.0188 126.241 0.0180 128.241 0.0183 128.115

2 0.0222 146.641 0.0208 146.339 0.0212 146.172
2.93 0.0271 172.951 0.0246 171.748 0.0252 171.505
3.73 0.0301 189.989 0.0268 187.856 0.0275 187.646
5.36 0.0343 214.062 0.0298 212.332 0.0309 211.887
7.63 0.0380 234.765 0.0323 236.520 0.0338 235.886
10.2 0.0406 249.319 0.0340 257.647 0.0360 256.670

Sample A-3

Pressure 
[MPa]

φa 
eq. (8)

Gt [scf/ton]
eq. (5)

φa 
eq. (9)

Gt [scf/ton]
eq. (14)

φs 
eq. (11)

Gt [scf/ton]
eq. (14)

0.42 0.00184 25.288 0.00187 26.098 0.00190 26.085
0.81 0.00324 32.671 0.00318 33.660 0.00325 33.635
1.56 0.00536 43.817 0.00502 44.537 0.00514 44.490

2 0.00635 49.001 0.00582 49.450 0.00597 49.389
2.93 0.00801 57.707 0.00709 57.635 0.00731 57.545
3.73 0.00910 63.462 0.00788 63.107 0.00816 62.993
5.37 0.01075 72.102 0.0090 71.717 0.00941 71.552
7.36 0.01209 79.157 0.0099 79.551 0.0104 79.216
10.16 0.00133 85.664 0.0106 88.173 0.0114 87.862

→
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Table 7. Continuation

Sample A-4

Pressure 
[MPa]

φa [scf/ton]
eq. (8)

Gt [scf/ton]
eq. (5)

φa 
eq. (9)

Gt [scf/ton]
eq. (14)

φs 
eq. (11)

Gt [scf/ton]
eq. (14)

0.42 0.00290 32.334 0.00311 34.325 0.00315 34.310
0.81 0.00492 43.032 0.00505 45.331 0.00512 45.300
1.56 0.00770 57.774 0.00744 59.490 0.00759 59.431

2 0.00890 64.117 0.00838 65.373 0.00857 65.297
2.93 0.0108 74.118 0.00978 74.648 0.0101 74.537
3.73 0.0120 80.317 0.0106 80.583 0.0109 80.441
5.37 0.0136 89.068 0.0117 89.684 0.0122 89.480
7.36 0.0149 95.762 0.0125 97.919 0.0132 97.640
10.16 0.0160 101.606 0.0131 107.135 0.0141 106.750

Sample A-5

Pressure 
[MPa]

φa 

eq. (8)
Gt [scf/ton]

eq. (5)
φa 

eq. (9)
Gt [scf/ton]

eq. (14)
φs 

eq. (11)
Gt [scf/ton]

eq. (14)
0.42 0.00261 29.407 0.00276 30.953 0.00280 30.939
0.81 0.00440 38.853 0.00442 40.411 0.00449 40.384
1.56 0.00683 51.657 0.00642 52.321 0.00656 52.269

2 0.00786 57.091 0.00720 57.204 0.00737 57.136
2.93 0.00947 65.571 0.00833 64.856 0.00858 64.756
3.73 0.0104 70.773 0.00898 69.745 0.00930 69.679
5.37 0.0118 78.047 0.00984 77.277 0.0103 77.095
7.36 0.0129 83.557 0.0104 84.170 0.0111 83.921
10.16 0.0138 88.330 0.0110 92.001 0.0118 91.655

The contribution of free, adsorbed and absorbed gases was also observed on these ap-
proaches and found that the absorbed gas is contributing 19-22% in all shale samples as shown 
in tab. 8 and further noted that such contribution is the same in range as mentioned in literature.

Table 8. Contribution of free, adsorbed and absorbed gases for all shale samples

Shale 
sample 

At  
pressure 
[MPa]

At Approach 2 based 
Langmuir model

At new proposed  
approach-based sorption model

Free  
gas [%]

Adsorbed  
gas [%] 

Free  
gas [%]

Adsorbed  
gas [%]

Absorbed  
gas [%]

A-1 10.2 13.47 86.53 12.75 68.73 18.52
A-2 10.2 0.96 99.04 0.79 81.20 18.01
A-3 10.16 12.00 88.00 11.70 68.96 19.34
A-4 10.16 10.41 89.59 9.72 70.54 19.74
A-5 10.16 11.46 88.54 10.96 68.42 20.62
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Conclusion

In this study, sorption model (includes adsorption and absorption of gas) provides bet-
ter results as compared to Langmuir model. The underestimation of absorbed gas may affect the 
accurate estimation of shale GIP and understanding of shale gas behavior. The calculated shale 
GIP is based on three approaches including previous and new proposed approach and compared 
their results. In A-1 and new proposed approach, the free gas decreases more but on other end 
the total gas storage increases more as compare to A-1. And in A-2 and new proposed approach, 
the free gas decreases whereas the total gas storage capacity increases due to gas absorption 
effect. The behavior of adsorbed, absorbed and total gas storage capacities was also observed 
to differ at different pressures and this may due to adsorption and absorption characteristics of 
shale samples. It was also observed from this study that free gas volume and gas storage capac-
ities was affected by adsorbed and sorbed porosity and the resulted change in shale GIP.
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Nomenclature
Ga  – adsorbed gas storage, [scf/ton]
Gd – absorbed gas storage, [scf/ton]
Gf  – free gas storage, [scf/ton]
Gt  – total gas storage, [scf/ton]
K  – Henry’s law constant, [mmol(MPagTOC)–1]
M  – molecular weight of natural gas, [lb/lbmol]

PL  – Langmuir pressure, [MPa]
Sw – initial water saturation, [%]
VL – Langmuir volume, [mmolg–1]

Acronym

TOC – total organic carbon, [wt.%]
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