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Many uncertain factors exist in modeling shale gas well performance, such as selection of flow 
models, simulation of hydraulic fracture, inclusion of adsorbed gas. The purpose of current study 
is to investigate the impact of these factors on production. One multi-stage fractured horizontal 
well in Eagle Ford Basin is modeled and done history matching. It is founded that the model 
selection of multi and dual-porosity, instant and time-dependent sorption is significant on 
production forecasting, while the approaches of negative skin factor and discrete fractures for 
hydraulic fracture modeling are less important. It is also resulted that the production decline rate 
increases with the reduction of free gas proportion. 
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1. Introduction
In present, there are mainly four different flow 

models which have been used to model the shale 
gas production performance. The first two models 
are single porosity and dual porosity approaches 
which assume that the adsorbed gas is dominated 
and the free gas can be neglected. For single porosity 
approach, the desorbed gas was treated as gas source 
and the effect of gas desorption is considered by the 
modified total compressibility [1,2]. For dual porosity 
model, gas transport from matrix to cleats is described 
by diffusion while gas flow from cleats to wellbore is 
described by Darcy’s law [3]. The third approach is 
triple-porosity model which assumed that both diffu-
sion and flow through the matrix of shale gas should 
be considered and they are at the same order of mag-
nitude [4,5]. The concept of triple-porosity including 
matrix desorption, matrix diffusion and fracture 
system are introduced to combine all three mech-
anisms of desorption and diffusion in micro pores 
and Darcy flow in macro pores and cleats [6,7].The 
fourth approach is the conventional dual-porosity in 
which no adsorbed gas and diffusion were included. 
Rushing et al. [8] and Zammerilli [9] simulated the 
well performance in Devonian Shale and Antrim 
Shale, and confirmed that matrix diffusion has little 
effect on even long-term gas productivity. Cipolla et 
al. [10] also stated that adsorbed gas can be negligi-
ble in many moderate to deep shale gas reservoirs, 
due to the ultra-tight matrix rock and relatively high 
flowing bottom-hole pressures. Gatens et al. [11], 
Harikesavanallur et al. [12] and Kalantari-Dahaghi 
& Mohaghegh [13] used conventional dual-porosity 
simulator to model shale gas reservoirs and ignored 
the effect of adsorbed gas. 

Literature review results show that, compared to 

conventional fractured gas reservoirs, the arguments for 
shale gas modeling focus on whether the adsorbed gas 
and diffusion is needed to be considered. In this paper, 
one multi-stage fractured horizontal well in Eagle Ford 
shale play is simulated and studied. We have used both 
dual porosity and multi porosity modeling to inves-
tigate the effect of different models on history match-
ing and simulation. The production performance for 
adsorbed gas and free gas is also studied.

2. Reservoir description
The Eagle Ford formation is calcareous shale extends 

laterally from the southwest to the northeast of the state 
of Texas, US which lies above the Buda limestone and is 
overlain by the Austin Chalk [14,15]. It is the one of the 
most recent developments in unconventional reservoir 
exploration. Its depth can range from 2500 to 14000 ft, 
thickness ranges from 50 to more than 300 ft, pressure 
gradients ranges from 0.4 to 0.8 psi/ft, TOC from 2 to 
9%. Core data analysis results show that gas saturation 
is between 83% and 85% [16], permeability varies from 
1 to 800 nD [17].

3. Model construction
3.1. Reservoir and well data
There is one horizontal well with 4000 ft lateral, 

and has been completed with ten-stage hydraulic 
fracturing stimulation. Each 400 ft stage was per-
forated with four, two-foot clusters spaced 75 ft 
apart. According to the results of production log and 
radioactive log, 20 transverse fractures are active on 
production. Fracture modeling indicated that the frac-
ture half-length is 250 ft and the height extends the 
whole reservoir thickness, which was determined 
as 283 ft. Reservoir pressure gradient was estimated 
to be 0.76 psi/ft. The fluid is a single phase dry gas. 
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Figure 1a shows the daily gas rate and cumulative 
production for 250 days. The bottom-hole flowing 
pressure (BHP) is shown in figure 1b. To minimize 
the effect of abnormal data, we have smoothed 
BHP using exponential smoothing algorithm by 
removing the abnormal points (those sudden BHP 
changes without any production rate change). Also 
since there were no adsorption data for Eagle Ford 
was available, we used the Langmuir isotherm of 
Marcellus Shale [10] to investigate the effect of 
adsorbed gas (fig.2). Well and formation data are 
shown in table 1. It is noted that some of these input 
values are initial guess and will be tuned in histo-
ry matching later. The initial water is assumed as 
immobile.

3.2 Simulation models description
We used numerical simulator Eclipse [18] to build 

the model. The reservoir size is modeled by a rec-
tangular block of 6000 ft×1010 ft and 283 ft of thick-
ness. Well is placed in the center of the reservoir. 
Two different approaches of skin factor and discrete 
fractures are separately used to model the effect of 
hydraulic fracturing. We used small grids and high 
permeability paths representing the vertical hydrau-

lic fractures which are assumed to have equal length, 
equal conductivity, and the height extends the whole 
reservoir thickness with uniform spacing, and sym-
metrical distribution around the wellbore, as shown 
in figure 3. For fracture network, it is possible to 
increase the fracture permeability to represent the 
stimulated reservoir volume (SRV). 

The global grids are generated as 100×11×(7matrix 
cells+7 fracture cells+7 N sub-cells) blocks. In dual-po-
rosity models, only free gas exists in both fracture and 
matrix system. The matrix-fracture coupling transmis-
sibility is described as:

  TR = CDARCY · K · V · σ                 (1)

Where CDARCY is Darcy’s constant in the appro-
priate units; K is the permeability of the matrix blocks; 
V is the matrix cell bulk volume; σ is matrix block 
shape factor, which accounts for the matrix/fracture 
interface area per unit volume. Kazemi (1976) has pro-
posed the following form for:

                      (2)

Where lx, ly and lz are typical X, Y and Z dimensions 
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Table1 
Uncharacterized parameters input

a) Gas rate and cumulative production       

Fig.1. Well production data for Eagle Ford

a) Gas rate and cumulative production       

Fig.2. Adsorbed gas content 
(modified from Cipolla et al., 2009)    

Parameters Value
Fluid saturation, % 85% gas, 15% water
Matrix porosity, % 6.776

Fracture porosity, % 0.5
Matrix permeability, mD I,J =5E-5; k = 1E-5

Fracture permeability, mD I,J =0.5; k = 0.1
Wellbore Radius, ft 0.333
Lateral Length, ft 4000

Depth, TVD, ft 10875
Pay Zone Height, ft 283

Specific Gravity 0.621
Reservoir Pressure, psi 8.350

Temperature, oF 285

2 2 2

1 1 1
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of the blocks of material making up the matrix volume.
In multi-porosity modeling of Eclipse, the CBM 

option and sub-cells are used together to simulate the 
adsorbed gas and matrix transient behavior. Two sorp-
tion models of time-dependent sorption and instant 
sorption are compared. For instant sorption, the dif-
fusion velocity is assumed to be infinite, while it is 
limit for time-dependent sorption. In addition, several 
different sub-cells numbers are compared, including 
1, 2, 4, and 8 sub-cells, in which the adsorbed gas is 
assumed to exist only in the innermost cell.

4. History matching results and discussion
For the history matching of well performance, six 

following scenarios have been chosen: 
1) Dual-porosity with skin; 
2) Dual-porosity with discrete fractures (DF); 
3) Multi-porosity with skin, instant sorption; 
4) Multi-porosity with DF, instant sorption; 
5) Multi-porosity with skin, time-dependent sorption; 
6) Multi-porosity with DF, time-dependent sorption.

The following matching parameters are used in 
history matching process: 

1) Fracture permeability Kfh (horizontal), Kfv (vertical); 
2) Matrix permeability Kmh (horizontal), Kmv (vertical); 
3) Fracture porosity Φf; 
4) Matrix shape factor σ; 
5) Diffusion coefficient D; 
6) Skin factor: S; 
7) Hydraulic fracture conductivity Cf. 
It is noted that skin factor, hydraulic 

fracture conductivity, or diffusion coef-
ficient is assumed to be a same value 
when it is used.

Figure 4 shows the history match-
ing results of one scenario and other 
scenarios are very close to this figure. 
It is shown that all six scenarios are 
able to generate good history match. 
The matched parameters are shown in 
table 2. The effect of different models 
on simulation is discussed in following 
sections.

4.1 Negative skin and discrete 
fractures

As mentioned above, both the 
approaches of skin factor and discrete 

fractures are successful to match the early production. 
Figure 5 shows the 10 years production curves using 
both two approaches of skin and discrete fractures. It is 
found that the trend of gas decline and gas rate is most-
ly the same. The gas rate and the cumulative production 
in 10 years are shown in table 3. In dual-porosity mod-
els, cumulative production using skin is 4.5% higher 
than the value using HF parameters. In multi-porosity 
models, the ratio is 1.2%. It is concluded that using skin 
factor or discrete fractures have little effect on history 
matching and production forecasting. 

4.2 Instant and time-dependent sorption 
As seen in table 2, the matched parameters are the 

same between instant sorption and time dependent 
sorption except the diffusion coefficient. Figure 6 is 
production forecasting for 10 years for instant and 
time-dependent sorption. It is surprising that cumu-
lative production of time-dependent sorption is 8.0% 
higher than the value of instant sorption. This is a 
limitation for eclipse software. In normal understand-
ing, gas production for instant sorption is higher than 
time-dependent sorption. 

Fig.3. Hydraulic fractures distributed 
around the horizontal well 

Fig.4. History matching results. 
Dual-Porosity model with discrete fractures

Skin

Dual-
Porosity Multi-Porosity (2 matrix cells)

Time-dependent Instant
DF Skin DF Skin DF

Kf
(mD)

Horizontal 0.025 0.005 0.03 0.005 0.03 0.005
Vertical 0.002 0.001 0.003 0.001 0.003 0.001

Km
(nD)

Horizontal 6 6 6 6 6 6
Vertical 1 1 1 1 1 1

φf(%) 0.16 0.19 0.13 0.17 0.13 0.16
σ(10-4 ft-2) 4 3.8 1.1 1.2 1.1 1.2
D(ft2/s) - - 0.20 0.20 — —

S -3.2 0 -3.2 0 -3.2 0
Cf(mD-ft) - 1.0 - 1.0 - 1.0

Table 2 
History matching parameters for well A
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4.3. Comparison of dual-porosity and mul-
ti-porosity

Both models can be used for history matching in 
early stage of production. While it is well known that 
the late long-term production is more important in 
shale gas reservoir development. Since the GIP (gas in 
place) of dual and multi-porosity is different, gas pro-

duction performs different behavior. As mentioned 
above, in dual-porosity model, only free porosity is 
considered and no adsorbed gas in micro-pores is 
assumed, while in multi-porosity model, both macro 
and micro porosities are assumed to be active. As seen 
in figure 7 and table 3, multi-porosity is 14.1% higher 
than dual-porosity, and the difference depends on the 

0

1000

2000

3000

4000

5000

6000

7000

0 2 4 6 8 10

Instant Sorption

Time-dependent Sorption

Time, years

G
as

 ra
te

, M
Sc

f/d
ay

0

1

2

3

4

5

0 2 4 6 8 10

Instant Sorption
Time-dependent Sorption

Time, years

Cu
m

ul
at

iv
e  

pr
od

uc
ti

on
, B

Sc
f

0

1

2

3

4

5

0 2 4 6 8 10

Cumulative: Multi-Porosity, DF

Cumulative: Multi-Porosity, skin

Time, years

Cu
m

ul
at

iv
e p

ro
du

ct
io

n,
BS

cf

0

1000

2000

3000

4000

5000

6000

7000

0 2 4 6 8 10

Gas rate: Multi-Porosity, DF

Gas rate: Multi-Porosity, skin 

Time, years

G
as

 ra
te

, M
Sc

f/d
ay

0

1

2

3

4

5

0 2 4 6 8 10

Cumulative: Dual-Porosity,  DF
Cumulative: Dual-Porosity,  skin

Time, years

Cu
m

ul
at

iv
e p

ro
du

ct
io

n,
 B

Sc
f

0

1000

2000

3000

4000

5000

6000

7000

0 2 4 6 8 10

Gas rate: Dual-Porosity,  DF

Gas rate: Dual-Porosity,  skin

Time, years

G
as

 ra
te

, M
Sc

f/d
ay

a) Dual-porosity

b) Multi-Porosity, time dependent

Fig.5. Prediction of gas rate and cumulative production for 10 years

Fig.6. Production forecasting with instant and time-dependent sorption
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quantity of free gas and adsorbed gas in matrix. 
Notes: the reservoir area is assumed as 6000 ft × 1010 

ft, this value is larger than estimated SRV. Thus, cumu-
lative production is higher than the estimated value 
using production data analysis or decline rate analysis 
in published paper (Baihly et al., 2010). The reliability of 
the results will not be discussed in this work.

4.4 Effect of transient behavior
Discretized matrix model was used to simulate 

transient behavior in shale reservoirs (Eclipse man-
uals, 2008). Based on different matrix sub-division 
(sub-cells=2,4,8), we have obtained more matching 
results. It is found that the matched parameters are the 
same between instant and time-dependent sorption. 
However, different matrix cells have significant effect 
on σ, as shown in figure 8; more sub-cells require low 
σ for history matching. As a result of more simulation 
cells, gas in matrix can contribute to production quick-
er but longer.

Figure 9 shows the cumulative production curves 
with different sub-cells number based on the histo-
ry matching results. It is seen that the cumulative 
production decrease with sub-cells increases and the 
maximum difference can be up to 200%. It means that 

the selection of sub-cells make considerable effect on 
history matching or model validation. For ultra-low 
permeability shale rock, the sub-cells number should 
be given as a large value. In other words, the matrix 
transient behavior is very important in shale gas sim-
ulation.

Scenarios
Gas rate

 (at 10 years), 
Mscf/day

Cumulative 
Production 

(at 10 years), 
Bscf

Dual-Porosity
Skin 856 4.20

DF 820 4.02

Multi-Porosity,
Time-dependent 

sorption

Skin 964 4.64

DF 946 4.59

Multi-Porosity,
instant sorption

Skin 852 4.31

DF 840 4.24

Fig.7. Production forecasting with dual and multi porosity models for 10 years, 
using discrete fractures approach

Table 3 
Production forecasting comparison of six scenarios

Fig.8. The effect of sub-cells number 
on  matrix shape factor σ 

Fig.9. Prediction of cumulative production
with different sub-cells number
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5. Production performance analysis of free 
gas and adsorbed gas

Gas is stored in shale rock in two forms of adsorbed 
gas and free gas. As a result, well performance can 
be varied in case of different transport mechanisms. 
Figure 10 presents the production curves with dif-
ferent gas content ratio of adsorbed gas and free gas 
using the same GIP. The decline curve analysis was 
performed using the empirical Arp’s equation:

                    (3)

Where: q is the gas production rate at time t, 
 qgi is the gas production rate at initial time, 
 Di is the decline rate at initial time,
 b exponent controls the ‘curvature’ of  the 
    decline trend.

The results showed that the more quantity of free gas, 
the higher gas production. It is seen that the production 
decline rate increases with free gas quantity reduce. In 
addition, the more quantity of free gas, the higher b expo-
nent which is from 0.5 to 1. In the case of  20% adsorbed 
gas + 80% free gas and 50% adsorbed gas + 50% free gas 

where the free gas is dominated, gas production exhibit-
ed hyperbolic decline (0 < b < 1), while in the case of 80% 
adsorbed gas + 20% free gas where the adsorbed gas is 
dominated, the curve showed harmonic decline (b = 1).

Fig.10. Production curves for different ratios 
of free gas and adsorbed gas 

(model parameters are the same)

0

1000

2000

3000

4000

5000

6000

7000

0 5 10 15 20 25 30

G
as

 ra
te

, M
sc

f/d
ay

Time, years

20% adsorbed gas_80% free gas
50% adsorbed gas_50% free gas
80% adsorbed gas_20% free gas

( )
1

1

gi
g

b
i

q
q

bD t
=

+

6. Conclusions
1) For history matching of early production data of Eagle Ford (250 days) all six models were 

successfully matched the production data. However, for production forecasting, all models predict 
differently. In this case, both negative skin factor and discrete fractures can be used to model the 
effect of hydraulic fracturing and the difference of production forecasting is less than 5%; the cumu-
lative production of multi-porosity is 14.1% higher than dual-porosity.

2) It is resulted that the production decline rate increases with free gas quantity reduce. The more 
quantity of free gas results in the higher b exponent. In free gas dominated case, gas production 
exhibited hyperbolic decline (0 < b < 1), while in adsorbed gas dominated case, the curve showed 
harmonic decline (b = 1).
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Моделирование и восстановление истории 
добычи месторождения сланцевого газа 

в бассейне Игл Форд 

Д.Жао1, Ю.Гуо1, Ч.Ксианг2, Ж.Занг1, Ю.Ли3, X.Гуо1
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2Поисково-разведочный и исследовательский институт 

Дацинской нефтяной компании, 3Университет Ланьчжоу)

Реферат
При моделировании конструкции скважин сланцевого газа имеют место такие неопределен-

ности, как выбор модели течения, моделирование гидравлической трещины и наличие адсор-
бированного газа. Целью данного исследования является определение влияния этих факторов 
на добычу сланцевого газа. Построена модель горизонтальной скважины в бассейне Игл Форд, 
подвергнутой многостадийному ГРП и по ней восстановлена история добычи газа. Определено, 
что выбор модели множественной и двойной пористости, мгновенной и зависящей от времени 
сорбции являются важными факторами прогнозирования добычи сланцевого газа. При этом 
отрицательный скин-фактор и дискретные трещины оказывают значительно меньшее влияние 
на добычу газа. Также получено, что снижение добычи увеличивается при снижении доли сво-
бодного газа продукции.

İql Ford hövzəsində şist qaz yatağının 
modelləşdirilməsi və hasilat tarixinin bərpası

D.Jao1, Y.Quo1, Ç.Xiang2, C.Zanq1, Y.Li3, H.Quo1

(1Çin Dağ Sənayesi və Texnologiyası Universiteti, 2Dasin Neft 
Şirkətinin Axtarış-kəşfiyyat və Tədqiqat İnstitutu, 3Lançjoy Universiteti)

Xülasə
Şist qaz quyularının konstruksiyasının modelləşdirilməsi zaman axın modelinin seçimi, hidravlik 

çatının modelləşdirilməsi və absorbsiya  olunmuş qazın mövcudluğu  kimi qeyri-müəyyənlikliklər 
vardır. Aparılan tədqiqat işinin məqsədi bu faktorların şist qazlarının hasilatına təsirini müəyyən 
etməkdən ibarətdir. İql Ford hövzəsindəki çoxmərhələli hidroyarılmaya məruz qalmış üfiqi quyunun 
modeli qurulmuş və onun əsasında qaz hasilatı tarixi bərpa edilmişdir. Müəyyən edilmişdir ki, 
ikiqat və çoxməsaməli modelin, ani və zamandan asılı olan sorbsiyanın seçimi şist qaz hasilatının 
proqnozlaşdırılmasında mühüm əhəmiyyətə malik faktorlardır. Bununla yanaşı mənfi skin-faktor və 
diskret çatlar qaz hasilatına əhəmiyyətli şəkildə az təsir göstərir. Eyni zamanda əldə edilmişdir ki, 
məhsulda sərbəst qazın payının azalması ilə hasilatın aşağı düşməsi də yüksəlir. 
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devonian shale //SPE Joint rocky mountain regional /Low permeability reservoirs symposiumand 
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