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A b s t r a c t  

The Schlumberger Doll Research (SDR) model and cross plot of 
porosity versus permeability cannot be directly used in tight gas sands. In 
this study, the HFU approach is introduced to classify rocks, and deter-
mine the involved parameters in the SDR model. Based on the difference 
of FZI, 87 core samples, drilled from tight gas sandstones reservoirs of 
E basin in northwest China and applied for laboratory NMR measure-
ments, were classified into three types, and the involved parameters in 
the SDR model are calibrated separately. Meanwhile, relationships of po-
rosity versus permeability are also established. The statistical model is 
used to calculate consecutive FZI from conventional logs. Field exam-
ples illustrate that the calibrated SDR models are applicable in perme-
ability estimation; models established from routine core analyzed results 
are effective in reservoirs with permeability lower than 0.3 mD, while the 
unified SDR model is only valid in reservoirs with permeability ranges 
from 0.1 to 0.3 mD. 

Key words: tight gas sandstones, permeability, formation classification 
method, SDR model, nuclear magnetic resonance (NMR) logs. 
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1. INTRODUCTION 
Permeability calculation is of great importance in formation evaluation and 
deliverability prediction (Mao et al. 2013). There is no conventional log to 
be used to directly calculate permeability. Generally, permeability prediction 
is always relied on a good relationship of core derived porosity and perme-
ability in conventional reservoirs (Salah 2012, Deng et al. 2013, Delli and 
Grozic 2013, Hulea 2013). However, the permeability estimation faces a 
great challenge in tight gas sands and carbonate formations (Hulea and 
Nicholls 2012, Xiao et al. 2014). The relationship between core derived po-
rosity and permeability cannot be expressed by a single function due to the 
complicated pore types, structure, and high degree of heterogeneity (Lucia 
1995, Xiao and Xiao 2008). In the right panel of Fig. 1, we show a cross plot 
of core derived porosity and permeability; the core samples were drilled 
from tight gas sandstone reservoirs in five adjacent wells of E basin in 
northwest China. The left panel of Fig. 1 displays the micro-resistivity scan-
ning imaging log response obtained from STAR II tool; this figure is ac-
quired from the same interval with the plug samples marked using ellipse in 
the right panel of this figure. In the E basin, all core derived porosities are 
measured by using the helium gas injection method, and to acquire fluid 
permeability for routine core analysis in tight gas sandstones, an instantane-
ous-pulse permeability test method instead of the conventional steady-state 
method was applied. By using the instantaneous-pulse permeability test 
method, the extremely low permeability of 0.000001 mD can also be meas-
ured under the experimental conditions of confinement pressure of 10.0~ 
60.0 MPa, and pore pressure of 0.0~15.0 MPa (Yang 2001). In the process of 
experimental measurement, we simulated the formation conditions. Hence, 
the measured results are reservoir fluid permeabilities, and no additional cor-
rections (such as stress correction) needed to be made (Gao et al. 1991). 
From Fig. 1, it can be observed that in tight gas sands of E basin, the related 
function cannot be established to directly calculate permeability from poros-
ity. If the relationship is constrainedly established, inaccurate permeability is 
obtained. Meanwhile, micro-resistivity scanning imaging log data illustrated 
that in the target formations of E basin, the intergranular pore is dominant, 
and only few fractures developed in formations with extreme matrix porosity 
(the marked area in Fig. 1), which had been verified by Mao et al. (2008). 
Hence, in our target tight gas sands, formations are dominant by matrix per-
meability. Rezaee et al. (2012) and Xiao et al. (2014) pointed out that per-
meability estimation model can be established from mercury injection 
capillary pressure (MICP) data in tight gas sands, and Hulea and Nicholls 
(2012) estimated permeability from the total normalized pore-throat radius in 
heterogeneous carbonate rocks. However, all these models were established  
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Fig. 1. The cross plot of core derived porosity and permeability for core samples 
drilled from five adjacent wells in tight gas sands of E basin in northwest China. 

based on the laboratory experimental measurements, no cases had been ex-
hibited to introduce how these can be used in field applications, and those in-
termediate parameters were hardly acquired from conventional or nuclear 
magnetic resonance (NMR) logs at present. Coates et al. (1999) and Dunn et 
al. (2002) pointed out that NMR logs can be used to estimate permeability. 
In this paper, we will analyze the applicability of NMR logs in tight gas 
sandstone permeability estimation, and propose appropriate method to calcu-
late permeability from NMR logs. 

2. PERMEABILITY  ESTIMATION  FROM  NUCLEAR  MAGNETIC  
RESONANCE  (NMR)  LOGS 

2.1  Classical permeability prediction models based on NMR logs 
Nuclear magnetic resonance (NMR) logs are effective in predicting perme-
ability (Coates et al. 1999, Dunn et al. 2002). From NMR logs, two pro-
posed models can be used to calculate permeability; they are known as the 
SDR and Timur–Coates models (Kenyon 1997, Kenyon et al. 1988, Coates 
et al. 1999). The SDR and Timur–Coates models are expressed as follows: 

 1 1
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where K is the permeability (in mD); � is the total porosity (in %); T2lm is the 
logarithmic mean of NMR T2 spectra (in ms); FFI is the free fluid bulk (in 
%); BVI is the bulk volume irreducible (in %); m1, n1, C1, m2, n2, and C2 are 
the statistical model parameters, whose values can be derived from lab NMR 
experimental data sets of core samples. When not enough core samples are 
usable, m1, n1, C1, m2, n2, and C2 are assigned to empirical values of 4, 2, 10, 
4, 2, and 10, respectively (Mao et al. 2013). 

2.2  Limitations of permeability estimation model in tight sandstone res-
ervoirs 

From Eqs. 1 and 2, it can be observed that permeability can be estimated 
from NMR logs once the values of m1, n1, C1, m2, n2, and C2 are first cali-
brated and the necessary input parameters of �, T2lm, FFI, and BVI can be 
precisely obtained. � and T2lm can be acquired from NMR logs after the nec-
essary hydrocarbon correction has been made (Xiao et al. 2012a, b, c). The 
values of FFI and BVI can be calculated from NMR logs as follows (Morriss 
et al. 1997): 
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 FFI 100 BVI ,� �  (4) 

where T2min is the minimum horizontal relaxation time, T2max is the maximum 
horizontal relaxation time, T2cutoff is the T2 cutoff, and the units of them are 
microsecond. S(T) is the porosity distribution function, which is associated 
with the T2 relaxation time. 

Equations 3 and 4 illustrate that if one wants to calculate FFI and BVI 
from NMR logs, T2cutoff must be first determined. The histogram method is 
always used to determine a fixed T2cutoff for calculating FFI and BVI from 
NMR logs (Xiao et al. 2012a, b, c; Mao et al. 2013). Field applications illus-
trate that defining fixed T2cutoff to calculate FFI and BVI is not always effec-
tive. Figure 2 shows the statistical histogram of T2cutoff of 87 core samples, 
which were drilled from the same tight gas reservoirs as Fig. 1, and the 
T2cutoff were obtained by using the centrifugal displacement method. The 
principle of obtaining T2cutoff with centrifugal displacement method is illus-
trated in Fig. 3. 

From the statistical T2cutoff shown in Fig. 2 we can observe that in tight 
gas sands, not a fixed T2cutoff can be acquired to calculate FFI and BVI from 
NMR measurements in the whole intervals. To calculate accurate FFI and 
BVI, the optimal method is obtaining variable T2cutoff with the depth. How- 
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Fig. 2. The statistical histogram of T2cutoff for 87 core samples drilled from tight 
sandstone reservoirs of E basin in northwest China. 

Fig. 3. The principle of obtaining T2cutoff from NMR measurement with centrifugal 
displacement method. 

ever, there is no effective method to obtain variable T2cutoff at present (Xiao et 
al. 2012a, b, c). This makes a great challenge of calculating permeability by 
using the Timur–Coates model. Therefore, the SDR model is very popular in 
permeability estimation in practical applications (Mao et al. 2013). 



ESTIMATION  OF  PERMEABILITY  IN  TIGHT  GAS  SANDS 
 

1321 

To calculate permeability from NMR logs by using the SDR model, the 
parameters C1, m1, and n1 needed to be first calibrated. In this study, 87 core 
samples drilled from tight gas sands in the E basin of northwest China were 
chosen for laboratory NMR measurements. By using the NMR experimental 
results, the SDR model was calibrated and expressed as follows: 

 2.302 1.373 2
2lm0.00000389 , 0.682 .K T R0� 1 1 �  (5) 

Figure 4 displays the relationship of core derived porosity and permea-
bility for the same 87 core samples. If we only observe the correlation coef-
ficients listed in Fig. 4 and Eq. 5, we may conclude that permeability can be 
directly estimated from NMR logs by using the unified SDR model. Howev-
er, if we observe Fig. 4 in detail, we can find out that the relationship is 
much worse; although good correlation coefficient exist between them, most 
of the core samples cannot pass by the regressed trend line, and they are 
scattered on both sides of the trend line. This means that permeability may 
be overestimated or underestimated from NMR logs by using the unified cal-
ibrated SDR model. To improve the applicability of SDR model in tight gas 
sands, formation classification method is introduced to classify reservoirs in-
to several types, and the above-mentioned parameters in the SDR model are 
calibrated in every type of reservoir separately. 

The hydraulic flow unit (HFU) approach is used in formation classifica-
tion. In the next section, we will introduce tight gas sandstone permeability 
estimation method based on formation classification. 

Fig. 4. The cross plot of core derived porosity and permeability for core samples 
with laboratory NMR measurements. 



D.-F. WEI  et al. 
 

1322

3. PERMEABILITY  PREDICTION  FROM  NMR  LOGS  BASED  ON  
FORMATION  CLASSIFICATION  METHOD 

3.1  The hydraulic flow unit (HFU) approach 
A HFU is a reservoir zone that is continuous laterally and vertically with 
similar permeability, porosity, and bedding characteristics (Hearn et al. 
1984). Rocks with similar permeability, porosity, and bedding characteristics 
often have similar pore throat attributes and therefore belong to the same 
HFU. The HFU is often used to classify formation, and it is of great help for 
the evaluation of reservoir classification with strong heterogeneity (D’Windt 
2007). 

Based on a modified Kozeny–Carman equation and the concept of mean 
hydraulic radius, Tiab et al. (1993) developed a generalized formula of the 
relationship between porosity and permeability; this formula can be ex-
pressed as follows: 

 
gr
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where 
 ps ,TK K 2�  (7) 

and SVgr is the specific surface area per unit grain volume in m2/cm3, Kps is 
the pore shape factor, � is the pore tortuosity, and KT is the pore-level effec-
tive zoning factor. Though varying among flow units, this parameter is con-
stant within a given unit. 

If the unit of permeability is transformed from �m2 to millidarcy, the fol-
lowing formula can be obtained by dividing both sides of Eq. 6 by porosity 
and taking the square root of both: 
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where 0.0314 is the conversion coefficient for K from �m2 to mD. 
There are three important parameters in the HFU theory and they are de-

fined as follows: 
(1) Reservoir quality index (RQI): RQI is defined as follows: 

 RQI 0.0314 ;K
0

� 1  (9) 

(2) Flow zone indicator (FZI): FZI is defined as: 
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(3) Normalized porosity (�z): Normalized porosity is defined as: 

 .
1z
00
0

�
�

 (11) 

By carrying out some algebraic transformations for Eq. 8, the expression 
of FZI can be rewritten as follows: 

 1FZI 0.0314 .K 0
0 0

�
� 1 1  (12) 

3.2  Determination of formation classification criteria 
Based on the analysis above section, the boundary of the FZI needed to be 
first determined to classify formations. If we substitute Eqs. 9 to 11 into 8 
and take logarithms on both sides, Eq. 8 can be transformed as follows: 

 log(RQI) log(FZI) log( ) .z0� 
  (13) 

Equation 13 illustrates that for core samples with the same FZI, the rela-
tionship of �z versus RQI in log-log coordinates will be a straight line, and 
core samples with a different FZI will be on other parallel lines. 

To obtain the classification criteria of FZI to classify formation, 87 core 
samples displayed in Fig. 4 are processed by using of the theory of HFU. 
The cumulative frequency distribution of FZI and the cross plot of �z versus 
RQI for 87 core samples are displayed in Figs. 5 and 6, separately. From  
 

Fig. 5. The cumulative frequency distribution of FZI for 87 core samples in our tar-
get tight gas sandstone reservoirs. 



D.-F. WEI  et al. 
 

1324

Fig. 6. The cross plot of �z versus RQI in log-log coordinates for the target core 
samples. 

these two figures, we can conclude that in our target tight gas sandstone 
reservoirs, the best classification of HFU is for three types; the boundary 
values of FZI for different types of formations are 0.32 and 0.60. Maybe, the 
permeability estimation can be a little improved; after formations are 
classified into many more types, a larger workload will be introduced. 

To verify the reasonableness of formation classification based on the dif-
ference of FZI, 3 representative core samples, which contain similar porosity 
but belong to different FZI, were chosen for MICP experimental measure-
ments, and the MICP data were acquired. Figure 7 displayed the MICP 
curves of these 6 core samples, the pore throat radius distribution and the 
corresponding NMT T2 distribution. These core samples are classified into 2 
groups based on the difference of porosities. For every group of core sam-
ples, the porosities are similar. From Fig. 7 we can observe that for core 
samples with different FZI, the pore structures are discrepant. Even if they 
contain similar porosity, the pore type and structure are entirely different. 
For a core sample with good pore structure, the corresponding FZI is high, 
and vice versa. For two groups of core samples, even if their petrophysical 
properties are discrepant, the regularities are analogous. Hence, these core 
samples should be classified, and a permeability estimation model should be 
established. 
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Fig. 7. Comparison of
pore structure for 6 rep-
resentative core samples
with different FZI: (a) the
MICP curves for 3 core
samples with poor physi-
cal properties, (b) the
pore throat radius distri-
butions for 3 core sam-
ples with poor physical
properties, (c) the NMR
T2 spectra for 3 core
samples with poor physi-
cal properties, (d) the
MICP curves for 3 core
samples with poor physi-
cal properties, (e) the
pore throat radius distri-
butions for 3 core sam-
ples with better physical
properties, and (f) the
NMR T2 spectra for 3
core samples with better
physical properties. 
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3.3 Calibration of the SDR model 
With the same classification criteria of FZI, core samples displayed in Fig. 4 
are classified into three types; the laboratory NMR measurements are reused 
to calibrate the involved parameters in the SDR model by using the multiple 
regression method. The rock classification criteria of FZI and the corre-
sponding calibrated SDR models are listed in Table 1. 

Table 1 
Rock classification criteria of FZI and the corresponding calibrated SDR permeability 

estimation models in tight sandstone reservoirs of E basin in northwest China 

Type 
of rock 

The classification  
criteria of FZI Calibrated SDR model 

Correlation  
coefficient 

(R2) 
1st type less than 0.32 K = 0.0000019 × �4.24 × T2lm

0.17 0.88 
2nd type between 0.32 and 0.6 K = 0.000057 × �2.90 × T2lm

0.49 0.97 
3rd type greater than 0.6 K = 0.0036 × �4.08 × T2lm

0.93 0.96 
 
From Table 1 it can be observed that the correlations of permeability 

with porosity and T2lm are improved for every type of rocks. The correlation 
coefficients are high enough, ensuring the applicability of SDR model in 
tight sandstone permeability prediction. 

3.4  Establishment of relationships for routine core derived porosity and 
permeability 

To verify the applicability of the theory of HFU in routine core analysis, it is 
also applied in core samples displayed in Fig. 1. By using the same classifi-
cation criteria of FZI listed in Table 1, the core samples are reused, and they 
are also classified into three types. For every type of core samples, we at-
tempt to establish the relationship of core derived porosity and permeability. 
The correlations of core derived porosity versus permeability are displayed  
 

Table 2 
Rock classification criteria of FZI and the corresponding relationships  

of core derived porosity and permeability those displayed in Fig. 1 

Type 
of rock 

The classification  
criteria of FZI Calibrated SDR model 

Correlation  
coefficient 

(R2) 
1st type less than 0.32 K = 0.0017 × �2.70 0.87 
2nd type between 0.32 and 0.6 K = 0.0002 × �3.02 0.88 
3rd type greater than 0.6 K = 0.00007 × �3.00 0.82 
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Fig. 8. Cross plots of porosity versus permeability for core samples with three dif-
ferent types of HFU. 

in Fig. 8, and the corresponding permeability estimation models based on 
routine core analysis are listed in Table 2. By using the list models, forma-
tion permeability can also be estimated from porosity. Analyzing Fig. 8 we 
can observe that for the first two types of core samples, the regressed trend 
lines can be used to express the relationship of porosity and permeability, 
whereas for the third type of core samples, the regressed model will underes-
timate the permeability in formations with permeability higher than 2.0 mD. 

3.5  Calculation of FZI from conventional logs 

3.5.1  Establishment of FZI prediction model 
The above section has illustrated that the SDR model is applicable in tight 
sandstone permeability estimation once the FZI is introduced to classify 
rocks. To extend this proposed technique into field applications, consecutive 
FZI should be first calculated to classify formations. Abbaszadeh et al. 
(1996), D’Windt (2007), and Haghighi et al. (2011) pointed out that FZI can 
be calculated from conventional logs by using the multiple regression 
method. In this study, the multiple regression method is also applied to cal-
culate FZI. The correlation analysis of obtained FZI from core porosity and 
permeability by using Eq. 12 and conventional logs illustrates that FZI is 
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much sensitive to the interval transit time (AC), density (DEN), compen-
sated neutron (CNL), natural gamma (GR), the ratio of deep and shallow lat-
eral resistivity (LLD/LLS), and shale content (VSH) in our target tight gas 
sands. Hence, these six parameters are chosen to establish the FZI prediction 
model. In the process of establishing FZI calculation models, only 55 core 
samples were used, and the other 32 core samples were retained to verify the 
reliability of the estimated FZI. By using these 55 core samples, the FZI cal-
culation model is calibrated and expressed as follows: 

� �
FZI 0 0033 AC 0 027 CNL 0 0094 DEN 0 0074 GR

9 18 LLD/LLS 0 13 VSH 10 20 correlation coefficient 0 89
. . . .

. . . . .
� � 1 � 1 � 1 
 1


 1 � 1 � �
 (14) 

From Eq. 14, it can be observed that good relationship exists between 
FZI and conventional logs. If it is applied in field applications, consecutive 
FZI can be calculated from conventional logs. 

It is important to note that the parameter of LLD/LLS, which represents 
the drilling mud invasion characteristics, and thus fluid saturation, has been 
involved in Eq. 14. Hence, the FZI estimated from Eq. 14 should be heavily 
affected by the degree of drilling mud invasion and saturation conditions, 
and the applicability of Eq. 14 should been reduced in formations with sig-
nificant drilling mud invasion. 

Fortunately, in our target tight gas sands, the drilling mud invasion is not 
obvious due to the poor permeability, the amplitude difference of deep and 
shallow lateral resistivity is not prominent, and the contribution of LLD/LLS 
to FZI is not primary. Therefore, Eq. 14 can be well used to estimate FZI in 
tight gas sands of E basin. 

3.5.2  Reliability verification for FZI estimation 
To verify the reliability of these FZI estimation models, expressed in Eq. 14, 
in field applications, it is applied to tight sandstone reservoirs in the E basin 
to obtain FZIs from conventional logs, and they are compared with laborato-
ry derived results for 32 core samples. Figure 9 shows the cross plot of de-
rived FZI from 32 core samples and predicted results by using Eq. 14. The 
solid lines in this figure represent the diagonal lines, which clarify the dis-
crepancy of the calculated FZI with that of the core analyzed results. This 
figure demonstrates that the FZIs estimated by using Eq. 14 and the core de-
rived results locate in the neighborhood of the diagonal lines. This means 
that the predicted FZIs by using Eq. 14 are acceptable, and Eq. 14 can be ap-
plied in field applications to calculate consecutive FZI, and then the perme-
ability estimation formulae listed in Table 1 can be used for accurate perme-
ability prediction. 



D.-F. WEI  et al. 
 

1330

Fig. 9. Comparison of FZI acquired from core samples and calculated from conven-
tional logs. 

4. CASE  STUDY 
Based on the proposed technique, several wells in the E basin of northwest 
China are processed, and the corresponding tight gas sandstone permeability 
is estimated. In the process of field applications, we should note that all per-
meability estimation formulae based on the SDR model are established with 
laboratory NMR measurements from fully brine saturated core samples. If it 
is used in field tight gas reservoirs, the effect of diffusion relaxation of natu-
ral gas to NMR logs (NMR porosity and T2lm) should be considered. In re-
gard to the porosity calculation in tight gas sands, Xiao et al. (2012a, b, c) 
had proposed appropriate model, and it had been verified to be effective in 
tight gas porosity calculation in the E basin. Hence, it is directly citied in this 
study to acquire precise porosity. In regard to the gas correction of T2lm, Xiao 
et al. (2012a, b, c) pointed out that a relationship of between T2lm acquired 
from field NMR logs and measured from core samples under fully brine 
saturated can be established, and it was widely applicative. Based on the 
method proposed by Xiao et al. (2012a, b, c), a relationship is also estab-
lished to correct the effect of natural gas to NMR T2lm, as is shown in 
Fig. 10. From Fig. 10 we can observe that good relationship exists between 
the T2lm acquired from field NMR logs and measured from core samples that 
were fully brine saturated. With this relationship, the effect of natural gas to 
field NMR T2lm can be diminished, and, using the corrected NMR parame-
ters, little errors should be introduced in permeability estimation. 
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Fig. 10. A relationship between T2lm acquired from field NMR logs and from core 
measurement under full brine-saturation in the target tight gas sands of E basin. 

Fig. 11. Comparisons of permeabilities estimated from field NMR logs by using 
three methods. 
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Figure 11 shows a field example of estimating permeability in the 
E basin. In the first track, the displayed curves are gamma ray (GR), sponta-
neous potential (SP), and borehole diameter (CAL), they are used for effec-
tive formation indication. In the second track, we display the curves of den-
sity log (DEN), compensated neutron log (CNL), and interval transit time 
log (AC).  

They are used for porosity estimation. RT displayed in the third track is 
deep lateral resistivity, and RXO is shallow lateral resistivity. T2 distribution 
displayed in the fourth track is field NMR T2 spectrum, which was acquired 
from the Halliburton’s MRIL-C tool, and T2lm is the logarithmic mean of the 
NMR T2 distribution. The fifth track is depth and its unit is meter. In the 
sixth track of Fig. 11, we display the comparison of routine core derived po-
rosity (CPOR) and NMR derived porosity (POR), and POR is calculated 
from field NMR and conventional acoustic log using method proposed by 
Xiao et al. (2012a, b, c). This comparison illustrates that the calculated po-
rosity matches the core derived porosity very well, which means that POR is 
reliable and little error will be brought in when it is applied in permeability 
estimation. PERM displayed in the seventh track is the formation permeabil-
ity estimated from field NMR logs by using the proposed technique, and 
CPERM is the core analyzed permeability. PERMCG displayed in the eighth 
track is permeability curve obtained by using the models listed in Table 2, 
and it is directly predicted from porosity after formations are classified into 
three types by the difference of FZI. KSDR displayed in the last track is 
permeability estimated from field NMR logs by using the unified SDR 
model without formation classification. From the comparisons displayed in 
these three tracks, we can observe that permeabilities can be precisely esti-
mated from field NMR logs once tight gas sandstone reservoirs are classified 
into three types by using the difference of FZI and the corresponding cali-
brated SDR models are applied. Models established by using the routine core 
analyzed results are effective for formations with permeability lower than 
0.3 mD, while in formations with permeability higher than 0.3 mD, 
PERMCG is underestimated. However, formation permeability can only be 
effectively predicted in the intervals with permeability ranges from 0.1 to 
0.3 mD by using the unified SDR model. When formation permeability is 
higher than 0.3 mD or lower than 0.1 mD, permeability will be underesti-
mated from the unified SDR model. The accuracy of estimated permeability 
was confirmed by drill stem testing data, in the interval of xx08 to xx80 m 
(highlighted in Fig. 11), 3.12 × 104 m3/day  of gas production is acquired and 
the dynamic permeability acquired from well testing in this interval is 
0.65 mD. To make the estimated results from different methods can repre-
sent the true permeability of the whole test interval they are all normalized 
by using thickness weighted average method. The results illustrate that per-
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meabilities estimated from the calibrated SDR models based on FZI classifi-
cation, the conventional method by using the models listed in Table 2 and 
the unified SDR model in the same interval are 0.57, 0.42, and 0.36 mD, 
separately, while the average core derived permeability in this interval is 
0.6 mD. These comparisons adequately show that the technique proposed in 
this study is much more effective in tight gas sands permeability estimation. 
Permeability calculated by using calibrated SDR models based on FZI clas-
sification is very close to the core derived result and dynamic permeability, 
whereas permeabilities estimated by using the other two methods are all 
much underestimated. 

5. DISCUSSIONS 
To intuitively illustrate the improvement of permeability estimation by using 
the calibrated SDR models based on formation classification method, perme-
abilities acquired from four different kinds of methods are compared and 
they are displayed through Figs. 12 to 14, respectively. To carefully analyze 
the applicability of the models mentioned in this study, core samples with 
different FZI values are marked with different colour code. The blue lines in 
these three figures represent the diagonal lines which highlight the discrep-
ancy of predicted permeability with those of core analyzed results.  

Fig. 12. Cross plot of core derived permeability versus estimated permeability by us-
ing calibrated SDR models. 
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Fig. 13. Cross plot of core derived permeability versus estimated permeability by us-
ing established models from routine core analyzed results based on FZI classifica-
tion. 

Fig. 14. Cross plot of core derived permeability versus estimated permeability by us-
ing unified SDR models. 
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Figure 12 demonstrates that the permeabilities estimated by using the 
calibrated SDR models based on FZI classification, and the core derived re-
sults, are located in the vicinity of the diagonal line for almost all core sam-
ples, which indicates that permeabilities obtained from these two methods 
are approximate. From Fig. 13, however, we can observe that the 
permeabilities predicted by using the established models from routine core 
analyzed results based on FZI classification only match the core derived re-
sults when permeabilities are lower than 0.3 mD. In this range, the data 
points are located in the vicinity of the diagonal line, while they are much 
more divergent than those of the calibrated SDR models. For formations 
with different type of FZI, the accuracy of permeability estimation is not 
disparate. For formations with the third type of FZI and permeabilities that 
are higher than 0.3 mD, these models underestimate the formation permea-
bility. This coincides with the results displayed in Fig. 8. 

Figure 14 indicates that the unified SDR model is effective in permeabil-
ity estimation when formation permeabilities range from 0.1 to 0.3 mD, and 
the corresponding formations contain the first type of FZI. In the other cases, 
permeabilities are underestimated. This observation is consistent with those 
displayed in Fig. 11. 

From these comparisons, displayed in Figs. 11 to 14, we can observe that 
the accuracy of tight gas sandstone permeability estimation is not high 
enough from NMR logs by using the unified SDR model; once the forma-
tions are classified into three types based on the difference of FZI, and the 
above-mentioned parameters in the SDR model are calibrated separately, the 
permeability prediction is much improved. Although permeability can be es-
timated from porosity after formations are classified into three types based 
on the difference of FZI, and the estimated permeabilities are much more 
precise than those obtained from unified SDR models, the accuracy needs to 
be improved for tight gas sands evaluation; the reasons may be that the input 
parameter used is the logarithmic mean of NMR T2 spectra except of the po-
rosity in the calibrated SDR models, and the logarithmic mean of NMR T2 
spectra is the response of pore structure. However, the models established 
from routine core analyzed results only contain univocal porosity, and from 
Fig. 8 we can also observe that the relevance between core derived porosity 
and permeability is not high enough, and, especially for the third type of 
rocks, permeability should be underestimated by using the regressed rela-
tionship. Maybe, the permeability can be much more precisely estimated 
from porosity after formations are classified into many more types, but the 
processing procedure should be complicated, and many more median errors 
may be introduced. 
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6. CONCLUSIONS 
� The classical Timur–Coates model is poorly applicable in permeability 

estimation, because it is difficult to accurately obtain the involved pa-
rameters of FFI and BVI from NMR logs at present. 

� If the SDR model is directly applied in tight gas sandstone permeability 
prediction with the unified calibrated parameters, precise permeability 
can only be estimated in the intervals with permeability ranges from 0.1 
to 0.3 mD; when formation permeability is higher than 0.3 mD or lower 
than 0.1 mD, the formation permeability will be underestimated. 

� After core samples are classified into three types based on the differences 
of FZI, the above-mentioned parameters in the SDR model can be cali-
brated, respectively. Once the same criteria are applied to field applica-
tions, formations can be classified and the corresponding SDR models 
can be used to effectively improve the permeability estimation in tight 
sandstone reservoirs. 
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