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Abstract—Reservoir Classification and Evaluation is an 
important section in the process of the research for reservoir 
development. Based on the analysis of core capillary pressure 
data, this research proposed: The relationship between R35 
(Mercury enters the saturation of 35% corresponding to the 
pore throat radius) and permeability (K), porosity (Φ); 
Establishment of classification and evaluation chart with the 
parameters such as R35, K, Φ, for the LS gas field. By putting 
a large number of conventional core analyzing data of the 
physical properties on the chart, the quality of each gas 
formation in accordance with the core could be evaluated. For 
the same formation, the significant change of the parameters 
(R35, K, and Φ) could indicate that the reservoir has a severe 
heterogeneity. For example, after analyzing the main factors of 
diagenesis which affect reservoir heterogeneity through the 
thin slice identification, scanning electron microscopy and 
other laboratory data of E15 reservoir, the conclusion could be 
obtained: Dissolution is the most significant factor which 
influences the heterogeneity of the reservoir. The reservoir 
classification and evaluation Chart of R35 could help to 
evaluate the reservoir physical properties intuitively and 
efficiently. 
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I. INTRODUCTION 
Integrating the reservoir parameters from microscopic 

pore structure characteristics of the reservoir is an important 
method for the research of reservoir classification and 
evaluation (Wang et al. 2002). Geologists have proposed 
many methods for Classification and Evaluation based on 
microscopic pore structure characteristics of the reservoir.  

The methods are mainly divided into two categories: 
Division methods and Clustering methods. The Division 
methods were significantly influenced by subjective human 
factors, and the Clustering methods must be based on 
massive amounts of basic data analysis in order to obtain 
accurate and complete results (Tang et al. 2006).  

LS gas field has a strong heterogeneity. A typical 
reservoir showed great differences on permeability in 
different cores due to the different pore structure. As a 
result, the Classification and Evaluation work under 
conventional porosity and permeability parameters could 
not obtain the satisfactory results. 

The combination of R35 pore throat radius data, 
permeability and porosity which based on the mercury 
penetration, conventional physical property, scanning 
electron microscope, etc., was used to establish the chart for 
classification and evaluation as a new method in this study. 

II. THEORY 

A. R35 Pore Throat Radius and Diffusivity Coefficient 
In the core capillary pressure test, pore throat radius in 

accordance with the mercury saturation in 35% is defined as 
R35 pore throat radius. The larger size of the R35 pore 
throat radius indicates the better physical property of the 
core. 

Diffusivity Coefficient is a parameter for evaluation of 
the pressure propagation, the physical interpretation is the 
formation acreage of the pressure propagation in unit time, 
it could be calculated as follow: 
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Where K is the permeability, mD; Φ is the porosity, %; 
Ct is the total compressibility of the reservoir; μ is the 
viscosity of the fluid, mPa·s. 

In the same reservoir, the μ and Ct have very small 
variations. It indicates that there is a specific relationship 
between   R35 and the value of K/Φ. 

B. Matching of the relationship between R35 and K/Φ 
Productivity simulation formula is related with the core 

experiments. The gas production under different pressure 
could be simulated by using the simulation of reservoir state 
which includes: Initial water saturation, Salinity of 
Formation Water, Overlying Pressure, Reservoir Pressure, 
Reservoir Temperature, etc.  

H. D. Winland et al. (1980, 1992, and 2007) had 
matched the data from Spindle Oil Field, and proposed an 
experience equation as follow: 
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Aguilera R et al (2002, 2004) had matched the data from 
North America, and proposed another experience equation 
as follow: 
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Where the R35 is the pore throat radius in accordance 
with the mercury saturation in 35%, um; K is the 
permeability, mD; Φ is the porosity, %. 

2015 AASRI International Conference on Industrial Electronics and Applications (IEA 2015) 

© 2015. The authors - Published by Atlantis Press 175



 

Eq.2 has one linear parameter and two exponential 
parameters. Eq.3 has one linear parameter and one 
exponential parameter. 

III. RESULTS 

A. Equation in accordance with the LS gas field 
Combine the effective R35 and K/Φ values from the 

cores in 4 typical wells of LS gas field, there are 99 pair 
values. After matching the relationship between the R35 
and K/Φ by using the Eq.3, the linear parameter and 
exponential parameter in accordance with this field follow 
the eq.3 could be obtained. 

The matching result is shown in Figure.1. As can be 
seen in the Figure, the relationship between the R35 and 
K/Φ has a high correlation coefficient, above 90%. The R35 
and K/Φ display a power function. 
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Figure 1. R35 vs K/Φ of the typical Wells 

Combine the effective R35 and K/Φ values from the 
cores in all the wells of LS gas field, there are also 99 pair 
values. After matching the relationship between the R35 
and K/Φ by using the Eq.3, the result is shown in Figure.2. 
As can be seen, the correlation coefficient is lower, less than 
80%. 
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Figure 2. R35 vs K/Φ of the gas field 

The decline of the correlation coefficient is mainly 
resulted by the cores from the reservoirs with low 
permeability and low porosity. The errors of the mercury 
intrusion test could not be avoided. 

After the two matching work, the experience equation 
could be expressed as follow: 
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B. Chart in accordance with the Equation 
The chart in accordance with the Eq.4 could be drawn 

with the 977 pair data of porosity and permeability. The 
chart is shown in Figure.3. By using this figure, the ranges 
of R35, porosity, permeability of each reservoir in the gas 
field could be clearly searched, and the physical property 
could be evaluated in a short time. 
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Figure 3. R35 evaluation chart 

C. Analysis of the reservoir heterogeneity 
 Main reason 

The E15 with thickness around 85-120m, is a low 
permeability gas reservoir. It could be separated into four 
sub layers: E15a, E15b, E15c and E15d. 

The Well 2, Well4 and Well 6 have cores in E15a. The 
Well 6 produces only E15a, and hasn’t natural productivity. 
After Sand Fracturing Work, Well 6 could maintain 
production and has the AOF about 3.5×104m3/d. Well 2 
produces four layers: E9, E15a, E15b and E15c, and has 
natural productivity. The AOF in E15a, E15b, and E15c is 
separately about: 6.6×104m3/d, 9.4×104m3/d, and 
5.6×104m3/d. 

By using Figure.3, the distribution of the R35, K and Φ 
could be obtained, as shown in Table I. The physical 
property in this layer varies more in different place: The 
R35 Pore Throat Radius in Well 2 is about 1μm-4.3μm, 
much larger than in Well 6, that is the main reason for the 
phenomena that Well 2 has natural productivity but Well 6 
has not. 

TABLE I. R35, K and Φ values in E15a 

Well
Range of 

grain 
diameter 

Grad Degree of  
roundness 

Contact 
style 

Cemented 
type 

Well 
2 

0.15 - 0.40 
mm 

mid - 
high 

Subangular- 
subrounded 

relief - 
line 

press–
contact 

Well 
4 

0.25 - 0.50 
mm high subrounded line contact 

Well 
6 

0.13 - 0.35 
mm 

mid - 
high 

Subangular- 
subrounded 

point - 
line contact 

176



 Detrit
The lithol

and Well 6 
content is abo
19%, lithic co

The quartz
Well 6, as 
content is ab
hasn’t been ap

F

The thin s
The E15a is m
middle-high. 
contact style, 

TA

Well L
Well 2 E
Well 4 E
Well 6 E

 Diage
Diagenesi

solution, ce
recrystallizati
compaction, 
researched a
diagenesis in 

 Comp
The conta

as shown inF
by glimmer o
reservoir has
Compaction 
water, and p
epidiagenesis

 Ceme
The ceme

Figure.5c), a
Figure.5d), i
kaolinite cem

 

tal component
ogic character
are basically 
out 62%-74%
ontent is about
z content in W
shown in Fi
bout 6%-14.5
ppeared. 

Figure 4. Classifi

slice and size p
mainly belong
Other parame
and cemented

ABLE II. Structur

Layer R35, μm
E15a 1 - 4.3 
E15a 0.12- 1.3
E15a 0.04 - 0.2

enesis type 
is has the m
ementation, 
ion. For the L
cementation 

and compare
Well 2, 4, and

paction 
act style of E1
igure.5a. It fo

or plastic part
s small pore
discharged w
probably bec
. 

entation 
ent is mainly c
and subordin
iron cementa
mentation. T

0 25

arko

Ⅳ

Ⅰ— quartz
Ⅱ— quartzitic 
quartz
Ⅲ— debris 
quartz
Ⅳ— arkose
Ⅴ— debris 
arkose
Ⅵ—
arkosedebris
Ⅶ— debris 

t and texture 
rs of E15 laye

the same: li
%, feldspar con

t 14%-20%. 
Well 2 is lowe
gure.4. The 
5%, the cem

ication of core co

parameters ar
ged to fine sa
eters such as d
d type are also

e characteristics o

m Permeability,
0.2 - 8.5

3 4- 60 
2 0.03 - 0.2

 

main types: co
replacement, 

LS gas field, 
and dissolu

ed the char
d 6. 

5 is point - lin
ollowed comp
ticles, as show
es and narro

water is the m
come the ma

calcite and do
nately siliceo
ation local 
The main t

50 75

quart

Ⅱ

75

90
Ⅰ

Ⅲ

Ⅴ Ⅵ Ⅶ

er in Well 2, W
ithic arkose, 
ntent is about

er than in Well
interstitial m

mented pheno

 
omponent 

re shown in Ta
andstone, and 
degree of roun
o shown in thi

of the wells 

y, mD Porosity,
5 10 - 13

11.5 - 14
2 5 - 11.5

ompaction, pr
dissolution

the main typ
ution. This s
racteristics o

ne, line, relief
pression deform
wn inFigure.5
ower pore t

main source o
ain agent of

olomite (as sho
ous (as show

development
type of car

100

Well
4
Well
6
Well
2

debr

 

Well 4, 
quartz 

t 11%-

l 4 and 
material 

menon 

able II. 
sorted 

ndness, 
is table. 

, %
.7 
4.6
5 

ressure 
n and 
es are: 
section 
of the 

f - line, 
mation 
b. The 

throats. 
of pore 
f other 

own in 
wn in 
t, rare 
rbonate 

ce
po
ementation is
orosity filler (

s intergranula
(as shown in F

Fi

Fig

Fi

Fig

ar cementatio
Figure.5d). 

g.5 (a) 
 

g.5 (b) 
 

g.5 (c) 
 

g.5 (d) 

on, and secon

 

 

 

 

ndary 

177



For Well 
subordinate r
reason is co
compaction an

 Disso
As the m

could effecti
generating se
porosity cont
debris, solubl

The disso
and Well 4 w

2, the main
reason is cem
ompaction. Fo
nd cementatio

olution 
main construc
ively improv
econdary por
tains seconda
e granules, tab
lutions in the 
were rarely fi

0

10

20

30

40

Po
ro

si
ty

, %

Fig.5 (e) 
 

n reason is co
mentation. For
or Well 6, t
on are approxi

ctive diagene
ve the reserv
rosity. The c
ary intergran
blets bore, etc
three Wells a

filled with cem

0

0

 

Figure 6. H

ompaction, an
r Well 4, the
the effect rat
imately equal.

sis, the disso
voir properti
common seco

nular pore fe
c. 
are different. W
ments (as sho

10

Reductio

25

 

th
ce
sh
27
(a

Houseknecht D W

nd the 
e main 
tios of 
. 

olution 
ies by 
ondary 
ldspar, 

Well 2 
own in 

Fi
de
ce

m

sm
co
re
ef
ea

2

Cementation c

on ratioof 
5

Figure 5. Cha

 
Use the ch

he quantitati
ementation of
hows that: the
7%-31% follo
as shown in Fi

W method for E15a

igure.5e), as a
egrees. For W
ements in later

As a result
much small tha

As can be s
maller than in
ould be search
esult, the char
ffectively mak
ach reservoir.

20

content, %

the Porosit
50

Fi

aracteristics of the

art (Housekn
ive research
f E15, Well2, 
e initial poros
ow the effect 
igure.6). 

a 

a result, the p
Well 6, the po
r period (as sh
t, the R35 Po
an in Well 2 an
seen in Figure
n Well 2 and
hed in the cha
rt based on R
ke characteriza

30

Well 2 W

ty, %

75

ig.5 (f) 

e diagenesis for th

echt D Wof, 
h for the 

Well 4, and 
ity of the cor
of compaction

pores has been
ores were fill
hown in Figur
ore Throat Ra
nd Well 4 (as 
.7, the throat 

d Well 4, and
art (Figure.3 a
R35 Pore Thr
ation of the ph

4

Well 6 Well 4

100

 

he reservoir E15a

1987) to con
compaction
Well 6, the r

re was decline
n and cement

 

n saved in var
led again with
re.5f). 
adius in Well
shown in Tab
radius in Wel
d this compa
and Table.1). 
roat Radius c
hysical proper

40

0

a 

nduct 
and 

result 
ed by 
tation 

rying 
h the 

l 6 is 
ble.1). 
ll 6 is 
arison 

As a 
could 
rty in 

178



 

0

5

10

15

20

25

30

35

0.010.11101001000

∆S
H

g/
%

Pore Throat Radius/μm

Well 2 Well 4

Well 6

 
Figure 7. Pore characteristics of the 3 Wells 

IV. CONCLUSIONS 
The following conclusions could be drawn according to 

the results obtained in this study: 
New equations and parameters which are suitable for the 

LS gas field could be obtained in this study. 
The reservoir classification and evaluation Chart of R35 

could help to evaluate the reservoir physical properties 
intuitively and efficiently. And it could provide reference to 
the other evaluation work. 

The effects of finely rock structure, low porosity, 
compaction and cementation on the reduction of the core 
original porosity are close to each other. 

The preservation and dissolution cementation in the later 
period are the main factors leading to changes in reservoir 
properties. 
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