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1 (

Paxton '  Ehrenberg )

Table 1 Parameters and their definition of porosity evolution ( Parts from Paxton "' and Ehrenberg )

OP( Original porosity)
COPL( Compactional porosity loss)

CEPL( Cementational porosity loss)

IGV( Intergranular volume) 100%
CEM( Intergranular cement)
CRPI( Corrosional porosity increase)
CRP( Corrosional porosity)
. ( 1.
Ludwick " 56
43%; Pryor * 992 . 2.2% 5.3% .
41%49% 2 Scherer Beard
49%; Wilson Weyl 23
45%  43%; Atkins '° 44 :
47% 31 0P =20.91+22.90/S, (1)
48% 35% ' . S, 24
40% 'Y 459 o 25% 75%
1 (1) 8
o (S,<1.5) (1)
? ( 22 ) (1)
. 1 o
o Beard  Weyl
Beard  Weyl Beard  Weyl 8
( wet packing experiment) .6 48
', Beard  Weyl N .
( .
8 0.840. 0. 590, “ ”
0.420.0.297.0.210.0.149.0.105.0.074 mm;
6 & 1.0~ 1.0,
1.1.1.1~1.2.1.2~1.4.1.4~2.0.2.0~2.7.2.7~5.7) 2 . 2

1.0,
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1 ( Beard Weyl ! )
Fig.1 Relationship between OP and coefficient of sorting ( the data is from Beard and Weyl *' )
Ehrenberg 2 COPL
30
o 1
OP 1-
op; 1-0P
2 3).
X
IGV=—"—"-+— 2
x+( 1-0P) (2)
X
IGV x (1 - OP
1 -1GV
IGV( 1-0P
COPLZOP—xZOP—¥ (4)

2 ( WilsonJ C?)
Fig.2 Random cut through group of uniformly sized spherical

grains under compaction ( from Wilson J C )

2
2.1 COPL CEPL
op
IGV OP-1GV
119 26 27
28 29 OP
IGV

1-1GV

( Ehrenberg )
Fig.3 Rock bulk volume and pore volume changes in the

compaction process ( modified from Ehrenberg )
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4 ( 31 )

Fig.4 Cubic and orthorhombic packing ( from Li Chuanliang 3 )
IGV( 1-0P 22 OP COPL CEPL
OP-IGV COPL( OP—AALAAAAL
1-IGV (4) :
1-0OP IGV IGV
D — 1 COPL=0P( 1+ - 6
1-1GV ( l—IGV) 1-IGV (6)
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COPL o COPL COPL oP
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1+ 1) . 5 CEPL
( ) ( 1-1GV ) (5)
( ) o
( 4. 2), 1
2. op 47.64% 1GV 33.14% OP-IGV .
14.50% . (3) .
21.69%. OP-IGV 2.3 CRPI
7.19% 33.15%
o COPL CEPL
2
( )
Table 2 Rock bulk volume and pore volume changes CRP
from cubic packing to orthorhombic packing (
(from Li Chuanliang *' ) )
1% 1% 1%
100 47.64 52.36
78.31 25.95 52.36 o CRPI
CRPI=CRPx( 1-COPL) (7)
CEPL 2.4
CEM IGV :
CEM

CEPL=( OP-COPL) x
( ) IGV

(POR")
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POR" =0P-COPL-CEPL+CRPI (8)
POR’ (
( 3d )
[ ) o
( )
( ) .
o POR™
() .
( POR)
CEPL.  CRPI ;
POR’
POR=——— 9
1-COPL (9) OP
3 o
3.1
o 8
— ; 0.54~1.99
1.02 ; 1.71~3.96 ¢
291 ¢ o
29.43% 26.56% 27.10%
: 5
14.23% (7.52%) . (4.15%) Fig.5 Relationship between calculated porosity and
(1.58%) He porosity of cores
. 9.63% 0.69%10°* wm? 3 8
Table 3 Porosity evolution parameters of Chang 8
32 reservoir in Huanjiang area
’ OP /% COPL/% CEPL/%  CRPI/% POR/%
353 11.7 1.9 0 1.9
8 42 35.1 26.4 6.2 18.3
5. 3. (bu) 39.4 26.5 9.43 2.6 8.75
( POR) -3.8%
~1.1% -1.1% 15.3% 33
(b >10% 8 ~
-0.4%)
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6 8
Fig.6 Diagenetic mineral sequences of Chang8 reservoir in the study area
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N N OP-COPL-CEPL,+CRPI
POR, = (12)
’ 1-COPL
o ( . . . .
)
A Y
Co, Ca®
Fe2+ . Mg2+
CaZ+ .
A
o 7
3.4 Fig.7 Relationship between COPL and CEPL
COPL CEPL :
POR OP-COPL-CEPL,+CRPI-CEPL,
(7 CEPL COPL o 1-COPL
o CEPL, N
(10)— (13) 8
. (8.
4) .
—
— — o
OP-COPL
POR, = 10
' 1-COPL (10)
( AY
) ' 8
POR, = OP-COPL-CEPL, (11) Fig.8 Typical porosity evolution curves in the study area

1-COPL



372 32

4
Table 4 Porosity evolution parameters of typical samples in the study area

/m &éu./% OP/% COP, /% POR,/% CEPL,/% POR,/% CRPI/% POR,/% CEPL,/% POR,/%

CEPL 33 28233 3.4 38.1 11.7 29.9 26.4 0 0 0 0 0
COPL 170 2605.0 5.4 38.9 35.1 5.9 1.3 3.9 0.2 4.2 0.4 35
CRPI 81 27652 103 40.3 26.1 19.2 5.4 11.9 6.2 203 7.2 10.5
30 26484 133 39.6 22.4 22.2 3.2 18.1 1.4 19.9 5.8 12.4

9.6 39.5 26.4 17.8 3.3 13.3 2.3 16.4 5.6 8.8

9 8
a.  CEPL ( 33 28233m); b COPL
(170 2605.0 m); c. CRPI
( 81 27652m); d. ( 30 26484 m).

Fig.9 Casting sections of Chang8 reservoir in Huanjiang area

(1) CEPL . . (
9b) .
(26.4%) (11.7%) (7
A ). ( 9a) 0
. (CEPL, 1.3% CEPL,
11.7% 0.4%) (CRPL  0.2%) .
. (3) CRPI
CRPI ( 7
0 o C ).
(2) COPL .

B ). (7.2%)
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PL  22.4% 26.4% (7 D

84.8%.
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Quantitative Calculation of Sandstone Porosity Evolution Based on
Thin Section Data: A case study from Chang8 reservoir of Huanjiang
area Ordos Basin

ZHANG Chuang' > SUN Wei' GAO Hui’ XI Tian-de’
HE Qing-yang” SHI Jianchao' QU Le*

(1. State Key Laboratory of Continental Dynamics Department of Geology Northwest University Xi’ an 710069;
2. Yanchang Petroleum Group Research Institute Xi’ an 710075;
3. College of Petroleum Engineering Xi‘an Petroleum Institute Xi’ an 710065;
4. Technique Center CNPC Logging Xi’ an 710069)

Abstract: The quantitative calculation of sandstone porosity evolution based on casting section data is one of important
techniques for diagenetic change and reservoir simulations. Because of the problems in parameters determination and
calculation process the results are not accurate in many cases. For this reason based on the analysis of previous com—
putation process and their errors the original porosity determination method is decided and COPL. CEPL and CRPI
( corrosional porosity increase) calculation formula are deducted. To the determination of original porosity Beard and
Weyl’ s wet packing experiment is more accurate than the method of assigning a constant value for all the samples ac—
cording to the sedimentary facies or the Scherer’ s equation based on the relationship between original porosity and co—
efficient of sorting. Under the consideration of rock bulk volume’ s reduction in the compacting process COPL CEPL
and CRPI calculation formula are deducted and the errors in situation that the bulk volume’ s reduction is neglected
is analysed and the errors’ extent is calculated. Instead of the method contrasting the intergranular porosity and ¢y,
without calculation of CRPI the approach considering all diagenesis sorts and rock bulk volume’ s reduction in the
compacting process is established in calculation result accuracy check-out. The application of the above-mentioned cal-
culation methods of sandstone porosity evolution in Chang8 reservoir of Huanjiang area Ordos Basin is satisfying with
-1.1% absolute error and 15.3% relative error of porosity.

Key words: diagenesis; porosity evolution; casting section; Chang8 reservoir; Ordos Basin



