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Fig. 1 Cross plot between granular rock contents and
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reservoir porosity in Feixianguan Formation of well P102-1
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Table 1 Reservoir characteristics of different sedimentary
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Fig. 2 Main reservoir space types of Puguang gas field
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(a) well P102-1,5604. 93 m, oolitic dolomite with intragranular
dissolved pore and mould pore; (b) well PG6,5363. 84 m, sponge
reef dolomite with corrosion pore in cavernae; ( ¢)well PG2,5098. 86
m, residual oolitic dolomite with intercrystalline dissolved pores filled
with asphalt partly; (d) well P104-1,5716.22 m, oolitic fine dolomite

with microfractures and enlarged pores along microfractures

6, FLBE—B B R R B e b 20 R ET
PAGr o =2 3T RN L (LR PR AL) D T2 1 1
82, TR L2, BRI NS LIRS F
ik 5 X6 T LORETR] FL (A5 it ] LA e TRl ok L) o
)2 B, T ALBUEE TELF , B B R B s b
R PIRRFLERR B AR 2, 15 15 5 e #4504k
THHEZH(E3) .
1.3 MEHREMSHEREESRME

WA R A Ta A BA E VLS a1 %
B TR B 17 2 M A, %o i 4 J2 LB B %8 G T
B B, BERME IR T R RREE)Z Gt R
L REEFLBRIE 2 2% 5 FLR, ZREE NI I8 I i
RPEASRAE T I I8 , XA A AR 1 AR 4 A4 % B 1
I, SREE ML i FLo 4R (3L SRR TT - BT AR EAN
25,2008) , EEEA I, REE LR R BT
RE WRUGE TREEIZ I RFRB AL ST, (552
REEB BRI AR EOL TSR A
7 (A Bk E AR BRI 55

2 RHEMEAH A= m AR R R
PN SR ITIA Ik

1000

100

10

HBBEF (10 nm’)

0.1

0.01 =
0 5 10 15 20 25

ANILBEE O
+ [ 4L (Intracrystalline pore)— 1 3021 o BT (Mould pore)— 3 3302-1

o i [f] 4L (Intracrystalline pore)— % Jt:2

O ik & 1L (Mixing pore)—& }302-1
» 7L (Mould pore)— ¥ 2
B 3 AR LR 5B Rl o

Fig. 3 Cross plot of core porosity and core permeability
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Fig. 4 Cross plot of fracture length and

fracture opening from imaging logging
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Fig. 5 Reservoir composite index model

of Puguang gas field
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Fig. 7 Relationship analysis diagram between frame flexibility factor and pore throat radius ( Well Puguang 2)

(a)5044. 60 m, FR 6 P41 2%, FLBRE 8.029% , B35 % 0. 1273 x 10 7% pum® RPN AL > 3% R FL > 3% , Bl 4L 1% ~2% 5 (b)
5069. 03 m , SR 12, FLBREE 12.94% ,353% % 190. 3545 x 10 =3 wm? , FhEFL > 7% ,Roi] S B FL > 5% 5 (¢)5075. 76 m, 5% fifi 4140
Sz FLBREE 10. 24% 1837 49. 4593 x 10 2 wm? R NVASL 3% ~4% ,BLIAIESL 4% ~5% , FhIAl4L > 1% , %155 < 1% ; (d)5095. 63
m, B ARG 12 2, FLBREE 15.38% , 1855 1114. 4709 x 10 =2 pm? , {41019l 8% ~ 10% , KL la] FhHEFL > 5% 5 (e)S5118. 06 m, i ki 21 v
H i, LB 13.31% 1857 0. 3846 x 10 =% wm? BLPNIESL > 8% ,KLIAIESL >2% , dblElfL >2% ,235% < 1% ; (£)5135. 05 m, 5E 42 i i
Fl s FLBE 18. 04% , 1815 % 30. 6734 x 10 = um?®  RLAFESL 10% ~12% , FhIAIFL >5% ,RLNTEFL <1% ; (g)5161. 54 m, SR AT
Zoitr FLBRIE 9. 08% , i34 0. 4955 x 10 7> pm’® Rl AL > 5% BLPIEFL >3% , IEHL < 1% ; (h)5171.73 m, 4740 5 A =4, FLBRIE
16.04% 3553 2. 449 x 10 3 wm? R NIEFL > 12% RiEASL >2% |, fhlElfL 2% ~3%

(a) depth 5044. 60 m,residual oolitic medium—fine crystalline dolomite ,with permeability of 0. 1273 x 10 3 Mmz and porosity of 8. 02% ,of which
intragranular dissolved pores porosity > 3% , intergranular dissolved pores porosity > 3% , intercrystalline pores porosity 1% ~ 2% ; (b) depth
5069. 03 m, residual oolitic coarse crystalline dolomite ,with permeability of 190. 3545 x 10 =3 wm? and porosity of 12. 94% ,of which intercrystalline
pores porosity >7% ,intergranular —intercrystalline dissolved pores porosity >5% ; (¢ ) depth 5075. 76 m, residual oolitic fine—coarse crystalline
dolomite , with permeability of 49. 4593 x 10 =* wm? and porosity of 10. 24% ,of which intragranular dissolved pores porosity 3% ~4% ,intergranular
dissolved pores porosity 4% ~ 5% , intercrystalline pores porosity > 1% , fracture porosity < 1% ; (d) depth 5095. 63 m, residual oolitic coarse
crystalline dolomite,with permeability of 1114.4709 x 10 = wm? and porosity of 15.38% , of which intercrystalline pores porosity 8% ~ 10% ,
intergranular —intercrystalline dissolved pores porosity >5% ; (e)depth 5118. 06 m, oolitic medium—fine crystalline dolomite,with permeability of
0.3846 x 10 =* pm? and porosity of 13.31% , of which intragranular dissolved pores porosity >8% , intergranular dissolved pores porosity >2% ,
intercrystalline pores porosity >2% ,fracture porosity < 1% ; () depth 5135. 05 m, residual oolitic crystalline dolomite , with permeability of 30. 6734
x 10 =3 pum? and porosity of 18. 04% , of which intergranular dissolved pores porosity 10% ~12% , intercrystalline pores porosity >5% , intragranular
dissolved pores porosity < 1% ; (g) depth 5161. 54 m, oolitic micritic—fine crystalline dolomite, with permeability of 0.4955 x 10 ~* pm? and
porosity of 9. 08% ,of which intergranular dissolved pores porosity >5% ,intragranular dissolved pores porosity >3% ,intercrystalline pores porosity
<1% ;(h) depth 5171.73 m, oolitic fine crystalline dolomite, with permeability of 2.449 x 10~* wm?® and porosity of 16.04% , of which

intragranular dissolved pores porosity >12% ,intergranular dissolved pores porosity >2% ,intercrystalline pores porosity 2% ~3%
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Table 2 evaluation parameters and plane heterogeneity Characterization results of some sequences in some wells

ORI T 57 1 b2 L B EF B IEF s
RF MG | R | R | G | RAGE | e || IR R | BRI | e | g | T
(%) KL ™) 1Bl (%) 1Bl (10 Ppm?) | fKME (10 Ppm?) | fLME W2z
P104-1 96.36 | 0.96 | 0.101 10 0.09 | 0.227 | 7.29 0.69 | 0.108 5.38 0.21 | 0.336 58.0 0.66 | 0.228 | 0.14
PGI12 91.71 | 0.92 4 0.64 10.52 | 1.00 26.10 1.00 43.0 0.49 0.13
PG2 91.86 | 0.92 7 0.36 8.75 0.83 6.45 0.25 11.0 0.13 0.11
PG9 24.63 | 0.25 1 0.91 2.76 0.26 2.03 0.08 37.0 0.42 0.22
TSQ1-1I PG10 24.22 | 0.24 2 0.82 2.88 0.27 4.18 0.16 88.0 1.00 0.18 | 0.073
PG6 100.00 | 1.00 0 1.00 6.37 0.61 1.81 0.07 4.0 0.05 0.08
P302-1 92.69 | 0.93 11 0.00 4.06 0.39 0.59 0.02 7.0 0.08 0.09
PGS 92.47 | 0.92 10 0.09 6.05 0.57 1.03 0.04 6.0 0.07 0.13
P104-1 | 100.00 | 1.00 | 0.094 0 1.00 | 0.232 | 7.89 0.77 | 0.083 6.23 0.27 | 0.361 77.0 0.71 | 0.230 | 0.16
PG12 98.64 | 0.99 1 0.50 5.92 0.58 4.85 0.21 59.0 0.55 0.15
PG2 100.00 | 1.00 0 1.00 7.81 0.77 3.98 0.17 17.0 0.16 0.12
PG9 92.31 | 0.92 2 0.00 3.10 0.79 0.386 0.04 108.0 1.00 0.27
TSQI-IV PG10 97.58 | 0.98 1 0.50 10.20 | 1.00 23.45 1.00 25.0 0.23 0.13
PG6 100.00 | 1.00 0 1.00 6.38 0.63 1.15 0.05 9.0 0.08 0.08
P302-1 10.43 | 0.10 2 0.00 2.30 0.23 0.06 0.00 18.0 0.17 0.11
PG5 61.11 | 0.61 1 0.50 5.75 0.56 0.89 0.04 4.0 0.04 0.09
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Fig. 9 Cross plot chart of density porosity
and P-wave velocity ( Well Puguang 2)

(al) HH5163. 7 m W AE LA I, FLBE 9. 7% , B L 3. 4
km/s, fLA 245 3. 885 (a2) IR 5165. 4 m s Lok 2, FLER
B 13.5% HEUEE 3.3 ks, fLIS 50 1. 39; (b1) HIK 4993
m RLIAIFL R VAL , FLBR I 8. 7% , B U 8% 3. 39 km/s, FLAY
24 4. 585 (b2) Hi5 4880 m, KL AL RLIAIL, FLBRBE 11. 2%,
BHPGHE 3. 08 km/s, fLIIZ %L 7. 285 (el ) IR 4782. 7 m, L[]
VAL AR AL FLBREE 7. 5% , BB 3. 21 ks, LA S5
8. 145 (c2) I 5135 m, Gl L, fLEREE 9. 0% , B AL 3. 07
km/s, FLIIZ L8, 615 (d1) HPEAT81 m, 244  FLIUE 2. 8% S
W 3. 41 km/s, LS4 14. 565 (d2) HIEK 5109 m, 5%, fL
BREE 3. 8% , RE A 3. 17 km/s, FLIZSH 12. 31

(al) depth 5163.7 m, mainly intragranular dissolved pores, with
porosity of 9. 7% ,S-wave velocity of 3.4 km/s and frame flexibility
factor of 3. 88; (a2 ) depth 5165.4 m, mainly intragranular dissolved
pores, with porosity of 13.5% , S-wave velocity of 3.3 km/s and
frame flexibility factor of 1.39; (bl ) depth 4993 m, intergranular
pores and intragranular dissolved pores, with porosity of 8.7% , S-
wave velocity of 3. 39 km/s and frame flexibility factor of 4. 58 ; (b2)
depth 4880 m, intragranular dissolved pores and intergranular pores,
with porosity of 11.2% , S-wave velocity of 3.08 km/s and frame
flexibility factor of 7.28; (cl) depth 4782.7 m, intergranular and
intercrystalline dissolved pores, with porosity of 7.5% , S-wave
velocity of 3. 21km/s and frame flexibility factor of 8. 14 ; (2 ) depth
5135 m, intercrystalline dissolved pores, with porosity of 9.0% , S-
wave velocity of 3. 07 km/s and frame flexibility factor of 8. 61 ; (dl)
depth 4781 m, fractures, with porosity of 2. 8% , S-wave velocity of
3.41 km/s and frame flexibility factor of 14. 56 ; (d2) depth 5109 m,
fractures, with porosity of 3. 8% , S-wave velocity of 3. 17 km/s and
frame flexibility factor of 12. 31
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Fig. 10 Contrast diagram of predicted porosity(a) , frame flexibility factor

(b) and permeability(c) through well Puguang 302-1
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Quantitative Characterization of Plane Heterogeneity of Reef Bank Reservoir

JIN Xiuju'**’ JHOU Jiagen" , LIU Honglei* , CHEN Jian” , LIU Xin®
1) College of Geoscience ,China University of Petroleum( Beijing ) , Beijing ,102249 ;
2) Exploration & Development Research Institute of Zhongyuan Oilfield Company ,SINOPEC , Puyang , Henan ,457001 ;
3) Puguang Branch of Zhongyuan Oilfield Company ,SINOPEC ,Dazhou ,Sichuan ,635000

Abstract: Affected by the effect of sedimentation, diagenesis, and tectonism, the plane heterogeneity of reef
bank reservoir are serious. And as the reef bank reservoir is characterized by various pore types and complex
relationship between Porosity and Permeability, seismic prediction of reservoir permeability has long been a major
challenge. In addition,the quantitative characterization of plane heterogeneity of reservoir is also a major challenge,
due to lack of characterization parameter and characterization method of reef bank reservoir. Taking Puguang gas
field for example, through analyzing the controlling effect of the reef bank reservoir heterogeneity, five reservoir
parameters including percentage of granular rock thickness,number of interlayer, porosity, matrix permeability and
fracture permeability are introduced to calculate the heterogeneity parameter,by using main factor analysis method
in statistics. According to the complex relationship between porosity and permeability of reef bank reservoir, frame
flexibility factor is introduced to evaluate logging interpretation and seismic prediction permeability finely. On the
basis of plane heterogeneity evaluation using traditional mathematical statistics method, the plane heterogeneity of
reef plat reservoir is quantitative evaluating by geological modeling technology, which uses seismic predicting
permeability and sedimentary facies as constraint. The research achievements have guide the development dynamic
analysis and measure plan formulation finely,and have important significance in gas field development.

Keywords: reef bank reservoir; lane heterogeneity ; quantitative characterization; composite index method;
complex pore types; frame flexibility factor;seismic prediction of permeability
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