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Determination of the lower limit of porosity of highly heterogeneous reservoir by
equivalent substitution method: a case study of the Sinian Dengying Formation
in Anyue Gasfield in Sichuan Basin

Zhao Chunni, Jia Song, Xu Shiyu, Lin Yi, Xia Maolong, Li Yang, Zeng Yiyang, Yang Jing, He Kailai, Zhu Yi,
Lv Pengyi, Huang Yang, Cheng Yu

( Research Institute of Exploration & Development, PetroChina Southwest Oil & Gasfield Company )

Abstract: The lower limit of porosity (L,) is one of the essential parameters determining the effective reservoir thickness and further
estimating geological reserves of oil and gas reservoirs by using volumetric method. Effective reservoir refers to that has the ability to produce
commercial oil and gas flows. The reservoir permeability has a better correlation with production capacity than porosity, and the lower limit of
permeability (L) enables to more accurately classify the effective reservoir than L,. However, due to the technological limitations in current,
L, is often used to classify effective reservoirs in practice instead of L. The carbonate reservoirs in Sichuan Basin show characteristics of high
heterogeneity with diverse pore types, complex pore throat structure and uneven fracture development. In order to identify the determination
method of L, of highly heterogeneous reservoir, the characteristics of reservoirs in the Sinian Dengying Formation in Aanyue Gasfield are
analyzed by using core samples, thin sections, SEM, and mercury injection experiments, and the reservoir is divided into matrix pore type and

FGWH . WINEEARERGTH 8BS ER R LR R SRR T A ROA SUE E W T RRBFE” (2023NSFSC0261) 5 HE AR
KB ARAE “HPUE” AETEEMER BN E  “E A BT 2 TE R 5 SEC BT RORRIF” (2022DJ7902)

FIEERE T BE (1989-) , L, MG, fidt, 2014 5L T pEAmRE ) , TR, REENFRRTVBREGS
W Bl DR T A, Huhke D)4 R T i 37 DX R R B AL B 12 5 v [ A il 78 it O B DR A e B, BB A . 610041,
E—mail: zhaochunni@petrochina.com.cn

Wk F 3. 2022-03-02; EECH M. 2023-04-26



553 B

S RARTERAE S| F A BME Gt R A LB T RR 161

fractured type. Furthermore, the production capacity simulation comparison experiments on these two types of reservoirs are conducted given
the same conditions, which enable to determine L, to be 0.008 mD. On the other hand, L, is a variable, that is, regardless of L, value taken in

classifying effective reservoirs, a part of effective reservoir with low porosity and high permeability will be ignored, while a part of ineffective

reservoir with high porosity and low permeability will be added. If an L, value is determined that makes these two parts of reservoir space

consistent in volume, the real total volume of reservoir space can be reached by applying the current technologies. Guided by the equivalent

substitution concept, and combined with production capacity simulation, as well as physical property results of 200 rock samples, L, of

Dengying Formation reservoir in Anyue Gasfield is determined to be 1.56%.

Key words: heterogeneity, carbonate rock, production capacity simulation, lower limit of porosity, lower limit of permeability, volumetric

method, geological reserve, Sichuan Basin

05l

O )11 %2 bt 75 A e R 5 o SO LA B A () D iy
5, BHRITHAER A 204, A HE 500m
PR A= a R, SmiRre i IC Bl Sk iF, Frss
AT K E SR AR . RAERIESHATA R
E BB G K M R fif &, (R4 TR —F2
RPLAT 24 3R B35 U % 2 i eI Se A 2 R i

Ptk T BREFE LR TR (L,) FiBiE R R
(L) > X~ A 2R B E EARR . Ptk
T BRI B 7 93 AR (5 FH T RERE FH Y B AT 4 A
KR Aoz, Aok ERTIR, R
TORHE DRI B, DaDsei h Bim, At <0k
BT & 45 5 T e A eyt TR, BRka
FEART ARG, BoNidilE b s, SRk
Pridi, PRREATUE S RIS E A TR BN TR
LW, I ST AR A BUR S i B A O e
R TR ",

R CRMRAR R REMEY (DZ/T 0217—
2020) , B RUE B AR IB B P Lol AR
ASDoy ik B IERE ), Gkl B A AT Tkl SR
RED, BRI R s i e T BRSSO i S B4
SAERR, R EMNRE DR, R
BT O R el IR I 5 s B AR 5 ¥k
BHALEE.: R EREDMEE ., g, AR
75, HUZ KB B RN R K TR B S R SR T
FREEATIRESRLE, R BRI H R, EST A
BIHPESILRE (30sE3) XA, B
AR BT AR Y Dol il bR LR 2 L, (B
L) , BAREERMELILBRE 500 2 8 HiE,
L XI5y A0k B e L, 9ok, A5l T3 B % £LBR
PEFRBERE B v , AHB B RMBATEIEIR Y, bR 2 E
F Ly idE L, ¥155 76 2800 Z Ak G 5 B fig &, T
I RS R, T ILBRE S5 E R AT,
L, Fn L Koy Bk B s RIEA 5, k™ hE

BALIEBE B L, Bl &, (HiZ07 iz ABILUT 24
HREHIRIRER S I T A X R E
AL RN REE 7 A 2R 7, B RES IR E A M
R, ZURSKYERERIALBR B T BRI AR ZE AR K MEL
fE Tk

RSO T A BIE TR i AR, 2562
SHMUTR A R B AR R O, o, AR, 30
ARUHTRFN 200 4 Fidean (RIFREAE) BYHHLLE
FE. BIERE, WHUT A BoatE e, s
[AI2R7Y . JLEASAR PR, AP BRI R =5
WIS, 5200 A2 AL AU ZGE R 2, e tg
Rl BURUERE (6 21 FRik) 2EAT = RERAULE T,
R R A S P R SR USRS &, i 5%
AR, BB AT RS R T il B 2 IR RRAE
LB EE T RRIEL, DASCHE 2o AL ER R RY PL &
SIXATR A R 2E, AR SRT RS Bk i B LR
JE T IRIVHE TR BHE 4.

1 #h JFUREOL

LA FI N 2 Es, 2 R—4cf il
Pkt st B — SRR RIS, R HAT A
A R SRR BRI A — AL AR AR W SR EE R, HYE
mALZRWBUR, FEZEALBE, R2HE. ZEamE s
FRAE. PO 2R B R AT R4 o iR £ & Hb U AR,
Horh G ZHHE 2 82 & B AR, kK FLH
HNACRE 2 I ES, &M T AT R4 S S H
DUBARE A B X (B 1) . JTRAm TR RS A4 B
(B 1), 4T—BAT =BOoAR R EY B, HIEERE,
AT BERTE; I B TIUB A B e,
Al EER R F B, HA kT B B 2 200 ~300m,
fig BT MR B3, BRERES 10~25m, Zif
JEJE A 40~T70m; T EEJE B A 450~ 550m, fif )33
By A AE BE, BRIEEA 10~30m, RiFEEA
50~80m, i HFm LA EEEER R
B, HAAERMGEEEAREREE,



162 oE Ao B R 2023 4F 28 %

BEFI | 0 |8 g | Y
7ol ™ | N
i '
A |4l |
si si
b
Ezm3msm’ﬂmﬁﬁ‘ F—
4T B GG b
ﬁf\ﬁ \€
= sQ3 -
| 1050
==
Ik 72V —
ol w BB |
— $Q2 V2WA/2Y —
B 450~550 :ﬁ/::ﬁ I =
| B | =
&i \i:/;ﬁ;
/)
VWil 1 —
A sql é
0~100
B

] B [e] [ B E B B4 B B B
@RLR HREH gpim kA ORE BE U8 BE nxe #nsk BOR @R

i Hl HZE ABS

B 1 PR BRI AR A P X () RHZZARRE (F)
Fig.1 Favorable exploration zones (left) and stratigraphic column (right) of the Sinian Dengying Formation in
Sichuan Basin

M, EAEUERA RS, WRARSEMATRA S
aAE (E2) , JTRAMEZE RS L5 4L
3 ALBA . REERNE (] 2) o FLPBREARRIATAE L.
RrinliadL, ekl L, dhfmdL. AR FLAIEZEAL

2 SZMAFLIEEE T BRIV fiff R ARFALE

2.1 iR A RIfE & = B HHIE

PONIATREAL R B SR TR, bl SF 2RI, ATRA K R #6522 e Ta VR Tk

2 L

(a) ®AZE, ZWEESEANRNS—, (b) WHAZS, WAHAET, REEMEE, (c) MIREER T, REETIEH, GS1035F,
AR, MXS2E, 5080m, #h0 MR A MX219F, 4950m, #0008 K 4867m, FUIRH

(d) WAz, RimiEdl, didl, S8R, (o) RMEMERAZE, w240, REaeikE, () RRRMMBRAZE, Vigse, 260k,
MX223, 5362m, BEMkN, HtkhilEe MX22, 5013m, Hhfkiih, ik hlkie MX224F, 5930m, Bk, HikhEE

:
(g) BrliZsas0pis, GSIHF, 4958m, Fffiass (b)) BB )viRWEE, GSIIF, 4964m, FfifihE: (1) §isgk, R4EAEE, GS1019F, 5524m,
AR, HRhlEE

B2 ZESEATP AR A R A D, W, S BRI

Fig.2 Core sample, thin section and SEM characteristics of carbonate reservoir in Dengying Formation in

Anyue Gasfield



553 B

S RARTERAE S| F A BME Gt R A LB T RR 163

WMk RANIE T, RANPE RIS, AT
K EJHIBLBE T TS RS DR S5 A
ik B o3 Ay BUEL TR ZAEE T P e . i AL L i R A
fek BB (30 R, HEALTREN S, REE
Tk Btk T AR

2.2 R FLMREEHIHFAE

R AL L SR PNAN I Ei o o i1 8 St 574
P, FLMRREC E G R NI E S Ak AR, #
MR, AR B SAT E AL RIS, o T
ST R BB 2 KRR, H IR BRI 2R 7 m] 45 DA
Fofr: i) T R A T, ] 2 AL A 4 0
B (18 2g) . ks (B 2h) , FSaRb A,
BES SRR 2 (] B SRHRAER 57, A PR AR 25 (8
o i) TN /el PR B 2 TR IRz R,
) 700 S Ll S 30 AR 0 2 ) 1), o )
B A A2 R ALY i R A ARS8, O TR
KTRCER AL T il R SR G B e 0 39 20, i $ 32
Bk AL i A R AT R e, AR R WAL
G R/NEA SR ZE (P 3) |, FLBRME & I ig
AL, REETUEE R s A RIS (R S B A th—
g FE I AIFE T R AR BN SR 2 (B 2, £, )
Al R PTG L. R, REETIGE B
i) U 1 JC 7 LA sl P, X R IR RE ) 2
ELK . ZE4% RN 8 R G T fif = rpole SC B A Mol
RA,

[ )
g
g . “ .
fmi 0.1 .o
oS L) ° °
z . « " °
o °© :o L
0.01 ‘ % . o« °
0 1 2 3 4 5 6 7
FLBREE /%
K3 RS T AR R LA 2R R T EE R S
FLIREA X R R

Fig.3 Correlation diagram between mercury injection
median throat radius and porosity of the pore matrix type
reservoir in Dengying Formation in Anyue Gasfield

2.3 i R I HFAE

KT REER. 200 /> AR S 06 40 4 26 BH i 27
WILBRE A 3.2%, BERFEEH M 0.01~10mD
ZIiEl, WpikRs BA AL, PRBEE, RSk E

LB, WHIERIZAE R ik 29535 28 ] LUARL FLR B
MR AL A B 1~2 M5k (B 4) . 24U
BTN JI LM AL, Bhngdss & B SM:,
S0 )1 B b AT L B O HLLBR I 558 34y
fiZedl (Bl 4) , #EMEZE, FEBERSHENKX
Me T g BBRe S, SRR RRRAESE, MTRA
RILE B arE (ILBREERLT 0.6%~2%, BiEFE KT
1mD) FHIZ4E kB (RILE ik B0 EE (B 4)
{5 /T FLB B T RR 291 2% B 6k 2wl 7= Tl <
W, MIMPEARILPRE TIRIE: k2, EmILIKB AR
(FLBREE A 2% ~4%, BEZRMLT 0.01lmD) "IHEA
A& Tl Re . (IRILEs LIk 2n iz
AT U AT R4 LB B T PR R T I ) A o,

100 g
10 £ :
()] r o"o ¢
& 1e
> £ ¢ o °
N}(‘@% L ) ‘
@ 01f P J
E e e o o JEIRALT
e SR o WG
: E & o Ky L] ° °
E -L.-!-_.
0.001 Sl ® P I I |
0 1 2 3 4 5
JLBREE /%

K4 ZEAIETZHE OERILRE SBERT2E
Fig.4 Cross plot between porosity and permeability of
core samples in Dengying Formation in
Anyue Gasfield

3 PEHRERUL B E il R BB S T IR

Ryt — B R R AR UM fif 2 AL BREE T PR A
SE T3 1%, 106 BB Y fif ) RN I L T Ak IR A 2 e A
(F 1) fEMHRSREE AR T BEAT 2 BADL™ REXT L SE4

3.1 KEHIEFNLE R

SIS Z G WS—2000 4 O e RE A L 25 A
MK ARG, SAT SR EEN RN, L8
F& 3 125MPa, #EF f) 57MPa, Hb2EEE 155C, 1F
RO . SR BRI, A AR K
75 ) A 22 8 40 S0l 3 ST AN (] I AR AL A 7 s 22 B )
BB, DIRERRBREE (¢), Xal
BIRER Y A, HTI=BIEER b, HEEER r, Al
WAL AR 2nrhg/ A R AR RN Bh 4 A S OB |
SED, bR EORGE R AR, B
HrrReE (R 1) , WAL A LRG3k,



164 O ol B R

2023 4F 528 4

B 1%~6% 2l (K1) , ZUEERGERBERT LR
0.1~1.8mD Z[A], LI H 5k (2~71) x 10'm’;

JE AL AL fif 5508 # V5 B 32 % 4E 0.004~0.015mD 2
], LSRR PEIEE A (1.7~26) x 10'm’,

®1 RESBOMASEREASHILEE. SEXREMBAHE MPa £~ EE. AEEE 15m TH"2

Table 1 Porosity and permeability of two groups of rock samples and simulated gas rate of single well with production pressure

difference of 5 MPa and reservoir thickness of 15 m of Dengying Formation gas reservoir in Anyue Gasfield

2] Feis FLIREE /% B#E# /mD BRI A /10°m’
1 1.09 0.1022 4.95
2 1.56 0.1864 14.04
3 1.82 0.9866 9.88
4 1.83 0.2911 23.69
5 2.08 0.2205 21.39
PBERI k)
6 2.15 0.0067 2.06
7 3.15 0.1566 11.56
8 3.66 1.5252 57.03
9 4.7 1.1462 61.55
10 5.45 1.7333 70.99
11 1.56 0.0048 1.72
12 1.84 0.0067 1.69
13 2.08 0.0089 2.25
14 2.25 0.0079 2.45
15 2.52 0.0486 5.42
H LA g2 16 3.05 0.0802 6.35
17 3.46 0.0269 7.88
18 3.59 0.1484 8.93
19 3.97 0.1073 7.28
20 4.33 0.1251 8.65
21 5.08 0.6795 25.85
32MEMBHAFREIME. BERAEMES 4 2B fCH LR R TLPRE TR

FHIE

LIRS s A B (R HEE Tl I REbr i A
2.0x10'm’/d, MBI BT EE, ZRIE
Jrxt BRI FLBRE TR, &&= R4 518 0.7%,
0.008mD; ARYEHE AL A% BRI a5 5, % BIE Pt
FLFFLER BE R BR L & 2R TR 14 1.9%, 0.006mD
(Bl 5) o PIdA R ™ Rl S 08 B i e LB B
FRRVEE 0.7%~1.9% ik 9, FLERE T PRIE AL, H 1
e s (HBEHR FIREA -, oA mEEE
FERAHE, i BORIE FUH B B 2T IRAY 52N/,
Al HE ST A5 B TIRIE S 0.008mD, =& 541
PREEAHSCMEA R, ik 2 5md EX 0 LR B TS PR A2
WK, Toik R P REBAUTETAE Lo X5k 5 | T
BB, BER MR R, Bl EEER TR
FL B BE T PRAY SR

4.1 EERBERE

PR R fi ) A A v R A
Rfig Btk AR Y, L, R sk Rl A ik B B
HIbRI, TUAE AR T8 ik 5, o8 fi il B S VA
HARPE 2448 70 fif B A0 ALY ik 2 = ReBatlsn e, /£
AR KE T, A% BB ER TR L e,
FLBRE TR L, A, A TWHE L, ACHERE—Fh
GeitF I, MO RARIRG:, ZTER A 6
JHh U i R B O B R 2 BB R A T
FLBRSE . BB, SIS RAA R REKIZ R
sfitt 2 ALBREE . BiER oA (B 6) o AL, Fl L, A5y
RGP ZERE S A AN Xk (B 6) , X 1
FN IR oA L, X5 B8 B, X8 T ARV 4
L Xy “G30C %2, FAEALREEZE R ZL



%53 BBV SR Ak R E BT i 2 LR T RR 165
100 1000 =
5 g ° o e e H F =36 020002
[ e S 100l R=0.7726
o 0o . b E [ 7 X
iz o 1] 8.
S owp e ® [y=4.1291x IR, | © A e o~ .
m C o 2, O o Y™ e o
ik F - R>=0.5069 L et
o o Bl
= o ° = g
s s E r
1 : | | | | | 0.1 bl el el Ll
0 1 2 3 4 R 0.001 0.01 0.1 1 10
LB/ % %A/ mD
(a) 257Nk E AU RS H ™ e 5ILBRE A SR B (b) 2R i BRI H - 5 5B R S Ui E
100
100 £ 5
- &
= = ]
™~ [} T e
gmj ....... ﬂ“j* ..........
= 10f .._.. = 10 3 ° ...‘,.-.-.-5
:ﬁ: E L] .-'.'... # Fo e o — 0.5135
= [ = F e y7277.069x R
;T?K b ‘. =0.5373x213% ;?E F - R>=0.925
Eat —ﬂ." 1 R*=0.908 = 4[.--.'
1 L - 1 1 1 I 1 P | | |
0 1 2 3 4 5 0.001 0.01 0.1 1
JLBREE /% BiE#H,/mD

(c) ALY il BARALL S H 7 R S LI e & Wi

(d) ZERFLAL i B H P i 55152 S U A

KSR HAT AL AR SC IR A R AT 4]
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