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Abstract: Tight oil reservoirs mainly include tight limestone and tight sandstone, and there are significant differences in their
microscopic characteristics. However, there are relatively fewer comparative studies on tight limestone and tight sandstone, so
it is very important to study micro-pore characteristics and recoverability of different lithology tight oil reservoirs. By combining
cryogenic nitrogen adsorption surface area, nuclear magnetic resonance and high pressure mercury technology, this paper com-
prehensively described the pore structure differences between tight limestone and tight sandstone from various scales including
nano scale, submicron scale and micro scale, analyzed the effect of pores at different scales on permeability and fluid occurrence
state, and studied the difference of the starting pressure gradient and the effect of throat on the starting pressure gradient. Tak-
ing the central Sichuan limestone and Changqing sandstone as an example, the results show that the tight oil reservoirs have
development potential with permeability of more than 0.01 mD, in tight limestone, the submicron and micron scale pores are
important reservoir and flow spaces, and in tight sandstone the micron scale pores are important reservoir and flow spaces,
which are key to effective development. Based on numerous microscopic experimental analysis and low permeability reservoir
evaluation methods, 8 grading evaluation parameters of tight reservoir were proposed and grading evaluation boundaries were
determined, which is of great significance to determine the target of tight reservoirs and select the preferred blocks to
build capacity.
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Fig.1 Relationship between porosity and permeability of

tight limestone and tight sandstone
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Table 1  Micro pore structure measurement results of 33 cores
- KLY r<<0.1 pm WAk 0.1<<r<<1.0 pm KD r>1.0 pm
G b BRERILE  BEETRLE  RGUABE  BEETERICE BB B R TR L
2] (¢20) (%) % % ¢2D)
/NTF0.01 80.62 21.85 19.31 76.56 0.07 1.59
ﬁf‘f 0.01~0.1 66.76 8.35 31.89 68.16 1.35 23.49
WK
0.1~1 71.75 0.31 22.09 22.96 6.17 76.74
o /NTF0.01 84.85 33.03 15.15 66.97 0.00 0.00
ﬁf 0.01~0.1 62.37 24.50 37.57 73.68 0.05 1.82
Wi
0.1~1 27.13 1.06 72.73 97.41 0.14 1.53

S 0.0.05 % F1 0.14 %6 , I T BUH KA 0% K &
e 2 IR B IS O R R N R AL R S R 2
B0 0 L B 48 i i IR T B0 K 3R ]
T LA BT BUE O N [R5 35 28 500 W S X8 35 R
() 5THk. 3B % FAE /N T 0.01 mD,0.01~0.1 mD F1
0.1~1 mD = A X ] v, BU% K48 0B R oT ik 1%
K AT AR RALBRRROK AL, BB R AE 0.1~
1 mD B, HOKBAL B3 H by 6.17 %6 (H X2 iE %
USR8 T 76.74 %0 s BUR D 4 1B 15 % R E 5Tk
K A TR AL B X R 12 35 R X [A] A 5T Rk S
Sl 66.97 % .73.68 % F1 97.41 % . B8 K11 19K Z AL
BB 5 R Tk T DL 2 0% K S BT A AR R 4
KALBR B35 R 0 5Tk £ 2k A T ik 2L B A
HORGALBR  BUB D 7 KL R B B 5 R 5tk £
TR WK LR

X T KA B EF/NT 0.01 mD B 9K 4%
FLBR SR 2 ZE A fif S 25 1] (HOR S R 3 3h 25 1) L i
£ 23 (A 3t 8h 48 (B AN DR fE , o] TR R K BB R kK
T 0.01 mD B, A2 K 9 AL BRI oK 9 FL Bt G 2
L) i £ 25 ), b2 5 Y O Bl A [ L i 4R 2 TR) R
S MW ELE S THEDE BERNT
0.01 mDHF , 44 K 2% FLBR S = 20 il 4 25 o), (0 R 2
F L I BN A ) i 4 A5 TR R 3l 2 AN DR RS, AT JF
BTG BB KT 0.01 mD I, T MOK AL B2
G IR i Ky [T e =X k) el [ET I - SEg L B
L Bh S 6] W5 2 DT fC. 4 L % T 808 K R B0 1
FLBBERKT 0.01 mD B, %4 23 18 F 3 sh g T A
REVCHC , A B A IF & B ).

2 B DR RAEAR S 8

BRI A O AT AT 3 A I A P G S
R B AN 5 A7 FLBR AP A I ) SR (HD 34T R

I, AT LA WL B R /N 43 A DA B TR R /N LB
TR (CE 2 RAE L 2013) A0 AT 7K B0 BT S 7 U
PR N i 2 R D e B N T S T2 R T N
A3 B IE B 55 ,2007) , M 45 S 0L & 2 Rl 3 AR
YRR [F]95 335 R 0 O B AN TR) RUJEE I 3 P4 T
TR WK 4 FE S,

M 2 AT LR 1 B bl s ik | S
BiERZ M R IEMH KL R, M H B 5N
0.001 mD#4ME] 1 mD, v] 3l Ji 14 & 50 £ 15 %6 3%
JNE] 60 % EAR B 3B R AAME T BUR K 5 530
W02 AT Bl AR AN AEAE B 35 25 5 NI 3 W DL L 30
B R BUR R A O nl Sh iR | B S LR
B AN A7 7 B 5 6 B G R b A Hiod R A O FL R S
(] F/INAS S AT 3 7 A 1 ke g TR 22, AT Bl AR 5 O
B UG 1 AH G PE R .

M 4 T LLE B, 3% K 5o 0 B IE R
0.001 mDME] 1 mD, 7] 3h Ji 44 4y &\ 10 %6 34 Jin
F 60%0 . B A 0 HE BB B F 5 /N T 0.01 mD,
0.01~0.1 mD flKXF 0.1 mD =A%, /NT
0.01 mD# %5 0> °] 3y i 4K %1 ¥ 8 19.67 %,
0.01~0.1 mD YL AT 2 i 4445 450 121 439,53 %6
0.1~1 mD 0 1 8l i AR &7 34 56.13%.3
T ) 0 5010 95 35 23 2 0 F BEOAS [] R B8 0 36 80 4 42 11

80

. LE Gy o0
£ 60k * S ., * on
b & e*%er -
d N
L 40 Folst
=2 F PR X
= | ] Q’“‘ *
f_f 20 LIRCR XS
= . o3

0 Il L L J

10* 10° 107 10" 10°
121E % (mD)

K2 BUsaLBBERSWhRETTEOCH
Fig.2 Relationship between permeability and movable {luid

percentage of tight cores



1382 HEkFL % http://www.earth-science.net %42 %
BO[ mstik G /N 001 mD Byt T 59U 0 17 3
ol T . ee 5 15.60 %6 50.01~0.1 mD Ay -0 1 34 38 45 40 F 9
5 TRe m, e ¢ 85.37%,0.1~ 1 mD [ L 7] 2l g P 0 450 F 24
s Ha, F 00 ., 60.01%6.3 FIR A 94 5115 i 1 0 e IR ) R EE e
P A SR 30 43 T 5 9 A 0 20 40 K AL B ) T 5 9
Y . * PRV R 7.02% . 11.92 % F1 8.45 % , LBk 2%
L : . P— FLBGE 5 ) 1T 3 30 4 0 44 A 6,36 %6, 18,1206
ABECO) 40,65 Y% MK G FL I 4 il W 5h 0% 0K O %05 50

M3 BUE A DAL S SRR T o BOC R

Fig. 3 Relationship between porosity and movable fluid

w

percentage of tight cores

07 Ukt

;\? 60 KF1.0um s I
= 50 B 0.1~1.0 pm
B BN 0.1 pm
K 40
Mo
ﬁ_" 30
220
F 10

0

0.0004 0.004 4 0.008 7 0.0219 0.0511 0.7347
0.002 0 0.006 2 0.0109 0.038 0 0.2454
BIEH (mD)

P4 BB R A R G SE 14 7 3l U A 103 4
Fig. 4 Movable fluid share of different throats in tight

limestone

SO Uk
S KF1.0 pm e
& 60 ®0.1~1.0 um
R 50 ®/NT0.1 um
s
e 40
bl 30
220
= 10
0

0.060 0
0.096 6 0.5567

0.0010 0.009 3 0.016 8 0.0312 0.1840

0.007 3 0.0127 0.024 5 0.045 8
BIEF (mD)

&l 5 BUR A A [ W E Y AT Bl A A A
Fig. 5 Movable fluid share of different throats in tight

sandstone

AL By AR B0, 48 oK L B 42 AT 3 U AR 03 4 43 )
}3.28% .6.52 % 1 5.26 %4 , WA A 2 FL B 45 1 vT 3
TRy 43 0 R 10.88 %6 .17.72 %6 F1 22.48 %, Tk
G LR 1 AT Sl A0 43 0 5.51 %6 .15.29 Yo Al
28.39 0. B8 I U BOK GFL R A i T 30 3 44 4
RGN B B A W, WERIOKR R 2, 9K AL BR A%
il AT B A A7 A A R A /N N 5 AT LR L 3K
BRI DB E RN 0.001 mD A 1 mD, Al 5
TN 8V AN T 6194 5 Bt 0 3 R 35 F 4%
A/NF0.01 mD,0.01~0.1 mD FIKF 0.1 mD =4~

2.31%.5.32 % F1 10.91 % B % b 54 W UK AL B 5
T S A A R Ay D S BROK AL R RN 44 oK )
AL i AT 20y YA A A2 A e B AN R B0 K S T Bl i A
F B A TE L AOK B ALBR N HOK G LB, B b
AT Bl AR 32 243 A AE W AOK ZFL IR, R Ut 3809 K
0 W AROK G 0 3 R BOK 28 S A T T b i
SORTE BRI T B N ORTE E OK I 1

3 EUE A OARLRIER AR

FIHARZAE R X R 58 XF 36 S B8 40 i
AT TR B Fe 77 B Ae 2 H Jy — A i i kL 3
A BN BUE ICE MR A 2 R B EE L anlEl 6 i
T B B 0 AR WG N BUR K 5 M BUE R )
JEJTBE B FE 2 /N K A O IR B B R NN T
0.01 mD,0.01~0.1 mD 1 0.1~1 mD =44 51, £ %
TR R 8l K 186 BE 43 90 R 2.12 MPa/m,0.53 MPa/m
F10.31 MPa/m, BU% #0753 & 1 86 B2 43 il hy
4.75 MPa/m,1.03 MPa/m #1 0.36 MPa/m. 7t #H [7] &
BRIGOUT B8O G R 5 R 18 AR T BUS > 2 5
BRI R BUR D A IR 80 8 B2 43 )2 08 K e
SRR SRR 2.24 455 194 £5 A0 1.16 4% 5 o] UL B %5
BB RGN B K R BUR D A B R IR
25 BB AR AR A B 5 W A A A — R IR R.

9
’g ( -
3
Sl - W EERE
4 * SUEDH
B’ -
<>
Sl= o
R - o “.‘0 - o
i <.
= o
0 . &‘.'““.o.,y_,
10° 10° 10" 10°
BIEF (mD)

K6 B R A B 3 R B X I
Fig.6 Comparison of starting pressure gradient between

tight limestone and tight sandstone



558 W RELE B A 0% ORTAK 2 1OW L BRARAE 5 ] 3l M4 1383
x2 BEHBBEHIESHER D ERR
Table 2 Characteristic parameters and classification boundaries of tight oil reservoirs
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