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Abstract: In order to solve the poor effect and low accuracy of fluid identification of Es, tight sandstone reservoir in Qibei slope

belt, logging interpretation model of reservoir and fluid saturation is established, based on the analysis of reservoir characteristics
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and “four natures” relationship, optimization of logging series, standardization of logging curve, combined with petro-electric
and NMR experimental results, with an integrated approach of qualitative, semi-qualitative and quantitative methods to identify
and evaluate the fluid in tight sandstone reservoir. The relationship between “four natures” of tight sandstone reservoir in Es, is
complex, and the correlation coefficient of logging interpretation model is high, ranging between 0.75 and 0.95. Overlapping-
map method can qualitatively distinguish high resistivity oil layer and water layer. Cross-plot method (I,,- @ and I-I,,) can
effectively distinguish oil layer, oil-water layer and water layer. The water saturation interval of oil layer, oil-water layer, water
layer calculated by the legal quantity of the formula is 35.5% —91.4%, 60.5% —96.5%, and 77.2% —90.9%, respectively,
and the irreducible water saturation interval of oil layer, oil-water layer, water layer calculated by the legal quantity of the
formula is 30.3% —89.9%, 58.2%—90.1%, and 62.1% —64.4%, respectively. The coincidence rate of logging fluid
identification and evaluation results is 25% higher than the original logging interpretation, and it provides reliable technical
support for oil and gas exploration and development in the study area.

Key words: Qibei slope belt; tight sand stone; rock-electric experiment; NMR experiment; logging evaluation; petroleum

geology.
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Fig.2 Porosity-depth (a), permeability-depth (b), mercury injection curve (c) of Es, reservoirs in Qibei slope belt
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Table 1 Statistics of physical properties of crude oil of Es,

reservoirs in Qibei slope belt

Ji i

Wk e /ME SN F-H A KL
#PE(20°C) 0.81 0.89 0.85 16
R (50°C) 2.4 21 9.8 16
B S (C) 16 39 26.7 16

%) 7.78 21.3 14.7 16

T (%) 0.04 0.43 0.14 16
TR (%) 2.73 29.7 16.3 16
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Fig.3 Oilness of Es,reservoirs in Qibei slope belt
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Table 2 Electrical response characteristics of different fluids of Es, reservoirs in Qibei slope belt
pE ] GR(API) AC(ps/m) RT(Qem) =
4518 Fe/ME PN 4 {E fR/ME PN I {E fe/ME R E T {E -
2 57.38 102.97 73.94 199.45 325.26 243.58 2.53 43.69 13.02 52
K2 67.29 103.68 84.63 214.21 300.61 239.65 4.92 11.33 8.14 16
Kz 58.04 105.26 81.12 227.27 333.21 274.38 2.35 7.16 3.83 27

P4 B AU R U = Befili 2 A M- Pk (a) A PE - () B M- e il v G R (o) 23 T 18]
Fig.4 Lithology-physical properties (a), lithology-electricity (b) and lithology-physical properties-oilness (c) analysis diagrams of

Es, reservoirs in Qibei slope belt
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Fig.5 GR-V,, cross-plot of Es, reservoirs in Qibei slope belt
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Table 3 Reservoir parameter model and fluid saturation model of Es, reservoirs of Binshen 6 and Binshen 8 well zones in Qibei

slope belt
SR A R BEABL

P& s (V) V,=0.67-47°%-0.33 0.88 64
@= 0.307 5- AC-61.907 0.88 57
- &= 0.896 5- CN-1.492 3 0.63 57

LB (@)
&= -50.466- DEN+135.64 0.70 57
@=0.094-AC+1.338-CN-18.457- DEN+18.359 0.95 57
BB (K) K=0.002 7-¢"7% 0.79 64
HZ K HL A (R,) R,= (3X10°p"*+1)/(1.8T+39) 0.75 13
FIKMAEE (S,) S,=[(5.33R,)/(@"*-RT )] "7 0.95 23
ALK A (S,,) S, =84.745¢ T IK/@) 0.92 10

B 6 BRI v — B R R R S FLEREE (a) R B HE KR S E KR A (b) 56 R A

Fig.6  The relationship of formation factor and porosity (a), resistivity index and water saturation (b) of Es, reservoirs in Qibei

slope belt

14-84 3 23 P vb — B BB b A AR L SR ARk
I R HL B R AE R K R, 25 A HZE K H B R
R, KM 2 F, I8 1 15 50 87 245 5] m (50
a {5 2R FH B8 0o 15 D St A ] 0 e 0T %) A R A
H BHL 3%, 3 5 H BEL A R B O K R B BE 2y T
PR RO R S, T 2 n (AN 6 (L 6).

=R Z (F) 5B (@) I e 2R -

F=—13®+0.73(5), R=0.65,

LB % FE B (RD 5 & K i fEE S, (%) 1Y %
LK

RI=—1.857S,, R=0.95, (6)
B omon.a b Z B MHES5 N 1.3, 1857,
5.33 il 1.

R K L R R R B D S R AR DE A 1 G
SR, B RT3 BOR A K RN B R O Tk B
O S 6 5 RN S T 9 PR AR L A0 SE G kT DL B
Pz ) 7 oA K M R R AR T 0L O Bl RO &
S S M O s v I A Sl O N7 N e

2016 ) . I JFH A2 1 % 0 3 58 SR 4 K 4 D R
BRI HEAFEFEE HE S N
T DL B TCARE A A S GBXEZ BB AR L 2006)

AR 5T R 4R 14-84 10 He b — B S %
WathZ e, e HLILBRE BERE, it
12500 B i G 4R 52 58, s T, w0k L 3 B R
GEOKM R B (R 4). LW At E S REN,
Y B BUE R A )2 R R K i RN R A
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Table 4 Core NMR experimental results of well Bin14-84

R WIE HAiZ K FLER BB T, # 1k 1E A KA R
£ R (m) (cm) (cm) (%) (107um*) (ms) (%)
1 3 813.37 2.53 4.08 12.59 0.24 84.5 81.01
2 3813.38 2.53 5.63 12.63 0.26 82.4 80.57
3 3821.15 2.53 4.13 11.22 0.07 93.1 82.64
4 3821.16 2.53 5.73 12.58 0.07 90.6 82.57
5 3 824.36 2.53 5.63 13.12 0.09 91.4 80.14
6 3 838.67 2.53 5.91 14.39 0.94 92.3 62.03
7 3 838.68 2.53 3.96 12.68 0.31 93.4 74.67
8 3842.02 2.53 6.06 12.75 0.35 87.3 73.89
9 3846.11 2.53 4.05 13.95 0.53 86.9 64.41
10 3846.12 2.53 6.42 14.06 0.74 85.7 62.13

7 I 14-84 I S K A0 R EE 5 FL B 45 #4 4 BOC 3
Fig.7 Relationship between irreducible water saturation and

pore structure of well Bin14-84
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Fig.8 Overlapping characteristics of logging curves in Binshen
6-Binshen 8 well zones
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Fig.9 Cross-plotof GR-RT in Binshen 6-Binshen 8 well zones
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Fig.10 Fluid identification cross-plot of resistivity logging of Es, reservoirs in Binshen 6-Binshen 8 well zones
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Table 5 Verification of logging fluid saturation of tight sandstone reservoir in Binshen 6-Binshen 8 well zones

il CENEI I ALK A AN T By A A o—
451t (%) () (%) (%)

il )2 35.5~91.4(65.5) 8.6~64.5(34.5) 30.3~89.9(61.5) 10.1~69.7(38.5) 42
THK 2 60.5~96.5(81.3) 3.5~39.5(18.7) 58.2~90.1(70.9) 9.9~41.8(29.1) 13
Kz 77.2~90.9(85.4) 9.1~22.8(14.6) 62.1~64.4(63.2) 35.6~37.9(36.8) 3

TE e/ ME— R R CFEIED.

BEARL, S8 B KR R A A R AR N Sl A R ST X0 430 Sy 34.5 04 I
TR L K T AR A R BE S 4 R BE (Amiri er 38.5%; W K R Y A K MR BE b 4E L T S (H K
, 2012) , I 53K il 25 38 2E A7 X L, # ST 2 X 81.3% , M R Fl 5 T 10 AN [R) B P AR S R
T2 KR B R PR bR (R 5). 18.7 %, fH H 4l /K 1 F B &, 7 BIME A 70.9% , %t R
ZERRM, ‘?Hﬂ)%ﬂ@éﬁkf@*ﬂfﬁ%ﬂ%é@m’@%ﬂﬁ f14 T 2l AL A 6 0 BE AR L P A 29,126 5 K2 1 K
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Table 6 Comparison between calculated results of porosity, permeability and saturation model and measured data of Binshen
18 well
o PiREs 2R FLERE (%) BER(10°um?) FORMIFIEE 1 e
(m) (m) - - - - (%) (t/d)
2t %of 1% 22 AHX 1% 22 2 X D% 2 AR 15 22
@ 4 038.5~4 043.0 4.5 +0.18 +2.74% +0.18 +9.13% 52.3 9.16
©) 4071.2~4073.1 1.9 +0.53 +5.45% -0.06 -5.28% 44.2 10.54
©) 4 078.8~4 088.9 10.1 +0.11 +1.19% -0.07 —-4.37% 64.9 9.61
@ 4188.2~4 189.5 1.3 -0.24 -3.91% +0.04 +2.34% 85.4 1.74
® 4193.7~4197.3 3.6 +0.42 +6.29% +0.02 +2.19% 84.6 0.94
© 4 198.0~4 201.5 3.5 -0.32 -5.03% +0.03 +3.67% 91.3 1.78
@ 4 203.7~4 205.5 1.8 +0.58 +7.72% 0.06 3.49% 73.9 1.62
P11 R 18I v — Bt J2= 0 U R R0 g 2R &

Fig.11

A S 14.6% , B S K 4R B h AR, R B

Logging fluid identification results of Es, reservoirs in Binshen 18 well

N 63.206 , X N B9 R Bl A R R g, R

¥ N 36.8%.
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