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Fuzzy mathematics-based reservoir evaluation in the southeastern Pre-Caspian Basin
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Abstract ; Kazakhstan Pre-Caspian Basin is a craton marginal foreland basin located in the southeast edge of East European
Platform and is one of the main petroliferous regions in Caspian Sea. Terrigenous clastic rocks were widely developed dur-
ing the Triassic-Jurassic in southeastern Pre-Caspian Basin. The reservoirs are dominated by sandstone and siltstone of
shallow marine shelf facies, shoals facies and delta facies. The poroperm characteristics of the reservoirs are medium
porosity and moderate permeability as a whole. The well logging interpretation shows that the reservoirs physical properties
and pore texture are of strong heterogeneity. Based on fuzzy mathematics evaluation, this paper optimized the geological
factors through multiple regression analysis and smallest secondary multiplication, recognized porosity, permeability , oil
saturation and sand thickness as the key geological factors, and established fuzzy mathematical model. The new model
overcomes the complexity and subjectivity caused by various uncertainties that are common in traditional reservoir evaluation.
Multiple model comparison reveals that the favorable reservoirs in this area are J, I and T1II.
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Fig. 1 The Pre-Caspian Basin structure division map and location of the study area
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Table 1 Reservoir physical properties of the Upper Triassic in the Pre-Caspian Basin
H5 T/ m JEH/m f#ZIEE/m FLEEE/ % BER/(107° pm®) EIRMLFE %
DK2 2 583.6 2 593.6 10.0 10.92 40. 68 73
DK2 2 618.6 2 622.9 4.3 19.51 341.97 49
DK2 2 635. 1 2 639.7 4.6 18.22 152. 83 70
DK4 2 596.7 2 600. 3 3.6 2.39 60. 57 70
DK7 2 568.7 2 595.9 27.2 3.69 29.34 60
DK8 2309.5 2317.3 7.8 6.01 88.20 60
DK8 2595.5 2599.7 4.2 19.33 139.37 76
DK9 2303.0 2 308.0 5.0 4.15 51.33 60
DK10 2 589.3 2 602.3 13.0 11.04 21.50 55
DK12 2574.6 2 590. 8 16.2 13.23 121. 35 58
DK12 2622.4 2627.4 5.0 2.73 72.09 62
DK15 2278.5 2 285.9 7.4 17. 87 257.03 53

FRYEM I EC G AT, % X g5 2 2ok
Bo i [ F =SS E b s . IR g Ll RiAE |
EEEAR IR AR AR )2 R ERD A AU b
Fro FHAEES PR G =& F % Bl ik
JEZRIMA A R R I A R 5 AR
RS NE 2,

FR A X B R BN FRAR I, XA X 20 H 3
1T TAESE)Z R o FnE v il 3R B Fh =
SR RS G FLBREE S 10% ~20% ,BiE %K 0.5 x
107 ~6 000 x 10 > pum® ; =B R LB R 17% ~20%;
BRI ALK, AR BN T 1 x107° pm® £
900 x 10 ™% pum® P I, 2 B RBCA AL -
B R RER AL - KB, 2 F 12 T, Tl
V3 I IE b 2 ) 24,8 MPa, SV 4400 FE ) R
6. 15 MPa, #i )25 4 69.8 ~78.9 C; £ )2 T i
T~ 157 I 4f M )2 R )7 28.6 MPa, V- B 48 F1 )
2.6 MPa, 2l )% h 73.0 ~76.9 °C,

fitt ) Z AR BTk V- T AR 34 Bk |2 )R 35 5 A
JER AR R AT o DU I O R A
S BEA G FLBR B B0 AT 0 AR Ak SRR i
TEOLAE ST, A5 DDA JBE B 45 K A 3 A L 1) LB )
PR, AR R, AR b R B v A%

B EAE M EARG W E)Z R, T =55 -

E=BRMRZ I U IR B T A BURE AR B
FURAE T2 i " o AKX 035 )2 B8
VU A i S DU ER SR W, oA J2 LA A 22 5]
BRI T — &SN HE )RR RN EE ),
AEARIZ Y T A R R PTG R A R
P R0 2 28 41 7R el P4 | W 54 R i A R % b 2 5 AR
o WHNTTIZ KB T A& AL A H S HIEZ AR
NZ A TR B X AR . i s
2 FEE R X 5 R R LA A L2 R
FEATER N2 A B I W Rl 12 B AT R £
LR R R LU

3 BOMIECAPROY

TSRS 27 AE AR DB G Wt 1 [ B ) AR 1
T o 1E PR RO R B AN E 1 ] B ik BE A 2
FAFI R AT R AT LU E 8 AT A 58 38 A
BIGES, g N E R R, B AR
TR A B P A AN E A, LSRR K m] Lo
w5 e L R W R R 2 A E T
AR ITEZAE, X I8 P Bh R = 3 ST i
BB L A P NES) 2 ] . B R T kA
TR LA TR o

R2 EBEZEM), | —TIHEYESHREESIT
Table 2 Reservoir parameters and reserve statistics of J, I — T II reservoirs in the Pre-Caspian Basin
A= yth H
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= km? % 0/1 FEFI/MPa  (g-em™?)  JEE/m AR JES1/MPa BE/C (10* 1)

(o]
I 1 3.84 14.3 0.523 5.90 0.827 8 4.36 1. 120 21.7 66 92.55
L 1T 3.89 16.0 0.613 6. 15 0.887 2 5.53 1. 120 24.8 70 167. 13
TI 8. 06 20.0 0. 640 2.60 0.8517 11.09 1. 094 28.6 76 890. 73
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Table 3 Membership values of geological facters

in the Pre-Caspian Basin

I3 B, fLBEE/ JsGmiA RS/ JERTIINEN
km? m % /% MPa AR
0.4764 0.1589 0.2509  0.523  0.8278  0.7018
0.4826 0.2473 0.4302  0.613  0.8872  0.7018
1.0000 0.6945 0.7904  0.640  0.8517  0.6097
0.2854 0.1638 0.5350  0.662  0.8880  0.6097
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Fig. 2 Relationship between oil volume factors (B,) ,

viscosity (u,) and pressure (p) in the Pre-Caspian Basin

*4 EEBRUMBEEREMBFESITEN
Table 4 Comprehensive reservoir evaluation with

fuzzy mathematics in the Pre-Caspian Basin
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