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Table 1 Petrological properties of tight beach-bar sand samples

5% FB WEm o K el b R GESNI ik
HEE  ERE DB A HAsf A KR
1 €107 2871.26 48 35 2 10 5 0.5 6 4 2 0.5 iy
2 €66 2 871.69 51 31 2 9 7 0.5 6 5 4 0.5 iy
3 C108 3090.31 48 30 3 14 5 0.5 2 4 15 2 iz
4 B3 2717.22 46 32 8 5 8 1 7 5 4 0.5 Wy
5 B104 2026.61 48 36 2 12 2 0 5 5 3 1 WEh
6 B172 3394.67 37 38 6 15 4 0 8 3 0 1 WA
7 B172 3397.61 40 38 7 15 0 0 7 6 0 0.5 Wy
8 F119 3290.47 45 38 2 9 6 0 5 5 1 1 i
9 B424 3290.72 48 35 3 7 7 0.5 5 5 4 0.5 Wiy
10 A103 3291.73 49 32 7 6 6 0 6 6 2 2 Iy
11 F145 3292.26 49 31 6 8 6 0.5 5 7 0 1 ik
12 F120 3331.33 46 32 5 12 5 0 4 6 6 0.5 We>

h A, F N 169%~25%, FHIME R 19.67% . HBY
LR T 24360 3, & 1 0 2%~8% , F-HIME N 5.5%.
W5 5 R 4%0~21% (CF-Y1E R 9.42%) , F 2N T
file A FE = A1 CEY & 85051 5.08% #13.42%) , 1
UONRE TS 45 X85 708 0.92%) o b7+ H i T i
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FEAFLBREE /N 15% 3833 %/ F 10107 um?, FLBR
JE-EHE N T 12% , 538 FF- I EH/N T 1X10° un’,
SR BUE I AAEEE R
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12 P HOR M2 RRAE an (81 3 e, e b
mn T 1.2.4.9 10 F1 11 AR S FE S SRS 3.5,
6.7 .8 M2 FERbRE S . HOR S HN S 2 iR, IR
F iSRRI TE B A3 BRI R A HESK )
0.131~0.881 MPa(*F-34J{H 4y 0.375 MPa) , 5 K fLIE
1£0.834~5.611 pm CFHIE M 2.954 wm) , (A1 FP A
J£.770.83~4.59 MPa(“F-24J{E 4 1.87 MPa) , {0 Fl1EE HH{H
M IE 4% 0.16~0.886 wm (CF-YJ(E A 0.541 pum) ; WERD
FESAERIRBUN Z0TE B 43 BEAS 25 R i, HESK R )
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Fig.2  Porosity and permeability histograms for beach-bar sand reservoir
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Table 2 Mercury intrusion parameters for 12 samples

FEh G5 FLBRE /% BERX10° pm®  HEIRIETMPa RO AR AR J)/MPa FREIBESEE AR um OCHERIE R /%
1 132 0.75 0.192 3.828 131 0.561 91.76
2 10.8 0.62 0.565 1.301 2.11 0.348 86.29
3 8.4 0.21 1.585 0.464 7.76 0.095 50.54
4 15.8 1.82 0.131 5.611 0.83 0.889 77.34
5 8.5 0.20 0.334 2.201 1.95 0.377 90.47
6 8.1 0.06 2.898 0.254 18.87 0.039 53.73
7 8.9 0.22 1172 0.627 7.28 0.101 66.27
8 8.0 0.17 3.562 0.206 13.96 0.053 60.10
9 112 0.38 0.881 0.834 4.59 0.160 75.07
10 12.0 0.60 0.255 2.882 1.39 0.527 79.69
11 14.2 0.71 0.225 3.267 0.97 0.759 80.74
12 7.0 0.03 0.969 0.759 21.09 0.035 57.32
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Table 3 Physical properties and fractal dimensions
FESh G /% /% % /X107 pm? D, D, D
1 2.64 10.56 13.2 0.75 29795 22975 24339
2 4.32 6.48 10.8 0.62 2.969 4 2.148 1 2476 6
3 2.52 5.88 8.4 0.21 2.9973 24914 2.6432
4 1.58 14.22 15.8 1.82 2.993 3 2.136 7 22224
5 2.55 5.95 8.5 0.20 2.986 0 24130 2.5850
6 1.62 6.48 8.1 0.06 2.998 4 2.678 4 27424
7 0.18 8.72 8.9 0.22 2.9955 2.609 9 26176
8 24 5.6 8.0 0.17 2.989 4 2.5677 2.6942
9 0.56 10.64 11.2 0.38 2.996 4 2.507 5 2.5319
10 1.8 10.2 12.0 0.60 29925 24276 25123
11 1.42 12.78 14.2 0.71 2.9869 24129 2.4703
12 245 4.55 7.0 0.03 2.9959 24218 26227
22 OREH EERDUEMFLREMSKEINXR @R HiL, B4R LR N ZRE =

SR G X R

I3 TEE ST 43 T8 AR5 A8 2 FL IR RS 3 2R ¢
Fo WRIEFESYIES IR (R3), B4 D 5
it )ZFLIBRE b FiB iR k2 (A B 6 ] L R (F6),
R3320 0.819 F10.902 , MHSCFEE . ULBH /L 4E5L
A LU SEREAE 2 FLB e, BV E 7 TR 4508 K,
2 LB 5808 RN 2 LB AR 2%
222 HHAEHKEILREMEHKXZ

FLBR G5 HE L B LI R/ 206 P R 32 o 1 A 1
B HEBR R ) Py e R A A B R
P S ALME B A2 g TR LI RN, 4318 240 S, 36
LIS B ORCR W, T s FLMEEEPE . AR
WA S LR S S8R g R (- 7)), 53
TEHEEUD 5 Pyor, Pyt Py S, 1 W, 3 BAT 58
A, Hrp D5 PP IR, S, M
reo 2 UM OC K R, R 431 0.566,0.519 . 0.823 Fil
0.785, R Wkt & 77 T2 45500 & , FLMGE AR A T/
3D 5 Sp BIFAC KR RN 0.732, RUIRE G 7
TWAEE T =, fLME R i PEAR 22 s D 5 W, 2 fRAH G
KZ LR H0.656, FWAKEE 53T 45T =, FLIR A%

20

2.2.1

[ (@
y=—18.358x+57.249
R'=0.819

BER107 um?

FLBRZE W R IE O FE b , 20 TR E RS0 K | % )23 A0 it 22
S,
2.3 SRAERRNHTN G E

O M it R AR Y Bk o, 2k R G RL
IS0 NS 36 43 AT 2% FH v B ELME DAERAE DA PR A
i OB AR S IR AL AN i S 4 /N 22
L AR AR AT RE R O AP . (S BT
D[] 422 b S5z e bt J2 Pk 0k B LA S AR, 34
DI th 2 5 fLBRZ5 A HA TR R A AR DG, Rk, 7T 2%
IEHE ST — PR E 1 5 TARAE LB T 4R 5L
DU FRTASE Y, Bt -FL B 23T 4 25 S9N ) 3 A
i RS 5 AR A ) i 8 P 2 ) TR R, i v TG 2 o
23.1 M AHFAM

T T BRIP40 DN
MR A TR SR 0T (6 4) , R IR IHH o7 5 (e B 22
B A48 3B (IRLML-RNML) 75 55 22 (AC) L H 2R 4
L (GR) FIHLFH AR (RT) AHOCRR B3 1y, AHOC R A7)
5-0.907.-0.896 .0.877 F1-0.867 , i 5 /3 & 44 D 1
K, IRLML-RNML{E I8/ AC BN . GR (A K RT
{EI/ N

T

=
T

y==3.365x+9.049
R'=0.902

S
T

2 2:2 2.4 2.6 2.8
s 4D

2‘4 I 2‘6
BRAHD

1 1 1
2 22

K6 s3I 4% D-FLIRBE b RN A3 TE 4E R D-15 35 % k 2 3
Fig.6  Plots of (a) fractal dimension D vs. porosity ¢ and (b) D vs. permeability &



5558 PIRASAG:  BU MEND At S 25 F LB MR R AE  F50300 K vz H 1445
4r 6
e 1=6.05x-14.34 y=—11.233x+30.452
R*=0.566 R*=0.823
3r g
: £
e & af
= <
1F i3
il ] 1 1 &3 L
9 22 3 K 2.2 2.4 2.6 2.8
Y ICHEED
251 i+
y=37.762x-89.3 ° y=—1.899x+5.163
° R=0.519 R’=0.785
g 20F _ 0.8
& 15F 206
i #
= o=
T 10F 04
= &
&z ~
2 5| 0.2
0 L ! 0 L L
2 2 3 2 22
Ir 40
y=0.989x-2.143 ° y==34.534x+114
R=0.732 R=0.656
0.8 35k
206 § 30k
= i
‘.3,':7! }V{g ~
K04 = 25
0.2 20
L]
b o
2 22 24 2.6 2.8 3 2 22 2.4 2.6 28
SR IARED SAIARED
K7 IR gE SRS Esc 2K
Fig.7 Intersection graphs of fractal dimension D and pore structure parameters
R4 HERURVERSTEEL SN HLBEXRY
Table 4 Correlation coefficient between fractal dimension and logging type for samples of dense beach-bar sand
F MF2A LIPS0 s IR LIPS FFe MF2H LIPS i3
1 [EEZIERDA -0.597 2 148 =, 0.877 3 LIRS -0.867
4 T -0.802 5 W 0.853 6 Fh I 22 -0.896
7 I — Tk -0.907 8 Iz 0.473 9 I 0.692

(1) T e A 5 o B 25 {8 48 X5 i (IRLML-
RNMLI) RS 22 (AC) F 2 [ e PEAR 1k, DB
K, FLBRBE FN B i R R/ a3 (E 6) , T3
IRLML-RNMLIF AC B/ .

(2) AN (GR) F B A . D
S RAB WIRE i 22 R MDA R A, HLJR i i
D R/ IME RIS § K, S 8O 98 GRE
R

(3) HLBHAR (RT) 2 s e ik, BE& D T,
FLME AR, oy e AR 22 (B 7) IR IE B E g2
PRIXE TN, 20 i/, RT E R
232 MFFAMEA G E Z 5L

FE ST 7 TV 5 550 A LA 0 S N A 7 g LAk
D58 B AR ME R UTRA R A, SRR AR RE I

JZBE; b T RN A 200 I S B PO [R) 7 Sk 1 5
M, B 00 0 H 18 90 H- 1 26 (IRLML-RNMLI ,AC . GR Al
RT) , BEATAR )T — AL BE, A3 —fb AN

X — xmi,, <9)

X - X

max min

X =

FHREAR T — AL N X5 885 K 3 —AL )5 B9 IRLML-
RNMLI AC .GR FIRT{EX} D YEAT[RIAHE , F580 D Y
FEFI A
D=2.98-0.15|RLML-RNMLI-0.2AC+0.15GR-0.51RT
(10)
oD AT 4 IRLML-RNMLI A (L i A it 28 2%
HAXHE , Q-m; ACH IR 22{H , ps/m; GR R H AR
NELE, APL; RT A HLBHZR{E, Q- m,



1446 A

S 405

8530 s 00 = I A A 0 %) 20 T A8 3 i
REAETTHAG K T AEBEAT EE T (L 8) , RAEIA
0.936, FEA I JE 5L PR A P2 AR 5 22

3 BT IMEYEEUHZ PN AR e
A it 2=

3.1 EERITEMARE

SHICHEEL D VT LA SRR 2 LB YERE 45 G
WA 2 FLBR S A RRAE , B, A3 T 450 D (R
INSIMIEERERA — B B, o TR 4
D X JE T R RCR W52, AR R ST R L B H
X TG 244 1 H 7, R S R 4E 5D
ZIAI KR (FE9) 57 T I T 48 D A
FAECE MM 2 AR ifE (R 5) .

HAE H ™=l RS 5T 4E 50D B 4
THES R MR, DL H Pl o R85 546 45, 2 2<D<
2.35 0, AT LATDAGE S AT B A0 i )25, LGS, o 7 )22

3-
y=x
28F R*=0.936 ° °
=
=26 o H°
= (]
x|
=
E=s
& 241 ®
%
& L
(]
22
2 1 1 1 1 1 1 1 1 1 J
2 2.2 2.4 2.6 2.8 3
o3 TR R FRE A T SEAED

K8 438 4k % D I B A 55 1 ok Ei i 31 53 1 AH 5GP
Fig.8 Correlation of fractal dimension D log predicted value

and value calculated from mercury intrusion data

20 (a)

=)
T T
L]

o
T

H =3/ (t/d)
T

e i

SR

BEiy H =i KT 10 vd, 2R KT 90 1, FLER
FERT 14%, B #EF KT 0.9x10° pm®, P/ T 0.18
MPa,r, KT 4.1 pm, P,/NTF 1.05 MPa, r, KT 0.7
pm, S /NT0.19, W, KT 33%; 2§ 2.35<D<2.55 i}, 1A
FERARXT — AR Z  H R 5~10 vd, BE
R 50~90 t, FLERE K 10%~14% , 5 1% R K 0.4%
10° pm’~0.9x10° pm’, P, 4~ F 0.18~0.37 MPa, r,, A
2.0~4.1 pm, P,k 1.05~2.3 MPa,ry, 47 0.32~0.7 pm, S,
9 0.19~0.39, W, N 26%~33%; 24 2.55<D<3 i} , i\ iE
ABRTE 2 A, H P/ N T 5 o, BRI NT
50 t, fLBREE /N T 10%, BB % /N T 0.4x10° pm®, PR
F0.37 MPa,r,, /NF 2.0 pm, P, KT 2.3 MPa,r,/N T
0.32 pm, S KT 0.39, W,/NF26%.
32 AR

AU ST AR U 75 358 X e vb DY = 267 YO
B SR MEIURD o3 A XA 91, ) 2308 4550 D )
FE IR0 25 S X SO WEEMA AT T 2P . R
T AR DT A S E LR (F 10) , 25 G A0S M
FABURMEIM 82 25 5 PR IE (3R 5) DL BT f )2 1Y
SHICYEEL D Ry 2~2.35  FLBREE K T 14%, F L TE
AN IX 3k, 43531 R B424 H- X F1 C107-C66-B3 FH- X, 4=
BB A T % T P RE e, B 10 ¢
DA b, i R TT A Xl — il )2 09 0 4% D
h 2.35~2.55, FLER N 10%~14% , T 54 Hp 7E Py 4~
B, 43 5 hy B424 H X F119 X, C108-1108-C44
FEX I F145-F144-F134 11X, EZ IR, 50 A
0 A X IR BRI H 7=l R 5~10 v, AR I &
X3 F T2 4E 50 D X S0m e b A 2 T 25
TR, O — 25 T e X3k ) 358 B R 3l FH T 19
e SR T PSR .

25 Py a2 VPN R AETE T AR TR 3
ARVEUE ), 0 H AR B2 . A SCOriR 3T
P IEHEEL A ZE P 7 T AR AR T B B D R

150 ()

L 1 1 1 1 h L
2 2.2 2.4 2.6 2.8

Ko M IB4e D (a4 H ™=l BB E &

Fig.9 Relationship between fractal dimension D and (a) daily oil production and (b) cumulative oil production



LERE] PRIRZNAE - BUR M 4 J2 P LB MR RAIE 5000 22 1447

R5 FEMBEEMENDEEESITMIRE

Table 5 Comprehensive evaluation criterion for tight beach-bar sand reservoirs in Dongying Sag
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Fractal Characteristics, Prediction and Application for Pores in a
Tight Beach-bar Sand Reservoir: A case study for Dongying Sag
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YU WenZheng', WANG QiYun'
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Abstract: Reservoir pore fractals effectively describe reservoir porosity and permeability, as well as comprehensive-
ly reflecting reservoir pore structure and evaluating the level of reservoir development. To calculate the pore fractal di-
mension of tight beach-bar sand reservoirs and determine the order of production in these reservoirs and increase their
production rate, the tight beach-bar sands of the upper Fourth member of the Shahejie Formation were chosen as the
research target. First, 12 typical samples were selected for thin section observation, physical property testing and
mercury intrusion testing. Second, the fractal dimension D of the samples was calculated from the mercury intrusion
test data, wetting phase saturation definition and fractal theory. The correlation between D and physical properties
and pore structure parameters are shown, and a logging prediction model for tight beach bar sand was established us-
ing the following procedure. (1) The correlation between D and conventional logging curves was analyzed ; four log-

ging parameters with a correlation coefficient 7>0.86 were then selected. (2) Intervals of non-beach-bar sand facies
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were excluded. (3) To minimize the impact of the differences in magnitude of various logging parameters, standard
normalization was performed on the selected logging curves. (4) The normalized logging parameters were fitted to the
D value to establish a logging prediction formula for D. (5) The value of D predicted by the formula was compared
with that calculated from the mercury intrusion data to assess the prediction accuracy and effect. (6) A correlation
analysis between D and oil well productivity established a reservoir evaluation criterion for tight beach-bar sand reser-
voirs in the western block of the Dongying Sag, and four favorable development areas were selected. It was found that
the porosity of beach-bar sand reservoirs lies mainly in the range 5%-18% (average 11.8%) ; permeability is mainly
0.01x10° to 1x10° wm* (average 0.92x10° wm*). The porosity of beach sand reservoirs is mainly between 3% and
16% (average 8.9%) , and permeability is mainly from 0.01x10” to 1x10” pm* (average 0.67x10° wm*). All of these
values are typical of tight sandstone reservoirs. The pore throat radius mostly has a single-peak distribution in the
range 0.1 tol wm, but with different peak values for beach-bar sand (0.183-1.529 wm, average 0.8 wm) and beach
sand (0.059-0.189 pum, average 0.119 pm). The fractal dimensions of the 12 samples all lie within the range 2<D<3
(bar sand 2.222 4-2.531 9, average 2.441 2; beach sand 2.585 0-2.742 4, average 2.650 9). Analysis of the correla-
tion between D and reservoir porosity, permeability and pore structure parameters showed that D is negatively corre-
lated with total porosity, permeability, maximum pore throat radius, median throat radius and mercury removal effi-
ciency, and positively correlated with displacement pressure, median pressure and sorting coefficient: in other
words, an increase in D indicates worsening reservoir porosity , permeability, pore throat radius, sorting and connec-
tivity. Four log curve parameters were selected for standard normalization, fitting and establishing a fractal dimension
log prediction model: the absolute value of the micro-potential and micro-gradient difference; acoustic time differ-
ence; natural gamma radiation; and resistivity. Correlation between D predicted by the proposed model and the value
calculated from the mercury intrusion data reached R’=0.936, which meets the requirements of field production and
scientific research. For the blocks in the Dongying Sag not using fracturing measures, the relationship between daily
oil production, cumulative oil production and fractal dimension were selected to establish an evaluation criterion
based on the value of D for tight beach-bar sand reservoirs. The range 2<D<2.35 indicates a high-quality reservoir;
2.35<D<2.55 indicates a general reservoir; and 2.55<D<3 indicates a poor reservoir. Based on the proposed model,
the presence of favorable reservoirs of tight beach-bar sands was predicted in the upper fourth member of Shahejie
Formation in the western block of the Dongying Sag. High-quality reservoirs are concentrated mainly in the B424 and
C107-C66-B3 well areas. This study provides a theoretical basis for determining the next step in the reservoir produc-
tion sequence.
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