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Quantitative characterization of Shahejie Formation sandstone carrier connectivity
of the eastern part of the south slope in Dongying sag
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Abstract; Based on analysis of production performance data and gas chromatography {ingerprint characteristics of oils {rom the second
member of Shahejie Formation(Es,) in the Wangjiagang oilfield, Dongying sag, connectivity among sand bodies was investigated and
a mathematical probability model was established, and with this model, the sandstone carrier connectivity of the Shahejie Formation
in the eastern part of the south slope of the Dongying sag was quantitatively described. The results showed that when the net-to-
gross ratio 1s lower than 20% , sand bodies are isolated {rom each other; while the ratio is greater than 20% . the connectivity proba-
bility increases gradually with increase of the net-to-gross ratio; sand bodies are absolutely connected together when the net-to-gross
ratio is greater than 80%. In particular, the connectivity probability of Es;? sandstone carriers is lower than 20% except for several
areas such as the Wangjiagang oillield, Bamianhe area and the southwest part ol the study area. The connectivity ol Es;' and Es,
sandstone carriers is very good, generally greater than 80%.

Key words: sandstone carrier; connectivity; quantitative characterization; Dongying sag; Shahejie Formation
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Fig.1 Tectonic division of Dongying sag and location of study area
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Fig.2 Statistical relationship between sand body connectivity

and sand content
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Fig.3 Change curves of pressure with time
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Fig.4 Change curves of fluid production with time
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Fig.5 Change curve of fluid production with time
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production with time

3.5 FlERSHEREREYL

AN TR SH TR B T3 B R R R S TR/ 2 B SR S el
T2 EBEaZ0EE. ALY aAR S /i
- ZER BIER —RIE R -/NE R R
22 B 53 R T A JB R) — i YR R TR B 3E
TR S5 Z (B B AR B A R L AR W0 e A A K e 4 A B9
ZR R AR B FE—ERMESR ;[ — & il
o R A e AR B 3 R SR IE AR AR AR LY. I
A 3 0 A R 2 R 3 18 SURRIE B R ) A
B Bl A BOR S A 2 M F B L R B SE S (B R A 5 A



696 £ i

2 Eitd 20134 B34 %

T 61 XERAYIE 61-74 F 18 61-56 FH A Es;” 24
BT g 35 s AR AE AR F AL (B 7 L B X 2 O FF
¥ Es,” #0224 F R n] B AH B %18 .

30r
25F
—%— & 61-56 FF
20F —=— i# 61-74 H
o
3 1.5
1.0}
0.5
O - 1 1 ll 1 | S I
I 8wos 7 9 11 13 15 17 19
BiEL

B 7 BHFEImEIEEFE

Fig.7 Characteristics of gas chromatography fingerprint of oil
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connectivity of Wangjiagang oilfield

3.7 EEMEEINEIE

1E F R EE BT, FRTE —F 5 H W
HBEAS 55T MERATRESITET, & o6l Xk
i 61-29 3 Es,” B0 Z MBI 43%  FI R A
AT E R EREBE R 68% ;18 61-98 3 Es,” #b 24
HIRD I EE S 56 % B0 A % B AL 2 h 87 % 5 I 3L Tl 61-

29 JEFIIE 61-98 H B HiE 61-70 H Es,” B2 4 g0 75
Ho bRy 54% PR R A 85% (R D, B b
WA AR, X 3 O3 Es,” W2 AW A%
EMER K, 45438 61-29 3 .18 61-98 F .38 61-70
F ES,” B0J= H BI TR K A 1 DL AR I 3 il xS 3
¥ Es,” B R E MR ERAT TR . BAX 3 0
It Es,” B0 )= 4B RD S J A8 L 2 0 1Y s BLAh, A sE 61-29
F 7K AR Bl A [E) 22 4G s B K ANl 61-98 H L aE 61-70
7 (] 2R B R E . Bid 3 O Es,” @
J2 R DA A A A 0% Y (B 90 XTI B K 0%
EBE AR B P ARG B S5 R S KPR BB LA Y &
(R 1), R IR A 52 3 AR AR AR Y v S A9 . W] LU >k 2y
A BF 52 0K PN 0 S Y 5 1
F1 WEEEMERSLFERBERILL
Table 1 Comparison between calculating probability and

actual results of sand body connectivity

H5 B @hHbtb/ % EEME/ % EhEEE
ESQ5 43 68 J:IE@
6 NP
[P 10 0 it
Es,’ 49 80 pussiiil
Es,® 84 100 ﬁ@
Es,? 54 85 A
6 n b
oo "0 ’ A
Es’ 50 81 5 3E
Es,® 89 100 %
Es,® 56 87 il
550 ) S 3k
woros B 16 ( T3 8
Es’ 49 80 iE
Es,® 88 100 o]
20000 S T 6108 3 20000
18 000 —5— 3 61-70 3 18 000
e
= 16000 i 61-29 3 16000 =
i 14000 @
4 -4 12000 §

B9 Fk#EAkEMFRAFTHERE EELFRL
Fig.9 Change curves of water injection amount and fluid

production with time

4 3E I MR R AR AU TE AR B M FE RE AE AR
B vb il 5 21 ) g A
FI R B3 BT 4 ST A BT A G2 3 1k ) RE AR R B AR
AU AR YR VT T 40 A B/ W B f 0 B R, 2 I T AR T
MRS ARBR Y B WD B TR WD -BRPTE
S FEPAERFEMERESTEE 108 1.8 12),



#4H

B ELAE R T T R R B b R AL o i S R TR e AL R AR 697

4.1 =BT ENSEEET

MW= EHh B AR SENEEERFITEG
(B 10D, B £ 2 5 70 ML/ F-58F fE 127-18 &
11-2 25-F 13 H—a ob, Hoftih X ¥0 = B o T R b 4
EEEERZE, REFEERY “RPLERD S Rt
JE R ok AR T SR = R W R R AR B i AR

PR RBEGR™ B0 b LR B0 AR (8] Y 2 e 1 2% L
R — AR T 20% . EZK b4l M N -FE 5 XE
127-18 7 11-55 25-F 13 H—H ik F 2 R MER
AR R AR B 20 VIR E KR 0 YRR E A A (7]
2R AN 2 IRAE B R AT AR & (18 W R 4 ) &
B E P EE R, — R T 60% (B 10).

\\_/“4&33/ o125

o
9‘10133 %10

JLAT 3 33 HE
T g

Lo | %3 [0 |4

Bl10 FEMEAMNFEARSI="BRPIRGEASEEEGTES HHE

Fig. 10 Distribution of sand body connectivity probability of Es;* in the eastern section of south slope of Dongying sag

4.2 HZRETRWEHSEEBSIT

B R B ULARE L BT A KRR TR kR
T = AT RUE AT AT R X, i LK R
S WAL AT O ALK R A PR 8 22 B = U R4 o)

R IR AR RS ) B A B S E R, B (]
A BRE 1218 12,5 8 H X 4%/ % X 5 % 8
TG LI (30 % ~50% ) » o Ath Hh X ) #5145 12 3 #E 38
— AR KT 70% (B 1),

MTERR [o)mor [o)ws

B 1l FEMEEAEFRIZRETRUEHSEEEMES TR

Fig. 11

Distribution of sand body connectivity probability of Es;" in the eastern section of south slope of Dongying sag



698 £ i

2 Eitd 20134 B34 %

4.3 D_BEUWERNSEZERST

S = A = b R s o R = R NN =
WRTZ KT 20 W] JE A RIS A O 345 & B 3% R 1Y)
HEZIERDE BRRDE  FHRYS AU A
Ry B B] A AR B A e (B 12) . dEER A R EE

B — 7 0 1R 3% 38 AR 5 AR X A, — IR TE 40% ~60%,
SRR M X 3% 8 BE AR TF 40% . T A — 5 % i K
— e 60% ~70% . HIFXH K E 21-1 40 H X .
TUR M AT R E R AR RS, R T
80% (B 12),

Flpleht Iwraxs [olws [o]ws

E12 FEMEEMNEREDI _BUERSEEBEMES AL

Iig. 12 Distribution of sand body connectivity probability of Es, in the eastern section of south slope of Dongying sag

5 HiESITiE

(1) g ok A B RD R X bE TR 2 02 68 35 98 4L
XFEM BN/ B E R ST B ERE ERK
THHEGHE 61 SRIFE A IEE 5 MR B2 T F
P H G B w0 I v R B AR R DM E AR
20% I, WO (8] FEAS A 5@ 5 W b Ty 20% ~45%
B il 0 Ml EL 69 72 7 38 0 . RO AR 22 (8] T 6 % L B R
T AR BT D A (8] 5 O AR A R, D M L
KT 45 % if » RO 8] FE AR 238 5 2 00 L R T 80 % B
Wh A 8] 56 4 1 18

(2) 12 FIRY L b A 0 00 s 3% 5 i 1 $0A A2 A, X
ARE M T B BORD o S = B G P AT T BT
o BREZR T\ T K BT 5% DX PG R — i Ah
VERPEBRRSEDEREEERE; M =K E
BV BRI S R EE R XA R

(3) 3CHR B 2R R Y J5 15 3R W9 2 50 )= o 1A %
FHIE . A T2 RIS T 2 N & 2 (8 @ AR AE Al
MR B R AR T Al AR IE AR Y3/ L2 R 1E
KBRS R Z (8] 2 A5 1% 58, [ B 3R 45 B0 IR SE B b
BETWEZEE B R A WY LR HEAE
B AR R W JT B RS A (8] D SR B 0T U T 3 A A9 2 E

. T 0TI X SC bR & 1 %07 3 AT AR R
b b6 S ok SE B iy 3 R S A Y %) AT AGR

(DOl THRK A EA EBRTTRLE, 5E 17
FAAA X855 X AL B AL UL AR B B B = B
HRER BN L BT RIS A A R R T
ANRR B A T EAR B mIE®. |
T R %7 5 BT At DX a0 SR AR A R TR R
WA T R B TR TE IR A T A W A AE R B S
M RE T B, B IX 2B B T 5 3k
B4 TP BE B2 T RIS RS L R 7R B D L L
1k 5 J2 W0 % 58 T SO 1 PR A T A ST I iR
b5 5 AR AIE

Z £ x M

T RIS AR B U SR B ) ROH S R [T s 2
R4 .2000,7(3) : 11-21,
Hao Fang, Zou Huayao, Jiang Jianqun. Dynamics of petroleum
accumulation and its advances| ] |. Earth Science Frontiers, 2000,
7(3):11-21.

[2] BLess. whUs R N # B0k R AF AL R[] | R R Bk
Bl ,2003,14(5) :337-346.
LLuo Xiaorong. Review of hydrocarbon migration and accumulation
dynamics| ] |. Natural Gas Geoscience,2003,14(5) ;337-346.

[3] s, BWL,. KI5, 5 mREBn T B Lt R ER



# 4

B ELAE 7R T T R R B R LD o i S = TR e AL R AR 699

9

[10]

[11]

[12]

[14]

BT 4R . 2012,33(3) 1 428-436.

Luo Xiaorong, Lei Yuhong, Zhang Likuang, et al. Characteriza-
tion of carrier formation for hydrocarbon migration:concepts and
approaches[J]. Acta Petrolei Sinica,2012,33(3) ;428-436.

TR SCEH L BEAR AT R L L WA A A -5 BUBE 5
SR ], A it 24, 2008,29(5) 680-687.

Zhang Wenchao, Jiang Shuangi, Chen Yanjun, et al. “Facies-po-
tential-transport” reservoir model and formation of reservoirs in
fault basin| | |. Acta Petrolei Sinica,2008,29(5) ;680-687.
AL, B ey WG R A R PR i FH 78 8 b X ok — % vl A ALK B0
J12¢ Rl BT 1L Al 2E A 2010,31(2) :204-210.

Lei Yuhong, Luo Xiaorong,Pan Jian.et al. Simulation on hydro-
carbon migration and accumulation dynamics of the first member
of Yaojia Formation in the west of Daqing Qilfield[ J |. Acta Pe-
trolel Sinica,2010,31(2) ;204-210.

B, D e T B X R B R AT AR LD S
2 b RAE B AT RO PR LI ] A SR . 2011,32(6) :949-958,
Zhao Jian, L.uo Xiaorong, Zhang Baoshou, et al. A quantitative
characterization and effectiveness evaluation on sandstone carrier
beds of the Silurian Kalpintag formation in the ~azhong area. " a-
rim Basin[_] . Acta Petrolei Sinica,2011,32(6) :949-958,
S R U R SRR Ty S
R B AR LT L. A il 24,2009, 30(3) :332-341.

Wu Fanglang.Zhu Guangyou, Zhang Shuichang, et al. Types of
hydrocarbon migration pathways and its controlling effects on
hydrocarbon distribution in Tarim Basin[J]. Acta Petrolei Sini-
ca»2009,30(3) :332-341.

I WP B S B. F BT0 F  0H RB E
PR B 1A A5 I BIE ] ] A i A4 . 2010,31(5) . 744-747.

Song Guogi,Sui Fenggui,Zhao l.egiang. No unconformity struc-
ture in Jiyang Depression as long distance migration pathway of
hydrocarbon[ J|. Acta Petrolei Sinica,2010,31(5) ;744-747.
Bekele E, Person M, de Marsily G. Petroleum migration pathways
and charge concentration: A three-dimensional model; discussion
_J1. AAPG Bulletin, 1999.83(6) : 1015-1019.

[Luo Xiaorong. Simulation and characterization of pathway heter-
ogeneity of secondary hydrocarbon migration| J . AAPG Bulle-
tin,2011,95(6) :881-898.

Allen J R L. Studies in fluviatile sedimentation; an exploratory
quantitative model for the architecture of avulsion controlled al
luvial suites| J]. Sedimentary Geology,1978,21(2) :129-147.
King P R. The connectivity and conductivity of overlapping sand
bodies| M|//Buller A 7, Berg E, Hjelmeland O, Kleppe J, Tor-
saeter O, Aasen ] O. North Sea Oil and Gas Reservoirs 11. Lon-
don;Graham and Trotman, 1990;353-362.

RER. AR VRES R LA WARL ] Al R 5 IF %, 1990,
17¢1) :85-90.

Qiu Yinan. A proposed flow-diagram for reservoir sedimentological
study[ J . Petroleum Expoloration and Development, 1990,17(1) ;
85-90.

B0t AR . 22400 5. JE il J2 7 0 2% ML A ¥ B T 1259 O vk

[16]

[17]

[18]

[19]

[20]

[21]

[23]

[24]

BB B R 5 T & . 1993,20(4) 1 58-63.

Lu Xiaoguang,ian Donghui, Li Bohu. Areal macroscopic hetero-
geneity of thick pay and a discussing on the methods of oil poten-
tials tapping in Daqging Oilfield[]]. Petroleum Expoloration and
Development, 1993,20(4) ;58-63.

Jackson M D, Yoshida S, Muggeridge A H,et al. "hree dimension-
al reservoir characterization and {low simulation of heterolithic tidal
sandstones| J |. AAPG Bulletin, 2005,89(4) :507-528.

Larue D K,Hovadik J. Connectivity of channelized reservoirs:a mod-
eling approach[J|. Petroleum Geoscience,2006,12(4) ;291-308.
Hovadik ] M. Larue D K. Static characterizations of reservoirs:
refining the concepts of connectivity and continuity| J |. Petrole-
um Geoscinece,2007,13(3):195-211.

A Rk XN SRR A AR E MU I RO AT A 5 R
PRAHL . 2003,24(3) 1 215-218.

Jiang Youlu, LLiu Hua,Zhang L.e,et al. Analysis of petroleum ac-
cumulation phase in Dongying sag[ ]|, Oil & Gas Geology,2003,
24(3):215-218.

ROCA TR WA R L AR AR TR T R 0 R R ) A R
WEZELT ] A R AR R M BT - 2004.25(2) :209-215.

Zhu Guangyou, Jin Qiang.Dai Jinxin,et al. A study on periods of hy-
drocarbon accumulation and distribution pattern of oil and gas pools
in Dongying depression| J |. Oil & Gas Geology. 2004, 25(2);
209-215.

AL A PR R R R U T A AR R R R R AR
[T Aot o B AL B sl i 5 b 2R P BB 50 77 L 2010,

Lei Yuhong. Construction and quantitative characterization of
hydrocarbon carrier {ramework of Shahejie Formation in the
south slope of NiuZhuang subsag! D 1. Beijing: Institute of Geolo-
gy and Geophysics,Chinese Academy of Sciences,2010.

A, il AR T R b i b BT 5 B R — Pl A T B At A i
AL S A A LML b st Aulh Tl R R R b BB A
2003.

L.i Pilong. Petroleum geology and exploration of continental fault
basin I; Structural evolution and mode of fault basin| M_. Bei-
jing: Petroleum Industry Press and Geological Publishing House,
2003.

I UL AR VTR i A R B LR R S A LD BN L i IR
222006,

Hao Xuefeng. Conduit systems & reservoir controlled model
searching in Dongying depression| D . Hangzhou: Zhejiang Uni-
versity ,2006.

R RE BRI FE=RM UM FERNRIDL.F&. P
[E il k22 . 2007,

Gao Xia. Study on hydrocarbon passage system of Paleogene in
the southern slope of Dongying depression| D |. QingDao: China
University of Petroleum,2007.

W™ELA R L TRRAE 5. 278 10 I T VT il FH e T 2 i )2 0 5T
FELT ] A . 2007,28(1) :61-66.

Kuang Hongwei, Gao Zhenzhong, Xing Fengcun, et al. Descrip-

tion method for characteristics of stream channel reservoir in



700 £ 1 =4 Eird 2013 4 5 34 %
Xianhe Oilfield of Dongying depression[ J 1. Acta Petrolei Sinica, tinuity of Triassic reservoirs of Lunna Oilfield in Tarim Basin
2007,28(1):61-66. [J]. Acta Petrolei Sinica,1997,18(4) ;38-42.

[25] BB BREE X NED, 5. 708 M BE 58 = 22 2 T st 246 28 2 [33] BLRGEZAIRLT, PR CHE. HbhBR (0 5 48 SRR 72 il S % 8 1 K
FURZRTIL] ] SRR . 1998.12(4) :559-566. BBt SR A R A LU 121 9 WA 27 11 <M
Wu Fadong, Chen Jianyu, Liu Congyin, et al. Tertiary sequence LU s B bR CHB D 22002, 16(5) 1 302-308.
stratigraphic framework and sedimentary system types in Dongy- Huang Baojia, Li Xuhong,Chen Feixiong. An application of geo-
ing depression[ ] . Geoscience,1998,12(4) :559-566. chemical fingerprint techniques to insight into reservoir commu-
[26] FEHEX EH RN K. BEMBYMEL=BE——KEFNIE nication and production allocation;a case study from WZ12-1 Qil
LR TF S RA LT 1L A -5 R 8 AR T, 2002,23(2) 11277129, Field and DF1-1 Gas Field ] |. China offshore Oil and Gas,2002,
Jiang Zaixing.Yang Weili, Cao Yingchang. Origin and sedimenta- 16(5) :302-308.
ry sequence of Es3-Es2 in Shahejie Formation of Dongying de- [34] CEWIRFE AT RS NG S0E A S5 IE ah S K
pmssioni_J_t Oil & Gas Geology,2002,23(2) ;127-129. SRl 2 L] | A MRS R & 2004,31(1) 1 82-83.
[27] 7o BRI 5SS R B BA B O R VD VAT 1 20 i 4 9] R Wen Zhigang, Zhu Dan, Li Yuquan,et al. OQil layer connectivity in
?L{|_J:|. £l 2F AR . 2006,27(4) ;40-44, the sixth block of Gudong Oilfield, the evidence from gas chro-
Yuan Wenfang, Chen Shiyue, Zeng Changmin. Study on marine matography fingerprint technique'J]. Petroleum Exploration and
transgression of Paleogene Shahejie Formation in Jiyang depres- Development,2004,31(1) :82-83,
sion[J7. Acta Petrolei Sinica,2006,27(4) ;40-44. (351 T SCHE . SRR, FRIEB, S5 —Ff G 5 0 91 il 0 0 42 3 1 Y
(28] 45, AR 0E, XB A, &6, oo B AR A g o B i LT DL A ﬁ‘%fj_\.E‘ZH}"}‘%J’E{-,2UU4-,25(6):78-82‘
H2E . 1995,16(1) :32-37. He Wenxiang, Wu Shenghe,Gong Hougiong.et al. A new meth-
Jin Qiang, Wang Weifeng, Liu Zerong, et al. Establishment and od for quantitative identification of fluid continuity in reservoir
application of geological reservoir modeling[ J |. Acta Petrolei [J]. Acta Petrolei Sinica,2004,25(6) ; 78-82.
Sinica,1995,16(1) :32-37. (36 CRELAE.FRG B E. TR AN ik R AT . 6
L29 ] FEHR L XIRAR  BRARN. I 6] B AL R & AT T LT . Wik A TR T . 2008,27(3) 1 22-24,
AL 2003,10(5) :50-53. Zhu Hongzheng,Gong Jinjin, Duan Jinbao. Similar interference a-
Deng Yin’er,Liu Shugen.Ma Cuijie. Aggregate analysis method nalysis method and its application [ J]. Petrochemical Industry
of continuity of formation between wells[ ] 1. Fault-Block Oil &. Application,2008,27(3) ;22-24,
Gas Field.2003,10(5) :50-33. (37 RBX. BRI KA ERARE BRSNS
L300 AT & BE . SREOE . 5. B A ™ sl 7 500 0 Wt )2 % 8 e 2.2008.30(4) : 134-136.,
Tl L RARREHE S IT A .2006,29(2) :29-31. Tang lijang, Yin Yanling,Zhang Guicai. Study on connectivity of
Shi Guangzhi,Feng Guoging,Zhang Lichui, et al. Inferring stra- an injection-production system| J |. Journal of Oil and Gas Tech-
tal connectivity from production performance datal J]. Natural nology,2008,30(4) ; 134-136.
Gas Exploration and Development,2006,29(2) :29-31. [38] Liang X. A simple model to infer interwell connectivity only from
[31] X S RETE B = 5. % B bk sp ok 05 1 BF 581K 08 o8 il it well-rate fJuctuations in waterfloods| J |. Journal of Petroleum
By e LT ] Al R . 2003,24(1) : 73-77. Science and Engineering.2010,70(1/2) :35-43,
Liu Zhenyu,Zeng Zhaoying,Zai Yunfang,et al. Study on connec- (397 ®X¥E.Z0H. 50k, 55 BT RG0 4 7 B i il e (8] 3 25 0% @ 1k
tivity of low-permeability reservoirs with pulse-testing method WEFE[T ], fa 244 . 2010,31(4) :633-636.
[11: Acta Petrolei Siniea,2003,24(1) :73-77. Zhao Hui.Li Yang,Gao Da,et al. Research on reservoir interwel]
1032 ThEn RO, SRR, SE. S0 T A H = AR IR 54 00 14 119 M BR 4k 2 dynamic conncctivity using systematic analysis method[ ] ]. Acta

wrEll ]

Ma Ting,Mei Bowen,Zhang Jun,et al. A study on reservoir con-

AR L1997, 18(4) 1 38-42.

IS H B8 2012-11-07  Biefnl B HE 2013

Petrolei Sinica,2010,31(4) :633-636.

Yk TEED

)1-30



