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Analysis on recognition criteria and enrichment factors of
interlayer shale oil of Es, in Bonan subsag
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Abstract: Limestone interlayers with different thickness develop in thick shale formation of Es, in Bonan subsag. Learning
from the national standard of shale gas and SINOPEC standard of shale oil , the thickness of interlayer that produces oil was
determined. The criteria, the thickness of single interlayer is less than two meters and the cumulative thickness of interlayer
is less than 20% of that of the formation, were regarded as the recognition standard for interlayer shale oil in Bonan subsag.
The interlayer at the lower part of Es; mainly consists of dolomite and its log response is characterized by obvious high resis-
tivity. The water cut is gradually increased in the process of oil and gas output, which supports the point that the shale oil
from interlayer mainly exists in free state. By analyzing the correlation between production capacity and enrichment factors
of interlayer shale oil, it is found that whether interlayer shale oil can effectively accumulate is mainly controlled by four
factors including generation and discharge condition of hydrocarbon , thickness of interlayer, physical conditions of interlay-
er and formation pressure and oil properties.
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Fig.1 Schematic sectional view of interlayer shale oil of Es; in Bonan subsag
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Fig.2 Relationship between production capacity of interlayer
shale oil and hydrocarbon generation and
expulsion conditions
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Fig.3 Contour map of carbonate rock thickness of
Es; in Bonan subsag

R T A e R R R S R R R OE R X R
0 Je J2 I BE AT AT o 24 SRR 2 IR B 5 1 L
R LU INT T%R, TR A P s e 5
e 2 RS 5 UM A — B IEA R R,
XTI /INT 2 m B A2 P39 2 RO
UM = R . WAGEC & 30T, 2 R 2
JEERE o A, U8 U TR AR R A /0N | IR Y 2 A e v
TR BRI /N, S U i A HEE
A g A 25 (A SR PR . 7EJE 2P DA B
e 2 R JE K, 8o A F U T E . T
TR R UE, BB S5 ME LRI 45 i e
JEH TSR I TAE RS LA RS B, 75— R |
WM AR R AR . R, R 2 R e v
B g iR A Je J2 e s 1) LA A BRI B O R 0 T
TR R B B, Y BRI SR
U TEESE FL B/ INT 7%}, BN S 2 1) JRR R
AT I 2B TTUA T ) & RN A R g R
33 XKEYMHE

S 2P SR R A T i O R R, S
A TUAHAR H, S J2 1 R B T GE e T L2
LB, U R I B R e DU Jerb
JoT S5ty B 5 e JA B D ORI DU B —
PSR, A A BB AR DI . B FHR
ZR T R 101 FITE 172 2677 5 KT 1 vd IR
AR GUA IR A OB T MRS R BN, A E K
A1 SR 2 [8] B FLBR & B HA T ARAE  (BAERF SR
X T AR, il 8 e 00 Je b I3 257 B4R

FEVTE A3 A 4y ECELIT & B AR e vl
SRR R ER A ST I, RTRER o0 % A 2 1k
B2 AR — R IR R A E LS EH A
F AV R R 7= Az i Tl A LR it (B FL A& i 2
HA A LB RS B M 28 T A A e
P (225 G e A e

TR IR 5 )2 4570 HAT W S AR 1) — R ik, L
it B2 0] A R /IS 2685 R0 38 1k A AR FR AR K, 7 1k
2] HEE IR & T R AR K, /N
K, BIREHARRLL o WSS X 70% 447 IR R
A I BRI TUA S A 258 K, Wi G I 2 1
T 2 A A s i b E, s a5k Ea
FHEE , 2 A e B, BRI A 1 2 A i 2
BN R E . STRICAEHINH A R)ZE, ik
SARE N EH B A IAE SE S (B] A SR T
AE WL, HLE% 5 TSP 2 2 0.03 mm, 355385 5
A1 TR, AP AL, FLHLBE N B4
B, AR R B, R 2R (R DA AR & L
RO a2, PR AR H = AR,
At Brta i e oh O 1 = A g K
HRE, WAL K Z B, HAE K R T
R T AT R AR TN

2 A A A TG B IR 6 A 23 0 2 4 5% i
ALHE = A B i i Ve SR EE IR 22 XL A6
BB A AR BERS A ",
WP REL, A Al mEfL+akE,
FRAHIPBRER SN A AN A s,
AL 5, 2B A2 0.003 mm Ay & 7] £
FL, (EE AR AL FL R RN, B 20 B AN fL
B, B AE VD —Bo A = A )2, FLIE A DU
BAERE 1 102 th 5 A VR FH T 7= A 1 5 il F LB
A T L B T DAY O 2 R, TR LR 2 R A TR
BEHRNS RS,

0 3o S ) SH A R AT i 9 o e J2 A T
FOMEH I LR E S5, A=A R A
o A PR S5 AR
MU IMBE A LA i A s S R A AR R R R
JeJZ AT IR MW . BRI JE R DU S
St S FLBBE (0 AH S o M 25 SR (TR 4) B, A3
(7 1 5 e SR AL R BE AR DG R KR 0.917 6, FRIN AL
Bl PR AT, o A 7 R R, A ) S
IEFHEK R
34 MEEHMFEBHDE

T A TR LA 7 2 ELAE S
5 Z AR, 92 )2 BT 2 R BT — Y



$oodk: s

ARAENTAE: Jhv H b 0— BOR 2 B UM FUE e S i SR IR -19-

70
60
50
40
30
20
10

P (e d )

0
10 15 20 25 30
FLBRE, %

B4 REHTUEHTESXELEENXER

Fig.4 Relationship between daily production and porosity
of interlayer shale oil

e AR A, BT ML e T AR R AR R TR A
Jetor 22 v TR U 2 AL, R T R A e Y
TRIE 55302 B P TR B LA B W) A1,
IR IRAFE R HE i EZEHLH . )2
Rl s e 1 P8 B B AR R RE ), i T i) S BRI
R, AR T REE R A E R A e
T B S I 1) i 7 A i e A B, e J2 R iU
T i T ) BRI ORI O, P B A L
AIEAHSC G R (K5) o

200

150

100

Pe g/ (ted ")

50k

1.0 1.5 2.0
JE 71 &8

Bs5 XEETAEMBEHTESENRBHXA

Fig.5 Relationship between daily production per well and
pressure coefficient of interlayer shale oil

b2 F T3 A T P M 2 52 i DA TR
P EE R K Z — . [ Eagleford %5 5L I P2 Hb
DX 17 D90 5 B 244 0.82 @/em®, T )T R T 6 D7
iy T8 B 3250 0.88 ofem’, K THEEUR U8 TUA Hb
JZ R DR E A D B R . BIFSE R B
S S P G DR 2 R 2 T s — 2 SR R
Wi o e o, SR e DR RS HE R R AT
JZRIRE R L R v 2 R A i R 2R 2 4y
T 22 MR T R S5 o R B AR YR
R R VD — B e S R I R e
TH1 %5 B M 0.86 ~ 0.87 gfem’, Hb 1T J5 1KY BE Sy 24 ~
33.9 mPa-s, JE M BT/ T [RITRBL VR VUA it 5
BRI 22 1] 2 SR A A i R AR, TUA
iR = A PN o B R L S EA PN /S Wi
S 18 VD — B i 2 862 mY/d, X 21
AR 1680 mY/d, SRR ™ it ELHEERZ A 45 TL
FHI = RE , 458 M A B 0T 1 IR, SR

7 I AEREE A BT, A R s s T
5, 7t Dt A L Dt 2 B RORG BE R R, R
SRR BLIA 2 T EUFHRG BEHE R, N ITASA T 0
TP &% = @i 2w P =l N A N e S
A R N R PR SR R e BB, SEZR AR T Y
FEAG, (o s U 22 M LA i 2850 ) T AN 2 Ui g
A, NI B o ARG A F Y=

4 g

W B D — B e R R GU AR R
F R WA TR A B B B e i A, 4
BB T OB BMAK 7 AR |, I 2 B B Y
RAPIRAS I S £, Z R TUA A &4 E
BT AR TR IREE I Z Y Hh)E
JIFEIMI PR R . B U e i S A PR
i HEESRE e 2 AR LUK T RS
B ] IE A S5 R 0 i, LY R 2R 5 e
TUA R BE 1Y LB/ N T 790, BRAS e J2 1) S 35 J5 1
R, DU I 7= Bl o T v AR AR ek
VA AT SR LA B S, TR i Hh 0 R et 4
2% )2 TR TR, RUE R SR LAV A 7=, DTG
FEF AT A 7= H B PR S R R

SHE

(1] sk NIl MR, 2 5, 5 ORI ST () ] M A4,
2012,19(5):322-331.
Zhang Jinchuan, Lin Lamei, Li Yuxi, et al.Classification and eval-
uation of shale oil[ ] ].Earth Science Frontiers,2012,19(5) :322-
331.

(2] Wi, £, #61E, %.GB/T 0254—2014 TUH AR / fifiht
TSP EARIAELS L ALST : v by i ek, 2014.
Chen Yongwu, Wang Shaobo, Han Zheng, et al.GB/T 0254-2014
Regulation of shale gas resources/reserves estimation [ S ].Beijing:
China Standard Press,2014.

[3]  XIGERIE, IRAHE, RIS, 4E.Q/SH 0505—2013 G THHF % X
PRI LS L ALST PR AL AL, 2013,
Liu Chaoying, Xu Xuhui, Liu Cuirong, et al.Q/SH 0505-2013
Evaluation of shale oil exploration and constituency [ S].Beijing:
China Petrochemical Press,2013.

(4] TRAE SRR = BahBUA G2 INEOR [ ]l s S
SRR, 2014,21(3) :48-51.
Wang Qinghua.Turbidite reservoir prediction techniques in Sha
111 formation of Bonan depression [ J ].Petroleum Geology and Re-
covery Efficiency,2014,21(3) :48-51.

[5] B, R, wBkAg , 5 . U5 B ) b X b — Bl AR
PAEER SRR T M THBER Y 2, 2008, 6(3) :40-43.
Hao Zhiwei, Zhu Dingrong, Gao Qiuju, et al.Integrative descrip-



<20

o R

S

o & 20154F9 H

(8]

—
—
(=]

=

[11]

[12]

[13]

[14]

tion on turbidity sand body of Es; in Bonan oilfield, Jiyang Depres-
sion[ J |.Petroleum Geophysics, 2008, 6(3):40-43.

LI, PSR, A BRI A A RN S
WEFEL ] MBS R ICR , 2014, 21(4) : 89-92.

Cao Liying, Sun Jianfang, Xu Ting, et al.Experimental study of
wettability evaluation on carbonate reservoir rock [J].Petroleum
Geology and Recovery Efficiency,2014,21(4) :89-92.

s, 1A L TR I AR R 5 R IR T TR S TR —— A
AR U166 4 0 b DXty s 2R Ve i L5 U B S B [ ).
FiEiT,2007,53(4) :448-453.

Zhang Jinliang, Si Xueqiang.Mixed siliciclastic— carbonate sedi-
ment in rift lacustrine basin—a case on the upper part of the fourth
member of the Eogene Shahejie Formation in Jinjia area, Dongy-
ing depression[ ] ].Geological Review,2007,53(4):448-453.
A T, AR, A o A A AR R R IR )
BRI RE L) ). T AR, 2012, 14(6) :22-29.

Ma Yongsheng, Feng Jianhui, Mu Zehui, et al.The potential and
exploring progress of unconventional hydrocarbon resources in
SINOPEC[J].Engineering Sciences,2012,14(6) :22-29.

ARARE R AR EA, AE L DA AL | BTRAIE S K e
XEHEL) ] Al R 5 7T %, 2013,40(1) : 14-26.

Zou Caineng, Yang Zhi, Cui Jingwei, et al.Formation mechanism,
geological characteristics and development strategy of nonmarine
shale oil in China [J].Petroleum Exploration and Development,
2013,40(1):14-26.

ZRE IR B, VEIG A L SRR I 1) T 30 R O K
SV ] CHLTT S R IR, 2013,20(3) : 30-32, 36.

Li Hai, Tang Dazhen, Xu Hao, et al.Analysis of hydrocarbon accu-
mulation period in Paleogene reservoirs, Shizigou oilfield of Qaid-
am basin [ ] |.Petroleum Geology and Recovery Efficiency, 2013,
20(3):30-32,36.

B MR R, A R X b B SUA R S
JEVERUIN LT ] =Bk, 2013, 11(3) 1 12-15.

Wang Zongjia, Lin Shuxi, Liu Jianjun, et al.Prediction of the post—
stack attribute of the mud shale reservoir of the Es; in Bonan area
[J].Petroleum Geophysics,2013,11(3):12-15.

S5 IR AR DI SORS AN e 5 SR LM ] At B
Jit#t,2014:95-102.

Cai Xiyuan.The theory and practice of fine exploration in mature
exploration areas[ M |.Beijing: Geological Press,2014:95-102.
B a0 IS0, 5 TR A S B M S B 2HAR 5 33 1
AR A BRI R (T ] Al 2741, 2011, 32(4) - 611 -
620.

Zhou Yong, Ji Youliang, Zhang Shanwen, et al.Characteristics
and controlling factors on physical properties of low—permeability
sandstones of the Laiyang Formation in the Laiyang Sag, Jiaolai
Basin[J ].Acta Petrolei Sinica,2011,32(4) :611-620.

BRI, BUR O, A R TR ORI — BB B 12
FLBRGE A R E—— AR IR 2 M 4 B BAR DI 3324 1
LI CH B 5 R, 2013, 20(1) £ 32-35.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Cai Yue, Zhao Le, Xiao Shuping, et al.Study on pore structure
characteristics of super—low permeability and ultra—low permea-
bility reservoirs by means of constant—speed mercury intrusion
technique—case of oil layers of Chang3 of the Yanchang Forma-
tion in Fuxian exploration area of the Ordos Basin [J].Petroleum
Geology and Recovery Efficiency,2013,20(1):32-35.

AREL MG , AR 0 TR = S R WA O 2 AR
WALERIER LT ] TUBY R, 2007,25(1) : 78-81.

Li Hong, Liu Yiqun, Zhu Yushuang.Primary study on the origin of
lacutrine dolostones of Permian, Sangtanghu Basin, Xinjiang [J ].
Acta Petrolei Sinica,2007,25(1):78-81.

R X EL N A AR A E T SRR ER it =
(1] BRI, 2010,29(3) : 79-85.

Zhang Xuefeng, Liu Bo, Cai Zhongxian, et al.Dolomitization and
carbonate reservoir formation[ J ].Geological Science and Technol-
ogy Information,2010,29(3) : 79-85.

I SARANG-y [ I s m | LI [ R O = S e 8 S
[RAEDFTE (1] FHE 40, 2011,29(17) : 39-44.

Zhang Jiangjiang, Huang Peng, Feng Xueqian, et al.Analysis of
reservoir space characteristics of dolomite reservoirs in Shal low-
er sub—interval in Qikou depression [J].Science & Technology
Review,2011,29(17) :39-44.

FICH, BSONE, SR WAL MR ER 54 I A 11 2 A DU
AEZPHTLY ] A R IR0, 2012,34(6) : 17-21.

Wang Wenyong, Huang Wenhui, Tang Xinping.Sedimentary char-
acteristics of lacustrine dolomite in Well Shao54 of Zhanhua Sag
[J].Journal of Oil and Gas Technology,2012,34(6):17-21.
SEAC S SRV, AR . R AR T O AR TR e
o T D H R S W i it B 2 s e [0 ). 3 P24, 2011,
13(3):309-316.

Xian Benzhong, Wu Caixi, She Yuangi.Fluid abnormal overpres-
sure and its influence on deep clastic reservoir of the Paleogene
in Chezhen Sag of Dongying, Shandong Province[J ].Journal of Pa-
laeogeography,2011,13(3) :309-316.

ks e o PR HORTE DUR RGEf#)Z B0 o iy i ——LA
IR EERA Y LIV = BN B[ ] ST S RO,
2013,20(3) :46-48.

Zhang Kuihua.Application of density projection in prediction of
fractured shale reservoirs—case study of lower Es;, Luojia region
of Bonan sag [J].Petroleum Geology and Recovery Efficiency,
2013,20(3) :46-48.

R SR, TR, AR BRI TR R R
VLA B TAT o DAy ) 1) 1. s e —— v [ M BOR 2240, 2014,
39(7):848-857.

Li Jijun, Shi Yinglin, Zhang Xinwen, et al.Control factors of en-
richment and producibility of shale oil: a case study of Biyang De-
pression| ] |.Earth Science—Journal of China University of Geosci-

ences,2014,39(7) :848-857.
miE T



