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Factors influencing mobility of Paleogene shale oil in Dongying Sag,Bohai Bay Basin
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Abstract : In order to understand the relationship between mobility of the Paleogene shale oil and thermal evolution degree
of the shale in Dongying Sag, Bohai Bay Basin, this paper studied three critical geological factors affecting shale oil’ s
recoverability , including the evolution of predominant clay minerals, abnormal fluid pressure,and the evolution of hydro-
carbon fluid characteristics. Furthermore, we observed the movable oil existing in fresh shale by using fluorescence
microscopy , and measured movable oil quantity by using a physical simulation method. Results show that both mixed-layer
illite/smectite and montmorillonite contents decrease continuously with increasing shale burial depth,and reach equilib-
rium at about 3 500 m. Therefore ,shale below 3 500 m is favorable for fracturing and post-frac maintenance of factures
due to the weakening of hydration expansion ability of clay minerals. The continuous overpressure widely developed in
shale deeper than 2 800 m provides natural energy for fluid outflow. Shale enters into oil window at a depth over 3 000 m,
thus its oil saturation is generally quite high. Oil phase is predominant in shale with depth ranging from 3 000 m to 4 200
m,while condensate gas dominates in shale at a depth larger than 4 300 m. Shale oil viscosity decreases dramatically with
increasing burial depth, and reaches a relatively lower value at depth of about 3 500 m, then decreases slightly with
increasing depth. Fluorescence microscopy observations and simulation experiments show that movable oil widely exists in
shale deeper than 3 000 m,and the ratio of movable oil increases with increasing shale burial depth. Based on a compre-
hensive analysis of mineral transformation mechanism, fluid pressure,fluid property in shale,and movable oil experiment
results, it is concluded that the Paleogene shale below 3 500 m in Dongying sag has good shale oil exploration prospects.
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Fig.1 Clay mineral components vs. shale burial depth in Jiyang Depression
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Fig.2 Formation pressure profile of Niuzhuang Sub-Sag,Dongying Sag



% 3 1]

LA A A IS B AR M B i 3 2R i ] SR R [N 3R

411

3.2

AR REST s TV = S BT BUK A AE X IR AL, S it
Jil — 2R DURER G, R — IR L e B RO A
B IR A e X () B A v i )RR TR B
TR B LA e — E WY 25 57, WT RS WA DU A9 9
BURAR A S22 A A DR AR R, 2
S IR B AL = 1 8T S R A BB F

B A A T AR /% R
¥ /1 = e =R
WA | /R R - WEFLE VI ETE (mPa-s)
0 10000 T 0 20 40 60 800 20 40 60 800 5 10 15
1 000
FAHE
2000 RN FEITIR

3000 A

4000 -

JEITIR

e e

Fig.3 Hydrocarbon fluid characteristics vs. shale burial depth in Dongying Sag

m, JRYH T A G 8 2 A R B AR A R KT
4 300 m T A I R 2 I A S AT A, T A T
AR ;4 200 ~4 300 m Y T AR AR R 2 AR A 25
R H R AR RIEENT A AL R B (B’ 3) o =TT
BRI AR ARE MFA M HER ) /NT 4 000 m, 570
DU B Y 2 A L, LA e B () e, MR, PR A R

RERBESEUNE

K3 ACETMIRE 0O NS ARHIE S R &

A%, FAE W= BN T 150 m?/m? (R, 72 L
ARG AL R A AR A R AR A B i T <

o, SRl

AR P e i s e A HERR AL S5, % B LR A
LARZSHATIRTE , ROXHI A U AT AR HR R 3R 5B

SEH, LURFE AL B A R ) 2 i MRS I B B
PTCAE NIRRT . — B, Tedeid e b, h
THUZA EJZ BT, B TR R A S HE
R
AEredior . (HEF VN, A N U N LB b d 25k
IR R B 5 SRR 2 T 28 I SR N LB N
A RS AR T i R RN By R o O HL, e
RSSO XTI AL A A SR R —
R R — AL, 4 B 2 ORI R R H A 3
CIZRON PaHIA A Al PR IR RV AR e S A A
L ORI AR Y5 A T PR SRR R 2L

Xt P AT A 2 01 e AT, FFARE PR J5 AR
I p - TARE 77 AR AL S 5 1A
R, 5 TR B 5 2 ) Th 0 JFG L 7 ¢
LT BUR A AR 1R AR g, BiaT
B I A B BE U I A AR S

ARE MR D PU B U A i A i e b i e 2R AR
AHAS TGS JR /N T 4 200 mo B AR R O
AR , KAR L EE R Tl v, M AESE IR/ T 2 900

SHR(R,) H

AN

B, 4

B

ey

Ha

3.3 MRFMHEEZLNE

1k DL B 00 B IR AR DA R R AR A 7
HuJZ 25T R BRI . ZESF PRI R & B R R N
TeTUA ST A, FB R VAT AR E L= e X
RRMART HAE S TR FRA Sele i 2448 ™ I P RRAE o] LU R %
HF AR TUA WIR R TR PERRAE . L, A
T BH 39 3 40 8 T 25 SR 40 S A2 114 o P 0 e 0 BT 4
P AT DU P IR TAARS B i AR AL A . X T3
VA 1R R 3 A 5 O R AR R 3R T 2%
MR D HURS BE Y BRSO R TR

IR U B D0 PN 23 D RS B AR A an 1 3 TR o
e TUEZEE MR 2 & F THE KT 2 500 m H# 2
W T P DR B R i A, LA R R
A, 7T 2 500 m /9 20 mPa -
mPa - s, F7E3 000 ~3 500 m IR B P IR, B A5 AL
FOR TV, R SRR B Y DN R A G 2 R Rk
TR R A, TR ARG B - R I Ok B, |
3000 m AF % 3 800 m 14 I AR AU 0P RE BE 152 AN K
5 S A Sy Bt R I, VAR o, AR R S AR
IR AR A R T 5 2 S T RS AR AR AL

s A% 3800 m Ay 0.5



412 A5 KRR M iR

5537 &

4 T v B AT Bl I S S
4.1 & Bilw shE B R S

b0 B = b RS R EioK i N i 6 2 WA T i
DA A 2¢O A B o AN R o A St KA AL
Jit, R T P 5 5 e B o3 AN TR T 7 AR B8 9O B A
[F] 2472 DRI, TR AR T B 50 e S 0 7 s I
HARVETUA NP IR IR A, 70 W7 WA I3 e vl i
Bk o S LI BT P B S B DR S, 26 E IR
ARG DA R i BEAT LI o IR B A,
VR URORAT o 518 Ui il U E D) 31 H S i, PR AT R
AT O, SRS DL W NI o A ol AR S
I D R I N Y R L R NN VS
PRI 5 AR AL

IR E] THTRE R 20 B A i ) S Sl 6 AR bl
LA Hh LN S 9Ot — B B 0 - 45 (@ (18] 4a—
d) o AHREERZEATON G - B 6 - RiE (K
da,b) o Y T A BR IR Eh 0T W) B B —
B S O (E AR S KA LU SRR S I
FART B, 32 O BRIR h 8 WA X B ], S8 S IR )
PR — & G [ N o i S e e B e il ad ok

a

100pum
<. . S

100pm
[ e

WHMEE e S AL — A E W R A
JCHTRE MRS ARIIR BE B, BT R 2 LT — & R
JERTHR MO E AR i it ok o THIR RS ¢
e— MR A T O - G0 - WSRO - S H O (K
de,d) o BUEATOLBE )22 5 S b AN TR A7 IR 5C
s AR PRI A 1 22 5 . AR E R IEE G -
AR OFOLR VIR RS B BGR 8E 27 R
BRI, TR XL, AP R - S0 -
AR TR W Z 357 kel FE A, TR BT ke
FCAAR XA i, i R Al

TEPE 4c FIE 4d H, iR BT /NREBE BOR EBE
JEBE A B SR (SR 0) 2L, BRI TR
SRR R T/ NREE ORI i R S A R AL
Fini sl B, i S B 207 RRB e b
(22305 e (IRFR D7 R AE XS L3 ), b ez, m]
PATA A I 28 K 7 71 SREA% T 1 2 (I I iR A7 1, 5
ELAFFE AL /N3 O REE SO E 1 W] A%
PR, RIZ A T A T (SRR AR ) A IR
gt B, YL I R LB S A — e A R S il
T AR o ) S RO LI e B, 2 TR b D B
RT3 000 m A5 TF It ZLBE I TUERE b, K& T
AL ) ] S A 775

100pum
leae 2N

. 10()um-
=

B4 ARE MBE TUn RO R
Fig.4  Fluorescence micrograph of shale in Dongying Sag
a. BEGU1 I P =R B, B 3 073.2 msb. B 50 1 I, 000 B HHP 3 417.5 m;
c. M1 H, V=T B, HE 3 580. 62 myd. F 0T 1 3, 70 = F B, HIP 3 580.62 m



% 3 1]

LA A A IS B AR M B i 3 2R i ] SR R [N 3R 413

4.2 WEhiHKLE

1T BRI S 25 B, X T B i B il e el
S AIE , H TSGR T % AR UM T R
o TR AU B, o e m] Sl AT 0, HER L DL
SCHk e A AR T IR T B AR A R A%
R E TUR I RO AT gl i, RIS R - el
22 Y A2 Mt Jin e — R — W AR AR — i
PANUEIEEISUREI R ch & ISR WRLRTI N S e i)
IBCH 22 N DA R i AGIE— 25 1 0 A il it

TE S Al SIS g6 L SR 3 A5 ik R Al
i S L - QLU B2 50 S, (liF ek ) 1Y
AR AT Sl K A5 @ LAWSCAR 7 i L R
SOTPIT A7 B RS Bl i S ] R AL G
SR O A AN 7 AL i 5 il R A L ) 3
Tl 0 A ) 7R B TR 8 5 vl sl )45 % 3 O 2R
WHES,

3 bR 7 A E Bl Sl F s A L Rl S H
B2 8% ~38% , KA I FETRIE 1AL 58 RIEA — L
BETREESE N, w] Sl LE B3 ok, BEROC T 3 600 m 224k
EUE, HARTEZBWAAE—ERZE R A3l
LAt 1) P S 2 A L A T B 5 i 3 M AT
SR, BETR B3 0 Dok A o 201 2 L 491 96 o, 3 JRE K RE I
%, AR 5y il o

5 Zig

1) ZRE MBI R U BEER TR 0, 2R -
YA VE RSG5, S i & e A SRR )2 B g Dk
i, % 3 500 m 2247 Ak 2 P a5 . R By Ak
SIS DU TR K AR R e B R DA i 2 1) e 2R
JE 245 S5 AR

TE A%
0 10 20 30 40
2 600 T T T 1
@ o O
2800 1 ‘.l o LB
\ O DAL &S, 758
3000 R
‘~ X I R B
X X
3200 \
£ \
#3400 \
5 \ X
\
\\
3600 \ X
© N\ X
X
3800 [ ° o~ X
o) S~ e
4000 o \\5@\\
4200 L

PSR MIRA e ] Sl He ] 5 3R AR
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