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Evaluation of movable shale oil reserves in the Es'" of the Raoyang sag,
Jizhong Depression
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Abstract ; The Es'" shale oil reservoir in the Raoyang sag, Jizhong Depression , was studied to measure the reservoir rock ,
crude oil and formation water compressibilities as well as original oil saturation variation with depth,which enable the de-
termination of the variation of the maximum movable oil reserves in massive and laminated shale core samples from diffe-
rent burial depth. These shale core samples were analyzed in terms of organic carbon content ( TOC) ,Rock-Eval and po-
rosity according to the well logging plot for the studied horizons. The results show that the movable oil reserves of natural
depletion and dissolution gas drive increase with increasing burial depth both in massive and laminated shale reservoirs in
Es'", except for a sweat spot area located at a burial depth of 2 500 m at the immature production stage. Under natural de-
pletion conditions,the movable oil ratio in massive reservoirs is markedly larger than that in laminated reservoirs, while
slightly smaller under solution gas drive conditions. The movable reserves in per unit volume of massive shale oil reser-
voirs are slightly and obviously smaller than those in laminated shale oil reservoirs under natural depletion and dissolution
gas drive respectively. The average movable reserves under natural depletion are 0.13 x10™° t/m’ and 0. 14 x 10 > t/m’,
and those under dissolution gas drive are 0.56 x 10 > t/m’ and 1.27 x10 * t/m’ in massive and laminated shale reser-
voirs respectively.

Key words : depletion drive , dissolution gas drive , movable oil reserve ,shale reservoir,shale oil , Es'", Raoyang sag, Bohai
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Fig. 1 The location of the Raoyang sag (a) and the burial depth contours of Es' bottom surface (b)
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Fig.2 The composite stratigraphic column of the Paleogene

Shahejie Formation in the Raoyang sag
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Table 1 Characteristics of shale samples from the Es'" in the Raoyang sag
Femas 4 R /m ZH TOC/% AOTHT A"/ % WEE/ (g em™) HEE/(g-em™) SLEUE/ % HBIE/MPa
1 = 105 2 454.76 Bk 1.38 0.17 2.53 2.67 5.24 3.62
2 = 105 2 455.26 537N 0.51 0.11 2.50 2.68 6.72 3.62
3 = 34 2 505.69 Hutk 0.38 0.08 2.51 2.69 6.69 3.83
4 534 2 513.77 Hutk 0.86 0.27 2.65 2.81 5.69 3.86
5 ;98 3 367.96 537N 0.36 0.07 2.57 2.66 3.38 9.13
6 498 3 368.96 Hetk 0.41 0.07 2.55 2.64 3.41 9.14
7 99 3 086.10 Hotk 0.21 0.07 2.59 2.67 3.00 6.77
8 th 99 3092.11 Bk 0.44 0.07 2.57 2.66 3.38 6.80
9 99 3093.31 5 \S/N 0.40 0.07 2.61 2.65 1.51 6. 81
10 PEHI 1T 3 413.09 Bk 1.51 0.25 2.50 2.62 4.58 9.69
11 Va5 3 344.00 Bk 2.53 0.25 2.49 2.56 2.73 8.83
12 34 2 510.49 JZAR 2.68 0.35 2.43 2.59 6.18 3.85
13 =34 2 512.37 JZ2AR 3. 14 0.31 2.45 2.56 4.30 3.86
14 34 2 513.27 JZAR 2.36 0.37 2.57 2.67 3.75 3.86
15 552 3094.55 JZ2IN 3.55 0.25 2.46 2.53 2.77 6.82
16 T 63 3472.13 JZ2AR 1.92 0.31 2.65 2.78 4.68 10. 44
17 T 63 3 473.43 JZAR 1.20 0.17 2.58 2.65 2.64 10.45
18 T 63 3474.43 JZ2IN 2.13 0.29 2.57 2.65 3.02 10.46
19 PEMP 11 3 417.09 J2AR 2.75 0.30 2.48 2.57 3.50 9.74
20 FEMI 1L 3418.19 22N 1.47 0.53 2.65 2.72 2.57 9.76
21 VG5 3 360. 10 JZ2AR 4.47 0.19 2.42 2.46 1.63 9.03
22 VG5 3361.70 JZ2AR 3.01 0.31 2.56 2.62 2.29 9.05
23 vutgn s 3 363.80 JZAR 5.05 0.24 2.44 2.47 1.21 9.08
24 VG5 3 368. 80 JZ2AR 2.69 0.16 2.52 2.57 1.95 9.14




5533 W7 3C , S5 TR V5 A B v 3 B8 B (M Y — T S BE DU AT Sl & A 5917
AR B/ (107 MPa™) JR 4% L/ (107 MPa™) RIELEZR %L/ (107 MPa™)
10 12 14 16 18 20 0 05 10 15 20 0 02 04 06 08
1500 T T T T | 1500 T T ] 0 T T T ]
o R ot g o ¥ o R
- R o R R
2000} 2000 500
ks olg /
2 05 \oc 1000 G
2500} 25001 o oo -
£ £ o2 £ ;
S 1SS %} oo IS |
] # ° 4 # :
3000¢ 3000F 008, o 1500 w
O\'@ °© :
3500¢ 3500F 2000
b
o
40000 a 40000 b 2500 L ¢

K4 BERHIMBA YD — N MBI VU B SRR Z 80 4 28 ORI 2 7K 48 22 B B A A A e (IR 1))

Fig.4 The profile(scatterplot) showing the skeletal ,crude oil and formation water compressibilities of

the shale samples from the Es' in the Raoyang sag
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Fig.5 The compensative coefficient of chloroform bitumen “A” vs. burial depth of the Es'™

a. FOTIITE A7 PR 5 L s b Sl FP R LA 5

31.58% , F-A4(E K 10. 68% 1 12. 19%, JZUIREE S AR AY
IR AT BE 5 G S b AR RN R L 43 R 15, 64% ~
66.71% Fil 17.99% ~76. 90% , - {f Hy 32. 25% Fil
37.06% . SHORFE S A, ZREE 5 sk 4 Sl A
JE 55 AR S T A AN P O AR TR I 3 200 m JE e
DUAHE Sy, IO PR B v R 22 0 B S 3
oo OB THIGGHE A 3 200 m J5, Je i st AE ]
FRIFGR R A, 1 HLZARAE S TOC & W] g KTk
DRAE it , AR R LT P B Dy 2 B Sl R T HORAE

3 DUAM AT BhE PR
3.1 HEMIRFIEIHME

H T U =95 2 R0 LA, A B R
(10 e S e e B2 T DU 2+ e TR T A K A

AR A R/ %
0 20 40 60 80 100
2300 : : . : ‘
a O Yok HE
250010 @ = = AR
2700 |
£
Z
1% 2900 f
=
3100F © ©
3300
(o] -O
35000 -
K6 BEHIMFEY— T WEBE TUARE M FR AT &

ig.6 The residual and original oil saturation of shale samples from the Es'

ML s b. JSUAR S AR AL

a R

in the Raoyang sag
DT AT R TE R R

AU A SR SR I AL AR R BE 20 1, g T
2 — PR R A SRR D, RS E 3 000 m LA
TR S LT Ve SR A 2 N 23 A7 AE BT AR

BIFLBR AR T — B> R AR . TR K
FE 3R AR T J 28 A AR e 4, B A A — 2 1Y
SAPERESE o 7R BUAHIMIT Read B rp 3 2 AR AT
FLBRIAR I T AR, P8 TS B8 2 0 4 B AR PR 2 L
EAE RN A2 LB AR N 53 4, FLER K AL
A A T FLBR I A I g AR T 2 K, 8 5 i 2
T AHRPERERR AT B . TRV VA Gk )2 LB A AR N A
FLB SRR K B XU A FH T, FL B K R D i 55 0 5
GRENFHFIEAS T o AR BRI ] R BT T ik
A TUEH AR S I AT SR (A 4) 1 AR
RPN EE LB RE A st i 2 B T L5 B o (AR

U TAGZ 1SR AT Sl (AFS) o
JE bR A R B / %
0 20 40 60 8 100
2300 : :

O HLRAE
2500t0 @ e = JEARFE
2700}

=
€ 2900}
=
3100F © ©
3300f
o .O
3500l -

TR AR RE 5 iy 5 9k L D i TR s

vs. burial depth in the Raoyang sag



RT3 30, 25 iR 2R b3 v S e 158 BH TR 0 — M B s il vl sl i AR 599

553 1
S.. C.
(CO + S“'CW + S')AP
E. 1 +C,Ap (4)
QezEﬁ.Soi.(‘p.po <5)

A E, RIeTUAEE AR IR AT S %R, % 5.8, 2 e T
EAE R IR S AR, % 5 S, 02 U8 A i 2 I 4
IKAFNRE , % 5 C, S J50H R 47 280, MPa ™' 5 €, 2312
K46 280, MPa ™" 5 Ap J& U 0T il J2 3 A T i
MPa; C, & IR TUA )2 48 2250, MPa ™' 5 Q, J&: B {3 i
FRUR VT 25 % 2 0 3K ol Sk &, vm’ 5 p S S 2%
E,g/cm%

GEBH M B VD — T M B AN 2R e 007 it )2 1 o
PEIR AT Shi R E 2 58 1.51% ~8.00% A1 0.79% ~
3.00% ,EHI{E K 4.38%F1 1.79% (& 7a) . ZE&VKE
J S AE I R0 RE B S AR BRI AR U B
2 S IR T Bl v S Y 430l A (0. 06 ~0.24) x
1077 t/m® F1(0.08 ~0.27) x 107 v/m’, FH{E K
0.13x107° /m> #10.14 x10 7 v/m’ (& 7d) . HeREE
s R 22 DRAE i 5L B T 3 9 25 4 it 3 R 1 R T 3 K

BROPRAE Aty SRR AT Sl AR TR Ao (T
FAALARFRBROPRAE i b 0 5 i R 3 D TR R
FESRPERR AT Sl N TR A

3.2 AMSEAZHE

UNSR e BUZ HA ILB AR Tk B89 TR A B T —
IR I ATE GO 2= St ol e 1 R AR R
M ICAMARR H 1R BEFAR T R AR R A T,
AR T it V2= D v ) K AR 2 0 W e 7 A i
&I REAERAT T LB E] o KR 2L )
e B 52 I BB A AR ARSI, 55 AN 2 A R AR Ui
B 2R BCR (— LR s ) 6 ~ 10 ) o P
VAR I A e 1 U R oK B R B (AR o
FERE G VA U K RE S, 2% BE 12 B gl B i O 1)
a7, T B il S22 E AT A OB B B I i
JZESRPEIR BN B BEAS RO A KT S T B B il
Jfif o 2 3 (6) PEAT, 38 A IR S SRS D8 U i
FRAY UM B i 00 A7) PR A AR
(6) FIZAZ (T ) H5 i = AT Sl 23 0 RT3y 3 £ 73 1) e

SMEIE AT 3/ % VRARAEK AT B 3R/ % BATZhhE/ %
0 2 4 6 8 10 0 5 0 15 20 0 5 10 15 20 25 30
2300 - ; , : y 2300 - : : ) 2300 ; . ; 4 : .
o PR fh o HRIR A o HUIRFE
2500} w0 RRAREER aso0f  TEREES O 2500} - o *RFE
2700} 2700} 2700t
g = g
< < <
% 2900} & 2900} & 2900|
H i i
3100F = © %0 3100} o= 3100} = ®
3300| 33001 33000
I-O. [¢)) [e) ﬂ e o]
m m O @& b -0
3500l == a 35000 - 35000 - ¢
SPEIN AT A A /(107 t-m™) VAR SERATZh i/ (107 t-m™) SRR/ (107 t-m™)
0 02 04 06 08 10 0 05 10 15 20 25 30 0 05 10 15 20 25 30
2300 ; ; ; ; s 2300 ; ; ; ; ; s 2300 ; ; ; ; ; s
o HulR#E dh o HOIRHE dh o HUlRHE
2500) op = JEARKE 2500 o wa ARG 2500 o O o oma TEREER
2700} 2700} 2700}
g £ &)
= 2900} & 2900 | % 2900}
H Exy i
3100} 0® 3100- © 3100 @ .
3300| 3300} 3300)
nid o sm @ = o mmu® m
mO [ ] [ ] Om ]
3500l == om d 35000 = asm © 35000 = as f

BT GEBHIM B Vb — T 2 B 5l 3 23 A0 n] Sl e AR R AL (L 3

Fig.7 Variation of movable oil rate and reserves with burial depth of the Es' in the Raoyang sag
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