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Discussion on evaluation method of total oil and movable oil in-place
Guo Qiulin, Wang Jian, Chen Xiaoming, Chen Ningsheng, Wu Xiaozhi, Liu Zhuangxiaoxue

(Research Institute of Petroleum Exploration and Development , PetroChina, Beijing 100083, China)

Abstract: The calculation of total oil yield (TOY) and movable oil yield (MOY) of shale is a core technology in assessing
shale oil resource potential. A method of evaluating the heterogeneity of TOC content in shale samples and a calculation
method to correct the content of adsorbed oil are proposed based on data of two separate pyrolysis experiments. The
calculation method is subsequently applied to evaluate 29 shale samples from the Qianjiang Formation in the Jianghan
Basin and 32 shale samples from the Shahejie Formation in the Bohai Bay Basin, and the results show that: (1) The
mean deviations of TOC are 0. 16 % and 0. 34 %, respectively, indicating heterogeneity of the two sample groups; (2)
The adsorbed oil content deviations of pre-and post-correction are 0. 85 mg/g and 0. 84 mg/g respectively, showing that
the equivalent TOC correction can lead to more accurate results in calculating adsorbed oil, TOY and MOY. Besides, a
method to calculate evaporative hydrocarbon loss is proposed based on shale oil density and formation oil volume factor.
These newly proposed methods are used to evaluate the 7" shale oil layer group of Yanchang Formation (Chang 7 shale
oil layer group) in the Ordos Basin. The results are as follows: (1) Adsorbed oil accounts for 63 % of the TOY, the MOY
accounts for 37 % of the TOY, the TOY is 3.5 times of S, and the evaporative hydrocarbon loss accounts for 9% of the
TOY and 29 % of S,; (2) The shale oil in-place is 111.2x10%t and the movable oil in-place is 40. 1X10°t in the study
area, indicating that the Chang 7 shale oil layer group is of great exploration potential.
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Fig. 1 Workflow of shale oil evaluation
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Fig. 2 Mean deviation of TOC, ATOC (a) and equivalent TOC correction coefficient, k, (b) of the Qianjiang and Shahejie Formation shale
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Table 3 AS,, AS,,, and post—correction deviation for the shale samples

2eq

VLD TR 20 DU TRV 2 D A 2 DU
- KIERTAS,)  KIEJS AS,,/ AR T AS, H i 22/ - KIERTAS,)  HIEJS AS,,/ AR AS, B i 25/
(mg-g™) (mg-g™") % (mg-g™) (mg-g™") %

1 3.18 2.67 16. 04 1 2.96 2.21 25.45
2 2.98 2.35 21. 14 2 1.39 0.41 70. 25
3 13.55 12.99 4.13 3 9.80 9.53 2.73
4 1.41 1.50 6.38 4 5.10 4.83 5.22
5 5.01 4.57 8.78 5 3.23 2.63 18.73
6 5. 66 5.04 10. 95 6 6.08 4.75 21.93
7 5.37 5.18 3.54 7 7.23 7.91 9.39
8 1.03 0.82 20. 39 8 9. 87 9.30 5.75
9 5.14 1.58 69. 26 9 5.92 6.62 11.83
10 12.71 12. 16 4.33 10 1.38 1.18 14. 64
11 6. 89 5.55 19. 45 11 2.55 1.82 28.54
12 5.26 4.89 7.03 12 2. 66 2.56 3.82
13 8.51 6.71 21.15 13 5.54 5.13 7.43
14 9.09 10. 88 19. 69 14 1.41 1.70 20. 50
15 0.82 1.03 25.61 15 1.49 1.13 23.98
16 5.61 4.77 14. 97 16 8.98 8.69 3.28
17 4.27 3.50 18.03 17 4.58 4.22 7.88
18 2. 81 1.85 34. 16 18 0.56 1.74 210. 30
19 6.35 6.09 4.09 19 5.15 3.68 28.59
20 1.89 1. 60 15.34 20 1.58 2.14 35.29
21 2.72 2.60 4.41 21 0.34 0. 64 88.48
22 2.76 1. 69 38.77 22 3.25 7.93 144. 07
23 2.17 1. 87 13. 82 23 3.27 1.52 53.47
24 0.72 0. 87 20. 83 24 10. 00 10. 67 6. 68
25 8.48 7.10 16.27 25 0.42 2.55 507.53
26 3.40 3.18 6. 47 26 3.20 2.99 6.59
27 5.87 4.93 16. 01 27 2.60 3.94 51.51
28 11. 30 9.98 11. 68 28 6. 66 4.61 30.77
29 8. 62 11.77 36. 54 29 6.18 5.30 14.22
FH(E 5.30 4.82 17.56 30 0.22 0.20 10. 32
31 0.75 0. 66 11.83

32 2.97 2.44 17.79

EHIE 3.98 3.93 46. 84
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4.2 EHHEEEHE =2.468 5x-0.495 8 & a8
200 R*=0.830 4 ® -
1) BB o
BEREA 160 A0 0IR B 14 OB, T 2 R
WEOR KR T AT, 7, F RN 442 T8, 8,0 Sl . o 7
TOC F W3R 4. F A, K IEHT 58 IE 5 W B - | ",;v"
10 R 22 18 F 39 2. 80 mg/e, Bt KA 2E R 9. 73 "3{" .
mg/g. T y s 3 10
2) UL A R B S S S R R S /(mg-g™)
T R LRI, IRSET 0w o e e
A i PSR TR A A BRI 3 A AMCHh B I A A A %5
R, A TR A A C12) TR B o . X Fig.4 Adsorbed oil content vs. S, for the Chang 7 shale oil layer
AN ) B E T DA B - 0T, A PR AR group, Ordos Basin
BT O B i IR TR OE s SRR RS
W Rm A RS S, R RAR, 4.3 ERBRBMEZRHITE
FRAE e 4 808, A H B 235 58 DL Tl 4, Wz B3 25 1 ) .
58, S AR FRAE SRR 22 307 Z K 7 90 2 4 0 A B SR &R
AS,. = aS, + b (19) FE(FRS5) , RAAK(15)THEAR 228 kKRB 25
2ot a FT bk AR B, R Jo o= 2,468 5, K5, 10-09
b=-0.4958., ‘ y
BORE, U R (OB DI AR (19) Riex#SH
TS 21 W By B AR Geit 2004~ 7 12 4 DU RE S R LR B R

x4 SURSEEMAKT7HEATUERBEE . RHHSERKERY
Table 4 Rock—Eval pyrolysis results, adsorbed oil content, and correction coefficient of samples from Chang 7 shale oil layer

group, Ordos Basin

S PR RE il e R b e Y (€T W2 B 5 £
‘s
Frinsi s Sfmgeg)  Sf(mgeg’)  TOCS%  Spf(mgeg?) Syl(mgeg?)  TOC/%  AS/(mgg™) AS, [(mgg™) IA(S:;:.ZE';“)”
1 1.56 .58 0.85 0.02 0.59 0.62 0.99 0.39 0. 60
2 1.75 8.07 5.89 0.08 2.41 2.06 5. 66 5.45 0.21
3 2.02 12.77 8.73 0.13 9. 61 7.03 3.16 8.53 5.37
4 3.62 6.91 3.56 0.07 3.16 3.12 3.75 3.25 0.50
5 2.70 7.43 4.82 0.08 417 4.23 3.26 4.60 134
6 2.26 7.36 5.77 0.11 6.60 6.36 0.76 5.63 4.87
7 2.28 8.45 5.86 0.09 4.80 4.20 3.65 5.62 1.97
8 2.20 7.72 5.33 0.07 3.96 3.48 3.76 5.07 1.31
9 3.23 38. 61 10. 98 0.21 33.08 10.22 5.53 10. 51 4.98
10 117 2.32 144 0.03 0.91 1.27 1.41 1.20 0.21
1 0.81 1.76 1.42 0.02 0. 80 1.31 0.96 1.25 0.29
12 6.77 64.81 14.17 0.08 54.81 13.54 10.00 13.50 3.50
13 5.48 44.66 15.30 0.06 37.46 14.84 7.20 14.94 7.74
14 8. 14 80. 50 21.72 0.12 69. 00 20. 95 11.50 21.23 9.73
15 1.07 8. 44 3.86 0.03 6.95 3.6 1.49 3.61 2.12
16 1.22 5.31 1.92 0.04 3.38 1. 64 1.93 1.52 0.41
T4 2.89 19.17 6.98 0.08 15. 11 6.16 4.06 6. 64 2.82

'Bi:ASZ =5, =S,
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T3 S, SFBIE T 1. 99 mg/g, e KAE M 6. 81 mg/g, iz /Iy
{H°70. 30 mg/g.

K A SO J7 B - AT I 45 31 ¢ AS,, SR /IME
0. 24 mg/g, Jx KAE N 16. 13 mg/g, FH4I{E N 4. 42 mg/g;
Sy I /ME R 0. 05 mg/g, Fi K AH A 2. 08 mg/g, V31K
40.58 mg/g; TOY fix /MME A 0.59 mglg, T KAH N
25.21 mg/g, FHIE M 6. 98 mg/g; MOY Fr/IME K 0. 35
mg/g, T KAE M 8. 89 mg/g, FH4IMEH N 2. 57 mg/g.

FRAE L858, 1551« Zﬁﬁiﬁi‘ﬁe%%&ﬁo 09, Hp
S oo T B AT RV E i CRIKE ZRRIER) B9 %5 S, /S,
CESME ) A 29. 15 %, P 26 KRR 205 SIQEE@
29 %3 MOYITOY(SE-XIME) K 36. 82 %, #8718 1] Sl & &
255 MOS0 37 %; TOYIS, CEYME) K 3. 51, #85R
B A AR S, 3. 545,

W BARLE R TOY, MOY 5 TOC fE 13T
LR (K5), B

TOY = 0.6760 TOC (20)
MOY = 0.2437TOC (21)
4.5 K7HEATNEHEMERAISNHASITENHMER

FETFHEA A A AR 5 10 E IR R — 2
TUARERT 5 m; & TOC FREKT 3 %.

e LA A T Jis U]t S T X R wT R Ry 32 789
km?, VA JERE R 18. 45 mo BEPEA X 4 HY 13 280

K A (20) F(21) 158 & P BRI ToY A
MOY 8K 5 R FHAFL A AR O 04 5 U5 F B (K1 6) o
Git15%):

1) DA R R R 111, 2x10° v, X B R 3 i
433, 9x10* t/km*, 5 K F 2R 93. 0x10* t/km* ([ 6a) 5

2) AT Fh i K 40. 1x10° t; P %I 2 550 11. 2%
10° t/km?, i KA 33, 7x10° t/km* (& 6b) 5

3) LART 2 5% 5 4= B2 KT 20. 0x10* vkm® 1F R #%
O XA L T HE A2 0 X TR 5 535 km?, ] Bl
O 13, 1X10° t, ELI A TEL 254 H—AK 78 H—4E M

— I —1ET—m (Fl 6b) .,
5 458
1) $5 S — o 35 1 R R A A B0 SR AN BE S ToC

Era AR M I O SR FIZ O R 29 ML v
132 AV IR 21 DU BE i PR 25 SR 4B 7 ATOC 5
TS50 0. 16 %HI10. 34 %, i W PILLRE S #77
FE—E AR itk

2) FHE X P R I i AE AR SRR AR
o — R IE W BRI B T R O I 29
ANV VLA U1 5 F 32 A VDT 17 41 00 2A B o B T 245
16 78« B IE HT IR TR I AH 25 1 CF 3918 43 58
0. 85 mg/g F10. 84 mg/g. W UL, #AT4EM TOC F AL IE

MIEHETT P A 3R o) o 458 TOC S /AR, R LM Rl ST Sl & i 5 28 R S e
RS SBREFEMK7THEHATEHEEHT
Table S Main properties of oil samples from the Chang 7 shale oil layer group, Ordos Basin
HuJZ= i b J
L (geem™) A/ (mPass) A/ (m? ) WRARE  %E/(grem™) K (50 °C)/(mPa-s) VI C B 15/ C
0.748 1.48 68. 83 1.222 0. 839 6. 64 74.99 23.17
357 12 ¢
| »=06760x »=0.243 7x e

01 Rpoo7557 o 101 R=07512 . Lo

25 ° ,4” P e % ’a”
~ . e % PP =~ 8 L
5 20 *tee T o & 7 s
£ &, ° i ° E/ 6 0 2-7
S sl o %" 3 ® o con s’
S * o o >“e o0 °
= ue OQ, e oo ° = q R :..."‘

10t ', o 8p o 2,° ©

&‘. . 2 | o . o ?ﬂ. ..'. o
@
0 : : : . oF
5 30 35 40 45 0 5 10 15 20 25 30 35 40 45
TOC/% TOC/%
K5 SR ZHr ik 7iE A s Bl (a) ATl (b) 5 TOC K &

Fig. 5 TOY (a) and MOY (b) vs. TOC of the Chang 7 shale oil layer group, Ordos Basin
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