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Correction of oil content—one key parameter in shale oil resource assessment
Xue Haitao', Tian Shansi' , Wang Weiming' ,Zhang Wenhua' , Du Tiantian'* ,Mu Guodong'~

(1. China University of Petroleum ,Qingdao ,Shandong 266500, China ;2. Northeast Petroleum University ,Daging , Heilongjiang 163318, China)

Abstract ; Pyrolysis parameter S, ( content of free hydrocarbon) and chloroform-exiractable bitumen“A” are often used to
reflect oil content during shale oil resource assessment. However, due to inherent flaws of experimental procedures,
laboratory-measured S, values fail to truthfully record the loss of light ( bitumen®“A” only) and heavy hydrocarbons and
the measured bitumen“A” values cannot truthfully record the loss of light hydrocarbons. In order to be more accurate in
quantitative assessment of oil shale resources,we performed correlation of these parameters to mend up the losses based
on analyses of hydrocarbon genesis kinetics of organic matter and comparison of the parameters before and after extraction
experiments on samples from mudstone/shale of the Qingshankou Formation in Songliao Basin. The results show that the
correlated average S, and bitumen“A” are 4. 2 and 1. 2 times higher than the measured average ones,respectively. The S,
equals to bitumen“A” after correction,while the former is only 0. 28 times the value of the latter before correction. This
indicates the necessity of correction to the two parameters in the resource assessment.

Key words:light hydrocarbon correction ,heavy hydrocarbon correction, oil content,shale oil ,northern Songliao Basin
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Fig. 2 PY-GC cumulative conversion rate of samples from D402 well
a. #1402 H PY-GC S28e T HsAR AR AL C, _s BB R b, #1402 J PY-GC S8 T BAARLE R C_ 3 BRI,
. H1402 I PY-GC 25T EEARA R C 5, RBULALER 1 d. KPR UM 44 9250 RBUEALER, RIRRIE Co_ 3 2R3N 122 FHIE



18 A5 KRR R %37 %
Lo Taasc, B BB BRIy . I A T AR , #f
080l & TRALRC,, RIS SRR A i T A L AR (R R S, (Y

ol S BT S, +S,) B HB5r . EFRPIAL F AL
& = o, T 1 14135 AT RE AT 7 IR S 30 R 3, S, F
w040 B H 6. 34 mg/g, S, FHIE N 13.76 mg/g, S, {UH 1
020 LAl EALY 31.53% 5,/ (1) H (A BIRE S VR I O K T
IENPFSEE § 634 5 1 6 S WIS ) RIS T IR A 9 S 1 9 K T O
YEALAE/(KJ-mol™) N RTUARIAIHESEL S, WAFAE [RIFE Y (] 81, BT
e HR BRI S I I G 7 TR SRR e S, RN B,
Fig. 3 Activation energy distribution histogram TS, AT ESEALIE o

- SR ATV TR SRR SRR 100 H L 40
By XEHLEP—RE S BT ARSI T S, FS,
o U] — R S AT SR T AT AR, X
SR RE LA AR SIS S BRI AR i B
Zio WS, HREEA 300 °C 5 H I B RO TR i
T T IR B S T IR LA , T 28 1o i3
ol JERESR TN S, rh H A T ORI, S, 58]

(I (AS, ) BI R GTAIEA S, F i TR 245
. | | | . . TS, TR IE , A UCBF S X A
S SRR S, HEATRE I, S, 15 S5 222 (AS,) I S,

K4 ARREAHBAGPTH A" & RkE
W ZH(K, ) EIR
Fig. 4 Chart of light hydrocarbon correction ratio of chloroform-

extractable bitumen®“A” at various evolutionary stages

3 PRSALS, WK BIEAMEAE

TEXT GUA PRI TN I, — R S, X —3
BT . S, IiEEs R o i (mg/g) , AR S5 7T
TR AR 300 °C LARTHGE & R O A TE T IR A
R AR Y L RT, TR A EAEAE TR U
B RIS = 8 i A8 v 300 °C I8 U TP R Bk
BRI TCIETE 300 °C 2 Hi Bl 58 A I8 % ok, IR itk — 48
OIEREBIRTCUAE S S, BRI, TR 7E 300 °C 2 J5 92y
TS, R0 Sy A 7 O IS B A M T ) 3o
HA O U T K P A 1 3 R D B S S
XL S R R R b, R A T AR (C, L) FIfR
JRIGASIR (Co_y) BEGIITRR HIte, SRR 7>
S8l S, IEARREAR TR T A P sk B R . b
TR T I % AL A LR R4 DS S,
QI HTHTE LIRS T OBAEN S, 1
T R R B T LA, X A T A Y ) AT A
I BN S, AT AL IE R A M

3.1 RABSHS, NERMERIE

ORISR M SECS, HEa AR

A IR0 3 T B S S i B S, ) T
SHELAS, 5 S, W RN S, B TR R Ky
AT A T L 120 38 A TR A e
WA, BB S, (TR R Ky 5 2
WA B S, /S, AARKF X Z (1 6) Ky B
WS R T, R B, S, 1
WA R K g 1R SU
AS, S, - S,
e =g =75

3.2 RBSHS, WERIMERIE

T HOG A DO S RE Al 25 55 A P s
Mtk —ul o, ISR S, s ke,
FRUATEZEXF S, AT A MERIE . AR RITTER S
XPT I A7 & R AR KR R R 09 RS S, Ay

S
=3.1028 - 2.8258 <+ (2)
2

701 o BAE400~1000m
g0l © YRIE1000-2200m ©
—— SR P AE400~1 000 m)
50 | - ZePE(IR T 000~2 200 m)
‘zg 40 b y=2.7212x © o
= R=0.936
< 30¢
%)
20t
10 y=0.628x
Q@_/U_ﬁ@%ﬁ,eﬁoo R —0.8?5 3

0 5 10 15 20 25
Si/(mg-g™)

K5 Seba P R#S RS, 5 S, KR
Fig. 5 Relationship between S, and S,

in oil-bearing sandstone



19

13 BRIV, 5. TUATI RO S S M —— S IR AU AIE
4 -
y="2.825 8x+3.102 8
<o R*=0.819 5
3 N n=38
5o
<
1+
0 ‘ . ‘ ‘ |
0 02 0.4 0.6 0.8 1.0
Si/S;

6 HREIKIE RECAS,/S, 5HEAESRIR S, /S, MIEKR
Fig. 6 Relationship between heavy hydrocarbon

correction ratio and S,/S,

I RAMERE I BT 1 A 7 1 D R I 5 1Y
S, (FIRALIERTHY S, + AS, ) BT iTE “A” & &
BIRZ M Cy_ s BRI LA 2 G 5 0 75 Jo 2L A 1)
B FRRE GRS, S MR 1.295 1 % (18 Ta) 75
R IE I T B BRI IE 1 S, I A% 2 B LA
PR Cpy, AHVCHEL ;@ L SCEFE S, MBI e 3 & A
Wit A" F /N, XS, BEAT R R AMERS E N, 75 2
SR RSN, TR RS IE IS (9 S, WUR R L U 7
TR A (JE IR 7T I < BB 52,2000 R ) -
PME"0)) B R 1. 184 3 4, K IR IR TR
A Cis. HEL A 1.1843 -1 =0. 184 3,

A B 00 5 S B YRR VR B AT 4
BT NI RG B,s™ T T BHIR T4 S, Rk R
NSy g TELEI—20 P 0 AYRBIFSE B 5 0 FAL 2 1L
FRTF L T 2H 529 AR AT 5 6 EC G 8 T RE b
FFTREICIE ) kM e B S 28 0. 592 5 mg/ g,
S, WV-HBIME A 1.009 me/g, BAZFMER LN S, o 1
0. 59 1 AHEL 2R, A UBTFE 7 R A5 B0 2 22 5500 2
AT HIF IR AN 55— , AU MR 10 v {1 5%
BRI AR , HLAR R AR BB AR AR BT o LE R IR
T SEBR AR AR R R — 8 R ik, B HER
W, SO BB e IR AR T o 1 191N T A R I R A

Pt o B A DR IR B2 05 51 B SIEB fs De R5 5 i
NI U BEAT R S BT 5 3 A v, A A R
O Jr 52 B HRCR R TR e O BT R i 2k 1hi S b 1
A DIEM IR B M 1 AR op R e A R R
LR AP AR 45 2R FESE PR DL/ 5 = ML 2
HLAGTHT 1L AU DU B AR B v T R T
E,s" VA Bl U SR B R I R £ . R
UCHIFFE BT A e e o 2% 50 Ay D K, X T804 3 P
K (S)) e 28 B X4 AT B A 43 A i 2
ZEMH.

R3S, H AL I AR b 9 05 T A 21D
AER AR S

ST = (S g + S 5K )/1.2951 + [K,y, -

(S) g + Si5wKg)/1.29517(1 = 0.1843) (3)

4 FIERTJE S, SRMME A" SRR
X EE

TSR AL B R L 2 8 A A HLAR Y
PERICHLARS BV O PO FOBIF ST, SE 3L 1 XL IX 0
TGEIRIE B EA , FFOLTE H SUEM BRI 24 X

IRALL B R LU T 4 1), 529 AT A B A
SR BERT S, PHEIEZ9 1. 01 me/g, AT “A”
RN 3. 57 mg/ g MAEJE S, SFHIEZI N 4.21 mg/g,
AT AT TR N 4.30 mg/g. MIERAT S, 55
WA EREFER,S, RAGUHEA” FRM
0.28 1 KCIEJE S, R I “A™ &M/, oy
FIE S, B PTHE A" S g — 5 R | W 5
ARF R TR

18 I BURE AL G AL AR L 14— Beé via
A B IR AT A IR Rk B e
B ST DU TP DA B R, SRS AR DA R B
TR B DU B R

10 1 141
y=1.295 1x nl 1=0.999 4x
8+ R*=0.843 <o R*=0.857
= =3 ~ _
™ n=38 o 10+ n=38
s £ sl
< <
2 Z 6l
447 iz
T =
@ X 4+
2r b
o ‘ 2r
<&
0 1 1 0 1 L 1 L y
0 2 6 0 2 8 10 12 14

4
BRER/(mgg")

4 6
WE R ERER/(mgg")

K7 ESHE SR EEMCER
Fig. 7 Relationship between pyrolysis parameters and total hydrocarbon content

a S +AS, HEBERMIICER b, (S, +A5)) - Sy _ypae T EBEE AR



537 &

20 A s XK A R
6 y=0.280 4x
R=0.635 3 o
5F 0 n=529

6 5 P 15 18
AOiWHE “A” HE/(mg-g?)

18¢ y=0.973x
R*=0.669 8

FMERRIEJGS,/(mg-g™)

9 12 15 18
WMERIE G B RA &/ (mg-g™)
18- 1-0.801 9x

R*=0.670 4
I5F p=529

FMERIEJES, /(mg-g™)

0 3 6 9 1‘2 1‘5 1‘8
IMERIERENET “A” &/ (ng-g")

K8 ALIEHT R RS E S, SADWIE A" &R

Fig. 8 Comparison of S, and chloroform-extractable bitumen

“A” values before and after correction
a KIERT S, SEMGWIE A" FEMXLLR ;b KIEF S, 5
BRESEHIKER e RIEF S, SE0H A7 ST EHCKER

IR S, RN HPHRSELS, 10 TUA I &
bR, R S, AT A s IR TR AN
Q = 0.1SHpS, (4)
2 Q M EIFTUA I B ISR, 10" v/km? ;S S YR TUH
AR km® s H B HIR DUA S, msp NI TUH B L o/
cm’ ARSI BCHE A DU I 4B FE R 2.6 g/em’ 5 S,
HHS S, AT RERAMERIEE /Y S, BRIy
{EHCHSADTT " A” S B ERAMA IS R A0 I
CAT SRR ERA RO AR ;my/ g
Sy SR A" SR Y8 DA Sl AR
28, B SR AR, NI RN s
BT A B RN . AR AR 20 3 HIAME AL IE
BT JE RO E AT S S S, Bl AT SRV
MR EIRT7 I AR SRS, SR 05 AT &
X AAIL A M AL AR T Ll 498 0 BE AT 0T e i B I
M AMERIERT S, B R 64.71 x 10° ¢, (45 i 75

A" GEIR R 191,22 x 10° G AMER RS S, ) %5
HH 216.58 x 10° t, AT H “A” MW FH N
223.77 x 10° t, S, MEAE IE I ¥ U Bt 2 b B2 A% 1E iy 9%
TRALIY 3. 35 £, DT A7 RMEEAE IE 5 9 VR 2 A b
MR 117 £5 (&1 9) o HAMERIES S, 5815
VAT A7 IR i A 2 PR v (L X AR AL, n 7 5F
% U563 v 0 R S e X, e B T B b 2 S A5y e
BT g SAb Ko = 2 M1 g v 35 A AL 3R L X (18] 10)
WMERIE ST S, SEMTIIE A" W5 X a—
B TRIERM S, SR “A” &R AEE 4F
HPE DA R 1

S, SR A7 i B AMERE IEXT 5 T 7R
PR A, #MEAS I 5 B PP 25 SR B & . %
GUAR PR S A TP OC R BN — 20 0 DA TR I
RITEFRITR DR X DT I R A T SO, A
F ERHXT S, PEATES  FRAMEAL IE , X U T R
HREAEERZ L,

5 &g

1) RIS A” S mAE R Bl S EOT s
AT PP B, T AT T A E i TR
JeAME . ARARA DL E SO SRR 7 (Co )
R (Cyy, ) B LU B AT MR IE, B b2 R 4R
(K, g ) Fifi BSCEAEE (1) 16 R 2 S AR 38 R 35

2) RIS, 18R S PE S 800 DU i a4 T 0 R v
TIVEO RS T X S, AT H IR IE AR R A ME . X S,
M ERAIE AR ER /T 5 A R BT AR S, A S) 2%
i AS, FEATAMERSIE, R IERES S,/S, 7
FeH B RIEAT Ky =3.102 8 —2.825 8S,/S, ; %t F
S, W IRAMEE Tk S A E A7 & R AME
L HE T S, BB E G IE A" /N, S, i
R AT E A" SR/ 0. 18 £,

250 231.4

202.6 193.9

B I
OJ . ‘

SHREN  SARSLR AU S
A RSN “A” HhELIR

[5o3
(=3
(=}

W
S

W
S

BUARIPE IR R/ (10

K9 FAIL LT L H 2 —Belé sUE IR 1T 5 S,
SR AT GUA G IR T
Fig. 9  Comparison of shale oil resource assessment results before
and after S, and chloroform-extractable-bitumen “A” values
being corrected , samples from mudstone/shale in the first member

of the Qingshankou Formation, northern Songliao Basin



5513 BRIEUE , 5. DUERM BT O G S8 —— S IR B IE 21
0 10  20km y g 0 10  20km Wy IR
210
. 50 © 175
‘ P y Ll I

30
20
10
0

105
70
35
0

W ven
(10%km ?)
180
L[]
% o M150
° 120

90
60
30
0

I

BEUR R A 2
(10%/km?)

10 20km B o
240

e ® &k o W20

160

120
80
40

Mt M

K10 FALL LR 1l D2 — B SUA WD U5 S, SRD5 I A7 SUA TSGR X 1L

Fig. 10 Comparison of shale oil resource intensity before and after S, and chloroform-extractable-bitumen “A” values being

corrected , samples from mudstone/shale in the first member of the Qingshankou Formation,northern Songliao Basin

a PKEHT S, FHGREE;b. IKE AT E A" BRI s AN S, WIRREE; d. IREJRRAITIHH A7 PTRR

3) DIAAIL A AU &R 10 28 ], 529 e s
b R, BIERT S, SETIE AT S EERE
K,S, ANV A" & HAY 0. 28 £, KIE)S S, 55
i A7 & R EEAME, AIE R0 S, SAMIE
“A” R ERE RO U U R U A R

4) LIANE ZE AL AR 1l 12— Beie vig o, Al
S, kST AT EX AT R IR, S, K2
A% I A 64. 71 x 10, T4k 52 J5 1 ¢ U &k Ny
216.58 x 10" v, &R /T 9e Y 3. 35 fif5 WA &
AT WS B IR R 191,22 x 10° v, MR 2 B
4 223.77 x10° o, PRI AT LA 78 5UH D T &
AR S, BRI A" SR AMERIE
PR

& % X w

[1] Jarvie D M, Hill R J, Ruble T E, et al. Unconventional shale-gas

(2]

[3]

[4]

[5]

(6]

[7]

systems ; The Mississippian Barnett Shale of north-central Texas as
one model for thermogenic shale-gas assessment[ J]. AAPG Bulletin,
2007,91:475 —-499.

Ross D J K, Bustin R M. Characterizing the shale gas resource poten-
tial of Devonian-Mississippian strata in the Western Canada sedimen-
tary basin; Application of an integrated formation evaluation [ ]J].
AAPG Bulletin,2008,92:87 - 125.

Bowker K A. Barnett Shale gas production, Fort Worth Basin; Issues
and discussion[ J]. AAPG Bulletin, 2007 ,91 :523 - 533.

Cai N Z,Dong D Z,Wang S J, et al. Geological characteristics and
resource potential of shale gas in China[ J]. Petroleum Exploration
and Development,2010,37 (6) :641 —653.

Brian H, Schulz H M. Shale gas exploration and exploitation [ J].
Marine and Petroleum Geology,2012,31(1) .1 -2.

Kinley T J,Cook L W,Breyer J A, et al. Hydrocarbon potential of the
Barnett Shale ( Mississippian ) , Delaware Basin, west Texas and
southeastern New Mexico[ J]. AAPG Bulletin,2008,92:967 - 991.
Kuhn P P, Primio R D, Hill R, et al. Three-dimensional modeling

study of the low-permeability petroleum system of the Bakken Forma-



22

A3 5 KRR R

537 &

(8]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

tion[ J]. AAPG Bulletin,2012,96:1867 - 1897.

Kirschbaum M A ;Mercier T J. Controls on the deposition and preser-
vation of the Cretaceous Mowry Shale and Frontier Formation and
equivalents, Rocky Mountain region, Colorado, Utah, and Wyoming
[J]. AAPG Bulletin,2013,97:899 - 921.

EIA. Bakken formation oil and gas drilling activity mirrors develop-
ment in the Barnett[ R/OL]. http: / www. eia. gov/todayinenergy/
detail. ¢fm? id =3750,2011.

Jarvie D M, Jarvie B M, Weldon W D, et al. Components and proces-
ses impacting production success from unconventional shale resource
systems| C]. Search and Discovery Article #40908 ,2012.

Jarvie D M. Shale resource systems for oil and gas:Part 1—Shale-gas
resource systems| C]//Breyer J A. Shale reservoirs—Giant resources
for the 21st century. AAPG Memoir,2012,97 .69 —87.

Jarvie D M. Shale resource systems for oil and gas: Part 2—Shale-oil
resource systems| C]//Breyer J A. Shale reservoirs—Giant resources
for the 21st century. AAPG Memoir,2012,97 .89 - 119.

EIA. Technically recoverable shale oil and shale gas resources: An
assessment of 137 shale formations in 41 countries outside the United
States [ R/OL]. http;//www. eia. gov/analysis/studies/worldshale-
gas/ ,2013.

EC,ATARE At 4. 38 BH 1T 3R 1 X S5 R S e [T ]
AT T ,2012,26(3) 185 - 88.

Lv Mingjiu, Fu Daiguo, He Bin, et al. The exploration practice of
shale oil in deep depression of Biyang Depression [ J]. Petroleum
Geology and Engineering,2012,26(3) :85 - 88.

FRBT. BRI B T b AR A R R R
Wr[J]. MR ,2012,82:11 - 15.

Zhang Kang. From tight oil and gas to shale oil and gas—The explore
and analyse of Chinese development on unconventional oil and gas
[J]. Chinese Geological Education,2012,82:11 - 15.

SR PRI, 2 E 5, 45 TUA AR 5 [ T]. 1R T4,
2012,19(5) :322 -331.

Zhang Jinchuan, Lin Lamei, Li Yuxi, et al. Classification and evalua-
tion of shale oil[ J]. Earth Science Frontiers,2012,19(5) ;322 -331.
FORYT, WSO, R T7 30, 85 TUE I AU TR P bR i R
[J]. AR 5 & ,2012,39(2) 1249 -256.

Lu Shuangfang, Huang Wenbiao, Chen Fangwen, et al. The investiga-
tion on shale oil and gas grading evaluation criteria[ J]. Petroleum
Exploration and Development,2012,39(2) :249 —256.

Espitalié J, Madec M, Tissot B, et al. Source rock characterization
method for petroleum exploration [ C]. Offshore Technology Confe-
rence,1997.

Lafargue E,Marquis F, Pillot D. Rock-Eval 6 applications in hydro-
carbon exploration, production, and soil contamination studies [ J].
0il & Gas Science and Technology,1998,53(4) :421 —437.

Behar F, Beaumont V,De H L, et al. Rock-Eval 6 technology : Per-

formances and developments[ J]. Oil & Gas Science and Technology,

[21]

[22]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

2001,56(2) 111 —134.

B, XBSEAR XU, A5 Y SUE A LR S8 B A S A 5T
FR BRI P N —— AL G 5 L D 4 () ]

A SRR, 2014,35(5) 704 - 711.

Huang Wenbiao, Deng Shouwei, Lu Shuangfang, et al. Shale organic
heterogeneity evaluation method and its application to shale oil
resource evaluation—a case study from Qingshankou Formation,
southern Songliao Basin[ J . Oil & Gas Geology,2014,35(5) ;704 —

711.

Bordenave M L. Geochemical methods and tools in petroleum explora-
tion[ M] // Applied Petroleum Geochemistry. Paris ; Editons Technip,
1993.240 —243.

BERE, BB Az s BN T R R D ] frih SR
J5i,1986,8(2) :139 - 152.

Sheng Zhiwei, Ge Xiuli. Discussion on light hydrocarbons in quantita-
tive evaluation of source beds. [ J]. Experimental Petroleum Geology,
1986,8(2) :139 - 152.

Cooles G P, Mackenzie A S, Quigley T M. Calculation of petroleum
masses generaled and expelled from source rocks [ J]. Organic
Geochemistry,1986,10(1 —3) ;235 - 245.

Hunt ] M,Huc A Y, Whelan J K. Generation of light hydrocarbons in
sedimentary rocks[ J]. Nature,1980,288 ;688 —690.

SRARME. Fuli R 7 b D05 1 B8 PR 0T O O B s I R AT 8 —— LR
BMBEEIC. SUE BT IR -5 B HO0T R £ R B bR 2,
#5,2012.

Zhang Linye. The study of the key geologic factors in shale oil

exploration and development in continental basin—take Dongying
Depression as anexample[ C]. International Symposium on Shale Oil
Resources and Exploration and Development, Wuxi,2012.

FEOUYT. A BB A ) T 2 e B R T M. b5t Al Tl
H AL, 1996 :84 —90.

Lu Shuangfang. Kinetic of hydrocarbon generation of organic matter
theory and application[ M ]. Beijing: Petroleum Industry Press,1996;
84 -90.

FIRU , e Agr. b SBR[ M ] JERT A Tl H Rt , 2008 -
19 -20.

Lu Shuangfang, Zhang Min. Oil and gas Geochemistry [ M ]. Beijing
Petroleum Industry Press,2008:19 —20.

FZTR IR R 35 5 BT S BAOARLIE [ T]. A2 B0 R,
1987,9(4) :343 -350.

Wang Angiao, Zheng Baoming. Calibration of analytic parameters for
pyrolytic chromatography [ J ]. Experimental Petroleum Geology,
1987,9(4) :343 -350.

R SC WK ZE AR Wi T AR ) 1 AP B HE R IR [T 1. A 4R
Rl kR ,2000,10(2) : 183 - 189.

Liao Zewen, Geng Ansong. Studies and applications of pyrolytic
kinetics of asphaltene [ J]. Progress in Natural Science, 2000, 10
(2):183 -189.

(¥ F %)



