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NMR analysis of the physical change of oil shales during
in situ pyrolysis at different temperatures
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Abstract; The connectivity between pores and fissures during in situ oil shale pyrolysis is an important element
which controls shale oil and gas recoverable amount. However, conventional petrophysical testing methods can
not cover all levels of pores and fissures in oil shales. Nuclear magnetic resonance (NMR) can show fluids in
core pores and fissures, hence can be used to identify different levels of pores and fissures. We carried out NMR
tests with oil shale samples by simulating the same conditions as 500 m underground and heating the samples to
different temperatures. Results showed that the porosity of oil shales change according to temperature during in situ
exploitation. Porosity increases from 250 to 350 °C, decreases slightly from 350 to 400 °C, and then increases
again after 400 °C. Permeability remains stable when temperature is lower than 400 °C , increases by 10 times
from 400 to 450 °C , and increases by 10" times at 500 °C. The in situ retorting of oil shales should be made at a
temperature higher than 400 °C ; however, oil shales underground might not reach 400 “C in many areas. In this
case, we should explore at a higher temperature and heat for longer time, or fracture oil shales before heating.
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T, curves at different pyrolysis temperatures of MM-XY oil shales from the Youganwo Formation in Maoming Basin
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Fig.2  Pore-throat radius curves at different pyrolysis temperatures of
MM-XY oil shales from the Youganwo Formation in Maoming Basin
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Table 1 Oil and bitumen yields at different pyrolysis temperatures of
MM-XY oil shales from the Youganwo Formation in Maoming Basin

W, RE SR, RS R s iRy H B AR
C  Ei/g (kget) (kg-th TR/ % A/ % HE 5/ %
250  80.22 0.62 16.67 0.06 1.67 0.80
300 79.99 2.43 52.24 0.24 5.22 3.12
325 8121 3.82 86.20 0.38 8.62 4.89
350 80.62 18.81 124.43 1.89 12.44 24.17
375 80.06 25.00 79.02 2.50 7.90 32.05
400  80.90 29.05 5.32 2.90 0.53 37.24
450  80.14 43.75 0.24 4.38 0.02 56.09
500  80.44 47.19 0.06 472 0.01 60.50
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Table 2 Porosity and permeability of MM-XY oil
shales from the Youganwo Formation in Maoming Basin

EaT LB, ek WTEhiik BiERs

4 % WA/ %  HIAE/% 107 pum?
MM-XY-JfifE  22.82 99.43 0.57 0.01
MM-XY-250  3.21 80.21 19.79 0.01
MM-XY-300  5.06 73.43 26.57 0.14
MM-XY-325  5.49 84.96 15.04 0.05
MM-XY-350  9.79 93.85 6.15 0.06
MM-XY-375  9.25 94.56 5.44 0.04
MM-XY-400  7.16 58.53 41.47 2.11
MM-XY-450  31.54 55.06 44.94 4.28
MM-XY-500  49.81 55.12 44.88  6529.40

BRI K 400~450 CBBFRPEE T 2 MCR
2,500 C MG H HE W, I8 6 529.40x107° um’,
SE LB AR, BOE T A AR M il
TSI BTk L 2 A 2 A/ N R FLBR
B AR T I A A i E H R T
400 °C ZHiTTH TL 8 $Af 7 HE 38 22 (R R I 75 55 K
TR SRR BT, BUE N DU 8 B MR GE RUR
B2 AT B 2 (3R 2) , XA E 400 °C ZHi
TH U D A7 A A Tl 23R AN ot T T R b
MEME 30% LA FRIENZ —(F£ 1),

AT UL BV O AR — o B R AR Ak DL
FESR L G R rh o A 2R BT ANBEE R Ak S
(A BT T AT DU TR A 22, 0 X522
Brth R, b KRR BT DU 32 35—k
B2 AR T RE A A IX S8R B ik R #1400 C
I, R bR [ 51, 8 2 T 3 0 e R IR
A BB [, £ 2 i DA 2 52 A ) — 1, 4R
TR RS B ATE IR A IR DUA )2 R 662
FERGE SRS BT RN SRR T T A Y



- 406 - B b F B W 538 %
SERATHIAR A0 K ORI, P T AR AL T AR, 2010,
ﬁﬁﬁaﬂg@ﬁ,riq‘%ﬁ%%%o Zhao Lei. Research and application of NMR in measurement of

reservoir physical property[ D].Qingdao: China University of Pe-
3 #Hig troleum , 2010,
. . . (7] HARZ  Zah AR 4 Hh )2 FL B A A HE AL 5 504
(1) B A il A AT LA S0 3 5O i A3 PG J] AR AL ,2009,31(3) :296-302,306.
%{tﬂI“%ﬁ$i EF‘ E(Jﬁ&‘ﬁ}l-‘ﬁi%%ﬁ \?Llﬁgﬂ]@jﬁ% Zheng Lunju, Qin Jianzhong , He Sheng, et al.Preliminary study of
EHMYITESEL formation porosity thermocompression simulation experiment of
(2) 5B ok i v 2 SR AN B A T K W VE B 52 ) hydrocarbon generation and expulsion[ J]. Petroleum Geology &
R ., 03t e LR 0 3925 T 143 Experment, 2009,31(3) :296-302,306.
3 B, 250 ~ 350 C B2 K, 350 ~ 400 °C B} [8] Ihrp i, M2, 2Rk R IS A R s TR s s A HE A
W AT I/ 400 °C 22 J5 M s 18 7 RAE 400 C %ﬁ;t;fﬁ}ff{[J];}Jlﬁﬂf%ﬁil,z?zzﬁo(ls);?155;963. |
o N N N W a ongliang, eng Lunju, L1 ming. et ermocompression
il E{\{tz:j( ,400~450 < Hﬂ‘é}ﬁﬁﬁlﬂ% 2 /I\ﬁi simulation experiment of source rock hydrocarbon generation and
Z&,SOO C HTJ‘EAI%E% EXQ,%%T 4 4\@%%&0 expulsion in formation porosity[ J ].Acta Sedimentologica Sinica,
(3) SEBRHL T FF 2R R RE 1 01 75 J2 32 #48% 2012,30(5) :955-963.
—PEBZE AT RECHR A XRS5 R 2 400 C,FT [9] A SO SRR ALY 5 AT ()] 02 T4, 2013,
AR IO 281 B s ) ik O 2 T R 1) 35 o K 20(4) :211-220.
X#{HE] ﬁ % E lﬂ:ﬁ?ﬁﬁ % E%Eﬁjﬁ , [/JE&%{EE ﬁ% )% El/‘J Yu Bingsong.Classification and characterization of gas shale pore
%‘@ , %Eé%{ﬂﬂﬁ%ﬁﬁ%%{ﬂﬂ%%qﬁﬁo system/[ J | .Fanh Science Frontiers ,2013,20(4) :211-220.
[10]  EXREIUEMSZE e LR 00 5 EOR[R].JL
S CHK ot EAIAL TR A R R A T AR BRI 5E B, 2014,
Wang Zhizhan.2D NMR analyis and evaluation technology of shale
[1] jgg?&fg?iﬂbm’ff; f(),lf3?J(T;’ﬁ6{f3ﬂuzjsﬁ%im1:{mﬁ% oil and gas reservoir[ R].Beijing: SINOPEC Research Institute of
JBALI kSR, 2010, D7D Petroleum Engineering,2014.
Liu Honglin, Liu Dexun, Fang Chaohe, et al. Microwave heating (11 ?*M‘%?;ﬁ%%;ﬁﬁﬁﬂ’]%%ﬁﬁ(fﬁﬁm'}ﬁfﬁﬁuﬂﬁgﬁ
technology of in situ oil shale developing[ J].Acta Petrolei Sinni- .
08,2010, 31(4) 1623625, WEFE D] KU H R k24,2012,
(2] ELTH RE, XERR . 2 o I DU VeI B AT M . Li Jielin. Experiment study on deterioration mechanism of rock
e Tl AL 2013, under the conditions of freezing—thawing cycles in cold regions
Wang Hongyan, Zhao Qun. Lin Honglin, et al.The distribution and based on NMR technology[ D ].Changsha : Central South Univer-
advances in production technologies of oil shale in China[ M ].Bei- sity, 2012.
jing: Petroleum Industry Press,2013. [12] AR, FaAR, Bk, 55.2D NMR 768 508 Y K i R o7
[3] A, D) MR, 25 3T = 4 CT RGBT 2 B K Py Hreb R [ 0] B0 AR 2R, 2014,31(2) :206-213.
HLER AR AL I M [J]. B A 5 TR 2R, 2014, Niu Qiang, Wang Zhizhan, Zeng Jianhui, et al. Evaluating shale
33(1):112-117. porosity and oil content with 2D NMR [ J]. Chinese Journal of
Zhao Jing, Feng Zengchao, Yang Dong, et al.Study of pyrolysis Magnetic Resonance,2014,31(2) :206-213.
and internal structural variation of oil shale based on 3D CT ima- [13]  ZEesi SETRREILAR B0 o A S 3 S FHAF 52 [ D ). 7
ges[J]. Chinese Journal of Rock Mechanics and Engineering, i PR AR, 2012,
2014,33(1) :112-117. Li Xiaogiang.Core analysis and application based on NMR tech-
[4] INEEE BEET, 1 1F B, 25 0Tl 2 e e il e 9 v g nology[ D].Chengdu : Southwest Petroleum University ,2012.
MESZSRWFFT[ 1] R 4% ,2012,30( 14) :25-30. [14]  XUrbde ok, B i, 45 T1RUG I 0088 2 MU 52 36 BF
Sun Junchang, Chen Jingping, Yang Zhengming, et al. Experimen- FEL] R B T R A2244,2006,37(4) :414-416.
tal study of the NMR characteristics of shale reservoir rock [ J]. Liu Zhonghua, Yang Dong, Xue Jinxia, et al. Experimental study
Science & Technology Review,2012,30(14) :25-30. on seepage law of distilled oil shale[ J].Journal of Taiyuan Uni-
[5] &, W4 SUA SN2 FUBU B R S 4 R AT L B4 versity of Technology,2006,37(4) :414-416.
THUX e THIR L ][ 1] H2# T4, 2015,22( 1) :374-385. [15] PR AR FNMEA I T4 124 Mk S HoK ) R 25 e

Huang Lei, Shen Wei.Characteristics and controlling factors of the
formation of pores of a shale gas reservoir: A case study from
Longmaxi Formation of the Upper Yangtze region, China|[ ] ].
Earth Science Frontiers ,2015,22(1) :374-385.

R AR ILRAE A8 )2 P I P PR RN [ D] E B

RSB D] KA M, 2012,
Yan Xuanchen.Research on mechanical properties of oil shale in
Nong’ an and Huadian and key parameters of hydraulic fractu-
ring[ D].Changchun Jilin University,2012.

(m8E & 4A)



