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Analysis of logging characteristics of high quality shale gas reservoirs
MA Lin', JIANG Xiani’>, GONG Jinsong'

(1. Sinopec Oilfield Service Corporation, Yangzhou, Jiangsu 225007, China;
2. East China Petroleum Technician Institute, Yangzhou, Jiangsu 225129, China)

Abstract: The logging response characteristics of different productivity shale gas wells are obviously different. By comparing and
analyzing the logging response characteristics of shale gas well with different productivity, the logging response characteristics of
high production shale gas reservoir are summarized. Then, by the analyses of the differences of lithology, electrical properties,
physical properties, in—situ stress and pore pressure in shale gas wells with different productivity, and the geophysics logging
information such as resistivity logging, radioactive logging and acoustic scanning, etc., a set of high—quality and high—yield shale
reservoir identification methods based on integrated logging response characteristics is developed by considering the key
parameters of organic quality and formation pressure to reflect shale gas productivity. The results show that the electrical
characteristics of high—quality and high—yield shale reservoirs are high gamma-ray, low density, low neutron, high acoustic time
difference and medium—high resistivity. This set of analysis method can accurately identify the exploration and development
potential of shale reservoirs. The comparison between the field gas test results of different types of shale gas reservoirs in different
shale gas blocks in southeastern Sichuan and the results of comprehensive well logging analysis shows that the method has a high
coincidence rate. It can provide scientific basis for later completion plan decision of shale gas well.
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Fig. 4  Comparison of measured resistivity and reconstructed resistivity in Well-1L.2 of Pengshui area
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Fig. 8 Crossplot of longitudinal and shear wave time difference in Well-S1, Well-L1, Well-J3 and Well-P1 of Pengshui area

*x2 ERZF¥SIT 100
Table 2 Statistic of coefficient of difference | .
. RAKE  RAKE | RIER ) g ¢
% FE0 I (MPa)  FEN ST (MPa)  FHE(%) 2 = ._‘_..-—" y=15.3131n (x) +7.395 1
P1 57 39 46.2 IR z 60F A R*=0.5782
LI 67 51 314 R LH ¢
1.2 61 46 32.6 HE E 401
L3 71 57 24.6 T
3 52 45 15.6 % 20 s . . . )
7 34 77 0.1 A 0 0100 150 200 250
J4 75 68 10.3 I TR (2 e m)
I5 63 54 16.7 I &9 TUA TR R A HUBH 28 5 e K 0 1 C R
S1 81 72 12.5 i s Fig. 9  Relation between resistivity and maximum principal
2 72 06 9.1 L stress of shale roof and mudstone




2022
452 Iy bk, 4 R BTSRRI R S %u%§;%
HU IV 30 S 682 R B & BT
WS BRI A SO R FLs R a5 SR T EE B AR I S A R T A
BAELE TR o TR — M v 8 I 2 P BUBE % T A
B M Ao 55 B P I ) X, A T A
RS Y B FLIB 4 (1 10) U 3 0 P 8 T 0 SR 50 T 5T 44 0
T2 F4) T R e LA AR L 6 B R 8 L
w0p HISCE XL W TR TUA S P B SRk E L

y=37.489¢"""

. P L A 5 K (D—(5) /N2 5 1 24 1 9 o

= . °,_,° . 80° ~ 907, LI L) K i 32 2 X6 I O Wi e 7
. R BRI BT AT B . BRS04
i « e FEBU, AL A 41 245 ), LU IE I AT RS
L AR R IR RAE o (R 7 DU 02 4

R B I /A L 4 T
0 20 40 60 80 100 B
THAR B R (Q » m)
3 JAN
10 TUR TURTEE LS H R R 6 SEBIH -Hr

Fig. 10  Relation between shale resistivity and daily gas

production in shale roof A58 XA F DU )1 235 1 S JR 2%, DURR AR 28R

TN ORISR | R iMemE |10 AL - 4 E it |
0 (API) 2502 (@+m)20000 |1 (@+m) 1000{2 (glem) 3[R TTC H rocs s ) 10[50 (%) 0 N
BN o 2 Y, wiEhy  P--0ER (’E) O o0 MO s | s : = 0| 4
0 (API) 300|300 (us/m) 100 2.2 (g/em’) 3|75 (%) 0 b e 15 ™ 0 (m’v 10]0 (%) 25
:f:' T Ha E
= :,j, £
< i
50 B 212750
74 ? Ld‘ m
PR 2 ., N
(3 ARt x
g % é D) of 2
9y, K DO 5 =
£3 3 ! 3 i Jz
e% g ? ) N
: : H ] i 2
is { éf’ - -
] L o3 -
<(’ H ? {J . it
{ 3 b=l
N i ’ 2 800) 5
X v 4 W Lett J=
23 P3| j
Y £5 085 2
[ | i o =
<= s
= ‘7 i I
S8 e
K Gl f "
g 5 4 H gl
3 12 825 i =
S (iEan | ;
(S~ x g ? i
= = e i

BITL 2RISR S2 3 BUA B2 255 PR R

Fig. 11  Log comprehensive evaluation result of shale reservoir in Well-S2 of Dongsheng anticline



20224F
12 H3

Iy bk, A AU R DR 23 A 453

GKBEMIAR, Jo DR — R4 U A ST
Bt ARG, B A A ML R T
L TUA Y S AR DU S A R AN
VU SR LA A 26 IR = e  , 2O A
R R H = m (2 ~ 5)x10* m* s S2 (1) 1437
TAEN AN 5 m (A R PR 2 T e, A
5 (AR IR, 7 B s 2 AR X A K, T i £ 7 8 1
U R WatE w4 & 5 0 B8 48 SO i =, i 1R
L R G 38 8, TR B A X 3RAIG , 25 B 7R TR S
M AR HAR T D5 B, AR AR P I8 00 P H 1 g 22
5 ZHCH 10.5 %, M50 2 0 RECH 1.39, 1
BLAG I  5 A  DUA B & D v BEL A 25
G FIWHZ I8 TR R SUE SO, E B /o
32x10" m?, F I 45 R — 5

1) AR 0UA i 2 ZE I IF i 48 B R 1 m =
AR BRI o SRR AR A b BE T | v R R A T
PEMI: 25 0] LA 5 AP v A B 4
SEOCHE SR, M i 2 52 2 1 A o 2 PR e AT R0 )
VU5 A B

2) U fith J2 HL PR ARR AR 2 4 531 0 i o A O
TR O DU LB AR BT 10 ~ 200 Q- m,
G L AR s A LB e R SR A AT AE 1~ 35 T
M ) g — B A8 5 1 90 S F BEL AR (B A X A1

3) A P IR HL R A R R I I BE A T 1 i
J2 G RN T HFAE , SR R R AT 250, 7 DU X
It 3 B LB e . A TR LI ) i )2
O\ B T R A 25 5, v DU U R ALIR
Je ) B HCE 8 = T 115, RS e/ INVKCE R ) 22
Fi A HUINT 20 %, A TR 55 HUI T X iR R
A RE /N e BELS%

2 % Wk

(1] A3, SRBEE, gk SR, 45 . e DUR R I AR U U

JEETENIEEAIL IR, 2015,39(3) :357-362.

SHI Wenrui, ZHANG Chaomo, ZHANG Zhansong, et al. Well

logging evaluation of Jiaoshiba shale gas reservoir in Fuling

District Shale gas field[J]. Logging Techniques, 2015, 39 (3):

357-362.
(2] XURUEE . GO R 1 K A 12 2 HEE m ). e

HLA,2019,6(4): 1-5.

LIU Shuanglian. Effect analysis of shale bedding on well logging

response and rock mechanics parameters[J]. Unconventional

0il & Gas, 2019, 6(4): 1-5.

3]

[4]

[5]

(8]

191

[10]

[11]

[12]

U . )RR A T2 8 PN BOR % B SE D] WL
8 MR TR 2%, 2019,

YAN Lei. Comprehensive evaluation technique and application
of marine shale gas logging in south Sichuan[D]. Chengdu:
Chengdu University of Technology, 2019.

ELRSR, Ei RS IR S R0 ) e R DA b
BB KRR, 2017,37(11) : 36-42.

XIA Hongquan, WANG Hanwei, ZHAO Hao. Identification of
shale gas geological sweet spot by log multi-parameter two—
vector method[J]. Natural Gas Industry, 2017, 37(11): 36-42.
TRARER , P, O, 45 . UA U2 AL B 7 S0
T ATIAR ,2017,38(6) : 666-676.

XU Chunlu, SUN Jianmeng, DONG Xu, et al. A new logging
prediction method of Pore pressure in shale gas reservoir[J].
Journal of Petroleum Sciences, 2017, 38(6): 666—676.
T R E, T30, % LT IX R SRS AR B AL
PR BT LA 2 I TR —— DL 5 M 40 L 02 DX ey 4
[T]. FARTHLBRF ,2015,26(12): 2395-2407.

WANG Ruyue, LENG Jigao, DING Wenlong, et al. Logging

identification of high quality shale reservoir of lower Cambrian

Niutitang formation in upper Yangtze region Taking
Cengong shale gas block as an example[J]. Natural Gas
Geoscience, 2015, 26(12): 2395-2407.

BN T = 5 O e Ll 77 L S TN 2 2 ) AR 2
BB ALK T[], RIRSHERFLS,2020,31(2) : 151-162.
WANG Yuman, LI Xinjing, WANG Hao, et al. Carbonation
prediction of organic matter in the Lower Silurian Longmaxi
formation in the middle and Upper Yangtze region[J]. Natural
Gas Geoscience, 2020, 31(2): 151-162.

MRS . MM 8 DU A2 A RO TR TP B L.
KAT R4 (AR ,2016,13(29) : 18-23.

HE Zhibing. Logging evaluation and application of effective
source rock in shale reservoir of M SAGI[J]. Journal of
Changjiang University (Natural Science), 2016, 13(29): 18-23.
Rl SRR , 525, T, 45 . DO At v b s SR X T
A FUR)Z SUA SRIT R SR S R R Al SRR R
HiJ3T,2021,42(1) :241-250.

LU Yaqiu, LIANG Bang, WANG Chao, et al. Exploration and
development of Paleozoic deep shale gas in Jiangdong block,
Fuling District shale gas field, Sichuan Basin[J]. Petroleum and
Natural Gas Geology, 2021, 42(1): 241-250.

W, RO AE SR, 5F . TCASRZE NI EOR DS S
IS BRI A A, 2019,6(6) 1 117-123.

LENG Yue, ZHAO Difei, GUO Yinghai, et al. The application
status of shale gas reservoir logging evaluation[J]. Unconventional
0il & Gas, 2019, 6(6): 117-123.

TP, BEAE R, kR 5L, 4 R T UL S0 VU i )2
FLIR B RSB, % B <, 2021, 8(5) 1 9-17.
ZHANG Qingguo, HUANG Yingshuang, ZHANG Rongji, et al.
Study on porosity interpretation model of shale oil reservoir
based on geochemical parameters[]J]. Unconventional Oil &
Gas, 2021, 8(5): 9-17.

T BN BN, A L M — TR R A O R T E
T AR R UL T E AR, 2015,20(4) 1 1-23.



454

Ty b, A AL A Z DR 0B

2022 4F
12k 3

[13]

[14]

[15]

[16]

[17]

[18]

WU Qi, LIANG Xing, XIAN Chenggang, et al. Geoscience—to—
production integration ensures effective and efficient South
China marine shale gas development[J]. China Petroleum
Exploration, 2015, 20(4): 1-23.

XG5, T . P b e DX R G SR SR U
IV ARSI % ,2016,43(6) :978-985.

LIU Naizhen, WANG Guoyong. Shale gas dessert determination
and precision guided drilling in Weiyuan County Block,
Sichuan Basin[J]. Petroleum Exploration and Development,
2016, 43(6): 978-985.

R GUR UK I BT T ) B T R 2RI
FAR(I] KIRT T, 2016,36(5) :74-80.

WU Xueping. Reservoir “sweet spot” evaluation technique in
geo—steering drilling of horizontal shale gas well[J]. Natural Gas
Industry, 2016, 36(5): 74-80.

B/NEL B IR AF L IRBH U UK R R R R S
[J1. PO 2441, 2017,37(3) :433-437.

XIE Xiaoguo, LUO Bing, YIN Liangxian, et al. Analysis of
influencing factors of low resistivity shale gas reservoir[J].
Journal of Sichuan Geology, 2017, 37(3): 433-437.

BOB C, MIKE M. Log evaluation of gas shale: A 35-year
perspective[R]. Denver: Denver Well Logging Society, 2010.
FEE, EE, AR, IR R R G AT SR U U ik
ARz ) 2 fERAR(]). KAA T, 2013,33(7) 1 1-10.

WANG Daofu, WANG Yuman, DONG Dazhong, et al.
Quantitative characterization of shale reservoir space of the
Lower Cambrian Qiongzhu Temple formation in southern river
[J]. Natural Gas Industry, 2013, 33(7): 1-10.

A Mg, 25, FEEAR 2 AR R X TR A AR A T

[19]

[20]

[21]

[22]

[23]

FEZ ] KRR THERPE,2017,28(4) :654-664.
HE Xipeng, GAO Yugqiao, TANG Xianchun, et al. Analysis of
main control factors of normal pressure shale gas enrichment in
southeast Chongqing[J]. Natural Gas Geoscience, 2017, 28 (4):
654-664.

TINGAY M, HILLIS R, SWARBRICK R, et al. “Vertically
transferred” overpressures in Brunei: Evidence for a new
mechanism for the formation of high magnitude overpressures
[J]. Geology, 2007, 35(11): 1023-1026.

LAHANN R W, SWARBRIK R E. Overpressures generation by
load transfer following shale framework weakening due to
smectite diagenesis[J]. Geofluids, 2011, 11(4): 362-375.
HEDBERG H D. Relation of methane generation to undercom—
pacted shales, shale diapirs, and mud volcanoes|J]. AAPG
Bulletin, 1974, 58(4): 661-673.

ZERE RN IME L SF L DU F A B AR TUA SO IR L
SR R E R R ] KRR THERFHE,2016,27(5) :
924-931.

LI Shuangjian, YUAN Yusong, SUN Wei, et al. Formation and
failure mechanism of Silurian shale gas overpressure in Sichuan
Basin and its main controlling factors[J]. Natural Gas
Geoscience, 2016, 27(5): 924-931.

RTE SOGRETEE, TR BT, A L B A e X R e AR
ML Kt 50 FHT]. MFH AR ,2004,28(2) : 141-144.
LI Jun, ZHANG Chaomo, WANG Guiwen, et al.

responses to terrestrial-stress,

Shale
response mechanism and
application in the tectonic compressive areas[J]. Well Logging

Technology, 2004, 28(2): 141-144.
(% FHF)

(L5 428 W)

[20]

[21]

[22]

IRZYE 05, &7 5 M, 45 L T RBUIE PLS IE 1 TUA ~U™ g
S0 R 2R A3 Bt —— LA VE 1| 2 b i 19 A0 A 30 DX e A £ D).
RIRHBRFL %, 2020,31(4) : 542-551.

ZHENG Aiwei, LIANG Bang, SHU Zhiguo, et al. Analysis of
influencing factors of shale gas productivity based on large data
technology: A case of Jiaoshiba block in Fuling Gas Field,
Sichuan Basin[J]. Natural Gas Geoscience, 2020, 31 (4):
542-551.

ik, BRI, BRI, A1 AR B e Ml X A — T iR
2] U R B TR A . A7 3k S5 46 4 5, 2019, 41(3)
333-340.

WANG Qiang, WEI Xiangfeng, WEI Fubin, et al. Overpressure
in shale gas reservoir of Wufeng Longmaxi formation in Fuling
area, Southeast Sichuan [J]. Petroleum experimental geology,
2019, 41(3): 333-340.

SR TE MIASE , XDEAE 55 . DU Zo s L0 2 — g T IR 2 0
A LB AL AR Tk, 2020,40(6) : 31-41.
NIE Haikuan, HE Zhiliang, LIU Guangxiang, et al. Genetic

mechanism of high—quality shale reservoirs in the Wufeng—

(23]

[24]

[25]

Longmaxi Fms in the Sichuan Basin[J]. Natural Gas Industry,
2020, 40(6): 31-41.

MR, ZR R, 2, 55 I BRI R BUR AU R R T 200
LFFRTE ATIEE A, 2019,26(5) : 162-168.

LIN Bo,QIN Shiqun, XIE Bobo, et al. Study on difficulties and
countermeasures of fracturing technology for Fuling deep shale
¢as well [J]. Petrochemical Technology, 2019, 26(5): 162-168.
P Ay 2 . Qo A T ASTRNT J23 R 20 i P RSO — SO T e L.
PO 2 B4 (AR , 2002, 23(3) : 282-285.
TAO Yuhui. How to make fuzzy consistent judgement matrix of
the FAHP[J]. Journal of Sichuan Teachers College (Natural
Sciene ), 2002, 23(3): 282-285.

YR, TR 8 R, SF B2 RO HTERGE ISR, R 5E
TR 5 9%, 2006,26(9) : 107-112.

LAN Jibing, XU Yang, HUO Liang’ an, et al. Research on the
priorities of fuzzy analytical hierarchy process[J]. Systems

Engineering—Theory & Practice, 2006, 26(9): 107-112.

(shit HrAse)



