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Innovative practices of integrated geological engineering exploration for shallow shale gas in

complex structural area of southeastern Chongqing
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Abstract: To promote the large—scale and efficient exploitation of shallow shale gas, this study focuses on the complex structural area in the
southeastern margin of the Sichuan Basin. The geological characteristics, challenges in efficient exploration and development,
countermeasures, and exploration achievements of shallow shale gas were systematically reviewed and analyzed. Theoretical research and
exploration practices showed that: (1) Shallow shale gas experienced stronger structural modification and exhibited three key geological

characteristics: low formation pressure coefficient (between 0.80 and 1.05), high ratio of adsorbed gas (between 55% and 80%), and high
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stress difference coefficient (between 0.32 and 0.56). Three types of accumulation models were: shallow monocline type, reverse fault type,
and out—of—basin anticline type. Efficient exploration and development faced four major challenges: sweet spot optimization, fast and
efficient well completion, full-scale reservoir stimulation, and pressure reduction and drainage. (2) When the burial depth was between 500
and 2 000 m, near—saturated adsorption of shallow shale gas formed a “golden zone” for adsorbed gas enrichment. Reducing the flowing
pressure to the sensitive desorption window (pressure between 1.5 and 2.5 MPa) could efficiently activate adsorbed gas desorption. (3) The
main controlling factors for the enrichment of the shallow monocline type were formation attitude and burial depth. In response to the
characteristics of gentle strata and good self—sealing property of shale, a super—long horizontal well production enhancement technology was
developed, thereby increasing the well-controlled reserves and single—well production. In the Nanchuan slope area, the daily gas production
of single—well tests ranged from 4.1x10* m® to 22.1x10* m’, achieving overall proven reserves and efficient development. (4) The main
controlling factors for the enrichment of the fault footwall type were fault activity stages and sealing capacity. Considering the characteristics
of multi-stage fracture development and moderate in—situ stress, a fracturing technology of “multiple clusters in the middle section,
restricted flow perforation, and increased flow rate” was developed to enhance the complexity of the artificial fracture network. In the
Daozhen fault footwall area, the daily gas production of single—well tests ranged from 4.5x10* m” to 13.0x10* m®, achieving a breakthrough in
the commercial gas flow threshold for out—of—basin normal—pressure shale gas. (5) The main controlling factors for the enrichment of the out—
of-basin anticline type were formation pressure and temperature. Considering the characteristics of high adsorbed gas ratio and weak post—
fracturing self—flowing capacity, a “near—zero flowing pressure” production technology was developed to promote adsorbed gas desorption. In
the Laochangping anticline type, the daily gas production of single-well tests increased from 0.7x10* m® to 4.5x10* m®, achieving adsorbed
gas desorption and self-flowing production. (6) Adhering to the concept of low—cost and high—quality development, breakthroughs were
achieved in fast and efficient drilling and completion technologies centered on the “two—level structure, logging while drilling (LWD), and
water—based drilling fluid.” These were integrated with efficient fracturing technologies primarily based on “increased flow rate and net
pressure, high intensity and high sand ratio, and multi-stage composite temporary plugging,” resulting in significant production
enhancement, cost reduction, and efficiency improvement. Through integrated geological engineering theoretical research and innovative
practices, exploration breakthrough and efficient production of shallow out—of-basin shale gas in southeastern Chongqing were achieved,
providing theoretical support and practical experience for the efficient development of shallow shale gas in complex structural areas.

Keywords: shallow shale gas; geology—engineering integration; exploration practices; Wufeng—Longmaxi Formation; complex structural

area; southeastern Chongqing; Sichuan Basin
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Fig. 1 Burial depth of base of Wufeng Formation in Sichuan Basin and its surrounding areas
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Table 1 Comparison of geological characteristics between shallow and medium—-deep shale gas in complex structural area
of southeastern Chongging
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Fig. 2 Distribution of structural units and formation pressure coefficients in complex structural area of southeastern Chongging
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volume over time for well PD1 in southeastern Chongqing
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Table 2 Evaluation criteria for “sweet spot” targets of shallow shale gas in southeastern Chongqing
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Fig. 9 Favorable targets for shallow shale gas in complex structural area of southeastern Chongging
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Table 3 Enrichment patterns and accumulation models of shallow shale gas in complex structural area of southeastern Chongging

s NN ST e R L E=c VIR Sy CC It T
K IR ZLHEIY WU 1 DL L R
YT81-4} SY6SF sysit

B 3

' MR R AR
BRI - < e \ 77~80 2.8~4.0 50~61

I ‘Flﬁﬁ:mlﬁ L &jﬂ]z{ ?@‘ﬁ&

M O &3 [ [['L_Fj

O O O = o=

IR JUR JpTiRAL N SRIN TAR SRR TURAME UK ks B J51e) HJE S Iy

S fi) ik
W)z 2

— [
PURL |wwr e

I kR

R
F i)z

B A
TR
sEe [} [
JHE R SRR iR
O &= =

G I Cae - S

L

— l<: MRS T
W ek 3% 38 Bl 75~77 3.7~42 55~60
[EiEa T

=]
ek NiSie MRS R

Fyis 1T

<= mﬁﬁ \iﬂl
R
7

T
AR
#

80~85 3.0~3.5 73~80

— e
FEBHBIZ FRRHBIE U RSy JiTE WA it

s, b 07 A I S35 B R A1 600~800 m( &1 10b) . R,
Hu 2R SRR R TUA R R FEERINER . 12
P2 SBVRMA, TUA 3 P by, o SRR s
h.=p/l(p,~p,)%0.01cos al (1)
b, R SR ECHR , B m s p, S 5T AT RE
1, B MPasp, o LB HIZ % B B0 vm’ s p, S HBJZE K
SR BN Y’ s o ok L2 A B () .
0T 23 BT T A TR U SO DY )T 2 bl A % R A A
FREMATEEE, THENES EESUERZEX
B2, DUA SN TR £ TE B R 8 R AR
FSI M AR R O A T Al T R N AR Dy e
WP —AR g ) B R A L e M pE A e R L R
PR 1 244, 28 XS Y L IR 4% | 22 87 40 7R
A6 B AIPELT . W72 B IR R P SR D R R
(1 B AR R R M 1 R ) 0 R A e 7 I

0.6
204
2
# 0.2
0
JEJI/MPa
a. JUABIE R 1A <k
K 10

R WZ 6 S T 324 U, e iR 4 iUA 7
=B R R R AR R W R T LUR A2 L
T — & LR AR THE T, AR AW
IR, T FE ) 3 D J2= e 000 i) 354 1, RS RH
PHOUA R ) R A1, W72 1 B, ) T T2
IR AREE M . FAT W 7 5 5 SRR, T T B A7
W E T L.

FRHE USSR 23 0 N AP, —F AT
AR PRAT A E AN R AP IR 2 2 5 A A B R 22
SIS 1031 - PN R A A T, FR T IR RN
TUEHIRA T 2 500~5 000 m , P35 K HUARE 1T 5L AR X AN
SN LR TONVIE N (R (VE 1 T QTS )
T RH W LIV R IR ORGE O EENGE T
At R T RAFA9B T , 00RO U ik
JE ARSI 7R R IR 2 () N BA B s 7 2R
SRR IR U B T e PR RBB)Z R ) R 8

12.000 [ —e—10MPa

—— |5 MPa
8000 F —e— 20 MPa

6000

4000

I AR T/ m

2000

0 10 20 30 40 50 60 70 80 90
HE /)

b. RIS 20 5 % A G 5

U B35 s ) B B2 AU 55 s s RO TG &

Fig. 10 Relationship of shale permeability and pressure with formation dip angle and critical escape burial depth
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Fig. 11 Accumulation model of shallow shale gas in Nanchuan slope zone (profile location shown in Fig. 7)
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Fig. 12 Gas test and production curves of typical shallow shale gas wells in southeastern Chongqing
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Fig. 13 Accumulation model of normal—pressure shale gas in Daozhen area (profile location shown in Fig. 7)
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Fig. 14  Accumulation model of shallow shale gas in Laochangping area (profile location shown in Fig. 7)
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