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Abstract: In order to best tap the potential of shale reservoirs and optimize the placement of horizontal
wells during exploration and development, an integrated steering drilling technology was researched and
developed in this paper. First, after an in-depth understanding of the shale reservoir was achieved, a high-
resolution 3D fine geologic model was developed that could accurately predict “sweet spots”. Second, opti-
mization design was conducted on the well trajectory on the basis of the formation parameters extracted
from the 3D geologic model. Third, microstructure change of target zones was ascertained by using reser-
voir prediction technologies, so as to provide the geologic basis for the well trajectory prediction. Fourth,
the position of the bit was predicted in the hole accurately by means of geological target tracking and trajec-
tory adjustment technologies. And finally, real-time modification was conducted on the geologic model by
estimating the real formation dip, so that the well trajectory could be extended reasonably in the reser-
voirs. The technique was applied in Well NH2-4 during the drilling of its horizontal section. And based on
the technique, it was 35. 00 m from the horizontal section to bottom boundary of high-quality shale, and
the corrected formation dip was 6.48°. The geological model was real-time modified and the trajectory pa-
rameters were adjusted for time, so high quality reservoir drilling rate achieved 94. 5%. It is shown that
the integrated steering drilling technology for geologic engineering provided apractical and feasible integra-
tion technology for the development of shale gas.

Key words: shale gas; reservoir; geologic model; hole trajectory; steering drilling; integration; Well
NH2-4

DU 11 2 2 0 00 T 25 R 4 Lk

S I 52 bR A K A AR 5 BT

T R T R R L VU M 4 e M R
PR 25 e L S I AR 5 6 O : : |
i 2 B SRR A T FF 8 A 5 TR 2 24 L
114 T ST SRR AR L G S I L B T BRI
TUAR BT RO AR 800 BN 3E N R 4L R A b A 3003) A= v9 )1l 5
’I’iﬁﬁl‘ , Ejﬂ% ILH E"]%ﬁ?’fl‘lﬁﬁiﬂzfﬁ . Tfiiﬁ“ﬁ‘ﬂliﬂ HAH YT IRZFAACR x:’/ K I ad 4k Skl R F AT R

(%5  XNSIIJS(2014)51) B &% 84

A %) (49737

XD RB T B




% 43 K% 5 M

AR REAWR LR IF a8 FHA ° 57 -

Syl AR BB A ) PRt B A i e )
T I 6 0T TR ML TR i) B | T i) B 3BT TR 1) )
07 T R B SR A TR IR s J5 b B S B T
7B — AL TT A B, o TR — Ak = 10] Bl
RN Ty — R TT e A58 3 B0 T2 2 B AR o i — il
R 3t i 1) B M BORE S | A O R
IE BT ARG BRER 23 BT BT 8 A A LS A R SRR
PO BEAE Bl H 1 B A o Bl R S R AR B A
325 80 AR e R R A 2 JBASE Y Y R 5 A A SR A
PR HE R BEAS AR Jf B Bl SR OF L D0 | R A R L
H TR 030 5 1) 5 BAR , BEAT I IR B Y
SN BRI ML L g 1O Al K CF I B EROT R ROCR
DAL ke SR o JE T — A A e 1) B R L AT LS B
TREFOR 5 2 25 0 B VE C , i PR s U 2 M
BAL A HBOT %

1 BUA R 5 R S B PR e wf o

fEERER, R RAEHESR IUA VRS
BRI R ARG R B ATL A 3R A 7 A R K 22
B BRI A 1 e . SRR TUAE R
A Tt B S ML 2=~ 22 4l JBRE AE AR L, DO T 2 5T
SRR T 32 M T s S R R 2 T BRI A
F BRI 1 M Fe B R AL, P SR AT T 3 40 2R
B R T o HLA R SR B8 3 3l I 5 ML Y T
WOLE DY gedh, th T 5240 152 3 s 18
SO DY 1] 20 0 M JZ= 4 R J T E T W2 L
BLH B OUA 2 B A R 90 8 B AT W] A 4% 1) S5 4
FEd 0 35 R AR 2 By e 5 A AN [R) B0 7 1) L Y
E5t.
3500 -
3000 -
2500 -

2000 -

fEEHER/m

1500 -

1000

1 MIEMELEFENESKFERERITLE
Fig. 1 Reservoir buried depth comparison between Sichuan

Basin and North American shale gas

EEEHE BRRANENFHNEEX T
AR B LA R sl B AR A AT AE TR R B
HIUR B RD BUA 2 R R AR, HEIZ
HACH B AL BN IR 10 A . il AR S 1)
P 228 B A RR 4 2 L AT SR ) IR L AR 78 W 1
fiES B TR SR A AT & AR A
AT 7K -5 10 B KR T3 TR REER T — 1K
MZEAHOR . TR0 Ve A F) DRI E 85 48 F AR I
BEANTH 70 M BN AT M B 50 A i B R A AR
FI b 1oz 6 72 A7 AL 55 ek o 4 L FL I S B A B Y
MR TUARE R o AEBE I e rh IR IR % AE 3 BT
LR 2% R 8 1 5 L SE A L X RE RE WS TR IR AR 2
)15 S 25E Oy Jn 4 R R B B AR AL AR EAT
it )22 O I 4 FE SR 2% 1) T AR 24 o AT £
J 77 o 1) A 46 9 R e KAk

WEEB A E ER, RITHES SN TR
FER R Hb R TR R S X b T A L s A
SR FORERY (9 SR A TR AR 4R MR Bk
17 TR STT R AR XA A = 4 i 5% BT R} kA7
KAV ISR T = 4 3t 7% W] A AL R AT K
H IR BB LA BT T A Mt R B L R Ak
Lo g BRSO SE I AL BT A T — IR 58
BIPRBAR . SR, B A T U = B SR AT L 4
Mo R B R T = A MR AR O Bl L 8 R T AR 1
e A Ak P R T A O AT L 2 A R B 2
X LR £ 2 0 S A R A S I e A R
JEE AR A DX S b S5 A LR DX e A AR 8 I BT 5 B
JoUASE 0 F] i ARG X LA AT 2800 %) i )2 B i 4 8 K
L. A H AR T 3 1 B B+ MWD+
LWD Iy I 37 3 18] Al H: A, e BRI 38 42 il 53
& FRRHR T & A AT S o — e R |
PR T it M SSTAN I R P A X o (E A D -
B LA X o3 R AR = B0 TR
Az s Jr S& et

2 MR TR — WAL BOR TR I B

JI i M BT TR — R AL R S R N BT W)
TR TR Bl o8 F TR A Lk i 1 2 X007 4
ARG LR 25 W T K TR HOR I7 % 09 il
VT [ IR R A PR AR IR 55 4 ik R S BRI e it i
T A BT ST R R 55 R A A B — R b iz
PERT o JUHRAE 24l SR TT K0S 5l L 52 98
lia {5 L BT IR A AR (O 35 L BOR RS B 4 L



e 58 - fa iH £

® 3 P 20154 9 A

BT M TR — AR BOR B DI oK . AR S
[ S0 AT 1) “ORCIT A 4 2 i Jo 39 69— IR AR T e B R AH
LU FE A DI L T R B B T — AR AR IRk
G5 AT A T AR R T 0400 B B o EL ARG N 1R
2. FEHEIN AR T 2T 5UA SUROIT &2 B LT %
BHE L 1D TR A A DXL B A0 B R PR 5 2) S8
Mkl AR TR DA BT 3) AN ad 43l X
ot B S AL B S HOE . i — R
e Bl S R AR [ AR R ST S BT M RS 16 A T
H 58 2R G0 A HLURES , L IE 9155 B R Y
a2 REAL I B2 B 1] T Al Sk R RE AL kT b -
B R R P M 5T S A | S I 0T L A R A Al T i AR
AGACHITT M AR A K e L A A Ml S AE O M R i
B BB I RS I RCE IS B g — 1A i 5 1
BB 1 A T A SR A) 3, LR R S e R B
BB i AR BB AR T4 PSR BOR

3 Hb TR — AL T I Al G HE R

BB & 7K P I HA B A W A T N AR OKCF
e B2 P R 90 1) B K S 2 i A D i TS TR
RSS9 — AL B T BR , LU 21 f A 6 )2 B i
B E . 5 TR, ST T S o H B R A K
Sl R R H AR

3.1 MFIRHFEM AR

TS L B b T 4% 14 % fit 5k
AR MR RS, N T 0UA S5 %
FLA IR I PE M 7 R R TR . B R TUE SR &
IR BRI R R = AL A I R G AL bR R 2E )
FE AR 75 I A S B F A5 D A S X
Bz R H AR R PR A SR PR A R
SRV T BB R S5 SRR A A 122 S8
Hb B F7 3 A R EE S HAE T 5l DU A L,
5 T it )22 EL AT 1 AR | v BEL S5 R I 25
AT b2 AR B RN G A ARG A5 I S g
FRAE 1 S R AR AE O B X T RS 40
HEAE I SR IR T AR ) R T AR T
1 H AR S HE

H T P 00A KO B, 3 R O
T 3 J1 %6 B+ MWD+ LWDOI 55 4 7 4 AR # 47
KV B b 5T 5 Al L R A SR S B s 3E AT
(2 bR A . SR R FE O 25 0 H %5 98 BE A g i A7
fith J2 K5 40 5 A L TS BE S B0 5 AL R R 2 A A 1k i

o it AR R [ AN BRIk 55 2\ T R
TR A2 I R 0 BT 2% R 5 R R B Sk I 4
7R (through bit logging, TBL) P21, ot &k Sk i 4%
A AW 2 PR . xR R AE I S AR B LR IT
R Tz

IR T -

wh B ke I sty e
|
i I =)
RPN L i BTSN ESIER
g T WL

B2 SEHEMHAMEFRAS
Fig.2 Through-bit-logging( TBL)series assembly

R Py et Al LA A ) e AR SR G v 0 Ty
2, W0 S o 48 AL 2 B AR Al L D B 308 3 ) R
BYET B AETE LB HE AR RS R4 N Bl B AR
T EIFIEJE 8 1 B WK o (5 5 s8R il X
8\ B R B, U AT R B[R] AR AN A
I LT T AT R SR A AR A R R AT
B0 R S AT, SR PR IS Ii) =0 B T 6y X% T o
P Fe R AT IE . Z AR IR T E BT
T 0% e SR A 1 M R, B A B O AL T b 2 PR M
SR A B0 S R L B K BRI A AN XU 1 E
A o P s i L A7 0 S B AR A7 T 11 R 4 B
J AN = B B RCR AR AR R AU BE ) 22 4
BRBE AT T A B e S

3.2 “EARVRETEIEGS

SR X B AR TUA SN AR A R R
H o k2 H R R R8I B 0T W ESRV 9 T X
S, 2 DX o A D S D ARSI & A )
MR R Z — , JE AR N HE T DUA A i ik X
KGEPERE I VAN T i 3 A e M X F B 0UA R A
M B S B B HOT AR 25 G D 1 4 b A S B
Ho T AREAE B2 T 10 S EOL R AP R R, IF



% 43 %% 5 M

B AF. T E AW TR —RALF @4 AR <59 -

X A% 0 2 B B BE AT X)) 23 A Sy I ] A T2
BT A DY 5 M e AR T B A L S RO
B T5 i o DU R DX I T ) e A R O < LA
VU SRR BT A 1 U T RO AR & AT
SCEERS RO A% WE S H R DU R S

VU 2 SRR B A 3 R A R AL, 25 M AR BB B0 figk B
BCR S F T R A S S o M B R R R A&
J5 2 2 RO 7R IO DL B 0 A A R R Ak B 7
VRO S BT A R R R X o
R AL DX BTN S P A AR AN 3 TR

[ masscmnS e |
[

' 1 I ' v
I [ sakpezwn | | smnssen || sy || g
[ { | AT
! I !
b || #m || s " it o
A || #E || 2 il W ] oy
|| | | i h 7 B
A | | 4 | | Absm * i 5 =
il T i &if
R T
LTJ HR
=5
s || mgmem || R AT PR NRHRHE | | 4k
B (| wEmH || AH ) AR A PEAFE e
\ [ [ \ [ I I
v

[ BEOUEHCKEENSEN |

B3 TUESHAUENSITEMNRE

Fig.3 Prediction and evaluation workflow of shale gas “sweet spot”
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Fig.4 The flow chart of reservoir prediction for hori-
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