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Safe and Efficient Drilling in Presalt High-Sulfur Reservoirs in
the Eastern Gas Fields of Ordos Basin

ZHANG Jinping, NI Huafeng, SHI Peiming
(Changgqing Drilling Company, CNPC Chuanging Drilling Engineering Company Limited, Xi’an, Shaanxi, 710018, China)
Abstract: The main presalt high-sulfur reservoirs are located in the Ordovician Majiagou Formation, eastern gas
field of the Ordos Basin, interbedded and developed with carbonate zone and gypsum zone. In addition, broken clastic
rock, large interval of gypsum, and formations with abnormal pressure are observed. Further, wellbore collapse, tight
hole, high-pressure natural gas containing H,S invasion, lost circulation, stuck drilling, and other downhole failures and
complex situations are easily encountered while drilling, leading to a low rate of penetration (ROP) and difficulties in

[{

safe and efficient drilling. Therefore, the casing program optimization design of “ special drilling for particular
reservoir” was carried out, which integrated high H,S well control equipment, blowout prevention equipment, and
equipment standards. Combination drilling, anti-deviation and fast drilling technologies, i.e. “ high-efficiency
polycrystalline diamond compact (PDC)bit + high-torque single-curved screw +measurement while drilling(MWD) +
drilling jar” were studied and applied. A pilot test used precisely managed pressure control drilling technology was
carried out. The high-density saturated brine drilling fluid system with strong anti-salt, anti-calcium, and anti-mud was
optimized and compounded, forming the technology for safe and efficient drilling of presalt high-sulfur reservoirs in

eastern gas fields of Ordos Basin. The technology was applied in five wells, with an average drilling duration of 54.3 d
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and an average ROP of 8.35 m/h. Specifically, there was an average drilling duration of 11.67 d in the third section,
52.03% shorter than that of the early drilled well, MT1, an average ROP of 6.85 m/h for the reservoir interval, 69.69%
higher than that of MT1, and an average hole enlargement ratio of 6.16%. The electrical logging had a success rate of
100% for a first run. There is no downhole failure or complex situation. It provides a technical support for safe and
efficient exploration and development of presalt high-sulfur gas reservoirs in the eastern gas fields of Ordos Basin.
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Table 1 Prediction results of formation three-pressure profiles in the eastern gas fields of Ordos Basin

e J9m M2 LI A/ MR T/ HZ PR R B/
= (MPa-(100m ™)) (MPa-(100m ™)) (MPa-(100m ™))
FER A YA 1340 0.50~0.75 2.10~2.20 0.60~0.75
=52

XIFKIHH 1620 0.50~0.75 1.35~1.45 0.50~0.75
Veln il 1905 0.50~1.00 1.75~2.15 0.65~0.90
AfTAH 2220 0.50~1.25 1.60~2.05 0.75~0.80
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K 2385 0.50~0.90 1.60~2.15 0.75~0.80
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FERR Ik 3290 0.50~1.30 1.60~1.85 0.75~0.85




%514 %34

RETFHF RS MEMAITAT LT G50 E LA FHAR © 25

WP RS IWATES , Ht, Wit RH “f#=E%
17 0 =FFH B 8548 . —TIF, SR H 0444.5 mm &3k &l
EIE 500 m, $339.7 mm £ 2 EE T EIIE 500 m,
B A DU R RS s —JF, SR ¢311.1 mm 4k
BB R 2795 m, AR RARBRAL, JEA BB R
V4 30 m, $244.5 mmEE F 2 IHIE 2790 m,
HE=SRXNEWA . “BRMAKER; =, XA
$215.9 mm £ k& i BRI AR = Ak R L A
2B, EAFERRIKE AL S0m 54, T A $177.8 mm
EEEIF(WE 1) .

ES #H FH/m

CHEES 85 1 9508.0 mmx30 m FAFEHD, #itI2
42&3. 5 mm 3%>500 m/$339.7 mm
AR | 1255 500 m

RAEHH IR NI IR,
TRIHE AR 2 b T

é gty | 1565
2 [rat] 1675
XZEAL| 1975
AT 2275
{1 T4l 2575

-
P

|
|
1
1
|
|
1
!
|
1
1
|
I
1
|
|
1
1

IPg4L | 2685
KIEAL | 2735
fisgR| AR | 2785 6311.1 mm %3%x2 795 m/¢244.5 mm
FE*2 790 m
Diys| 2875

AR =B R — RS

i S He,d 3075 SRS IR, KU IR RN

W %| w3265

200m LA |-

[}
[}
L}
W o=17345 :
S|4 n= | 3510 ;
&— | 3600 [ $215.9 mm 43x3 650 m/$177.8 mm
ES ' o Ex3647m
B gkEdl | 3650 AU B, KSR 5
£ R 200m BL I

1 SPREFBMABSEASEMRITER
Fig.1 Design result of casing program in the eastern gas
fields of Ordos Basin

22 ERMAEEEEIEMKRERE

2R R BB 2R I KA AL AR T R R i 2
HAT AR S E A, DB DB HZEE R
Bomik 1.64, Bt B IR RS S . ik, PR T
PR PR A AR E, TR T 3 Az L
TETHRIFHEESS T HNERE, MG T &
TR A

1) = PUaL b e as 4, ¥ H S Pt EE b )
B 2% 415, L N 43 5 35 MPa Jie i b7 5 %
(FX35-17.5/35 MPa)+70 MPa ¥ JE B 55 2% (FH35-70 ) +
70 MPa 5 Y] 7] 4z b5 155 %% ( FZJ35-70)+70 MPa R[] H
[ 155 #% (2FZ35-70) +70 MPa U 3E ( FS35-70)+105 MPa
O AR R K, B a5 iR
PR S A JoT4 fik 1) DX BRA R R 5 A MR, DAAR &
HBiERETT

2) W EAAE AL, ik BE-1.5 &b bf
T 145 9% 70 MPa (1915 AL (2YIG-70) Fl R 3

AL CYG-70), 19 U i 0 oA Js L 1 JAE | 1] 5 3R
L AW 0T R 0 R A R o 5 AR o Ak 2
KB IEE SR, N SS316 NEMMIE; R &
FHRE R BB T . 5 bRk L B B WA 2k, &
AR =103.0 mm, TR RSB S UGE O B E
P2, WA 4 B0 % 100 m Aot i, £ B
Wt 45 2R R L [ 30 A KRS B R B AR AR
1200 mm, 8 6 m’, fz K 4bBREE 8 000 m’/d, HiE T.
fEHE 1 1.6 MPa, HEVE 26472 103.0 mm, HEW A &
WA K T RELNRGE, HFELNEASNT
203.3 mm,

3) i B B mE T A P AR A L P B e T
H | il B 5L JE B ke 4 K T H, f g ok
1 1 o A Iy o S T DA S 2 D = 17
BhRF; B & S5 AT RCGH AR IR E “SER” AR
H1E GG C—HH N2ERIES | SS105 i
B H .

4)HAN ARG BT IERAIFRES | 2505
ML 5 5 A DS A R B 7 A iR A, 3 T
Je R pEAEIE 2%, HyS. CO. CHy, O, “PU&—7 fiif
AAEKMAL, CO, K SO, B A XKML, ek
24 1500 mg/m’ (1 000 ppm ) 1 H,S A4, 12 58
T [ AR A, I 7 I3 DU 2 e A A
DA A5G B 5 A0 W 0 B 4 it 381 2 A =
24 m’ 197 AT A RE, 6 A2 50 m? i Ak
KE, M4 B 1.80 ke/L M E I 300 m’, &5
TRBs iR T I e 4
23 EEERESHIFRBFITHRITA

Sk i 1 T R 2 2 MUBRLRY S, I S B IR B
0 9 VR R ], 8 S L BE R AL PDC B Sk B R R H
LIBHT . N FH MWD JG 28 BB I RHSCRRE Tk Bl 2L 41
AL BT “ B3 PDC & Sk + K H AR 0025 BB AT +
MWD+t H i % 7 B2 B R A B IR R B 4T

1) 5% PDC &3k . M R D I 4L 1% )2
B IR R sIRA . R R =AU
HOHA RO LR RE, AR TR, KRS
i, VUt ERAEERKARE S . &
TR S BAT A0 s RE s, R R R A M B R, 0
Tk E IR R A B R NP £ i D B (2 F2 43 )
PDC #i3k, VG F ik 11 S VIEI o (anl&l 2 iR ), #%
gy “syb)” waor AR “BTUIHET IR A
W2 7 2, 0 BT VI AS 349 S5 )2 i R) Al T i A )
B S A U AR 5 SR FHRCHE i e e o R A IR IR



«26 . % B 45

® # R 202345 A

b, PR A HEDD A 70w 22, A HEA E 25
¢16 mm HY EVIHI A, 584 3 Wk, LA GR
Bl ST b o 1 M B, i v B Sk I A RO

L

2 BRWAIBIASH PDC 5k
Fig.2 High-efficiency PDC drilling bit with irregular-shaped
cutting tooth

2) R L EAF Lk . £ % PDC # 3k 78
CRE R AR ST U U 4 B PR SR 1Y
Ttk TR k2 1 J2 Wk () ™= A 2ok R ooy 3y, & s B U0
V7 A U AR B ) A, P4 AT I i+ R HH R+ Al
JE” BRI S5, JF R 2 A0 A o R HH R M8 AT, 38 ot
R AT BT 2 L 1 MR L L 3 A5 B S A R
3, B PDC & Sk Bl ok b 2 A4 U0 I 2R, I35 5]
AR PDC Bk B i, ik T 5 4
7:8 AR FE A HLHEIRAT (7LZ2172x7.0-5 8 ), HiA%
84~ 168 r/min, fx K SR VFHEE 38 L/s, e KA AEfE
i3k 3] 12 165 N-m, fie K3 180 kW, ] il L (R 5%
B AR | R R AR R AR A K

3) 25 il 3 01 2F B w2 RBEBE R AR A A
b o S S BRI £ A it J2 T MR B30 1 o s 4 il 3k
FBGR B H A, 28 RS R . MWD TR
W ) A A SN i Al 2 o e L 1) TS i ) ) 2 B ARk
YRR R B AL A, S R B ) S e D
gl B HL41 4 R ¢215.9 mm PDC ik +
TLZ172x1.25°Z5 24T ($210.0 mm Fa E %) + ¢212.0 mm
FRES +461x460 R +¢165.1 mm £
PEx9 M +461x410 5443k +¢165.1 mm B 4l 7 5
284+0127.0 mm MR EGAF <15 R+¢127.0 mm £54F, &
B B8 46 TE 60~ 100 kN, %3 50~ 60 r/min,
HEH 32~34 L/s, £k 15~19 MPa,
2.4 RBHEEESHFHRA

TS PP 2R T RV A AR R R R R A il 2 B Uk
ARG R AR IR A, 6 e A 0 R A
7, R AU R, A M R R AR (), B AR R M
F A AP R I HOR o AR E I D
S PR S i S, Al s G O [ RR

it 3.0 MPa, $2HAR | A R AL, $E I 0
AT 5.0 MPa, 3 F1E K < 5.0 MPa, % 9 i
BALE PR HEA . UK A 0 el K =5.0 MPa H A W
WAL T = R, 7 BRI OC T B SR, e 4 oy A
TCABIAHE K B B 3 Bl W% B . 1 R Al ik
AR, IO R RGBT T2 5.0 MPa B, i BRAE ER
JEILL 0.01 kg/L ) 55 328 A5 418 oo il V2% B, DARRAIR
FEEE R, PREH T2 4 A R A, SLRDOCTE, SR
BRI R, P dil I OB R AL 5.0 MPa, 2Rk
FHRGS 24045 . B 30735 Ui 42 1 2R G070 DA B R ARk
PRI R B TR BE R PR R OE, Y OB 420 5.0 MPa
BE, 4 1 A U PR R I R A “ I R A+ K
Mg A 7 5, BRI B B B 4 O R R
i 3.0 MPa, ik iF ABCREE 5, RAFKIE, fiF
it 2 1 R EL IR RE 7 L 2 FLBR T F1 15 3.0 MPa,
FAEAGZ IR B, PR OEH R AN . R AT R Lk
IR, R AR R RO R A N E R, IF R
A S R AR A . B S BRI, S AN TR R T 4
AR AT R0 PR b2 e ) U R SR I L
TSI T 250, SeP0 e &l N )2 & kit
25 EEERMEKEFREAR

B R I T = & TR R R A JE A
RECHERZE, AT B KA A 2 1508
JFRER RIS, RS R, BRI T R
G, AT BA MR “huEh B, Bk s Yhg
14 1o 2 FE TR0 RN ER K B IR, LRI O Oy WK+
0.20%~0.30% HEBH+2.00%~3.00% i h ++
0.50%BLA-MV + 0.05%K-PAM+5.00% #f fI5 +
4.00% 175 +3.00% EF 5 71+0.10%~ 0.20% B JFLK +
25.00%NaCl+8.00%~ 10.00%K C1+H fi £1+1.00%~
2.00% BRI o B 1k 8 R SR B BLRUAR,
MR 2 FLBR R 1 R A, = TR R R, BB IR
JE VR Ry 1.35 kg/L, &5 T fi% 2 J5 R R RS 445 1R
BRI B E B W% B, DL 1 2 R g, IR
4% L B I M A 8.00%~10.00%KC1+
25.00% NaCl, £ il 5 H- W C1 i &k B2 170~
190 g/L, VhREAR U8 W K 6 B, Bif 1k 8625 K AL i
T s 5 Al 94 by B 2 0 P A, LG R A
PO, 10 Ue TS 5 S MK AR A, B R R
JZ2 . AR B R R AR R
fi: % 1.35~1.80 kg/L, Js =} 50~70s, sh¥)]
71 8~15 Pa, ¥1EFE/NT 55 mPass, ¥ ] 1 1~4 Pa,
247 /3 3~6 Pa, API JELH <5.0mL.

Bl A Y A b R R -



%514 % 348 RATFE RSN AR TET LM ELTLE S FHAR

27 .

D AR I 1.0%~2.0% B a ), 4455 H
pH {E =105 % 1 755 He 2 A0 000 B s, o B i
FI 0 2 = 2 2.0%, A pH (IR E 11, 325
FEATIR T AT e 1 g

2) Bl R R B R R R 0 AR e
=2 0.3%~0.5%, 64 A 1k B <400 mg/L, ™
Bl B S A 15 e

3) =R IE A 4.0%~6.0% i) GT-MF, ¥
SIS R T, 28 M2 AR R R

4) R FHTE K B B eV, 3 e T v 38 S0 TR B
W, WD 78 T N T 2.5m’/h, DU FER S I R
P R SRR R AR

S)EG R R b, PR RE D1 i 28 Ak B R
KT 5.0%. Wi i AL BRI KT 4.0% . H A0
PR 5 T KT 3.0%, LA il ug 2k i, TE A I g F

3 BN AR

2022 4F, SRR Z W AR HER T = A AR
AP HARAEAE R B X 5 DR AT T
S, BEHLH S 1456 m/& A, F 215G R
54.3 d, FHHLHA & 8.35 m/h, 5 R X AR B %
FEARMASH: MT1 I (L3 2), BT B W46 5 T
33.1%, ML A B HE 5 T 35.28%, HLARAL Mt T
67.67%, AR W, H = a8t ie 3 A )2
Brd v R LA IR . RS T R s
el Ol B RS EE T K R H R A A A 4 R A
B, S BB R AR T R 2 AR R R R A R T IR
) R S B PRTT BRI T R S8

K2 2022 FERMS OFSEHRXIESH MT1 HEEZhHIEFRT L

Table 2 Comparison of key indicators of five wells completed in 2022 with early adjacent well MT1 in the same area
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Table 3 Main performance of drilling fluid in the third section of Well MT6

Hm R (kgL Wl JEkE/mL IR/ (mPass) S SPa B S/Pa e(Cl)/(mg L) pHIE
2550 1.40 51 4.8 40 9.0 1.5/3.0 177 500 10.0
2650 1.54 53 4.2 42 10.5 2.0/3.0 184 600 10.5
2750 1.60 65 4.0 45 12.0 3.0/5.0 191 700 10.0
2850 1.73 67 3.8 47 14.0 3.0/5.0 188 100 10.5
2950 1.80 72 4.0 54 16.0 4.0/6.0 195 200 11.0
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