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Design and drilling of directional Well Longtan X3 in bed rock

DUAN Xiaoyan

(Drilling Engineering and Technology Research Institute , CNPC Dagqing Drilling Exploration and
Engineering Com pany » Daqing Heilongjiang 163413, China)
Abstract: In order to ensure the safe and smooth drilling of Well Longtan X3, the first directional well to be drilled
in bed rock, a lot of calculation has been done in the drilling engineering design with the Landmark software on the
well structures, BHA, bit optimization, drilling fluid optimization and borehole cleaning to cope with the tricky
issues such as circulation loss, well deviation and wellbore instability, poor drillability of hard rocks, difficult
borehole cleaning; at the same time. statistical analysis and screening were made for optimizing of the engineering

design. As a result, drilling operations have been carried out successfully without any accidents, indicating that the
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engineering design was proper, and the technical difficulties in drilling operations can be overcome.
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Table 1 Trajectory design of Well Longtan X3 (NS coordinates and EW coordinates in the table are relative coordinates)
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o W . . - -
m ) ) m m m m (30 m) 13 (30 m) 1]
Jr 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
& AR A 2809. 39 0. 00 0.00  2809.39 0. 00 0. 00 0. 00 0. 00 0. 00
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Fig.1 Calculation results of drag and torque in building
and holding sections
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Fig.2 Graphical representation of drag and torque

in building and holding sections



5546 B T Brie s PEER X3 A m R i 5 T 59
FIH Landmark R #E 47 4 JF S H 41 & %/ (N
0 1000020000 30000 40000 50000 60000 70000
. 0 prprr T
IR B BB B RO B BT A i L
?311.2 mm 4% X 0.3 m+ (0216.0 mm #FF X ; L ARG
o o o] o o L _@@— 1
8.4 m(HEAHEE 1.5°/1.25% A AHB 0.75°/1.0°) + 1000F —,ﬁ_;];l%
= F 175
»203.0 mm MWD X13. 3 m+®203. 0 mm JC# 4k = 1500f
“ E
HEX9.0 m+O178. 0 mm i X 54. 0 m +O159.0 = ool
mm £58E X 54. 0 m+ 0127 mm A E 45 FF X 135.0
m—+ D127 mm BiFF, B 3~5 H ik Rl BES B 2500F
Kl 3000
R A1/kN .
4000 2000 02000 4000 60008000 10000 12000 14000 16000 18000 B 5 = 03112 mm HIRGAMAEE
ogm ""x’"'x""x""{""{""{"" Fig.5 Torque of BHA in @311. 2mm hole in the second spud in
0] L A SIFRAAHRTT O H RLALA 0215, 9 mm ik
[ — e CANEGRER)
: _iéigﬁi;% gﬁ?ﬁ@%ﬁ;) X0.3 m+0172.0 mm BTG — R IE S X 8.4
[ — 1E5%ZJH e TR
1000 LIk o,
[ W Bh 214.0 X1.5 159.0
[ eI e Bt m+ mum £ 4 m+ 0 mm &
ii\i ook %@#E“ﬁﬁ%ﬁﬁ BEX 9.0 m+ 0214.0 mm FEEH X 1.5 m+
2t —— T 0159.0 mm 1E B X 1.0 m~+ ®172.0 mm MWD
F a000f % 13.3 m+ O165.0 mm TG 7 &5 # X 9.0 m +
i ?159. 0 mm &% X 54.0 m+ @127 mm I &5 41
e X270.0 m-+ 0127 mm HikF. B 6~8 JkaRHEEG
wfl ] i AR, |
I $771/kN
B3 —FER BHRARGARERZE [ . O ML ..?.0199..l..79[0.9..l..?.0199..l..l.l.(l).o.o..[..lfooo
Fig.3 Strength calibration of BHA for building and holding sections 15451«
. . 500 —— R I
in the second spud in , g ORgEHER
1000 — R CREEERD [
— Eszmh (AL
KGN . I W i
1000 1100 12001300 1400 1500 1600 1700 1500 190020002100 220023002400 500 § I , Eﬁﬁg‘mfﬁ;g%
25000 IARRARARALLARRNNARRANARRANANRANARRRARRA) - ]
i I o —
i P s
2600 AN 2500
C T2 2 IS B }
\ \ TN 3000 FEEEEREE
C —— i
2700 AL -ll I
3 —=— g KJEIRE S GRED 3500
—o— NI ) (FED HlE i
4000 FET T

2800 ‘
29001 \
3000

3100

it SR L /m

3200F
i |

B4 ZF 0311.2 mm FHREEEERE
Fig.4 Drag of BHA in the @311. 2mm hole in the second spud in

B6 ZABRMRARGEBERZE
Fig.6 Strength calibration of BHA for the holding section
in the third spud in

2.4 ik fhik
(DR R —(HIFBO A A Hi % 4~5
G K R S e o T E -+ PDC 4k g2,
() TP R — B =B ERBO A A4 4~
6 9, ¥ it R MWD+ IBAF +PDC 4 3k & R 8l iF
LR U SR



60 BE TR G 4 4 T A 2019 4F- 7 1
NG JPRE R = 0 B

190 500,800 1000 120 1400 1600 1500 2000 2200 2400 2600 2800 3000 e e
¥ faee e/ | e ] o=Z2

500 Il wo | | Ak mE | R
C \ ;L ;TF“ET EH%%uL Q=3 | a4hitEgef | 0—10000] 2 0
L HEIFR )/

1000 f }gﬁifﬂ%a e il YHRIE /1B ot B2 g
: \ =ik

1500 e s 2400 5
: —=— BONERE ) CRED i

Bl IR FE /m

2000 \
2500 |

3000 l
: |

3500 E \‘ \

£

B7 =% 02159 mm H#REEEERE
Fig.7 Drag of BHA in the @215. 9mm hole in the second spud in
HH/ (N em)
0 0 5000 10000 15000 20000 25000 30000 35000 40000

5l
500 — AR
BRI et it
1000 f%ﬁ#r%mﬁi’%aﬁ&
N fl—
s 1500 W
% 2000
m
& 2500
3000
3500 —
‘ I
4000 J

B8 =7 02159 mm HR$EEHAER
Fig.8 Torque of BHA in the @215. 9mm hole in the third spud in
(3) =T IF B S 4B b o T 55 45 Tl
HhE A B vEIs 8~9 ﬁ,ufrﬁéﬁﬁ %ﬁ%%%ﬁ%,
FEARF N IR T HWt & rboe AR T 6 PDC 43k 4
& RO E T WL 9,

3400

3500

2o
3600

RE =

m Do

facEs)

GEIEORE

9 BEMEMTHNE

Fig.9 Rock drillability of various layers

2.5 HifFmiitik

MR AS B AR B A0 5 1 S — T K IF IR i
BT R, —FF TR I 5 s —JF L = JF &t
FHAVEERBE R IR R ZE I RIEREA R
B 1) T0E O R 3 7 4 BE T L 2 A M R T i 3R U
T EEH R RE L FE 2.5 3,
2.6 SR

R 2 ShAFMEIERERTLE

Table 2 Comparison of drilling fluid properties

A PV/(mPa+s) YP/Pa HTHP %K /mL %/4Y/Pa  ZsKkH/(mL « (30 m) ') IR RE Je0Eks I &5
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ks 22 9.5 19 1.5/4 6 0.176 0.12
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A 25 8 10 3.5/4 0 0. 060 W A
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s 30 9 13.4 3/8 0 0. 142 A
A HURE BB B T 23 10 9.8 2/6 3.1 0.118 % RN
A 25 9 9.6 1.5/5 3.0 0.123 AN A
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Table 3 Properties of drilling fluids

#BE/  APIZ% HTHP vP/ PV/ I AHEN RE
(g Kt/ kK . (mPa- % W/ W
cm ¥ mlL & /mL s) It % EX
1.15 3.0 9.6 8.0 18 0.44 95.4 0.082
1.23 2.8 9.8 10.5 27 0. 39 0.078
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3T /N . R R TR I S B > 270
r/min,HiE >2. 8 m®/min.,

SRR AL B Bk 021509 mm, 7E AL AL
2.0 m/h, BEIFWIBIERGEE 21 Pa « s 3P0 )5 15.5
Pa, 7 JE WA 6 mmsHEE 1. 2~2. 0 m’ /min 5%
PR AR LA K e X i8R JEE JBE 118 52 W], 245
JLPE T1L 8 11 AT R L AR <72, 0 m® /min [,
) — % AT 18 PR A J5E 88 b R e 0 584 i el 5
TE[F] —HF =N 5 T8 R 1 I8 B2 Bl 4 % 1 35 A0 T s
AN B BRGSO A > 270 r/min, HE R
>1.5 m’/min,

i =
I )
i ZHERL. 3m’/min
20 —— ZHEEL An’/min
i FAEEL 5n/min
=0 S L 6m'/min
o 15 FEHEEL To’/min
iy i - — - ZHEEL 8n'/min
K [
i L
=
5
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
e/ ¢
(a) #HEHEH250 r/min
20F i
" el
E ZAEEL 3m/min
16F — ZEHEL 4n'/min
E HEHER L. 5m’/min
= 14g —— ZHEEL 6m’/min
~ g N=N 3 B
X 12k AL Tn’/min
& E - — - FfFE1L 8n'/min
2 10f
)
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
IR/ C O
(b) A ¥eH270 v/min
11 BREHERFENEREREENF N
Fig.11 Effect of flowrates and rotary speeds on cuttings settlement

thickness in the holding section in the third spud in

FB TR I O BRAIE I IR T L VO Y 52
o R SR el /N e TS R Y JRE JRE L L S B B BEL T
AR H . T AN Bk BT 2 & #igt . —JF
TR B AR BE, = IT AR R BB S 40~ 60 1/



62 PR TR CA 8 i T

2019 4F 7 H

min, i B R A HER 2. 8~3. 0 m*/min, =
TR AEHEE 1. 6~1. 9 m*/min,

3 BEBEX3 FUBHEIER
3.1 IRt

i T 7 B St AT T ek i B 4
PR TH 53 I S B A B0 5 6 O B 3 5 B O B 45
FAZEMYE ., 0339.7 mm £ F & 261. 82 m;
0244.5 mm EE F 24 B P 3178.34 m;
(0139.7 mm £4 T K 4100. 00 m,
3.2 SNSRI

TERER X3 JF LA b, T 4E 2227, 87 ~
2791 m JBE T 2 8 W Sl e vh 4 JF T B 4 PDC 4
S NI UER 563,13 mL Al HE 161.5 h, ALK G, 2
3.49 m/h, H A I BOR T E WA + B8R, U T
92 4R R4 0 A R ROR . B R X3 S A B
KAEHEN IR 4,

F4OBE X3 H RS A ERER
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