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Precise Managed Pressure Drilling Technology for Ultra-High Pressure
Brine Layer in the Kuqa Piedmont of the Tarim Oilfield
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(1. CNPC Engineering Technology R &D Company Limited, Beijing, 102206, China; 2. PetroChina Tarim Oilfield Company, Korla,
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Abstract: Ultra-hi§h gressur@ brine development (pressure co-efficient of up to 2.65) is common in the thick salt
formation of the Kuga Piedmont in the Tarim Oilfield, and the salt formation contains a mudstone layer with a low
fracture pressure gradient, which leads to a narrow drilling safety density window, prone to downhole problems such as
ﬂ)l]l lost circulation, collapse, stuck pipe, etc. By precisely describing the flowrate char}fge characteristics of drillin

uid circulation system, and quantifyin the correlation among the inlet/outlet flowrate difference of the drilling fluid,
the spill volume, leakage volume and the elastic deformation volume of high-density drilling fluid, it is possible to
realize the rapid and real-time identification of spill and leakage and calculate the formation pressure. By comblnlnffr the
automatic pressure-controlled drainage and pressure-controlled bull-heading, it is possible to accurately control the
difference between the formation pressure and bottomhole pressure, and effectively control the appropriate amount of
brine return. In this way, it is Eoss1ble to significantly reduce the downhole risks of both spill and leakage, forming the
managed pressure drilling tec nolo%' by a fine controllable micro-flowrate in an ultra-high pressure brine layer. The
technology has been tested in Well Keshen A and B, and drilled through the ultra-high pressure brine layers safely and
quickly, which greatly increases the ROP, shortens the drilling cycle and saves the drilling cost.” Research and
application showed that the managed lIl)ressure drilling technology by fine micro-flowrate control in ultra-high pressure
brine layer could quickly detect spill and leakage, accurately control formation brine return or lost circulation of
drilling fluid, and achieve a controllable micro-spill or leaka%e, which can reduce the brine discharge time greatly,
ensure the borehole stability, and achieve the purpose of drilling through ultra-high pressure brine layer safely and
uickly. The technology has provided a technical means for the efficient drilling of ultra deep wells in complex
ormations.

Key words: ultra-high pressure brine layer; managed pressure drilling; micro-flowrate control; spill; lost circulation;
Kuga Piedmont; Tarim Qilfield
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Fig.1 Flowrate analysis model of drilling fluid circulation
system
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Fig.2 Basic principles of precise managed pressure drilling
by controlling micro-overflow
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Fig.3 Basic principles of precise managed pressure drilling
with controllable micro-leakage

23 WIESMFAIZHRIE

V4 LR /K 2 8 s TR =, H R A
e I ORI = X =S S 2 N 5 S L == =N
W, 75 A 7K 7 2 3 AL A | S st A Al
WO, A RE R R M, S B R e TR
it AN T 2506 R

D) IEFE Y IRME S, AR TOHT, &2
BT A B Al % R, WAL O IR,
PRIF IR 7 Ak TR T RS

2) AR miﬁﬁﬂm@r%ﬁ%w
F I, DUAMEE 3R 28 He T i e

[Fis



« 26 & i 45

#x 53 K 2020 % 3 A

3) 8 F B R B I H ] s P AR 5.0~
7.0 MPa, & R BB, #BIRE ARG, #
R HUEERG o R, H LT Bl 2 R R R, 5
R i E R, SRS PR T Al O E [l IR AR R A 4.0~
6.0 MPa,
24 FHTHELEEE

DU WL AR, ¥ BB — KT+ 5 0.5 MPa,

W% 5 min (YR, 2046 i 0 O 01, 2 i i
1k 5 TSR R R AR A AR AR, T AN
] — VR A SRS 10 [ & T 5.0 MPa, T
0.01~0.02 kg/L [P 1 B 45w AL % %, E 20
B AKX F 5.0 MPa,

2)EEIFIR  o IR R AR BRI O 0%, 7E fe il
F 11 0] T R P, 4% BB — YK 0.5 MPa A 5 DU [ A%
IE 0 IR, B E 2R 2k s G SRR T TR 6 TR
A AR ILAURR, BT LA N ] — R .
B WERE 2 0.5 MPa LI, T &5 A R T
2%, W /N T 1 m’/h R, T TR s T,

I &N W 2 B, — 0 2R R R R R R AR
0.01~0.02 kg/L.,
3 BN

B LUK B S0 A 5 5 IR B IR R R
ALK JZ I T ORS 4048 RS IR, SEEL T AT iR i
U8 W B 2 KR 45 S T SR K HE B A, AR T R
Fasd, ST LBl m RS K 2 E
Hop, SO B B IR S A5 8 1% 28l S
FEER K2, fif b T R FHOK ik FE 95 it T 49 d JE kR
(R MERSE, AR 11 d — A 52 B ey F 3k 7K )2 B 1F
YEME . R I LA SR B H B4 43K 40 e Al
AR B B A L
31 HER#EER

O B H I H R 7 626.00 m, iR A bR
1A TP B a4 . p T DO TR Al 8 i TR R K 2 i & A
T, R s R HE K Oy 20 TR A o R R
TR N RS A R B B R Bl 2 e KR ), 42
A A DUIF 45 B, SCR I B a5 — PR A
$558.8 mm(22") & kAl 2= ¥ 200.00 m, ¢473.1 mm
(18 /") B4 F & 200.00 m; —FF K H ¢431.8 mm
(17") & 355 2 % 4 000.00 m, $365.1 mm( 14 /")
BT 4000.00 m; =JF R ¢333.4 mm(13 '/g")
B Sk Bl = I 6 749.00 m, $293.4 mm+¢273.1 mm
(117, "+10 °/,") B F & 6749.00 m; DU JF %

#2413 mm(9 '1," ) B B 2 A4 7 068.00 m, $196.9 mm-+
$206.4 mm( 7 */,"+8 /") 45 (BEJE 206.38 mm, PR i
v ) BB # 6 347.51~7 068.00 m &2 A2
B, BIEE ¢196.9 mm (7 °/,") B [ 3% F IR
5847.00 m; IR ¢168.3 mm( 6 °/g") &kl & It
% 7366.00 m, $139.7 mm(5 '/,") B4 B+ 6 690.18~
7367.70 m 31 Bf, $206.4 mm+¢$196.9 mm(8 '/g"+7 */,")
A PR A E I S TF R ¢111.1 mm(4 /")
B3I AR IR 7 465.00 m, ¢93.2 mm( 3 F/g") A T IR
7298.00~7 465.00 m,

I DUTF - BER FH5 B 2.50 kg/L (%G e 4k 2
TR 6 898.21 m A i 2| M &5 e Eh K2 (ULIE 4), 52
DU B 12 7 2R B0R 2,610 R FH B BILAL 4 A 4l
HE S R K Z I, I S L O A e Y A A
oL, %R O, BITHEK 41 0, SLHEH £
K 1717.5m’, EEFETE 7.5 MPa L |, kK2 TE
TITCREAR RS, St P i 119 B 2.57~2.58 kg/L
B A5 I8, o RS A9 B B0 R, R AR 42
FE R E e A58 2 A Bl i, 32 2K 1 S OB 2
Ny AL IE WO 2.54~2.58 kg/L, ECD N 2.62~
2.64 kg/L, PEEFREE IR I 11 (8] 48 1 7 1.0~4.0 MPa,
1A IF 1 ] R 45 i 7E 3.0~7.0 MPa,

32 EEHABIRMR

TR B i R ER KRR A R A i T R A
FE ¥ e R AR R e il i 2 A B
32,1 #EEXR

Z 8 R AR OK 2 B T o s R HEK Tesk, SR
TEIB g™, B ORI T ¥ KRR &, B
SR U B s A X, RS A R O R, AR R
T TR P bR A A R MR ) 3, A A R 0 B
it i HRIR 2= H P 6 894.10 m B & MW, 7K
i1 23.1 MPa [% % 19.7 MPa, i D& 15.6 L/s
F% 11.2 L/s. [AAT, 6 883.00~6 893.00 m H- Bt K| R
PRI X, A1 245 TR B o 48 1 e A 22 U 6 738.00 m
(BIEEHAE 4.5~5.0 MPa), I WLEE, 19 G R
(HE#E 13.0 L/s), i o B 6 i vk g, R EEERT
BRI R S

FEERRNIR EZ S50 I 0K 2.3~4.5 MPa,
iP5 2 2.58 kg/L . I 325 ¥ 120~ 144 s, HE &=
10.1~13.4 L/s, 37.JE 18.5~21.3 MPa, }-Jik ECD &
2.65~2.67 kg/L.

322 dxE4hit

I H I 6 898.21 m 4R N FH RS 40 45 4l

BOAREEHE, B 2 IR 6 924.00 m B & B (57 &



H 8K F2H b

B EE AR G R B KA ande SR AR R « 27

Ty 777 77777 ITTTTT TR TTTETTITIT
g8 ]5 $473.1 mm#EFx200.00 m

6810

$273.1 mm53&4ii: 3 001.67 m

3
B e e

i
$206.4+$196.9 mmEAF AT . 5847.00m [}
o =

NI 6290.00m  (F

$196.9 mmEF IS 6347.50m ]

I
|

$139.7 mmEEA R 6690.18m |

$93.2 mmE4FEHEA : 7298.00 m

$558.8 mm#i 3k x200.00 m

1 } $365.1 mm7=45x4 000.00 m

-
$431.8 mm#i3x4 000.00 m !

|

|

’ |
[ $273.1 mmE =6 63833 m+
r| $293.4 mmAE45 % (6 638.33~6 749.00) m

/' $333.4 mmiskx6 749.00 m:

d
17 4796.9 mm+206.4 mm A&7 (6 347.50~7 068.00) m
p120.2 mmt200.2 mm= 1
$241.3 mm¥i3kx7 068.00 m 1

$139.7 mmISx (6 690.18~7 364.70)m I

$168.3 mm’i k%7 366.00 m
93.2 mmiifi ¥ x (7 298.00~7 465.00) m o

16825 [3_

16 840

6 855

6 870

s B e

$111.1 mmAli k=7 46500 m

4 RARABHIUHSHEURBKEME
Fig.4 The actual casing program and brine layer position of Well Keshen B
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