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Drainage Gas Recovery Technique with Downhole Intelligent Robots in

Low Pressure and Low Production Gas Wells
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China)

Abstract: The output of low pressure and low production gas wells has been significantly reduced due to the
presence of liquid loading, and it is difficult to maintain long-term stable production and to enhance gas recovery
through conventional drainage gas recovery technologies, such as foam drainage, plunger gas lifting and liquid nitrogen
gas lifting. To solve this problem, a novel downhole intelligent robot for drainage gas recovery was developed based on
the principle of plunger gas lifting. The robot automatically segments and quantifies drainage by monitoring and
tracking the dynamic liquid level within wellbore in real time, and then automatically controlling the opening and
closing of the center channel in the device. It does so byenabling the downhole intelligent robot to go upward along the
wellbore automatically. The robot was tried out in the field in one well in Dongsheng Gas Field. The results were
positive. The robot is able to move around steadily and freely in the wellbore and achieve independent quantitative
drainage and continuous gas recovery without shutting in the gas well. Using robotics, gas production ramped up
steadily, the tubing/casing pressure difference dropped in a continuous manner, and liquid loading in the wellbore was
mitigated. Thus robotics and automated control systems allowed long-term stable production and EOR of low
pressure/low production gas well. The downhole intelligent robot effectively solved the technical problems encountered
in conventional drainage gas recovery, and made it possible to have efficient development of low pressure and low
production water-bearing gas reservoirs.

Key words: gas well; intelligent robot; drainage gas recovery; liquid loading in wellbore; plunger gas lifting; Dongsheng
Gas Field
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Fig.1 Schematic structure of downhole intelligent robot

1) kG BE R 7 I A% SR i S PNy L SR AR U
AR AL B, B R R O

2) FFa R G 3 B T S B A AL BSR4 B 1Y)
FE 1 A e ) R BE R, R DR S o e &=
M TR R S, DT SE B R RE AL N 0 SE )
(R IME = GRSy R

3) T ah 1 5L s il R e R AL S R L B
ML A% ShHLAL A A0 8 FE G, 24 3 R Gk
KHHE A5, WAL R S AL s % Sh DG 17 F iz 3,
B SE UL TTE, AT S B G T I O i e A

4) A 38 N YE R B A AR L H TR IR
B i T % 9 56 P I, R N B TR TR
HLT R 0 R A, {H R B 98 1 BE 5 3 48 1 BE
FEFER/INEE IR, 2 o ol U Al Ao e, 3 2 o 4
HPBE 590 Y BE ] P AR AU X, I 7 4 25 PR R
L5 DI B PR 2 T 2B R A, DT U A RE B IR R
A 0 I, R AR ZEAE . 2 B S BB AR AR 1R
R R A AR I 1) L T R T B I A T Y JEE
RPN B EA, PLEs st s sl

S) REAR LI B E O B R GG S5 L KL
P AE i LA O r s LE T AE$R B3 7
1.2 ITERIE

IR BEMLAF B SE A T A R B, 4% IR
o ) ) R 4 T 2 B PR PO T TSGR, R

SO A FigE LIz AN AT, 4k ik 2]
SOt B . B9 mHOK B H .

HLER N AT MU B R ML AN HER
JIE (A4 JR 30 HE 7K 5 BB AT 56 ik ) ), 3T F oL i
EIFCH, HLEs ANTE A B EEH TEE F17.

BLEs N EAT: M N BV N N T 2Rt
T Crb J 30 HE K 5 1 A A TR 8 ) I, R
ARGk AR A, B0 T IE T G R SE H , ff n IR
BN, A NANEZAE T Y5k, FHErLE A
HINEE 5590 45 ] 9 IRIE G GE, R E R R, L Z
JE 146 F T HEsh 3 T REDL AR A K b 3B iE ) iz
HESO, LI ERHEK .

H TR REVLAR ANBEH D)5, =B HIIREH
P TR D, IF A sk 30T — J8 0 00 e I, 4T
TEH O E T R, SR E LA AR EE B IR T
11, WL RWi R = AT5E, K H B o B L Bk
1.3 EH&H

D) SR/ T 40009 5 7 9

2) SRR, R RLE g, A o | AR
WIS S, FEEH T NAZ 760, 62.0 F1 50.7 mm (I3

3)AHFHEAERWMHE, A=K, fa
PR =2 000 mY/d, KR <5 m'/d,

)= HA —ERem, H A TR J7 L Hs T S
SENE 1 MPa L) E.



F48 K H 34

B AL AREAR S AR TR AL AE R R AR « 87 e

2 RIS AR AT R

21 BEIIZE
H TRV ANHACR R T2 E GG LU T it
TT)F:

DI SR A9 2248 [ Lm0 F AR E 4808 |

I A 8 COMEAS R A AR ) 2t
Fra o, w R IR W8, b e SR 4R B AR B

2) M T B AT o O P A 22 2 of o MU a3t
AT, BRI S B8 T il R T 3 9
T B S5 R, NHEACR IS B HE AR Bl o

PR E AT RV 2248 [ LT AR UGE #£
Ha0E INEAT | R AR R E AR, KR E AR B RUE
T, BT RAAEH], LUBE S LS N ATF I

4)VEEPLE AR F o ARG O T

ik JBE TR T | SR B R A R A

JE 15528 DO ILAS N R PR R R K &

JEV AT O R HEAK B 8] | 22 247 e ] S5 S 40

SYBIHLAS N o FTHHLER A bt I 18 1 OC 1,
FEHLAR AT O IR G, PLas ATEE )
PER T AT 2 0 R CRIAR 4 J8 3 HE K &30 i)
HEWRE 255 B D o

6)HLgs N EATHEK RS . SHLEF N M AT 2 E
G, OB OC IR 2 H 3 G, B RETE R
ZAEF Yk, WS A RE, BH Lk A I, A
A ZEMEH, BEBTHLES AT 5B L S 08 RE MK, (L
NTEHZ R AEH T BATZE 0, 6 )2 7K HE
58— A R I HE KR AT R

7)ESHEAKCR A . S8R HEACR RS, BL
ar N E AT, Bk e i 18 FF 5 AT TH Ab
TGRS, 2457 B B[] 3K 30 355 ] 40 9 OC i HE 7K
B R]J, LA N H8 A 3ok 4R 1A I A R
J1, AEIFE T — A R BOE R, AR5 AT
DU IE T OCH, & RE ML AR H 3 e A
FAERE, 78— A B HEACR ST R .

) ATHIHLAR N o MBI B M HERR 5, Bk
B2 R BN E VLT, ILBH LA A o] i 45 7 7
B 22 A R AP I TR F 30 G P A i T TE G I, BL
N BB AT EH CAE, R R R AR R )
U AT 8 7 XA OB LA A
22 FEMHSA

1) IR REALES A 2 T3 2k 9 A A 00 1 3
(=N EE/B ] R N i B N g

2)H MR BN AR AR B 4 FE TR Y 5K R I RS T
AURIR W2 6] i 0 5w, SR B AL ZE 4R D, fE
G A R L b VRO T (RO, 2 T ORI i TR
MAHET 2.

3 FRERENL A NHEAKCR T ZREA R K
SESUF A B RE R SR, AT UUE B I R
AR, AR, 4 B/, WTSCBTEAMEST .

4) I T B REHL AR A n] S PR H f] AR A O
AT B B 15 RE 1 R BOE A HEK R, fRIIE
HEoK R 5 7 A, DT AR HEBR O 5 B

5) I T EML N BA LI fE, 1EHEK
F14 [5] A a) S5 BR - 5 9 A% s 3 R L B8 ) 80 285 M

3 Rl

TR ANHEAK R B ARER A H—1
REAR = B (A ) #E4T 15 i, il 4%
T, ZI I RO B s, A R,
BRI
31 iR HER

RS A —H B, 5S8R 2 292.60 m,
it J2 P IR 2 185.20 m, 4F 4ME 60.3 mm, JHAT
TEW2113.16 m, RN FAGTHMT A&
FHME 3B &2 B a1 B ik o5dm
A 5921 mUd, Bt 56257101 m, 4
kA 0.40 m/d, Btk 3814 m’ s 1RR A I
fift )2 ¥ 19.20 MPa, fiff /2 #8314 77 13.36 MPa,
W 58.24 °C, AT 10 767 m/d.

A AR R Bl 3.3 4, PR E
0.56x10" m’/d, 2377 734.4x10° m®, F24 7 )
071 m'/d, A 1.27 m/10'm’ . % IEMAS £ h
=R W 13.5 MPa [ % 3.9 MPa, B 5 /1
B = 14.5 MPa % % 8.0 MPa, 2018 45, %
3% AN R 0% SR R G B BEE OGO, R IE)E
Az 7 RO, 7 AR A R B, SR FH 9 HE N R
FEHEACR S, A= ROUPDARAS RIS . thI R
B 150 A kg R (UL 2) & B, HIE 1296.00 m
Qb A7 A AR B B, HIE O R AE BRI .
MUk, AT T H TR REAL A AHEAKCR IR
32 HEKRSRIZiET

D RER FRE. AFFME FHE2113.16 m,
% B R | 7 B IR S R, A
HREA 80~100 m 4%, Beit-Rag#s F M 2030.00 m.

2)H TR AN EZES ORI, A A=



* 88 % i 4k EES 53 R 2020 4 5 A
147 %;Eﬁgi 1150 AT AR I ) 1R R S IR R B R 2
20 {120 K F 0.6 MPa i, JFF %81 AEHLES A .0 37 3 T 56 1
SN loo & BEE B SRR I TF AR TR

R il 4) FF 5 R HlE B s} 1B F0 22 A A A s Rl 53 15 %

2 05y,=0.000 7x+3.007 3 60 & e e s o N
4| R=08987 HEZEA R K T2 T2 5, A 28 T RAEH b
of y=0023 6ut 2.0726130 0 b TR — R 0.5 m/s, BRI, BILES A 5T
0 S0 TG00 1300 2600 2500 e Wl HEW Bt ] 3% T 1.5 h, BIHL#E A Ao i il
JHR/m F W P F AT BT AT RTAY A E SR 1.5 he

2 AFHAEENREIHUWRER
Fig.2 Test results of temperature and pressure distribu-
tion in Well A
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Fig.3 Wellbore pressure and temperature curve over time recorded by downhole intelligent robot in real time
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Table 1 Effect of drainage gas recovery after application of downhole intelligent robot technology in Well A
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