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Fig.1 Movable water saturation and water saturation in the same core under different displacement pressure difference
g P P

AR TR O A AN T IR T 22 1 1) RT3l K A A 2
5 & KA A B CIE 1) Al ARG 3] R R D[R]
— O T KA R R R 5 K A R EE R T 22 1Y
AR — B, MRS I8 Y L A ) A B R T
22 5ARB I B OE . U R — 5O 1 SR K
TR 0 B8 5 R s 22 B AR 18 L 3 8 I S e A 2 15

FE SR 52 B Az 7 gk B o R AR I I s 1 R A
JE 25 ARG R R RTS8 R 2377 A
IR A A K A RN s @ JR R R 22
OMPa 3K 5] 0. 017 ~0. 024MPa 3 F# 2 7K 1 Fl
JEE R AT Bl K R R R B PR, 35 B 0. 058 ~
0. 065MPaZ J5 UK 5 [ 22 4k 22 18 & 7K A 1 BE Al m]



No. 9

= RS 5 3R ) R AR T 3 KR M AR B R R AT B B 1439

S KA ANBE T B2 8 . AT WL AR B W A 7 T 22 5
ZINERF S A T 7 9 A% 4 30 B4 T 2l KA A v ) R Y
W JZACKAR PRI ™ s O A R SRR T 22 T » /] —
AU H R B KA R 5 T S K A R 2 TR Y 25 DR
ANAZ o Uk B A AT 3l 7K R R AN I 9 T 22 114 A2 b it
AR o S5 F A G I ) i S KA A0 A4 A7 A S () I
WBEA B O e S0 3 AR 4 7K e Sl 3l K (1
SIS AN HT Bl K A A EE T A R TR K
TAEE ;@S KB 50 S-105 28 O 226. 81X
107 pm® L SRA KA R ARAR A 0. 9500, 5 T 1 9

OIS 1 7 B A S S 0 1A SR 2 KA R A R
AR WG R T AR S B A SO YRR L
X5 A0 PRI LR O A LB R TE 2 ] ) i
L EAT O 1] L 8 DX B RIS A K Rt R
BB KK Y R
L1.2 Bl g A e o B3t oA

i A XHS XKHA A B B R 5O 1A A 36
B 22 ISk A 4 (18 2) . o 18] 2
() 2(b) 4351 g A IXHe .S IX He il 37 79 % b 25
L 200 2 KHINER G R HLEE R

120 o U 120 ) 120 - A-145, K=361.1x10*pm?
——A-145, K=361.1x107pm? —— S-105, K=229.8x10"’;.um2 —— S-105, K=229 8)(10'3114[1‘12
100 —=-A-164, K=170.5x 107 wm? 100 8= 5766, K=32.1x 10" pm? 100 = A-164, K=170.5x 107 pm?
< —8-A-39, K=38.1x10pum? < —4— S-46, K=1.9x10"pm? N —- A-39, K=38.1x10*pm?
& 80 = ’é;z( 80 —&- $-66, K=32.1x10*pm?
' = 35 —A— $46, K=1.9x 107 pm?
fé 60 33 2 o0F
N ~N
) &
<« 40 €1 ol
20 20

0 \ , . , , ,
0 0020 0040 0060 0080 0100 0 0.050
IRFEHEZE/MPa
(a) AIXHR

, . , , A
0100 0150 0200 0250 0
IRFREZ/MPa

(b) S

0.050  0.100  0.150  0.200 0.250
IRFRE 2/ MPa
(c) AR HFNSIX B

2 ARRSERAFSEXREVCEARNREEZET S KEBMETH L

Fig.2 Water saturation of cores with different permeability in A & S block under different displacement pressure difference
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Fig.3 Movable water saturation of cores with different permeability in A & S block under different

displacement pressure difference
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Fig. 4 Irreducible water saturation in different block

0 50 100

under different permeability in A & S block

a4 5 AT RLAR I BLR AR O 0 B8 B
FGBR  ARAT KA R AR . 1 WA P 5 ) X3
A WK AT RERE PR, PROK R AT RE K. OXFF S
DX B 25 LB A A SR K e A T L 326 Uik
BRPEARPR (E0 T A BRI A )8 58 5O AL
JEE A 25 AN R LB BE 5 A 48 K i R B 22 ) A R G
P33R Fh T AT Bl A A 52 3 LB R /N B T )

SR T () FL B RE S A AL B R L R AR A 2
ARCALBR BT 5 L B R RE 2 AE L B 22 (8] Y 34
PERT S OS K He a0 o A K 1 B Bt 95 35 R A8 4k B
o A DK O S K N BE B 15 35 2R A K AR X
%, I FE S X 2 B R BUHE K L B K R
Jih 38 5 320 I /K Y 1R 98 A 9 A L LR e K T A5
7. DS XHA A X Hes 0 o 4 K 1 f B 5 3 &
AR AR TR o S X B 0 545 7K AR R B B 78 15 2R (1Y
AR MBI R A X B AR R L &R

60

& SIXHR
50 B AR
— MEUSKHY
1N
i 40
=
2 30F ]
% [ ]
3 20k
= [
1or R*=0.996
1 1 1 1 1 ]

0

0 5 10 15 25

FLBRE /%
B S ARXIRS RGO R KGN E RS 7L BT i 2%

Fig. 5 Irreducible water saturation in different block

20 30

under different porosity in A & S block

SRR AT Sl K R R el A 2 A SOUL AL B
LER PR TE 1 32 B X LA J= W 1k R AR R 1 R
Wi LA AR 2 S AL B &R — N R )Z [ A s
PR B AR AE — 2 X B 56 &R s g Ah L 1T Bk
TR 32 AN ) DK/ L 53 A ] 52 Wi K5 /N LR o
(¥ b 181 g 7T Bl 7K A R RRAR  fE— E RRE
P AN TR] IX B 22 [) 0] 3y K e 8 5 2 0 P A A
AL R R X5 A KHLS KX Heal 37K 4 i
BERIRT LL BT a5 2R W& o TR T SRR 5
SRR Z 8] B A W] S A TE A 556 & L Al 3K
R 00 38 8 g A % 7 AR i N AT Bl K AR A e
A BTV A J2 77 KRR & 33 X T LA B AR R
7K RS A i 0 L DR S AT Sl K A R AT
YE 38 T ZUBGA K 2K 07 S Bt i B AR £
JE SR AE T Bl K ARG L AU 7 K R Y X
IS I HEKCR LT E AR SO A R A ™ AT
e s £ 35 A g 114 7 5 A AT Bl K AR AR iy RO
JK R DI 45 45 AT Sl K B o3 A R AR 2 I8 R
SBCES SRR A e A 3 T2 7R HE E Y £k % B R A SR I
HEARHE It » B 00 2R 0 2R AL ¥ 2R A iR K T 24
Jit » [F) IF42  SOH  R . AE RT BOK AR A AR RO
IR 458 7 1A DX 3B S R o HE K M A X TR T



No. 9

= RS 5 3R ) R AR T 3 KR M AR B R R AT B B 1441

HE7K — BES 8] 3R O HE 2 S HEAKCR UL 24
il A HE B U A AL E AR R R
WRORUJZ 58 H 18 It 3 HE AR R e BEAh, AT Bk A A
JEE L 2 SR A Y A ) B 8 38 T S A 6 B SR
HEZR 1 HHEK 55 2 B0k B 2R

2 FwmAKERER

Xt B g8k T 75 3T SR A9 Al 2 o 1 i 114
PR /K ST 5 2 77 2 R P A R TR /K R U] LA
FRHT 7K Az 7 A Rl B S K X T A ROT R OB
LT S AT AT RLRE o S 4R e SR MACR ) R
FEIR KA K TR 52 38 M 2 AT T B A
3 G S BT 2 T 0 Sy BR AP o IO AR 4 R Y A
RGN . BRI AR AT 12 X B
KAL) AT AR 38 0T 3y K B 25 2R 23
ARSI 7 K R AR S BRI SR A L BHLK LR
IR IR ¥ 28 7 5 A0 9 48 T 52 A A HE K I TR L BH K
RIS CRAHEEF T ZESH.

2.1 “RBH"GEREARRIT

XTI A H T TR R ) M R TR AT AE
R 2 = A U 3l 9 72 T A BT 5 e T
R TJ5 3 3R BOME B B 3 )= R R R A5 R IR O
FE T R E AT AU B S TOR FH 4 43 A5 R X
PREATAHAS LA R D s LA L RS A A A Bl
TAE SO R SRR AE SO B E R IR K RE
T RN T T HE— 25 IR DT AR 0 A X R %
B B SR o A AR 2 FOK R 3h A R L AR L R A
AR BT L DX Sk ] Sl AU R (9 /N B g A
UL 8 0 HE U2 A HE K SR A e B8 2 K i » 42
SR BH AR 2R 1R BT S BT SR A
2.1.1 FEEZITEE

PASE BUAR 5 b 38 0 0L 2 v 35 K B9 A XKy
191 T DL AT L 4 BN SR A R O LR
IR AHEAK I AR AL T4 A A B AL A= R
RWIPELF 9 3257 DX LA R A U 4R XL ik 7 X
He o ) A BER O L  HE RO Y JE AR U AR
Fr DX Il ) R TR D BB RO . O UKL
Sl LT T2 B AL O R BUHEACR T 24t »
FH 1 AFAE L HB i 18 18 1) J2 07 AT 34 77 e I B
IR AU G2 I 0 57 i 0t T B A UK 1R A
QRIS TP R 722 1 3277 X4 IR O BE 9 W)
B B PR B AEHE K X HEAT SR AR

A DX A AR 2 W7 7 4R R A P P PN BT 2R
KHE BT =MWATZ AT B T b 24 IE

PR UURRIE [P 21 B SR b g T iR e — &L
5 B D IR K Btk R R AT I 8T T R I P S
P, L X BRI 9 BRIV E 2013457 HE
A6 HEEKRE AR 6 h OS5 R AT EKX
B 3 H R AR TE A T R R AR A #
20 000m® /d, A== ki BRI, M A X H 2013 42 7
30 B K AR R oy A BOE S IR (I 6) Hhrl LR
) DB 35 R e A R TR R € X K A A
JEE &Mt 802, uT g /K BF o5 bl B AR w5 . b B 2
TKAE X XS B 4R L — T TR R X A A
K, o — i f F K e KA E I . AT 254
T2 DX HRL 4 5 7K R R R (AR A0 25 R A xS ] X 3
(S K 3 A AE LA ST Bl K R S BETHA B T & .

DA
N/,
AT1]-2
» ATl
OFAR QHEMA
A
SRR %
[ T T ]
0 7.002 34.003 51.005 68.007

E 6 20134478 ARREKIEFEDHBERE
Fig. 6 Numerical simulation water saturation of

A block in July 2013

2.1.2 FERITEN

O 740 R C 58 8 A 77 I 0 TR AR ™ &
(8 A 7 T B S HE K 53 LK I S T X 4 7 0
] R SR HEK R L2 E P WA s 2 32 A
B R DX R AR 3K 25 5 @ 45 A i 5T 43 B S 5001 A5 4L 73
01 R 4 S A X B A D BRSO R UOR
FRUZ T WU S H 08 52 H M HEK R THE AR
RS HEAK S I T B R Dy 2 B A B
FRRE. A HER AN B O & IR BE 500 ~
1 000mANEE ik B vp S B0 0 5 26 77 1 R UM 2
1) A 08 K T FH: /K 04 52 T UL K R B4 . DRI AE 58
2 I IR B A 5 R R S L5 e 7 KA 7 R T 22 )
3 K @45 A X B K B A8 FLRRAE I /K HE F
A LA © T 1 0 345 T T8 6 B K 19 47
B EERAE R KU = B A s A R B HEA
AR T N7 B K B R B R ISR b T R
@7 K BE A K AT 3 7K A R A v DA R i i
I A v 1 DX B 3 A D K S BRAIRK X 7
B A2 T .



1442 X KR A

3

JoR

5 VOI 25

A

2.2 BHIZSHEIEIT

AR T 58 e T R8s B U] R AN [ 3 B it 52
MBI 2T R R R G T 5 ARG MR
BRI HEAK SR B Bt TE S8 kR
H L LSRR B YR/ H R AR S5 AR ™ il
JEZ R KO T E S 00 T E AL - 350 2 4% L 3 5
P s HEAROF LS R R A B UK
PR K ST AL TR S AN R CELH Bk
O HE KR HER T ARSI .
2.3 ZBEREARMIE

S S AU A AR 2 BRI 2 AR5
A BT IR BT S R AT 285 Uk « 7 18 KR
FUT7 5 AT He B 18 Pp 35 52 5l O AR SR BE AT il 114
F R R AR B £F 2 I HOR 257 VA i
A7 A 1 B 2 2 v TR 4 9k T O L
AR AR R o I A% A 48 AR E AT X E O B 2 R
FRAEVR BT 28 0 4 G BE X B HLR 4 4t B ) U0 A
X i i 36 B 75 58 (I D An T - O 7 I8 K i ik 44
WL A ZE I A2 W BT B — 1B BRI
HEBUER HBUE 52 H HEACR LEAR L HE KR IR T &
JERE B B B R E N 20 000m®/dL KR
HH =R E 40 000m?/d. @R R K HEFEAE 5
WA A-SH A A-4 5 O BELK & o S IR 2k —
AR R J T IE A 7 ) SO R AT L 4 K e
oh R B AR L OFE A IR K BE AR Y DX A
FH— LRI BRI D5 @5 B P A B 89 7.
B AR, HHER I 500m® /d .y SR I = HE K
Bij 1b 3t )2 s g R R R

(@ #R-UE (ORI

A-5HFH:
Nops?, g
A2bit @ LIEgH
T2
» AT
AT11-3
KU %
[ — T T |
0 17.002 34.003 51.005 68.007

7T ARREMRAEARBERMNEHTE
Fig.7 Numerical simulation of optimal managing

design in A block
3 %ib
(D) B — 28 84 T 3 K46 Fo L Fo 8K 4o o B RE

JEEZ G TAREKR -, mALECHEEFAKR,
R K Ao BAAK, DA R — B S 8 R A KA R

LIR# R £ R ¥, m B e a0 R B A F, LK
TRE S E,

()& FA R £ AR KRG BT AE , &R Mo fe
ERGHOENTEREZ R EKR, FHEES
EAEBB B AT IR E R, W ERER &
BORBERBHENME.

DB EEMK FARBHE LT S RKiEF
JEFe T H R oA A F . S A KA A A T B K
tade B M OUE A K e Ae B Fe 7T B R A6 A T IR
R £ ¥ m i Beik T AR S K48 Fe B A T 3 K48
FEOHELTERTR,

(DX T RE & HAF ARG A, B S A Kb fe
Fa T RiaF ERIESEE L2 TGEE AR, TiL
B KRR 5 kI B AR B RS R B
FAROILE.

(5) f2 % 47 3F ¥ 321 JR K AR T 30 K 69 IR A A
TACHLAE 6 I mh b, A R K T oM an 3 R 2 B e 1R
BRAT B 0 SR faFe Lo B il HE K T4
o Fe B K R E TR M A& A K ARIEAT R R
Wb E L MRS AR R RKE

5 % 3K (References) ;

[1] Hu Yongle, Luo Kai, Li Xiangfang, et al. Condensate Phase
Behavior and Percolation Mechanism of Low Permeability Gas
Reservoir Fluid[ M]. Beijing: Science Press,2010. [ #] 7k 5k ., %
Bl 2 AR D7 A BENT R AR A S S B pL s M. e
ot B R AL, 2010. ]

[2] Gao Dapeng, Liu Dehua, Lao Shenghua, et al. Bottom water

energy evaluation of the condensate gas reservoir in ATI1

block Tahe Oilfield[ ] ]. Journal of Yangtze University: Natu-
ral Science Edition.2012,9(8) ;:94-96. [ 75 [ , X f 4 , 35 ik

He S5 B AT X H B BT ~UBUIR K R A [T ). KL

K BRPBI2E I, 2012.9(8) : 94-96. ]

[3] Ye Liyou,Gao Shusheng,Xiong Wei. Demonstration of mobile

water saturation as evaluation parameter of low permeability

sandstone gas reservoir[ J]. Journal of Oil and Gas Technolo-

gy»2011,33C1):57-59. [MAL A, mi WA=, BRAT. W 3l /K 0 1 2

VBRI ARE b5 Uk 2 WM S8R IELT ] A KA %

I.2011.33(1) :57-59.

[4] Shao Weizhi, Xie Jingyu.Chi Xiurong,et al. On the relation of

porosity and permeability in low porosity and low permeabili-

ty rock[J]. Well Logging Technology,2013,37(2):149-152.

LHRZE A R 2 5 IR 5 2% 5 AIRFL B BE B i3 R 8 A FL B B2

HBBERRZAMRLI] WIHH A 2013,37(2) :149-152.

Huang Sijing,Zhang Meng,Zhu Shiquan,et al. Control of ori-

gin of pores over relationship of porosity to permeability in

sandstone reservoir: A case study from Yanchang sandstone

of Triassic of eastern Gansu, Ordos Basin[ ] ]. Journal of



No. 9 B KM 5 A 3 R AR T B KGR R B RO A S 1443

Chengdu University of Technology: Science & Technology E- 2004,15(4):391-393. ]

dition,2004,31(6) :648-650. [ &% B §, sk iy . ARt 4, & b [10] Wang Weiying, Zhang Gongshe. The influence of irreducible
FLBR N X FLBRE /B B R X R ERAEN — U R 2 water and rock property to self-absorption[ ]J]. Acta Petrolei
AP AR X =B RAEACH R BILT ] AR B TR %4 A Sinica,2000,21(3) : 66-68. [ {£ i 3%, 7k 24 #k. A48 /K 1 F1
SRFH R 2004, 31(6) :648-650. ] A FOS B WS, AhE R 2000, 21(3) :66-68. ]

[6] Guo Ping, Huang Weigang.Jiang Yiwei,et al. Research on the [11] Wang Liying, Yang Hongzhi, Ye Liyou, et al. Using mobile
irreducible and movable water of tight sandstone gas reservoir water saturation to forecast the characteristics of water pro-
[J]. Natural Gas Industry,2006,26(10):99-101. [ 58, & ff duction of Xujiahe Formation in the center of Sichuan[]].
i MR L AR SR SROR ST Sl ok BF el ] R Tk Natural Gas Industry,2012,32(11):47-50. [ £ i §% , &,
2006,26(10):99-101. ] AL A S A5 R AT S K 0 BE TS0 1| o b X2 5 2 R

[71 Zhou Dezhi. Study of the relation between immobile water sat- FKAFMELT ], RARA Tk, 2012, 32(11) :47-50. ]
uration and critical water saturation[]]. Petroleum Geology [12] He Shumei, Xiong Yu.Sun Liping,et al. Fluid phase state re-
and Recovery Efficiency,2006,13(6) :81-83. [ i &7, o 4 7k construction for complex block gas condensate reservoir with
PR BE A5 6 SR AR AR O AR A F S L. M R R MR oil ring[J]. Natural Gas Geoscience, 2012, 23 (1) : 186-187.
2006,13(6) :81-83. ] (AT 546 SRR L P I 92 . 568 52 4% IRT Bty i A 356 A e U 1 A

[8] Xu Wenping, Wu Chaodong, Guan Ping, et al. Prediction of BEH]], RIS HERRLS,2012,23(1):186-187. ]
free water in the unconsolidated sandstone reservoir in the [13] Boualem Marir, Sonatrach Inc, Djebbar Tiab. Performance of
Quaternary gas field, Qaidam Basin[ J ]. Natural Gas Geosci- Horizontal Wells in Gas Condensate Reservoirs: Hassi R'Mel
ence,2012,23(5):953-954. [¥F 30, IR KV, . SL3K Field Algeria R]. SPE Russian Oil and Gas Technical Confer-
R 7 M 5 DU R AR D A R AR S )2 T sk My B g L. ence and Exhibition, 3-6 October, Moscow, Russia. SPE
KRS HBRRL2F,2012,23(5) :953-954. ] 100753,2006.

[9] Yang Manping,Li Yun,Peng Caizhen. Analysis of stress sen- [14] Yang Bo, Tang Hai, Lii Dongliang, ez al. Bottom water reservoir
sitivity for irreducible water of gas reservoir[ J]. Natural Gas drainage gas recovery in advance[ J]. Journal of Oil and Gas Tech-
Geoscience,2004,15(4):391-393. [ T, ZE . ¥R B. X nology »2010,32(1) : 351-353. [ 47 3¢, F I, B #R %%, 45 K<
A 2 SR A K B ) BURRE 3 AT LD ] KRR R BR R 2 R AT HE KR AT ). Al R AR R %4 2010,32(1) :351-353. ]

Assessment of the Movable Water in Heterogeneous Gas Reservoir
and New Thoughts of Enhancing Gas Recovery

GAO Da-peng'?,SUN Jing’ , HAN Xiao-hong® ,ZHENG Jin-ding® , HUANG Min®
(1. PetroChina Research Institute of Petroleum Exploration and Development ,Beijing 100083 ,China;
2. School of Earth and Space Sciences , Peking University ,Beijing 100871,China;
3. School of Petroleum Engineering ,Yangtze University , Wuhan 430100, China)

Abstract: For the gas reservoir utilizing exhausting way to develop,it is a serious problem that wells stop
production or shut down because of water flooding,so it is important to evaluate the movable water of high
water content gas reservoir for managing and enhancing gas recovery. The study takes the heterogeneous
gas reservoir with bottom water in Tarim Basin as an example,and then tests the cores’ water saturation
and movable water saturation and irreducible water saturation,and takes comparative analysis with permea-
bility and porosity. Finally, we find that movable water saturation and water saturation have the same
trends in the same core under different flooding pressure,and they are bigger in cores with higher permea-
bility. They decrease rapidly with the increase of flooding pressure when they are at high value, and they
decrease slowly with the increase of flooding pressure when they are at low value. Their variation range dif-
ferentiates in different block with different characteristics. Based on the assessment of movable water and
the distribution of residual gas and water.,this study puts forward the new thought of enhancing gas recov-
ery by utilizing fine geological model and numerical simulation, through reinforcing well net controlling de-
gree and sealing advantaged seepage channel and decreasing the water energy., designs the improvement
project with gas wells,obstacle wells and drainage wells.

Key words: Gas reservoir; Movable water; Displacement pressure difference; Heterogeneity ; Comprehensive

treatment; Enhance gas recovery



