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Fig.1 Location map of the study area
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Fig.2 Synthesis columnar section of the study area
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Fig.3 High-pressure and high-temperature apparatus

4 HEMEEAERENBSANTRPHEKELLERE

Fig.4 Flow diagram of the depletion experiments
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Fig.5 Long core and gum
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Table 1 Sorted table of cores used

in the depletion experiments in Well A4

52 . 17353 [y Fr o KE AABE  BER/
5 /m Jem  Jem /Y% (X107Ppm?)
1 YC4-8 3886.8 LS2 1.228 5.600 16.57 11.003
2 YC4-12 3887.4 LS2 1.225 6.248 13.6 11.325
3 YC4-7 3885.5 LS2 1.226 4.400 14.8 2.683
4 YC4-5 3885.2 LS2 1.222 6.935 15.98 9.356
5 YC4-13 3887.4 LS2 1.222 6.340 16.25 9.114
6 YC4-20 3885 LS2 1.223 5.354 10.69 8.817
7 YC4-2 3885 LS2 1.214 6.527 15.03 5.335
8 YC4-10 3887 LS2 1.222 6.529 15.71 8.64

9 YC4-21 3886.8 LS2 1.230 4.280 15.69 8.33
10 YC4-11 3887 LS2 1.227 6.951 14.79 8.151
11 YC4-4 3885.2 LS2 1.227 7.451 15.55 6.229
12 YC4-6 3885.5 LS2 1.223 6.765 14.95 6.344
13 YC4-9 3887 LS2 1.228 6.490 16 6.551
14 YC4-3 3885.2 LS2 1.225 6.955 15.17 6.852
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Fig.7 Analytical balance and micromoisture meter
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Table 2 Change of water content in the depletion experiments in Well A4

TR JE F1/MPa 7= A /mL BENTY) /g HIRE/ % K/g /g KA/ (mol %)
38.0 1 320 0.107 2 19.29 0.020 7 0.101 6 2.027 6
33.0 1495 0.116 5 25.13 0.029 3 0.102 4 2.523 8
28.0 1625 0.094 9 BIOR0) 0.037 9 0.066 9 2988 &
22.71 2 100 0.131 5 52.09 0.068 5 0.074 0 4.149 5
15.84 1 330 0.098 1 62.98 0.061 8 0.042 6 5.810 5
13.30 1 350 0.088 4 78.77 0.069 6 0.022 0 6.419 9
9.80 1 280 0.096 1 86.98 0.083 6 0.014 7 7.995 9
6.66 1225 0.124 6 92.92 0.115 8 0.010 3 11.175 3
4.01 830 0.141 4 96.45 0.136 4 0.005 9 17.950 4
Lo Ih J5 B &R, X10 *pm?,
1.6F
~ 14} 3 MHAEKEOLARIERFHKAE
% L2F Table 3 Water production in the exploitation process in Well A4
E| it PV i Pk
EAS’ ol 0.105 1 0.020 7
X 4f 0.224 2 0.049 3
0.2F 0.353 6 0.067 9
% 10 20 30 10 Ul 0,068 &
% }3/MPa 0.626 8 0.109 8
8 MHIAKAELRTBETEPMBEKELZBFRL 0.734 4 0.126 2
Fig.8 Condition of water evaporation 0.836 3 0.1359
in the depletion experiments in Well A4 0.933 9 0.147°5
1.045 3 0.158 4
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SCHRL2 ] Bz 30D AT B £ AT e 9= RE T 12 i P IE R T4 8% Ak
, , 3.648uZTp .. FEEET k0 $pum?) /X103 pm?)  HAYEY %
PR pw = (K, —1560.7K,e “" ™) ,T,, YC4-7 2.683 1.636 39.0
0.472r, YC4-10 5.335 3.435 35.6
(LnrJrSngJr () ‘
w YC4-4 6.229 4.149 33.4
(1.181 5 X 10*32’1‘7%pr) o YC4-6 6.344 4.365 31.2
(K, —1560.7K e "MKy 12p 22, F YC4-9 6.551 1.698 28.3
A PR IR ST MPas P JFJE i MPasye YOI 6.852 1736 30.9
AR mPa + s Z HURRER T T B2 YO0 8151 5088 5.9
WK h R U AR s, W my YO B P 2
N Y=Y S R YC4-2 8.640 6.439 25.5
BRI IR B ke x e v -
_ NN . S e . YC4-13 9.114 6.803 25.4
i e 7 R Ry AR Al WU SO A B3
YC4-5 9.356 7.216 22.9
pPi— P
x/l 48 X 1| (AOF) YC4-8 11.003 8.633 21.5
P R (3) YC4-12 11.325 8.816 22.2
6
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Table 5 Properties experimental test results after dryout in Yacheng 13-1 Gasfield

T SH b E W b SR chIE SR oh A KR IhE B hAk  EAME  seedhi
;E BiE%R BB KEAR BEE REMN BBEX TR RBEE BRTAR
/(X103 pm?)  /(X107%pm?) /% /(X107 pm?) /% /(X103 um?) /% /(X103 um?) /%
1 407.93 405.40 0.62 403.71 1.03 402.87 1.24 399.50 2.07
2 396.38 393.68 0.68 391.88 1.13 390.98 1.36 387.39 2.27
3 203.45 196.97 3.18 192.65 5.31 190.49 6.37 181.85 10.61
4 221.72 215.62 2.75 211.56 4.58 209.53 5.50 201.39 9.17
5 342.88 339.30 1.04 336.91 1.74 335.72 2.09 330.95 3.48
6 21.32 18.41 13.67 16.47 22.78 15.50 27.33 11.61 45.56
7 145.65 138.29 5.06 133.38 8.43 130.92 10.11 121.11 16.85
8 134.12 126.68 5.54 121.72 9.24 119.25 11.09 109.33 18.48
9 43.58 38.59 11.44 35.27 19.06 33.61 22.88 26.96 38.13
10 48.62 43.28 10.99 39.72 18.31 37.94 21.97 30.81 36.62
11 111.41 104.00 6.65 99.06 11.08 96.59 13.30 86.72 22.16
12 58.60 52.66 10.14 48.69 16.91 46.71 20.29 38.79 33.81
13 85.25 78.26 8.20 73.61 13.66 71.28 16.39 61.96 27.32
14 8.64 7.33 15.13 6.46 25.21 6.03 30.25 4.28 50.42
15 8.15 6.91 15.19 6.09 25.31 5.68 30.37 4.02 50.62
16 6.23 5.27 15.42 4.63 25.70 4.31 30.84 3.03 51.41
17 2.68 2.26 15.87 1.97 26.44 1.83 31.73 1.26 52.88
18 6.34 5.37 15.41 4.71 25.68 4.39 30.81 3.09 51.36
19 5.34 4.51 15.53 3.95 25.89 3.68 31.06 2.57 51.77
20 6.55 5.54 15.38 4.87 25.64 4.54 30.76 3.19 51.27
21 6.85 5.80 15.34 5.10 25.57 4.75 30.69 3.35 51.15
22 8.82 7.49 15.11 6.60 25.18 6.15 30.21 4.38 50.35
23 9.11 7.74 15.07 6.82 25.12 6.37 30.14 4.54 50.23
24 9.36 7.95 15.04 7.01 25.07 6.54 30.08 4.67 50.14
25 11.33 9.65 14.81 8.53 24.68 7.97 29.61 5.74 49.35
26 8.33 7.07 15.16 6.22 25.27 5.80 30.33 4.12 50.55

27 11.00 9.37 14.84 8.28 24.74 7.74 29.69 5.56 49.48
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Fig.11 SEM analysis after salt out,salt particle can

be seen on the wall of pore
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Fig.12 The comparison of core permeability
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Table 6 The results of AOF for gas well in Yacheng 13-1 Gasfield

EH JRIR B B R REAR EASE AR iR Ji ik AOF % EARMTE 1 AOF AOF 21k
/MPa  /(X10 %um?) 4 E /(X107 3 pm?) /(X10"m?/d) /(X10*m?/d) H A %

5 15.574 4 4.221 3 2.043 5 1.725 2 15.57

10 14.963 7 8.503 6 4.086 5 3.475 1 14.96

15 14.377 0 12.843 5 6.129 3 5.248 3 14.37

25 13.271 6 21.682 1 10.214 4 8.859 1 13.27

50 10.865 9 44.567 1 20.424 5 18.205 9 10.86

5 75 8.896 2 68.327 8 30.631 8 27.907 8 8.89

100 7.283 6 92.716 4 40.836 9 37.863 9 7.28

150 4.882 4 142.676 5 61.241 4 58.253 1 4.88

200 3.272 7 193.454 5 81.639 5 78.969 5 3.27

300 1.470 5 295.588 4 122.419 9 120.621 2 1.47

400 0.660 8 397.357 0 163.182 4 162.105 2 0.66
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Table 7 Dew-point of condensate gas

of Well A8 with and without water vapor

. # K1/ MPa
i C : :
R EIREM R TREMEFR
176 28.15 28.73
166 28.77 29.42
156 29.5 29.9
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Fig.15 Relative volume variation of gas condensate of

D

0

Yacheng 13-1 with and without water vapor
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Table 8 Basic parameters of condensate gas

of Yacheng 13-1 Gasfield

J&J1/MPa i /K zZ pe/(mPa+s)  pg/(g/cm?)
10 449.15  0.963 492 0.017 769 328  0.047 869 6
7 449.15  0.969 949  0.017 242 85  0.033 285 64
5 449.15  0.976 511  0.016 943 107  0.023 615 69
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Fig.16 Difference of oil retrograde of condensate gas with

and without water vapor in Yacheng 13-1 Gasfield
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Table 9 Retrograde oil saturation variation near

well-bore with production time in Yacheng 13-1

FiA e S BE AT A (S o) S EEHT R

/(X108 m?) /% - /S
13.513 1.403 0.96 0.107
27.025 2.806 0.93 0.194
40.538 4.209 0.90 0.286
54.050 5.612 0.87 0.385
67.563 7.015 0.83 0.528
77.060 8.001 0.81 0.605
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Fig.17 Gas permeability reduction affected by

retrograde oil saturation increasing
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Fig.18 Gas water ratio of Well A4 from production

date compare with that from prediction

Xif bt &5 S R U S A )AL 3 U B R AT
FEARTH I 25 FOR B 2% 0T A5 19, O [R] B 36 UE T 3 A
o T A AL 7 i R P S AR AE MR OK PR R TR
AT A . DUHIT TR S5 56 AT LR B, X LY AR A
XA [R5 355 3 0 T 5% W) 2 B0, M 2 1) R R 78 4 %6
PG, ERAT G2 B R AR B K, X2 i T
BAE AW ALIE /N, 4 K 2 B A — /LB B
FLB X S UFLAR 25 ) 5% 45 & I 16 20 /N ot 1 0k
WHEMBBERLM T, MBBERRKNEA. 2
B0 FL B LK R B g AN ER S A SE L TR I
BiBR T BN, SR AL 25 s Rk
TLHEIAE 2.07 % ~52.88 % Z 8], Z5GRITHIMY PVT 52
5, WAR R T HLUZ K 0928 R A 2t — 205 w5
BT 3 i BT HE A0 R ATT 2 — 2B ek

5 it

(DRBCERMFAFEEE S THEREN .
BBARB ARG EAL LR, EFFRER
AR FHEASE R AR, AR BB E
BEHTOHEBERNBERE, AR 13-1 &
W bk = BOR B, AR E Bl T R A T A R )
PR K AT TR R 8.68%.,

(2) VA& KA PVT Ml X RE AT 4038 A L ah, R
AR B PLE R E R H BN T AW R



No.1

BRI SRR AL AT R BB AT AT & R AR 1R R AL e

VA E s AR 13-1 &R BT AR A

149

s E KA

B A7 3 3 3 R K R ER AT SR AR AR Fe

K 8%, R B R K RZEA 0.6,8 T REMN
FLE 5| AL TR & Tk 5.83%,

(3 AW 13-1 A8, H B ARG ERKELK

B R A 5] A ah T AR 3 5] AR R B Bed Ak
Feik, B AT ARAKE S M- diX 2 A B & 5] 426~ 4
WEmAERABL 15% . 454500, Rk E s LRk
BR MHEREN TR, LEZIKEALELE LRSS
HERGE, TR RRAT KAEZREIE I3E e,
FEZHET A PVT & 0l k40— 5 5K E N B S,
BV S IR BERAEFERRAT KALS E R m
e, BoR BB ARAMKENEGBRATK T HAR
S

2 2% 3L K (References)

[1] Tang Yong.Du Zhiming,Sun Lei,et al.Researchon fluid phase

[2]

[3]

[4]

[5]

(6]

(7]

(8]

behavior and flowing mechanics in abnormal high temperature
oil-gas reservoirs Considering Formation water evaporation
[J].Drilling and Production Technology,2007,30(5) :82-85.
7 AR IV SR RO R K 2R S R e TR AR AR
BB T BRI ] B R T.22,2007,30(5) - 82-85.

Btte S, Heinnemann R F.Compositional Modeling of High
Temperature Gas-Condensate With Water Vaporization[ CJ.
SPE 18422,1989.

Zuluaga E, Monsalve ] C.Water Vaporization in Gas Reser-
voirs[ C]//Water Vaporization in Gas Reservoirs. Society of
Petroleum Engineers,2003.

Xiong Yu,Sun Anpei, Zhang Yaling, et al.Correction method of
blocking skin factor in interpretation of gas condensate well deliv-
erability test[J]. Special Oil & Gas Reservoirs, 2012,19(4) ; 81~
83.

REER , PVEEHT , SRORE RS | 36 BE AT ST ™ fg sk T Ak e o A B 2 5k
B ZBORE W5 ] R Rl <0, 2012, 19(4) £ 81-83.
Thomas F B, Shtepani E,Bennion D B,et al.The influence of
equilibrium water on gas-well productivity[]J].Journal of Ca-
nadian Petroleum Technology,2003,42(11) :35-39.

Zuluaga E,Lake L. W.Semianalytical Model for Water Vapori-
zation in Gas Producers[ R].SPE 93862,2005:1-9.

Xiong Yu,Zhang Liehui, Shi Yunging,et al.Phase Behaviors and
percolation characteristics of lean condensate gas system with wa-
ter vapor| J].Natural Gas Industry,2006,26(4) ;83-85.

RBEE SR ZUME , o0 =V L 45 B R AT BT SR R A S X8
FRAELT ] R Tk, 2006,26(4) :83-85.

Chang Zhigiang, Kang Zheng, Sun Lei,et al.New method of
productivity analysis in gas condensate well with condensed
water[ ] |, Drilling and Production Technology, 2006,29 (4)
41-43.

AR AR IV AR A BT K Y BERT SO R 4 T B O
BT AR T 20,2006,29(4) :41-43.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Tong Min, Li Xiangfang, Hu Yongle,et al.Experimental stud-
y on influence of porous media on phase behavior of gas con-
densate[ J ]. Journal of the University of Petroleum China,
2004,28(5) :61-64.

A, AR TT L WIKOR AR 2 AL A O BT A A R 2 ma ).
i IR A 2R i, 2004, 28(5) 1 61-64.

Tang Yong,Du Zhimin, Zhang Shaonan,et al.Formation wa-
ter vaporization and salt out at near well bore zone in high
temperature gas reservoirs[ J].Journal of Southwest Petrole-
um University,2007,29(2) :96-99.

7 5 AL R SRS AN L 45 TR SO A b K 28 R RER
WEFELT]. V4 B A7 3 K2 241, 2007, 29(2) £ 96-99.

Shi Depei, Sun Lei, LLi Dongping. The domestic and abroad sit-
uation and the latest development of hydrocarbon-water phase
equilibria[ ] ]. Journal of Southwest Petroleum University,
2005,27(3):49-53.

AVTEA L PNER AR AR TR KR R T A IF 5 4 SR
BTk Fee [T ). P A A 38 5 241, 2005, 27(3) - 49-53.

Zhong Taixian » Yuan Shiyi, Hu Yongle, et al.Complex phase be-
havior of gas condensate systems[ ]J].Petroleum Exploration &
Development,2004,31(2) :130-136.

iR Bt 3 SCOACR S BERT O MR B S 2 AR S LT ) A ik i)
5% ,2004,31(2) :125-127.

Lian Junli, Hou Dujie, Pang Changying. Technique of fluid
sampling in high pressure condensate gas reservoirs[ J |.Jour-
nal of Oil & Gas Technology»2010,32(3):156-157.

TR GRS AR S AT SO R R R R[] A
M RIR S .2010,32(3) : 156-157.

Guan Yunmei.Introduction of ion chromatography and its ap-
plication technology[J].Chemical Engineering of Oil and Gas,
1999,28(3) :221-223.

Kot BT O RBEAR LM AL AmE KA
. T..1999,28(3) :221-223.

Li Yushu, Li Xiaodong, Qiao Meijuan. Determination of ater
content in crude petroleum by extraction-microcoulometry
[J].Analytical Instrument,2009(6) ;12-14.

R BBEAR TT I L A5 A RO O W s IR K
[J0.43 B8 . 2009(6) 1 12-14.

Gao Jianbo, Liu Yuming,Zhang Qun,et al.l.ong core displace-
ment test study in low-permeability reservoirs of Weizhou
Oilfield[ ] ].Sino-Global Energy,2011,16(3):60-63.

e D L 0 W SRR L SR U i AS 2 A O BIRE S
WFELT]. hAMER . 2011,16(3) :60-63.

Zhong Taixian, Yuan Shiyi, Hu Yongle,et al.Complex phase
behavior of gas condensate systems[ ] ].Petroleum Exploration
&. Development,2004,31(2):125-127.

PR o SO WIRCR L AEBERT SRR 0 S A A A LT A
B¥E S5 % ,2004,31(2) :125-127.

Zuluaga E,Munoz N I, Obando G A.An Experimental Study
to Evaluate Water Vaporisation and Formation Damage
Caused by Dry Gas Flow Through Porous Media[ C]. SPE
68335,2001



150 A R A B o3 A F Vol.29
[19] Zhang An,Fan Zifei.Song Hang.et al.Reservoir pressure pre- 1982,2(3) :35-45.
diction of gas condensate reservoir with oil rim[ ] ].Journal of [25] Chang Zhigiang, Sun Lei, Kang Zheng. et al.Condensate oil-
China: University of Petroleum.2014,38(5):124-129. gas mixtures phase behavior study with rith gaseous conden-
RGN 8T AR R AT L A5 PR BE BT SR M 2 R ) B0 Oy sate water[ J |.Natural Gas Geoscience,2006,17(2) :206-209.
O] i E AR 24 B AR B, 2014(5) :124-129. AR PN BRAE G5 R S BT K A BE AT IS R A A BT
[20] Jiang Hongmei, Tang Yong,Chen Wen,er al.Research on salting [J]. RS Bk BL 2, 2006, 17(2) : 206-209.
out during formation water evaporation in oil-gas reservoirs[ ] ]. [26] Pan Yi,Sun Lei, Luo Liqgiong,et al.Experiment and analysis of oil/
Drilling and Production Technology ,2009,32(5) :50-53. gas/water multi-phase mehavior of condensate gas reservoir[ J].
LM 55 L BRSC, S5 SR 2 0K 78 2 7 A R BT I BIF 5 R Journal of Southwest Petroleum Institute,2006,28(2) :48-51.
HERRLT] R T2, 2009,32(5) :50-53. R INET B B A BENT SO K = AR PYVT RIS FRAE I
[21] Yang Jisheng. Basis of gas extraction process[ M].Petroleum i LA A L) . P e A T 2 BE 24 4R . 2006, 28(2) :48-51.
Industry Press,1992. [27] Jia Tianze, Xiong Yu, Liu Fengdong.et al.Research on the phase
Wy k% SRR T2 KR I MO Al Tolk S AL, 1992, state of the gas-condensate system with water vapour[ ] ].Offshore
[22] Yang Jisheng, Liu Jianyi.Practical Calculation of Gas Extrac- Oil,2006,26(4) :56-61.
tion[ M ].Beijing: Petroleum Industry Press,1994. TR BB N EEAR B S KRBT S AR R SRR AR 5T [T,
A 2k e 0 SR RS A R ML B 0 A Tl i Rt 13477 . 2006, 26 (4) :56-61.
1994. [28] Chao K C,Seader ] D.A General correlation of vapor - liquid
[23] Yang Jisheng. Bottom pressure calculation of gas well with equilibria in hydrocarbon mixtures[J]. Aiche Journal,1961,7
high pressure and high content of H»S and CO,[]]. Natural (4):598-605.
Gas Industry,1985,5(2) :36-42. [29] Okuno R, Johns R T, Sepehrnoori K. A new algorithm for
Bk k. & R R He S A CO, SR IE it B[] R rachford-rice for multiphase compositional simulation[ ]].Spe
SRR, 1985,5(2) : 36-42. Journal,2010,15(2) :313.
[24] Yang Jisheng. The calculation on flow pressure of the two- [30] Pedersen K S, Milter J.Phase Equilibrium Between Gas Con-

phase in tubing[J].Natural Gas Industry,1982,2(3) :35-45.
T ak ki A PN ASOK AR U B R RE R ST ] R T,

densate and Brine at HT/HP Conditions[ C].SPE Technical
Conference and Exhibition, 2004,

Influence of water vaporization and condensate bank near wellbore

on well deliverability damage of high temperature gas reservoir at low pressure stage:

A case study of Yacheng 13-1 high temperature gas-condensate reservoir

Li Yue-lin' ,Zhao Xiao-bo’, Wang Wen-juan',Bai Kun-sen®, Xiong Yu®
(1.Zhangjiang Branch sChina Offshore Oil Corporation s Zhanjiang 524000 ,China ;

2.Petroleum Engineering College of Southwest Petroleum University ,Chengdu 610500,China)

Abstract : Compared with the conventional gas reservoir,the evaporation of the formation water in the near-

well zone during depressurization production could easily lead to salting out, which will block the reservoir

and reduce the productivity of gas well for over-temperature gas reservoir. The production of Yacheng 13-1

shows evaporation of formation water is actually real.Besides,the retrograde condensate oil will also accu-

mulate around near well-bore formation. All of them reduce the gas permeability and gas well deliverability.

Formation water evaporation test and permeability test as well as PVT test results were presented.On the

basis of the change of formation permeability caused by salting out and retrograde condensation, the pro-

ductivity change of Yacheng 13-1 was analyzed and evaluated.Results show that maximum gas deliverabili-

ty of well decreased by salting out of water was 15% ,and average value of it was 8.68%.The maximum gas

deliverability decreased by oil retrograde was 5.83%.Gas well deliverability influenced by both of them
could be 14.51%.

Key words: High Temperature; Evaporation; Salting out; Condensate;Deliverability



