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Fluid state in the 5™ Member of the Upper Triassic Xujiahe Formation in the
Xinchang gas field , Western Sichuan Depression in Sichuan Basin

Wu Xiaoqi', Luo Kaiping' , Wang Ping',Chen Yingbin', Wang Yanqing' ,Hu Ye',Li Huaji’

(1. Wuxi Research Institute of Petroleum Geology ,Petroleum Exploration and Production Research Institute ,SINOPEC , Wuxi , Jiangsu 214126,
China ;2. Exploration and Development Research Institute ,Southwest Branch Company ,SINOPEC , Chengdu ,Sichuan 610041, China)

Abstract; Gas and water are simultaneously produced from the reservoirs in the 5" Member of the Upper Triassic Xujiahe
Formation (T,x”) in the Xinchang gas field in the Western Sichuan Depression ,and there is no consensus on whether the
gas is free or dissolved. For this purpose, methane solubility experiments were conducted under different temperatures
and pressures on the T;x” formation water, and the results were compared with the methane solubilities in 1 mol/kg NaCl
solution. The fluid state in T;x” was demonstrated in combination with the gas/water ratio of the produced fluid and ideal
gas state equation. The results indicate that methane solubilities in T,x’ formation water under present average depth and
historical largest depth are 2.260 m’/m’ and 3. 194 m’/m’, respectively. The water-soluble gas in T,x’ formation water
was mainly released by reduction of pressure and temperature during uplifting since the end of Late Cretaceous. The volu-
metric proportions of free gas and formation water in the T,x’ pores were generally lower and higher than 50 % , respec-
tively. The volumetric proportion of free gas increased slightly due to the volumetric expansion caused by reduction of
pressure and temperature since the end of Late Cretaceous, whereas that of formation water decreased as the water was
displaced. Due to the partial degasification of water-soluble gas by reduction of pressure and temperature ,the proportions
of free gas in the total natural gas increased while that of water-soluble gas decreased. The T,x” natural gas was dominated
by free gas,with water-soluble gas accounting for less than 5%. Moreover ,about 29. 3% of the T,x” water-soluble gas was

released and turned into free gas by reduction of pressure and temperature during uplifting, and the total amount of gas re-
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leased from the T,x” formation water reached 1.8 x 10’ m’.

Key words : solubility , fluid state , formation water, Xujiahe Formation, Xinchang gas field, Western Sichuan Depression

Sichuan Basin
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Table 1 Ton contents and total dissolved solids of the T,x* formation water in the
Xinchang gas field in the Western Sichuan Depression
PHES 78 i/ (mg - L71) BB T & it/ (mg - L")
W= AL/ (mg - L71) pH
K* Na* Ca®* Mg>* cl- S0%- HCO;
XC25 114 22 100 3 465 355 39114 72.4 406 65 633 6.53
X22 -1H 150 24 070 4976 445 46 540 130 493 76 810 6.29
R2 IEYEIIHR AR MZEKS 1 mol/kg NaCl A # CH, BMEEITLL
Table 2 Comparison of CH, solubility in the T,x’ formation water of the Xinchang gas field in the
Western Sichuan Depression with that in the 1 mol/kg NaCl solution
) S e/ 1 mol/kg NaCl WA 1ol kg
“”Elll’é{/ H;f/ (m® +m™3) VeUleh CH, 7% NaCl ¥R CH, A 1 Lo 1)
XC25 X22 - 1H HE/ (m” + m) " XC25 X22 - 1H
40 7.0 1.984 1.99 1.160 1.71 1.72
60 12.0 1.681 1.870 1.530 1.10 1.22
80 18.0 1.029 1.309 2.021 0.51 0.65
100 23.5 1.709 1.964 2.505 0.68 0.78
123 45.0 2.877 2.577 4.202 0.68 0.61
140 52.5 3.530 3.297 5.230 0.67 0.63
160 61.5 3.834 4.116 6.798 0.56 0.61
180 70.5 4.862 4.757 8.774 0.55 0.54
193 75.0 7.106 7.030 11.213 0.63 0.63

# 3 Duan FI Maol ' B R FHER VAR BT T 3K

2 MHBHEK S 1 mol/kg NaCl ¥ ¥
H CH, ¥ EEXT EE

B B2 KK B Ry CaCl, AL, 50571
o 76.044 o/ L7 ARUCRAER) XC25 A1 X22 - 1H I
T B b2 KW AL 43 51 K 65. 633 /L F176. 81 /L,
55 20 B b 2 K ke R IE — B, Hoh Na®
Sk 22 100 mg/L 1 24 070 mg/L, ] LI % 0. 96
mol/kg 1 1. 05 mol/kg, C1~ & & 43 %1k 39 114 mg/L
146 540 mg/L, Af LU 1. 10 mol/kg F11.31 mol/
kgo PG, M Na*™ F1 C1™ &R, Hrim i i B )2 K
5 Imol/kg NaCl % HA 7] X et . Duan F1 Mao! '+
PEH TARTE 1 mol/kg NaCl W i CH, ¥ B2 1 34 J)
SRR HTF A R S S SR B, B
iR J3E S 305 BE RN 7 0 B S i (TR 1), ELARAT AT 2
Pt 5 2 ) ELAG I A MR o0 A B ARRAE , R T DR I e
AT Al A A TR R 251 N e M 5 A B o it
LR (ATl BB A YR SE 6 R R 45 7F R F e 7E 1 mol/kg

NaCl ¥ V5 i BE , T 400550 m®/m” () B4, 25
PRI 2, H 5 AR YT AT Hh 2 56 I 3 45 2 20 L B
S = oK G R e B X L SE R TR LI 2

VAR / (mol -kg™")

1 1 L L 1
120 150 180 210 240

0 30 60 90
/T
K1 AEEESE T 1 mol/kg NaCl 357+ CH,
R (B R Duan Al Mao' ¥ )
Fig. 1 CH, solubility in the 1 mol/kg NaCl solution under

different temperatures and pressures

(data from Duan and Mao'™*!)



5 6 1]

S/ INaT A N B S 0 G 2H T B A A R

1071

—=—XC253F 2K
—A—X22-1HH:#1 JE 7k
—e—Imol /kgNaClIVA

VEARE /(' m™)

Il 1 Il I}
0 20 40 60 80
J£ 711 /MPa

b —a—XC253F 2K
—A—X22-1HH:H 2K
—e—Imol/kgNaCI¥E ik

TARIE/ (m’-m”)

L 1 L L 1 ]
% 60 90 120 150 180 210
i g/ °C

B2 IPHsBEE 0 hB)Z K5 1 mol/kg NaCl # i CH, ¥ fift BEXS He

Fig. 2

Comparison of CH, solubility in the Ty« formation water of the Xinchang gas field in the

Western Sichuan Depression with that in the 1 mol/kg NaCl solution
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Fig.3 Burial and geothermal histories of the Well XC26 in the

Xinchang gas field, Western Sichuan Depression

PG = H IR AT BETE 1 mol/kg NaCl i
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Table 3 Comparison of temperatures, pressures and methane solubility in the T,x* formation water of the

Xinchang gas field in the Western Sichuan Depression under different conditions

RESH A (0) AR (1) T3 s de KRR (2)
PRI /m 0 3000 4000
FE71(p)/MPa 0.101 325 53 73
BREE(T)/C 20 80 120
1 mol/kg NaCl ¥ ¥
CH, %ﬁ%} y (miﬁ_(ii) . 0.028 3.766 5.324
T HZ K CH, BRI (S)/ (m® - m ™) o 2.260 3.194

# 3% Duan il Mao' ") B4R FZMEAR (3 T FE 004 s #0 U R K b FRUBE R VR BEARARR , LA FLBE™ H RO FE s e 28t T 0K 43 L IR 3o

TR e T LA BT LA R BE P07 SRR
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Fig.4  Correlation diagram of the gas/water ratio and total gas
output of single well in T3x5 in the Xinchang gas

field in the Western Sichuan Depression



1074 M5 KRR b iR

538 &

KAES], Pas R AR AR F 4, B 8. 314 Pa - m” -
mol ="+ K8, Sy 3 A LR Hb S22 /K v HY o ¥ it 2
m’/m’; Ty, REASEIE T M2, K T, B4 3%
WL, KV AR N b LB AR, m* sV,
P4 F IR, w3V, B AL F 2
SRR m* s SRy 34T e 8 S AE b 2 LB v i
TRBLL I, /B
H T ARFEPRES T KRR B /AZE, Bl ng o =
ny_ro
g o A BAHIFREE T RIR LA, mol,
56 AR R (1) AT 4R
poVor/(RTy) = p,Vu/(RT,) +p,V(1 = x)S,/(RT,)
(2)
AR
Vo = pi ToVa/ (poT,) + V(1 —x)S, (3)
PRI, B4 7 S A B K B v A
To—rik = Vo Vo_x
= [pTVa/ (poT,) + V(1 =2)S, /[ V(1 - x) ]
= pi T/ [p T (1 —x) ] + 5, (4)
T g g AELS T I TR B SOK EE , /N
2R DL A g R AR RS =X
x/(l —x) :P0T1<r07%/7k _S1>/(P1To) (5>
x = 1/{1 +P|To/[P0T|(ro-%//j< _51)]} (6)
H S AT D0, 34 22 028 i B ORI J= K P
AR LA o A0 1 — o AT ARG IR BE IR T 7 0K
P A K Hh e Y I A TR 3
AN, 455 (1) TR, 7E AR, 2
B s S K R e

Tiswrryki = Mo ki
= [plvl—’{/(RTl)J/[p()vl—msl/(RTO):l
= [pVa/(RT,) 1/[pV(1 =) S,/ (RT,) ]
= pi Tox/ [T, S, (1 = ) ] (7)
P oy g e B BRI TR #0)Z iy B9 5 KR
YR, /NER
e or s (5) #i(6) FRATTRE(T7) , ]I
T sk =P Lo/ [peTi S (1 = x) ]
=[p T/ (peT,S) ] -
[P()T1 (r()-ﬁ//k - S1 >/(P| To) ]
Z(ro,g/ﬂ( _Sl>/Sl (8)
PR, PE LA HE GRS T, B S K Ry be A9
AT DR AR )2 K R G e A R4 b 7 R A
9K FET AR 2, JE T AT RAAS U B SRR
BT & el
H1 TR A LB R A S SOK LA A —
TERYZES (18] 4) R LA M R AL AP L OIR ST
AL T R A 2 (36 3) AN ] =K B 23 AR
ANA(6) FI(8) , v LITH5AG 2 7 A GRS T i
B RHLZ K BT 5 AR ER L) i g ORI U L
B, IFRE— AT i B SRR AR B R AR
P B EE B, THRAE R (32 4) KW, 7R LA P 2 HE IR
AR, UK By, — 77 T B e H 2 AL B i R <
JIT i AR L 8, T 3 J2 K B o AR AR L 43/ (1
Sa) ;93— 77 [0 S Wt R R AR A0 rh i S ORY L 41
R TR 1 L/ (181 Sh) o IR B, R
EAILBIA 7 i A ) SOK B — 5 1 22 5 (H R
et Sk B30 B9 R HE B 22 1 T 97 Y, THIZK I AU L A

®4 IAYEFIHAARAR BEHIERRSFSK L ZE T REIRERR & L F
Table 4 The proportions of fluids in T,x® in the Xinchang gas field under different burial depths and

gas/water ratios in the Western Sichuan Depression
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80 15.19 84.81 34 97.18 2.82
100 18.37 81.63 43 97.74 2.26
) 200 31.29 68.71 87 98.87 1.13
AR (1)
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5 6 1]

S/ INaT A N B S 0 G 2H T B A A R

100

80
£ ol WA s
= P ok
2 BRI YR
g | |#FE o o
20T [k a  a

20

O 1 1
10 100 1000
KL/ (mP-m™)

R LA/ %

1075
100 7110
9r
X
sl  BAH% <
) BK =
MR SRR 1
WHA O o s
ke o 2
2
96
950 0.1

100 1000

KB/

10

KIS I PYRE BT 0 LB AN TR I GRS T M= AL B AN TR A4 B o L A

Fig.5 Volumetric proportions of different fluids in the pores of T,x’ in the Xinchang gas field

in the Western Sichuan Depression under different burial depths
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