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Fluid sensitivity evaluation of ultra-deep tight sandstone gas
reservoirs, Tarim Basin
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Abstract It is critical to understand the fluid sensitivity of reservoir and its corresponding evaluation method to optimize
the selection of working fluids in the wells and their properties. The fluid sensitivity , which is influenced by mineral com-
position , pore throat characteristics , high-temperature fluid environment, etc , refers to damage of ultra-deep tight sandstone
reservoirs. So the conventional evaluation methods in the industry seem to be not applicable any more. The ultra-deep
tight sandstone gas reservoirs located in Tarim Basin are taken as the objects in this paper,and a modified fluid sensitivity
evaluation method is proposed, which requires the simulation of the formation temperature and maintaining high back
pressure on the outlet throughout the experiments. Twelve typical ultra-deep tight sandstone base blocks are chosen to car-
ry out water,salt and alkali sensitivity experiments. The results show that the index of water,salt and alkali sensitivity is
0.41-0.52,0.72 —0.73 and 0. 83 - 0. 92, respectively. By comparison, the degree of damage derived through this
method , which maches well with the field measured data, is higher than that obtained at the room temperature experiments
in the past. After analysis the paper indicates that (1) the modified evaluation method could reflect the actual condition
of reservoirs and also reduce experimental errors, (2) the narrow pore throat and abundant clay minerals are the funda-
mental causes of fluid sensitivity, (3) the major mechanisms for increased fluid sensitivity for ultra-deep tight sandstone
gas reservoirs,,can be summarized as follows:in higher temperature , the thickness of the water film on mineral surface in-
creases , reducing the effective pore throats’ radius,and the intensified clay hydration and swelling accelerate the expan-
sion/migration of formation particles and the dissolution/deposition of minerals.
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Table 1 XRD analytical results of the formation samples from the Cretaceous Bashijigike Formation, Tarim Basin

TR % )
K RE/m Wit i 4 ] gHE
hoWE G OBGOERE BRG wE Lk s s ‘ﬁ;;'ﬂf R

7 730.45 53.31 5.82 7.57 29.15 0.00 4.15 0.00 13.04 61.15 25.81 15

A X  7851.84 57.78 3.69 6.99 29.21 0.00 2.33 0.00 23.40 59.16 17.44 15
7 852.91 4. 11 2.49 12.61 37.10 0.00 3.69 0.00 32.58 43.78 23.64 15
6 907.55 39.56 2.52 4.33 10.23 29.95 13.41 6.98 27.91 54.34 10.77 15

B X 6758.42 34.32 1.55 12.33 22.39 16.90 12.51 5.32 21.28 62.57 10. 83 15
6 755.11 42.08 1.43 3.19 9.10 24.56 19.64 6.03 25.20 57.53 11.24 15
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Table 2 Basic physical properties of the experimental sample rock from the Cretaceous Bashijigike Formation, Tarim Basin

e PR/ m KA/ em B/ em SMALBRIE % SMBER/(x10 70 pm?)  SLEHA
Al -1 7724.43 5.404 2.485 3.59 0.005 89
Al -5 7730.59 5.172 2.485 3.18 0.014 08
KA
B3 -5 6 902. 36 4.972 2.485 4.08 0.022 21
BS -5 6 758.43 4.932 2.485 3.61 0.033 98
A2 -9 7973.81 3.050 2.485 3.06 0.044 72
Al -9 7973.99 5.315 2.485 4.12 0.011 17
s
B3 -1 6 892.82 5.314 2.485 4.85 0.033 37
BS -12 6 778.41 5.080 2.485 1.56 0.035 17
Al -18 7 852.78 5.191 2.485 3.40 0.005 77
A2 -10 7973.72 5.071 2.485 3.52 0.006 84 ,
RS
BS -6 6 775.28 5.092 2.485 1.30 0.022 36
B5S -9 6 776.38 5.032 2.485 4.53 0.018 75
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Table 3 Formula of simulated formation water from the Cretaceous Bashijiqike Formation, Tarim Basin

TR 2T NaHCO,4 Na, SO, NaCl

Kcl MgCl, CaCl, SR

G/ (mg - L) 563.24 649.22 185 905.74

12 441.50 3524.50 6 153.32 209 237.52
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Table 4 Evaluation results of reservoir water sensitivity expe-

riments in the Cretaceous Bashijigike Formation, Tarim Basin

1 i e 1 PR R S e i 2 A R S 6

Experimental apparatus to measure fluid sensitivity of tight sandstone under HTHB
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Fig. 2 Permeability curves of reservoir water sensitivity experiments in the Cretaceous Bashijigike Formation, Tarim Basin

a. FESL AL = 1;b. FESL AL =5;c. B2 B3 =5;d.
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Table 5 Evaluation results of reservoir salt sensitivity experiments in the Cretaceous Bashijigike Formation, Tarim Basin

T
Lid M I ATl 120fE 14FRE 110 5L ik RERERE
= Hi 3k Hu 3tk Hu 3tk HJZk .
Ao K/ (1076 um?) 0.967 0.791 0.368 0.292 0.265 0.264 .
- kL
WER/ % — 18.2 61.9 69.8 73.0 72.9
o K/ (1075 pm?®) 2.800 2.766 1.228 0.900 0.893 0.794 .
- b
BER/ % — 1.2 43.9 67.9 68.0 71.6
5 K/ (1075 um?®) 0.781 0.630 0.494 0.283 0.240 0.162 "
- L
MER/ % — 19.3 36.7 63.7 79.3 81.8
K/ (107 um?®) 0.423 0.296 0.226 0.171 0.091 0.089
B5 - 12 g
RER/ % — 30.0 46.6 59.5 78.4 79.0
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Fig. 3 Permeability curves of reservoir salt sensitivity experiments in the Cretaceous Bashijiqike Formation, Tarim Basin
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Table 6 Evaluation results of reservoir alkali sensitivity experiments in the Cretaceous Bashijigiuke Formation, Tarim Basin
. WAk pH {H
A 28 ki
6.5 7.5 8.5 10 11.5 13
K/(107% pm?) 5.768 1.309 1.309 1.073 1.119 0.479
Al - 18 e
MER(%) — 77.23 77.23 81.34 80.54 91.68
K/(107% pm?) 0.416 0.125 0.119 0.090 0.133 0.138
A2 - 10 i
MER/ % — 70.00 71.40 78.30 68.10 66.90
B5 _9 K/(107% pm?) 0.276 0.066 0.086 0.024 0.023 0.037 -
MER/ % — 76.78 91.61 85.66 92.00 86.93
BS _6 K/(107% pm?) 0.420 0.132 0.089 0.101 0.079 0.071 -
MER/ % — 68.61 78.86 76.04 81.09 83.24
=" AR R R
12+ 12 -
1.0+ 10+
0.8 0.8
& 0T g 061
0.4 - 0.4
02F 02F
0 1 1 1 L L L 1 1 1 L L J
0 0 0 1 2 3 4 5 6 7 8 9 10
R/ PV
12 1.2
1.0+ l/\ 1.0 |
pH=6.5
0.8} 0.8
< o6f ¥ oot
K N
0.4 0.4
02F 02+
0— L 0

R/ PV

4

R/ PV

B HURZE M 1 92 28 AT B3 S 201 ok J2 R 35 15 i R AL f i 46

Fig. 4 Permeability curves of reservoir alkali sensitivity experiments in the Cretaceous Bashijigike Formation, Tarim Basin
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Table 7 Comparison of evaluation results of reservoirs
fluids sensitivity damage in the Cretaceous Bashijiqgike

Formation, Tarim Basin

VIS E T FENGEich R AR AL
ARSCIEAR IR N & i ARSI
SCHR B L SCEkEE Pt SCEREE sE
0.2512 0.41 — 0.72 0.31% 0.92
0.5212 0.52 — 0.73 0.341 0.78
0.37120] 0.47 — 0.82 — 0.92
0. 112! 0.49 — 0.79 — 0.83
=" AR AR S
50 -
4561
40 -
é; ol 3045
@
o 20
10 +
0.01
B53f A9FH: A902H:

S B HURSE M R AT SE57 s 4R K SE/
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Fig. 5 DST data interpretation of gas wells using water/oil-based

drill-in fluids,in the Cretaceous Bashijigike Formation, Tarim Basin
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Fig. 6 Structural features of clay minerals of ultra-deep tight sandstone reservoirs in the Cretaceous

Bashijigike Formation, Tarim Basin

a BLAVFL, BHRIA Pt/ S04, A904 3R 7 724,52 m!2*] b, Rrl4E, HRIAT, B/ B2 ZE 1), A904 H, H1UE 7 734.67 m

SRR AL RS - A IR, B T
B8 VL 0 e I B 52 1 L0 A
W A, BRI 5 AT IR 7 A PR
T 60 PR T LA i 205 1 A,
FEARBKIZIAE ™ . SRS I I O A TL BB
BRI BE ™ R, S A B R
2 ORI K B2, PR T B AT 7T AL BB
DL S AR . LS, BT Zeta FLAY 5 6%
FR TR R S P AL Zeta o i85 IORE 2 i) 0
Fi k) R - 50 0K B 5 % 2K R
BB, Zeta ALFSAIIAR (1) 7

£, =-2.303 L (pH - pH,) (1)

g, N Zeta BLAT,mV sk B RZESHAL,107 /K T
HHAS TR K e HHLTHLM, 1.6 x 1077 C;pHy N
RS, ¢ SRR pH E AR B & 1%
DR S ek B 2 DA O

WRPEAX IR ¢ BEE AR pH A/ T &5 8 K,
Wt Uik A R pH (E 1 TH & R 20 55 5 I V%
TR T F14) 70 FEL A B0, RORE =2 (R R) R iR, S 3
JI 7 PR S5 48 O, DT 3 R RO 5 . R R
W fr Sk SR P 2 AR 5 4, 2 ) 5 0 35 ks S 20 e A
KALREZAK , 39 KA# 2 A A LR L BICA A BB R, X
WERES MR T MR A A T B X B fifg 2 114 48 B0 S i
B ERR R R T A KRR,

3.2.2 ZHBHRAKBEERE

Xt FALMR AN ) R TR BUE D A 2 R AR
TR F) 7K 552 2 AR A BT Ry S5 it 2 U AR 14
FHLIL L FOREUR ST T BT X BB AL

#£0.09 ~0.66 pm, XJ %1% 2 5T Bk i KL B RN T
0.16 ~0.63 pm, Py RFLIE4E 0. 21 pum, HEIEE
i SE R AT RN T Frs . H TSI IR B 8RR
YR KB y 12 ~ 200 nm, 5 8584 2 32 8L
TURRB BRI FLME RO AL T IRl — i g, LTk, A
Ry 7K B JEE B AR A SR A A IX HL i 23 T AR R ) 4
HHL, KRR 0 B8ORS ARt
KAFAER AR Y N — )2 AT — 8 5 B R
MISREKIZE, 5 R0 2 5 B B G, DU 2R, 7K
B JEE B8 AR, M TIT A8 A AT 37 9% 7 30 1 A v AR
HEA , WU JZ JEJEE ( Debye-Huckel () 52l B2 5% i 458
K AR R AT (2) R
L eue kT
TN
K.k "' K Debye-Huckel & J , nm; g, H B2 HL 3
$0,8.854 x 107" C*/(J + m) 5e, W AAHH XA H
BT PRI FIRE Kk R 262 % 8,107 J/K;
e AHLTFHLMT, 1.6 x 107" C5 N, Sy B £R {8 2 3 4%,
6.02 x 10% mol ™" ;1 MW B T35, mol/L,

FRAE A Z(2) W0, e ™ 55 IR 3L A L S 4 B
SR BE R VIANSE .« B TR B RS K
5 2, B AR A BE A RO 2 JE B G R (K
JEJEERERE N ) , AT 20 1AL B A BRI 0N , DT 38 108 328 %
REAI, it )22 3 30 0 ACRBORN 0 S 3 o i e o 5 560 ik B
Oy TRy | N R kel N B AT 311 =
KR E LU T A F R R, R AR R R A
MR N Z e T RS T I . LR A gl
G XT L2 A — 3, IR 5 T K R ARk
NZ A2 AR U F AL Z — o [RlI, B 5T 45

(2)



746 M5 KRR b iR

539 &

60 -
501 —m— $=3.2%K=0.054X 107 um?
—o— D=4.1%,K=0.041 X107 um?
£ 10 —a— D=4.7% K=0.027 X 10~ um?
g [ —¥— $=2.3%K=0.020X 10"um?
&=
B 30
-
)
N 201
10
0 s i U SRR
Il 1 1 1 Il ]
0.001 0.01 0.1 1 10 100 1000

FLMEEAR/ um

BT 35 HORZE M 2 A A Ay SO 2 AN )4 £ L X
Fig. 7 Pore throat radius vs. permeability in the Cretaceous

Bashijigike Formation, Tarim Basin
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