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Experimental study on the effect of water activity of drilling fluid on

shale wellbore stability—Taking Xiushan Longmaxi shale as an example
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(1.Faculty of Engineering, China University of Geosciences, Wuhan Hubei 430074, China;
2.Shenzhen Research Institute of China University of Geosciences, Shenzhen Guangdong 518000, China)

Abstract: A series of fluid flow tests on different concentrations and different types of salt solutions were conducted on
the shale samples through the pressure transfer experiment device to study the influence mechanism of salt ions with
different water activities on shale seepage. The experimental results show that the salt solution with the strongest ability
to block the pore pressure transmission of Xiushan Shale in Longmaxi Formation is HCOONa among the same
concentration of different brines. In addition, the five types and concentrations of salt solutions with better resistance to

pore pressure transmission are 20% HCOONa, 5% HCOONa, 20% KCI, 20% HCOOK and 5% NaCl. The highest
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concentration does not always have the best ability to block shale pore fluid transfer for the same type of salt solution.

When the mineral composition is almost the same, the time to penetrate the pores and average permeability of the

Xiushan shale of the Longmaxi Formation is 90.11% higher and 99.14% lower than that of the artificially compressed

shale. The seepage law of artificially suppressed shale with salt solution is consistent with the real shale. However, the

difference between the characterization coefficient is more than 90% for the actual permeability and seepage time.

Moreover, a unit distance seepage time model based on water activity and water activity-permeability formulas under

different salt ions are proposed for the Xiushan shale of LLongmaxi Formation. The research results can provide

experimental and theoretical basis for maintaining shale wellbore stability of the Longmaxi Formation with brine drilling

fluid.

Key words: shale; wellbore stability; salt solution; water activity; water-based drilling fluid

0 38§

AR T e D ORI 0 b o B PR ok A v 4E R it
HIFRERE AT S AR . B E T
KB EEVIRUA , HIE BE RS E In) 8 4 2% 02 00 A <
CllD) B AR T & b X s AN B EOITE S Il R R
i rf BT 8 M 2 09 75060 DA E R TUA ) BRI IE
iR 2k e ln) (R 1 T 9026, [WB, BT K A2 — A
it Y A A L O R T MR R I RO AR E L E
B & B VT R R TR A DU AR AL IR AL
U HBORG E K AR 0UE FLBRE D e &5
BOFBER RS 5 R IF T Sl , HAE KOKF BeCa Ut
HJE S g T R IRV R A A SR X B
HR 2 B e A A0 EL R A O vkt B SRR BR )
el A B T R Tl Ak P A v L AR B R Y
TG PR A0 2R R S R AR Z 0 L Rt K SR B R W
ARATH IR 2 T I BE RS B9 1 B R AL

B T 409 oK JOUR 3 2o 4 B 32 A B 22 K 43 2E A
GO AL I DT 00 1 5 K AR 2 A Al A R
HEFF VUG I RERR E 1Y 5y — T By 1 AR UL B 4 4
IS ER VW BRI b X e T B 2H 5 52 i A1
FIAR /5208 2% B o R ORI (B g 41 ) 5 7K Ak
53 ORI JRE B BE G, R SIS Kb R 1 £ TR K S K
BRI MR RV R R W B UL
AR I R VL i X R K 2 Hl X 5L
SMa AP/ SERZE S RIFE - HRERE R
Dehghanpour 55 % 3Lk K 7T LL [ % #5375 5 A HL 0TS
T AL AE O B S S I O AR R T e B
M . Sulucarnain 45 3 3 % 7% 4 4ik (NMR) ] i
BT B4 T g 5 W R KR W G R
T B o B Wb, B ROHIR T 9ok R
JE R, R B AR T 2 R AL T

I 3o OUL S B AT UL R B IE . H AT, R T
HE T Y B A R AR SR ) SR R A A
JLE AL, XF 5T K AR A P 2 AT — R R 2R i
B AN, AT T BE AR E P R R I T B EOR b
PR 7 2c e A4 (CEC) LB RS i R 25 W) B4
FRE S R, 0 T B A AR AL B AT
9 BT M | 38 e 5 6 3 A A [ 5 R R T
(35 WA AT b 2L

N, B TTIE T A [A) 2 B FIA [R] e B2 B9 4
W W0E TAR , DL 78 A R 5698 WO 55 1 e SR 4l
T LB A2 Ui 1) 52 W AL B A S A ) A A
R 20, S 447 e TR 4 0 s T BE RS R Y ER K
Bl FE IR LT R B 1) S 6 0 HE R

1 SRIARAILEE
11 Lk

AL #h (NaCl) A8 (KCD A5 (CaCly) |
R #h (HCOONa) 1 1 R #f (HCOOK) , ¥ 18 [ [H
2y L AL 2E R A BR A A o

TUABRAHERTH L ERERHEABE T
RIS 75 1l e T L DU ") o R FH 0 Bl L BT
HAELET(HA05em HAZ2.5em), HFE &
AL . N TR DU AR R AR B I R A
0.031 mD Z= 47, N T4 0 R~ 5 B 570 R
—H,
1.2 SCRNER

X’ Pert PRO DY 2198 % Xt £k fi1 1% , Quan-
ta200 1 28 55 71 4 5 F 0 8% , Dimension Edge ™
AFM B 5 7 J7 5 s , HKY -3 B 51 45 1 7 4% 386 52
I %8 Novasina Labswift 8 /K 35 B2 % , QBZY
4 [ B2 T 3K AL, LOMP-1A B 4 A1 5 RF B8 4



5549 555 34

M%O

2 LA E
2.1 TUA XU AT 5 HOW 25 4 53 A

X FFE AT 5 (XRD) 25 58 8w, 75 1Lk & & 4 it
R YL AT WA TUR TR A AL
T 20% WK £ (SR A R R A4S B —
K BBOME MR A0 o 75 Ll e TR A DU Y A AL
e & &= (TOC) R 1 s 5 B8 TOC & = 1M
$92.95%

*1 FLEDEHATTETOCEE

Table1 TOC content of shale in Longmaxi Formation

LA TOC/%
S3-1 2.79
S3-2 2.94
S3-3 3.76
S4-2 3.23
S4-3 2.74
S4-4 2.22
PIfH 2.95
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Fig.1 Atomic force microscope (AFM) scan of

Longmaxi Formation shale surface
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Fig.2 Analysis of shale surface elevation and pore
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Fig.3 Shale samples before and after the pressure
transfer test (PTT)

(The diameter is 25mm, and the thickness is Smm )
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Fig.4 SEM image of shale and pore size analysis
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Table 2 Water activity of different types and different

concentrations of salt solutions

WM E /Y% NaCl KClI CaCl, HCOONa HCOOK

5 0.978 0.983 0.993 0.976 0.981
10 0.946 0.952 0.960 0.955 0.958
20 0.879 0.924 0.880 0.909 0.913
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Table 3 Summary of shale seepage process results of

Longmaxi Formation under 5% brine
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Table 4 Summary of shale seepage process results of

Longmaxi Formation under 10% brine
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Table 5 Summary of shale seepage process results of

Longmaxi Formation under 20% brine
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Table 6 Summary of artificial shale seepage

process results

PR B BUATE/h RO B /mD GURGS WORAUR WIBER/mD B /h
2-12 20% HCOONa 142.67 1.98X 107 1-1 5% NaCl 2.23X10* 13.42
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Fig.11 Schematic diagram of shale semi-permeable
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membrane effect and osmotic pressure
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under different salt solution water activities
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under different ions and their concentrations
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