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Effect of injection time and hydrostatic pressure on chloride
migration in a porous geothermal reservoir
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Abstract: Few studies have focused on the effects of injection time and hydrostatic pressure on the solute transport
in porous geothermal reservoirs to date. The chloride displacement experiments were individually carried out at
35 °C at the injection time of 1 h, 2 h, 3 h, 4 h and 5 h individually through the simulated columns packed with the

thermal reservoir fine sand. Column experiments were performed at 35 °C at hydrostatic pressure of 0, 6 and
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9 MPa individually. By using the one-dimensional CDE model in the CXTFIT 2.1 software, the migration law of
CI' and its influencing factors in the studied matrix were examined. The results show that the Cl” breakthrough
curves under different injection time and hydrostatic pressure are symmetrically distributed, and they can all be
well described by the CDE model. Thus, the solute dispersion can conform to the Fick’s law in the simulated low-
temperature pore geothermal water. The breakthrough curve and transport parameters of C1™ are highly correlated
with the injection time due to the variations of the total amount of solute mass injected, concentration differences
and molecular diffusion ability in the studied geothermal water. In addition, the value of D increases from
25.22 cm*h at 0 MPa to 36.13 cm*h at 9 MPa, combining with the increasing molecular diffusion coefficient,
dispersion coefficient and dispersivity with hydrostatic pressure. Hence, the solute hydrodynamic dispersion in the
simulated sandy column are enhanced with the increasing hydrostatic pressure. The results are of great
significance to enrich the theory of solute transport in groundwater.

Keywords: low temperature pore geothermal water; injection time; hydrostatic pressure; chloride; migration
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Table 1 Physical properties of rock samples
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Fig.1 Schematic diagram of solute transport simulator
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Fig. 2 Comparison of fitting results of migration at injection
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Table 2 CDE fitting parameters of Cl penetration curve at different injection times

CDE#

FARFRE kVEME B HEM _ i — BUMRSRIOREC e PTG
/h /(em-h™) Ly YR LB ) il Jem*h™) ecle (em?h™)
/(em*h™) /(cm-h™)
1 10.68 12.88 0.981 0.829 10.637 60.3 0.043
2 11.28 12.1 0.99 0.932 11.235 53.635 0.045
3 6.24 0.45 25.22 15.03 0.996 1.678 25.119 29.798 0.101
4 7.221 13.31 0.997 0.542 7.191 92.162 0.029
5 7.097 13.57 0.998 0.523 7.069 95.604 0.028

W 2= D,/V; D,=D,~Dg Pe=VL/D; D;=Vd | Pe, 1,
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Fig. 4 Pressure change diagram of inlet and outlet of simulation
column during the penetration test
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Table 3 CDE fitting parameters of CI penetration curves under different hydrostatic pressures
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BN 0 MPa 1] 25.22 em?h 3471151 6 MPa 1 32.29 cm’h,
9 MPa 1Y 36.13 cm’/h, & B ¥R HO/E HBE # K 7 0 1
PG R . AR U, SRR K R TR A BT R OV
5T R, R EOKZ R R IR AS R 51 R 4 5K
SN TR R E T R AR AR I R 22—
4 iTig

A T] R 7K T %) 728 £ X Jo 7 L B 28 A
)2 EEE . IR AR s B S B A EE N,

A BRI AR, 235 | R e A S FER N
TR A B ARk, AT S BSF B 4 BB S Bkt
A% CDE AL (0540 5C R 4L R Fifi 32 A B[R] 11 42
T HE T, AR b — 2 X6 SR OB Y T DA R[]
ABETF Criyiz Bt ARG il o VPR E R R 2
LA, REE AR E T CUiE R A4 JE 5
FEH . AR R, W A B R, (R S 0
(IR o ST 711 NN T £ 3 =R e ST SO
VS T BT () 38 0 1 B I W R W {1 1) 35 B[]
THaE . B2 A& 3 r, 3 ARE 3 h T, iR
75 I B LT e T AR T] | 3R 2, i A E] 50T
PR FR B, FLBR T [ AR R T e T AR SR,
HAE T ARFTE] 3 h, #K EJ7 28 6, 9 MPa IR SR 4514 F

PR FR B R R R, TR R AT ] 3 h T AR
DAL e A P e R, JE AR 1~3h, 4~5h F
18 % 2500 728 Ak 3 B B — I R A B [A) 38 n 31—
{H 5, ¥ 532 % b R 800E 328 M R, % il A 4
5 o O TRIFFY 98 K K T e S, T gl i i B ]
FEHL T K P SR B B B AR ) LA B S

T K2 R K R T AR Ak (R BE 23 5 i 9 T 1Y
YR A/ H . CDE 488 B A [A] K He 1 F CIY
18 8% FE UL ARG B Y (R? 3946 0.99 L) B, ik 86 )5
1R B < Hi B2 B R RE A BAR AP i LA, BRI AE Y
JEZ AL, 6, 9 MPa #/K £ 71 F CIAY 2835 i3 FE
FEIE e, mE S ME 6 M, #KHE T 6,9 MPa
T, Cliz % #h 42 J5 1 Hh B0 4 B2~ IR 4 L 0 MPa i ]
i, C/IC, W34 /NTF 0 MPa; H M\ 35 3 AT 453, il #57K )
B, KB R ECR B VRHIORE B O, ROV
X2 PN 7R B K R AR TR, A A D 38 A 358
XA FH RS , TR ECVE A B INSR %, R 5 U2 7K
JE K R HBIRIK 4 1R, WA A58 A 02, KON T,
TR )2 7K K A B KK BT e IR G AN T Z2 00, ORIk 5
Vs AR AN [F) K R 1 7R 138 B R, X F 3 & iR iz
B HRIE KB iR TR 2 AR K . kTG e LA R X,

5 e

(1) FEARE UL R £L B B B A 2 v, AN (] 3 A ] A



2023 4F X, A5 AR ] R K R D X FLBR B CLIS B 52 - 195 -

FRKE S T 10 Clis B ih 26 ¥ 2 X Bk o A, RIS T
A R FE K TR SR, CI7EIS B B vh 5 2 R ] Y
W B Ao R | S - A0 S B e A2 A AT LA ZWE . 8
32 B AL 50 2 37 1 R AU A0 B B e (R G R 8K
R*7E 0.980 ~ 0.998), it WA 7E 34 it 2 £ 47 oz, AN ] i
ARSI FI#K R S CUAE B B &k w e
(2)FE AR [R) FEABFE] R, ClUAE AR 01 FL B 780 B i )2
I 28 3 2R RO B 1 B RO A B R, X S5 1L
B T 0 AT A R S e R A R DDA O o X T AR ]
3 h B, SRR S REUE . TV ARBRKR, o
91k 25.22 cm*h, 1.678 cm, 0.101 cm?/h, I B A% Py ¥k J32
T B KT e i AT A], K3l Rl i fesik . Bl
T ACH[R] 3G 0, P9 A 3 O VA B R R el /), i i
Ay Y BUE DB T AR, XHRVE S, B CDE
AL ARG FE 325, R7 DA 0.980 14 7% %1 0.998.
(3)FEAR[R# K E SR Clis # ith & iz #% 256
FEEA 2R, 9 MPa i 28 & i) 1] 5. T 6 MPa, Hiz
R 5 01 By A 2 4 e 6 MPa B Sk 5 /) B 2R BOR 43
TP HER B SN 6 MPa fi 25.22 cm’/h 1 0.101 cm?h
4% 3] 9 MPa Y 36.13 em¥h F11 0.145 cm*h, 3¢ ] 1% %
SRR FH B 7K 7 A 388 Jon i 384 56
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