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Variation of the permeability of shallow brackish aquifers during
synchronously pumping and injecting energy storage
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Abstract: Considering the complex hydrogeology condition and the particularity of mineral composition of shallow brackish aquifers
for energy storage, a controllable three-dimension infiltration experiment is conducted. Based on the theories of surface chemistry and
colloid stability, the intrinsic connection between the variation of macro parameters of recharged solutions and the redistribution of
micro-nano particles are analyzed from the mesoscopic standpoint. The spatial and temporal variations of the pore structure of
brackish aquifer are analyzed; and the regions of low permeability curtain formed in different modes are determined. The results
show that it is the variation of temperature and salinity of recharge solution that breaks equilibrium condition of forces between
particles and induces the decrease of aquifer medium permeability. By fixing and switching the locations of pumping and injection
well, the relative permeability of the whole aquifer medium A/k, decrease to 63% and 57%, respectively, after one complete energy
storage period, showing that the aquifer medium space structure variations are irreversible as result of micro-nano particles
redistribution. Under the two working modes, low permeability curtain occurs in the 700-900 mm and the 500-700 mm seepage
elements, respectively, due to their different formation mechanism.
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Fig.1 Schematic of energy storage experiment
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Table 1 Water constituents in the brackish aquifer

L% JEE SR ¥R E / (mmol /L) JEE 7R R FE LU A/ %
K 1.67 0.6
Na 211.83 714
Ca>* 18.83 6.3
Mg™ 64.41 21.7
cl 300.00 95.5
S04 2.08 0.7
Co;* 0.00 0.0
HCO; 12.10 3.8
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Table 2 Particle size distribution and mineral composition of sand samples from brackish aquifer

U4/ Yo W YIRS/ %
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0.5~0.25 mm 0.25~0.075 mm <0.075 mm Y A ARH A Jape) it
JEIKJZRPRE 2.18 69.09 29.73 27 375 325 1.5 1.5

KRR A ST R WA RFA

TSI I 1 RAR K Z PR, T 30
HED AT 222 0. SR P e vk 56 T 5 AR b A
K EEFE A 450 mm, FEEFE 30 mm BPAE,
KI5 Wbk N BOK O S8, B R A2 5 KA o
HJE(1.78+0.1 kg/LOAHIA], 7275 7K )= EB3EH 50 mm
(%G1 )25 100 mm BRA1E ARG KZH KN S
GIRRR RS, IR R — R Re ). RITERFE N
BENS R I T e el TR AN ), 15 i)
BRI KT B KA RN, T RIS R % )
B 12 ARG R ORI S AR T D AE%E
HZE A, LL 140 mm /KK ZE AP AEIE N 15 CHL TR
IKHEAT LA, RN R /KA 2 R o SR A L AHE
o MU I AABURIE R EEARFE AR L, R
PEAL B P N TG AL 5 AR A B, WA
TR E Ko

BRI [ E 5 P as AT T i P 4
i BRI AR A a8 3 MR, JL
it PARLE 5 AR I 8 h, THIERII 4 h, 3 3B
PRI LEHEAT . RO RIMK G, IR N

60 “C. 20%3Hh T /K HT 80% 2= 55 1 /K IR A Vi T JiE
it HaRE, Fe a2l 4 h iy, dRAEK
ulalEE 5 Cy L4 RAEHG AR, R
HH K F B AN IGHR TR AV B SN IK 328 R HH 7K i o
IR Pk A Ak Z G AR 140 mm A
A%, AF 10 min SRR EEINR S AR R T
waE, [N EEEB TR IR AR, R EIA
PO A TE AN R I B8 3 1) 5 KA B 3 2R 4L
K, A 23 53 AR A5 VB U B G B TV L % 5
B RB, WEBER k. NHBRHARK h A
HAe. MERBYBG, RS, BRI SR 2 iR 5
SERPTr R e, RS I T K AR RS
WILRIBIE ko W LLAEAHXTIBIE R kiko VE R VEAR /K
AR BT afs S R Eiap i

TERDFE I 78I A2 P PSR K23 A A A Jak
A liE, P AR R TR, AT
TR AT B 3 FroR. 5 R HACN1900C
TP T DR AL R D R A58 A B PN RS 1) ok i
B, T8 I FOLA5 (PR A ek P A g S i o
TORL i, A B /KA TRk B2 59505 AR
AR



1886 b +

b 2015 4F

B2 BREERELERA
Fig.2 Photograph of the infiltration sand box
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Fig.3 Layout of temperature monitoring points in
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Fig.4 Relations between relative permeability and released
clay particle concentration in the energy storage experiment
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Table 3 Clay mineral species of particles
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Fig.5 Photograph of released particles magnified by
scanning electron microscope by 120 000 times in
the energy storage experiment
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Fig.6 Photograph of released particles magnified by
scanning electron microscope by 100 000 times in the

infiltration flow in the energy storage experiment
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the energy storage experiment
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