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Abstract: This paper is the result of hydrogeological survey engineering.

[Objective] With the rapid development of the new energy industry in recent years, shallow brine extraction has become increasingly
inadequate to meet industrial demands. Consequently, deep brine development has gained significant attention. A comprehensive
analysis of the key challenges in deep brine extraction and the proposal of corresponding solutions are crucial for advancing
exploration and extraction technologies for deep brine resources. [Methods] This paper addresses the challenges associated with
deep brine reservoirs, including low permeability, low water yield, poor continuity, high salinity, and high viscosity. Through an
extensive literature review, it systematically analyzes the current difficulties in geological exploration, extraction techniques, and
drilling/completion technologies for deep brine. Specific solutions are proposed, and future technological development directions are
outlined. [Results] The study concluded that: (1) High-quality geological exploration is the primary prerequisite for efficient
extraction. Conducting targeted theoretical research on deep brine metallogenic geological models and innovating efficient
exploration methods that integrate regional geological background with geophysical prospecting technologies are key to identifying
favorable target zones. (2) Scientifically efficient well-flushing techniques, appropriate reservoir permeability enhancement, rational
increases in water flow area, and optimized pumping drawdown are all promising methods for enhancing brine extraction efficiency.
(3) Targeted technologies—including wellbore stability control for deep brine extraction wells, specialized drilling fluids and cement
slurry systems, completion techniques for weakly cemented plastic formations, and anti-corrosion/anti-scaling technologies for down
hole tools in deep brine reservoirs—can provide essential technical safeguards for deep brine extraction. [Conclusions] With the
future advancement of technologies such as efficient adsorption or membrane separation, combined with reinjection techniques,
novel integrated approaches are expected to emerge as more efficient, eco-friendly, and low-carbon methods for deep brine
extraction. These include: integrated deep brine extraction-adsorption-reinjection technology (eliminating the need for salt

evaporation ponds) and synergistic deep brine extraction combined with shallow soluble salt mining and CO, sequestration.

Key words: deep brine; hydrogeological survey engineering; ore-forming mode; reservoir reconstruction; control drop depth; gas
drive; recharge; drilling and completion technology; CO, storage

Highlights: (1) We systematically sorted out the problems and shortcomings in deep brine geological exploration, mining
technology, drilling and completion technology, and put forward corresponding solutions; (2) An efficient mining technology path
for deep brine based on the integration of mobile adsorption-recharge is proposed.
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S VAR PR AE R BRI T BRI, T
Yyra R b O dLAE, 2023)

H T, E5 0 ki K A A BV AT R 2
ol 7 A AR AR IR T R A Y R B (AT
45, 2022), Horr i i i K RURERT N 4 BRAE B PR R I
BB 64%(F L4 2023) . HE LM G K IR 2
o7 T SR K ER R IR A 1/3, FE B A T R
Ji, LA Sk AR b R T8 7K RV R 2 o 3R
TKERGEIR B 1 80% (X AR, 2021) o R pI7K
PG R AR 338 5 43 R i 8] 1 7K FLBR 2R i
K A B b 2 5 7K, = 2 5 7 Y5 PR T SR R A Yk
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T 2 BT RE TR ™ Ml & R (A5 2K, AN PR TR 2 1K1 7K B R
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H VR 2 KK TE SR A Gt . DO Zb | VT
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R E 2 EACEE R SIS R (2R R 4E, 2019;
HEAECAE, 2024) o SVATN T, 5 B ER 1 150 K AH
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I, BAKESS Ltk 2R TR . M2
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AH I 265 157 7K TSRy SR A R HE BE (VTR 2006; 2%
J6AE, 2010; 25 SIS A1 F AR, 2014; #hBUIAE, 2015;
SRR, 2016; 2530274 2018, 2021; X745, 2021).
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rRERSC R AYUEZ0 (Bradley et al., 2013)

TERFE LTS 5 T, )2 kK a1 X 2
H—E M2 BN, Sk ARG — B 5
TR M DX PR 2 11 KO B ARG B, 5 K2 DL
TS L ZHIAAR AR A 32, 7K A2 B [a) 48 28 4L
TR S, R A DR AE T A 3 A R R T B9 28 SR
TR KK IE ) F 2 SRR (A 8245, 2021) o 11X
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Fig.1 Schematic deposit model for lithium brines showing part of a closed-basin system consisting of interconnected subbasins
(Bradley et al., 2013)
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IKAEIZ OB, ZT7 R I RS S AL
TREERNE, SEIL T TR)Z s KAt 2 = 2 B R 1Y
TG S e, A SR A 3 M e 3 TR 1 K B T 48
IR T S 3) .

——Eh4illZk (Eh4 test line)
—— &S M Z (Radon gas measurement line)
— — H JJIZk (Gravity measurement line)

—— B AR ENTZY (Interpretation of faults through remote sensing)

P 2 SRR Z it Sl b X 7K I 0 5 57 A L o3 A
B (X545, 2021)
Fig.2 The distribution of geophysical, geochemical survey
lines in the Bieletan area (Liu Wanping et al., 2021)
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Fig.3 Neural Network Joint Inversion of Distribution of group
1 of potassium-rich lithium brine reservoir in Nanyishan (after
Hou Xianhua et al., 2022)
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B KK TR FURAIE, 3BT K= T2 6 R, mHIX
SR SCHb BT K TR 15 Ak, $8 7 KK A4 Bl 1 AL
i, P R)Z K KB PRI AR, 75 LA |, e
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K A AZ OB 0] (Hug et al., 2015; BRFEESE,
2019; HIEL, 2022) . KO T 52 A AT YR Z
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BR, T LA 2 UAAD . HUR D o8 B, i 7K 1B T RE
Tkt

Bk RBZBEZ LB 5y A
JEE S R R I RZ ), R B 5 e AR 1 0 e ek B Lo
A K. A)Z DT, HALBR L B R A MY aE bk
R ) K BT E RS . e b
R — | R AT, VB R A (BT I 4,
2022) . THAEGLAAYE BT 7 I, BT AR 0 R A2
SR K OHBS AR R %R A R R,
YB3 ZR BN SE AL o 2 4% (2 /INESE, 2018b) .

TR A i, % R it 2 3K, LR PR A A
N BE, IF HLBE A 06 /K5 it B v £ 2 Ui P AR
b, BT KBS 1T RE A A 4 s VR, 2 i e i 2 AL
Bt i — 2 elR s R (/N R4, 2018a) o

3.2 REmAKBUFFRFTAR

KLU, IR A RBEAR T A3 TR 2
KR, MO TR, R, HRES . BEIT
Ko IRTFRAEZ AP R AR (2235 545, 2008; T
MR 2014; fa] S HE, 2016; # K AE 4, 2021; £ 4
SR 2023), BTN R AL T R 1 i K A )2 3% A
25 JZRIK IR R 55 55 ) B, 25 3C2# 45 (2021) $2 4
TR vk S Bh AL A KR, TR ek T
KA 04 8 1, RIS 35 7K )2 B b 2 RE A5 B AR
Fo, BRARTE TR R K TR ECR . Seik R4
KAERME I K 2 KA TR, Bl &0 238 &%
2, BRI OK AR B, AR 7R K K BEUR H SR8 3 4b
U MELATESE )8, ik, Fak 424 (2021) AT AE
FHZE IR AR AE B A T R BE B 7K,
255 MR K TRR, ORI 9 1 ok 0y LK
SR, B T KRR (K1 4) .

RIZER W oK AE 2R it . Slkim . B
BYEAL, EAKPESS | Lk R R L B RS
S5 PR R S 1 O TR AR G I Y . B, TR
JZRKFFRFAR — T S M T KR TZ,
TS MTEEMR T2 ARJrikER
PR P Hh o B a0 < KB R B 1 L BRI KK
TBE T« B K AR A T R SR 2 i K 1
BOF R o B < /KB i 8 107, 1925 1 CO, kR
AR AE M FE W IR (CO,~ECBM, CO,~EOR) (5K
SPATARE, 2022; ASETEREE, 2023) | MBIV TR T & FIH
(CO,~EGS) (BESF45, 2021) v iy e i % J&, F) H
CO, HiyJ5t B 1R < 7K (CO,—EWR) R h 1T 4F 3
BIBIFSE S, (b AR, 2014; B F745, 2015; 32 2t
25 2017; fu—FH%E, 2022) o I AR HHZ K K
TEoR G B 2 258 [ SER RS CO, BH7, —Jr i
AT DLRD ST TR R b 2 e 7, a2 3k 2 1 AU, $
TE B K TR AL, [ REAS SCHE CO, & 27 .
2 B AF (2017) X VT B T B TR 2 B 7K Il A
CO, R A1 I 280 T 35 R 4 1T R BB RS UL AT
58, B R A IR CO, it KU
AN KB AMAE RS PL (K 5) o
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Fig.4 Schematic diagram of enhanced mining plan for trenchless long-distance non excavation horizontal wells of intergranular
brine in the Great Salt Beach
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Fig.5 Schematic diagram of CO, displacement deep brine well model (a) and the well pattern arrangement (b1 represents rectangle

well pattern arrangement; b2 represents triangle well pattern arrangement) (after Peng Guojian et al., 2017)
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Fig.6 ZP02 borehole core for deep potassium mine brine survey project in the west section of Dongtaijinaier lake
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Fig.7 Corrosion of drilling tools (a) and well wall scaling (b)
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Fig.8 Schematic diagram of integrated solution for mobile adsorption lithium extraction and tail water recharge
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6—Heating stations; 7—Air compressors; 8—Mobile recharge stations; 9, 13—One-way valves; 10, 11-Control valves; 12-High temperature water and
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