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Abstract: This paper is the result of energy exploration engineering.

[Objective] Geological hydrogen storage has the outstanding advantages of large scale, long period and cross—season energy storage,
which is an important development direction of large—scale hydrogen energy storage in the future. [Methods] This review
systematically collects and collates the research results in the field of geological hydrogen storage, and discusses the current situation
of geological hydrogen storage engineering based on literature investigation. At the same time, the review makes full reference to the
experience of salt cavern gas storage engineering construction, analyzes the challenges in the construction of salt cavern hydrogen
storage in China, and puts forward solutions. Based on the salt basin resource condition and the comprehensive utilization experience
of salt cavern in Jintan District of Jiangsu Province, the possibility of constructing the technical route of salt cavern hydrogen storage
is explored. [Results] (1) Geological hydrogen storage facilities are classified according to geological structures into salt caverns,
depleted oil and gas reservoirs, aquifers, and abandoned mines. Among these, salt cavern storage facilities have the highest number
of operational and research projects. They achieve hydrogen storage with purity exceeding 95%, making them the primary direction
for large—scale geological hydrogen storage development. (2) The construction cycle of salt cavern hydrogen storage can be divided
into eight stages, including site selection, drilling, solution mining, injection and production completion, gas first fill, snubbing,
operation and monitoring, which can refer to the construction experience of salt cavern natural gas storage, but there are still
problems in policy, materials and construction technology. (3) In Jintan area of Jiangsu Province, the salt cavern hydrogen storage
technology route can be combined with the salt cavern compressed air energy storage and salt cavern natural gas storage technology
to form a set of comprehensive technical solutions, including renewable energy power generation technology, high—pressure air
compression technology, electrolytic water hydrogen production technology and natural gas pipeline hydrogen mixing technology.
[Conclusions] In recent years, the site selection, investigation, and experimental verification of geological hydrogen storage facilities
abroad have been accelerating, with several geological hydrogen storage projects in the pilot stage. Considering factors such as
safety, economy, and technical difficulty, salt cavern storage is considered the primary direction for large—scale geological hydrogen
storage in our country. Establishing a salt cavern hydrogen storage verification platform and advancing demonstration project

construction will help to form a salt cavern hydrogen storage technology system with independent intellectual property rights.

Key words: new energy storage technologies; geological hydrogen storage; salt cavern gas storage; salt cavern hydrogen storage;
energy exploration engineering

Highlights: (1) From an engineering perspective, the main construction stages of salt cavern natural gas storage facilities are
systematically introduced. Additionally, potential problems that may arise in constructing salt cavern hydrogen storage facilities
domestically are identified, along with corresponding suggested solutions; (2) Based on the salt basin resources and comprehensive
utilization experience in Jintan District, Jiangsu Province, an assessment of the conditions for constructing a salt cavern hydrogen
storage facility in the Jintan salt mine is conducted. The feasibility of establishing a technical route for constructing a salt cavern
hydrogen storage facility in this region is explored.
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Table 1 Physical properties of hydrogen and methane (Data from Muhammed et al., 2022; Ugarte and Salehi, 2022)
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F e 16.043 0.657 0.509  1.1x10°° 22.7x107° -165 50~55.5 1.85x107° 5%~15%
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Fig.1 Hydrogen storage in underground space coupled with power system
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Table 2 Four types of underground hydrogen storage
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5 RV AE LR O FE A5 o Bl 25 B RE R e AT AAR
AW, e L AR B WA, DA R Ha A K o 4
AR BB, F AL TT 3K 99.999% (Ursua et al.,
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JFRE T 5B e VR AL b 5T 40 S A% BE R A 19 ko H
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Clemens, 2 7¢,1
Moss Bluff, £

i

B[
Teesside, ¥ 7,8 &

5\ Spindletop, k7%, E 1%

Jan_ 2/, BIiRsE
J /" Diadema, ki <, 12 B

#1185 GS(2016)15665

AR BEIRHT M

P 2 [E S it U A
Fig.2 Distribution of geological hydrogen storage in the world
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Table 3 Geological hydrogen storage project in the world

Hh S T H 27 4%/ % R HIZ 0y A7 WIBEE /MY R /m 3817 )E Ji/MPa
R A 32 Diadema 10 B 20154 il 8 1 AR 600~800 1
Bl R Underground Sun 10 ZATH 20174 il 1 Ak 60x10° 1200 7.8

- Lobodice 50 BRI 19654F BKE 1x10° 400~500 9

Haje R KR BKE 1x10°
FH32 Green Hydrogen Hub BT R oV 66 000
o =
5 X HyStories 100 FHAFH & ﬁl:ﬁém
HyUnder BT R oV 4 000 000
HyPster R K V1N 480 000
%I TEREGA R KR ot 3300 000
Beynes 60 RIS 19564 EAKE 3.3x10° 430 1.1
HyCAVmobil R K FWIN 500 000
HYPOS HIF R ot
InSpEE R KR VAN
1 ] HyINTEGER FHAFH & il 1 Ak
Kiel 60 ERIRA 19714 FE VAN 32 000 1335 8~10
Ketzin 62 HRIRR 19644 KB 1.3x10° 200~250
H,STORE HHF R il 8 JH R
/R Green Hydrogen @ Kinsale HHIE KR i v il R 990 000
Hystock R KR T 60 000
faf 2% . o 0.14x10°
LSES I K e — 0.75%10°
Fiii L Hybrit 100  FUHIFK JZ SR 100 30
Aldbrough KRR VAN 3.3x10°

e HyStorPor R &

Teesside 95 B 19724F 3hoC U2RES) 225900 350 45
Clemens Dome 95 AT 19864F o (FED 580 000 1000 7~13.5
e Moss Bluss 95 BT 20074 o FEED 566 000 1200 5.5~15.2
Spindletop 95 BT 20144 T GhE) 906 000 1340 6.8~20.2

e RS REE AR WARIE .

A1 i B b LA K V95 4 3R 3k R i 23 S A g
Ui %5 (Wang et al., 2021) o 5iX BE403AH b, P 7E
LT S T A S ARG B, v AR A LB i S T
BHRAIBTT .

H AT, v T i S0 N 32 2 i A &k
JIr i S b 2021 4F, HhEA L E R A, T
] P R At SRR I &t o i SR
RZ)N 150 m By T ZEFEI:, SR FHAT R
Y, BAG 22 4 2800 A T AR/ AR e (B
45,2023) . KM, M T ST BRI LR B S B4
Prok AT, B M SR 1 6 SR L, AR R i
BN, PRI AN A KRB At U0

F 2023 4R, ] i 252 H B — 2 4 5 it & T
RO H AT aE . T E R ER L P EE R
R WA DL L2 w23 2y ) ol b il & TR
WH(FK4), 2023 4F 3 J, Widba KiGiiash 74
L 2 S i H— IR L R BB A 2i & i I H, %0

B R K v i A B R 53R, kB AR
TE . AR 1 SRR AT AR AT N TS, DASE
ME A TH P RS TUE SR E N 74
K3, JUTARFRA/NT 5000 m?, i &% 714 5 MPa.,
[F] B, 51 A0 R0 TR b i SR b T T
2024 4 1 HIETF T, %50 B W5 US55 AR fif
AR | ORI E MR i T AFENA
2024 4E 9 H, b K ia AR A% S H oy 2 it
PER, [A4E 12 1, il i H A 1 S e R 4 E
RIF T,

ULAk, 2023 4F 4 J1, BEPGMI M B 515K
FAKFI2E B | BePE S RE L & A BR AR L BERE
TR ERSRRERE IR A PR A ZS1T T RIS A TEHEZR B,
PUF &R 7o A B o %3 [ R A g
160 5 m*/4E, #9600 Nm?/h 1 1 H, 7 7K il &
B, WE 8 £ 1200 Nm'/h [ L g A, Al AT A
RGO AR B EZAZ I 5L, e 2500 m
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Table 4 Geological hydrogen storage projects in China
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WAL KIE AR i S >5000 5 EFH I AR TR R AR PEBEERICE LA FLER
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ST A * A =hORN »s, =g 2 22 o
s e PCHERBPUBE, RIKE, R IK%. BEBRER

Wikt EMAER. PERR BT A P E LR
BARHT Stk

e RGN REAAR WARIE .

AL — A FHGA 50000 m® B9, A%
£ BRI AR, 20244 9 A, hig ks g
3, BeA hEh R | rhEM A (LR L R ERE
Be AL H AR BT . KR R LR H
FKHERBER AL . BN o ER R
REDUFFEE . HF A i T AR AR B SE B 25 Py 3 ]
HEHH 1) [ 5 F A Rl B i B AR R 1 R RIS
it SR AR R A6 96 0E " T H S 22 St %
WIESEIC A G . F4E 11 A3, o E
h B2 PR R b R 7R FUBE A S 500 H T g ~F- T Ly o
BIF T, T H #2025 4F 4 H 58 sbg SR A I
A 32 I P M TR A 2R IR, 2025 4F 6 H e A SR
Hewd, 9 H e idh g a ik,
3.3 REMHRBES I E R
3.3.1 32 [E Teesside 3 RIEEE

e [E Teesside £ 7 A E MR T 1972 4%,
[y E A2 Tk 7 (ICD 8 8 o %6k | EE )2
REEA PR, SR REEA 40 m. 3N
2R, BEVR 2 350 m, ¥ FE A AL 43 50 A 7200 m?,
74900 m* A1 77800 m*([&] 3) . ZEh B EER TAE
LR 890 J7 Nm®, H A7 45 95% 4l &<,
A I 3R &5 A 3%~4% B CO,, R EA EEHT
BiF I G £k T A = H i ATA 2 (Liebscher et al.,
2016) o %R 7 AR AETE SR IB AT AN RV,
([0 5 I A 87 Sl <9 I PG U R o = o 1
U R AT BT, dEREER 7Y R fE A
4.5 MPa,
3.3.2 £ E Spindletop # X 1% &%

25 Spindletop 57U EE T 2017 AR EEAK, &
H A4k i K py il %, B 28 B bz <A ] (Air
Liquide)iz ¥ o 7B TIRE R 1204 m, F-3 H

RIE/m

RS >

g

6 160 260 360 460
PKP B 5/m

&l 3 HE[E Teesside £k Ufifs &l 4 1l 2 i &l
Fig.3 Cross—section of the Teesside salt cavern hydrogen
storage reservoir in the United Kingdom

72y 70 m, PIHLA R E IR 90.6 1 m (] 4) . %1%
SR W e K TAE K F135 %) 202 MPa, /A& /N
274 GWh, A fifif7 8230 t &<, 2 LN b A A W
AL 30 K9S & (Chemical Weekly Group, 2017) .
3.3.3 47 2 Hystock % RfE S %

2021 4F & 2022 4[], fif = RNz E LA
7] (Gasunie) T/ & (Hystock) & a1 T — T T fiti =
RYE I H , B AL T 2% Zuidwending i <2 A —
FAIR I (A8 IF) #EA T T & A At AAiliak (1 5) .
AT T2 R T TR Bk
T LA A R sZm, RIBFERR TR SRR RAE
T EAZE FER . Gasunie BFRX 78 TEIN
H ] T FEER /P i fr S R LA AT Y, OF
R R T E KB AT 5. #E 2023 4F, 58
BT — G S (AS ) 1 s TAE, 3K 7E 2024
AERLRI A A I (A9, A10) & (& 6) .
THRITE 2025 41 2026 458 BUH T 2R AS T
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Fig.4 Well structure of Spindletop salt cavern hydrogen
storage in the united states

o 0 SR B 18, I T ket LAt R 1 iy S
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HEHER, B 7E 2028 4R IE A AS I, I
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(FH24F 6000 t H,) o
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Hybrit 55t H ¢ 5 #8925 A 7] (SSAB) | Fiy #L [5]

AR AU o fits S T RE PR K e e 189
Hu i %
150 m—& S %2 42 [
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5 A8 i E il iR 2 I&l
Fig.5 Diagram of hydrogen storage test in well A8

AHEZAF(LKAB) Al i A REIR A W (Vattenfall)
SEfR] AR, R A BRI R — MR S S
AR UK BOAR, LU AR A g g o h i TG £
B¢, [ IS AE S A L3800 s it 109 B9 I A AL BE TN (L
B, AARMEAAAE— DT BRI AR b, R =
AP B FRN 100 m* (151 7)o FRT, ©EHIKAE R
I BTHEAT TN A RS E R L BB L) ROR R RE T Y
I, TEAEFEATOm P R U R Il B B, P F
2025 4E45 i (Pei et al., 2020)

4 TR R DO AR RAE AT

N T A pEER A SR TR B ] RE
I 64 % B A [R) R, b 25 5 25 T8 B A i B

&l 6 Zuidwending fil = EE H it SR
Fig.6 Planning of hydrogen storage wells in Zuidwending gas storage
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Fig.7 Hydrogen storage lining cavern of Hybrit project
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Fig.9 Drilling completion well structure of salt cavern natural gas storage in China
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Fig.10 Effect of cementing cement on sealing
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al., 2014); & AR IR G TE LA R K I8 2% HA 5
SNEERWARIEARE $vix e MERTI 20 A e (=21 95
) (Gajda and Lutynski, 2021) .

4.3 EfE

T HE SR A L AR HEATIE IR, 4 s K HE
AP, e ZIE AT AR s R Zs |, 5 DT
AR R R BAR AR, $ho U R 1R K
H A7 T 15 200R) FH b T 82 0 s it 22 25 ()
I, TFEH RN R, hd s A | A AR

R ARG A5 LA S HE b v B 55
43.1 #hEF X

HHET, #7UEENERE TEFEZH 457, 75
SR PRI XTI | /NI SUCE H H AR L | K
JE D042 3E vk D S OKSE- 28 IR vk (8] 11)

B XL S — i E N ATz SR A T ER
SAE S (] 11a) o B e &5 P Fh
X Ty 2, Herp— R PR O IEAE PRI, TR K M3
JE N TR N T bl K DA s PN A RS IO 1
Wity o 55 —FE RAIGH G I, 5 1E76 A
B, AR AKNFRZS HdE A T 7K DA B P S TP 3
(Jiang et al., 2016) ., 1EMEHZ H T B RTH, 76
I — 1, LMEARE TR, BEE AR
IKFNER 5 0 bt B AR BT R AT, T AR BB i
K, SEATE B FEE I B—E I, g s T
A E R 80% LA F AR ], X — P By E 2R
FH A P01 I o 38 2ok 228 A0 B8 T 368 i N 4RSS 1Y
P, DA sy e B2, Horhooh 1 BV I B 4
by, 8 R A SR R E . S
Y I A BT Bk AW T, H H BRdg I il — LB T
BB, LUBA DR 2 25 [R5 A 45 - T 2K

/N TR BESCEL - K 38 1 32 250 o AH 4R 4 ik
FPR T B TR B (8] 11b) o AT HR BRI
S AT IE I o RS BT A HERS, PR R B
AW R, I Ae R — AL AL & T, JE
B PR . PIASER I i, 1T AR S Ad R
IR T ER I AT A, AT DA 1 I VA, SR
FH— B EIRK, — B IR B AT E . X
i 07k 2 B T 1af 2% Zuidwending 57
SE(Wan et al., 2019) .

TRV R [) X0} 422 3% 38 % — AP RE A R U

http://geochina.cgs.gov.cn FE ML, 2025, 52(1)


http://geochina.cgs.gov.cn

194 el H J 2025 4
i Wy Wy
(a) BFERTIAVE (b) /INETFEXCE S H SR E %
(c) ZR5E ) 3 R i (d) AR Z B ERE
K11 R AN R I T2
Fig.11 Different cavity forming processes of salt cavern gas storage
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Fig.14 Wireline and tubing retrievable surface controlled subsurface safety valve (after Buzogany and Bernhardt, 2023)
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Table 6 Potential risks in the construction process of salt cavern hydrogen storage
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