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Abstract: Salt caverns have good stability and air-tightness, and thus are ideal places for storage of natural gas, oil, hydrogen, etc.
The oil blanket used in the conventional salt caverns created by solution mining has problems such as poor dissolution inhibition
effect and heavy oil contamination, which cannot meet the requirements of green mine construction. As a substitute, gas blanket has
attracted much attention. However, its application is hindered due to great difficulty in control, and the complex geological conditions
of salt rock strata in China. To this end, the characteristics of gas blanket control at different cavern construction stages were analyzed
first, and then the methods for predicting the thickness of gas blanket and calculating the gas injection amount at different stages were
proposed based on the analysis of the pressure balance at the gas-liquid interface. Combined with an example of a well in the groove
construction period, the recommended thickness of gas blanket and its fluctuation range were given, and the variation law of the gas
blanket thickness and the gas injection amount with the cavern construction progress was proved. Finally, the key problems related to
the application of gas blanket were discussed. The results showed that the gas blanket thickness is mainly controlled during the
groove construction and roof formation periods, and the gas-liquid interface position is mainly controlled during the cavern

construction and cavern repair periods. It is suggested that the average gas blanket thickness during the groove construction period
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should not be less than 0.3 m. The thickness of gas blanket fluctuates rapidly at the beginning of the groove construction period, and

thus a larger gas blanket thickness should be set up and the nitrogen should be replenished in time. Then the gas blanket thickness

tends to be stable, and the gas replenishment interval can be gradually extended. With the increase of cavern construction time, the

single gas replenishment volume becomes larger and larger, and the cumulative gas replenishment volume increases linearly as a

whole. During cavern construction, the wellhead gas pressure and the gas pressure at the gas-liquid interface increase first and then

decrease linearly, and the wellhead gas pressure change shall be monitored in real time. The cost of gas blanket is close to that of oil

blanket, but the environmental benefits are significant, and the discharged nitrogen and wellhead gas injection facilities can be reused

to save costs. The position of gas-liquid interface should be monitored on site in real time by combining optical fiber monitoring and

neutron logging.

Keywords: salt cavern storage; nitrogen dissolution inhibition; pressure balance; gas blanket design; gas-liquid interface
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Fig.6 Design and actual cavern shapes of JTM well during
groove construction period
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Table 2 Gas replenishment time and amount at stage 1
(gas volume under standard conditions, the same below)

ekt ANV AN ANVSARBUARAR B S AR
/d / m? / m? /m?
1 0.00 0.07 9.04 9.04
2 0.09 0.14 17.31 26.35
3 0.27 0.26 32.93 59.28
4 0.60 0.53 67.79 127.07
5 1.24 1.06 134.85 261.92
6 2.47 2.13 270.40 532.32
7 4.81 424 538.34 1070.66
8 9.17 2.69 341.10 1411.76
9 12.03 3.72 471.83 1 883.59
10 15.67 4.84 614.70 2498.29
11 20.43 6.43 816.51 3314.80
12 26.71 8.64 1097.82 4412.62
13 34.82 11.39 1446.16 5 858.78
14 45.37 15.08 1915.62 7 774.40
15 59.39 20.42 2593.49 10 367.89

P 1~T K, 6,=045m, 8, =06m, &, =03m;8~15K, & =
035m, J,=04m, &, =03m.
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Fig.8 Relation of accumulated gas replenishment amount
with cavern construction time at stage 1
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Fig.9 Changes of gas blanket thickness at stage 2
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Table 3 Gas replenishment time and amount at stage 2

Yokt AV AMSAIRAAR AMRRBUARAR B AR
/d / m? / m? / m?
1 4.55 27.33 3566.99 3566.99
2 15.40 3891 5077.34 8 644.33
3 31.85 54.55 7119.10 15763.43
4 54.95 75.75 9 886.03 25 649.45
5 82.60 88.21 11511.58 37161.04
6 123.30 123.95 16 175.89 53 336.93

JE: 5,=03m, §,=035m, §,=025m.
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Fig.10 Relation of accumulated gas replenishment
amount with cavern construction time at stage 2

HHTIRG—IRANVS, P4 233 d ANk, BT
S 8889.5m’s MrEt 2 & B ITHMK 53 336.93 m’,
FI5 140 RETSEEEIA 0312 me HTFIEL 2 1)
PSR TIAROR SF 0K, AT DA SR ANV AR OR .
BRI BN, AR IR AR E, &R
VAR, HMSU )] B R G . A,
RN E S G A [BAFE LA G, 7R
NTEFHAEW AT REUY S, rREE 4 d
WA IR, BKES 1524 m’s

5 WieHMH

51 SBEEHEN

M &k E. A, S-S
o B S o il I ARk R AR O, T S B0
FAE S SR A S BE T FES B AR
AHOCHE g B s i FR AR Ak, 0T b T R4 B A T
SE X DL EF ATS-D s S, it
AT IS uw L Sl B o W R W SN R B T TR (L YA
Fi. RBAERESH, ITS-1 A TILEIn iy
FEXH, EARPTEHZ BN 1000~1 100 m, JiEfk
HE 100 m, HRKEAZ) 80 m. EHEHH 10 N
B, HAREE 1~2 BT BONERERE, 3~7 MBI
1, 8~10 B BN TR R =R~ 15 3.2
TIAHIE, A A S TR TR e R e A o, IR
JEFE 0.3 ms B HTRERTE 55 1 TURAH . A% 40%
YE . JTS-1 (s B R AT SCERR TR 45
RN 4 Fior.

H 4 v, EAEEA T F s BV, Rt
M, ARSI SR E S, WERSHERK,
52 M B EE R B R 67 461 mP . MR TS
BEF BRI, WEAIKHERKE D, FE
ULEH )2, BRI AR IR G, SRR
FEER TS, XA BT KAk
M RSE, SRR KRR . TZECTEA, EAA
ST SE R R TR, (5 BT ik B AR PGE I/ ,
A RINEZ D

B BHELH K 11 fios. 70, BEES-
T A BN A EARAE, S SR RS TR T Ab
ST E—E N, T de BT R 2218 T .
KRN IR E KR R, EEANES
ANE 1) BERELAT IR BG n, PR 75 2248 i 9 F DA B
SR BN R ATTRSES G R T Y AP
PRI T o 1T 5 S AR RS - S AL SR 773
b S - S T AL BT T R, AN B E ST
PERECR LM SR, UIEF 7 R AR, B



2216 eI

b 2023 4

R HEREAH ), o T PSS il A T AR,
2 FEGEE N E R SME K BB RO T B,
DR LA 10 R0 I Al T s e T
ST TR AT, A IR A
MEZIANT . Kl REGEE. BA .
PSRV - F T AL E AL, AR AR I
R —TFRE, ORI 1A I IS 3 A

IR AT ARV AR XA, HR e I
AT AR I O RENE BOHE B S R
M E. BEEIEREAELE, bR ERE, O
Ji Ao R BL/INIE T B, T R a0 SR B SN,
BRI AL E AR E . Pk, EUCRHAGER
B M B R I U BEAT AR I, R HE R S
BREARA .

4 ITS-1HEELREFMIE /N

Table 4 Relevant pressure changes during cavern construction of JTS-1 well

s E FmiE AMEME NEME BARER dUKRE AMEEME NEEME REAE SBESR AR FnAE
e /m /m /m /m /(m3+h') /MPa / MPa / MPa /m /m? / MPa
1 1E 1 080 1 090 1100 20 30 0.265 0.143 13.466 20 12 685 11.82
2 1E 1075 1 085 1100 45 60 1.004 0.548 14.146 45 67 461 12.42
3 )54 1070 1080 1100 60 80 1.459 1.156 14.239 24 19 315 12.51
4 )3 1060 1070 1100 80 80 1.446 1.156 14.122 32 34 054 12.42
5 )3 1050 1 060 1090 80 80 1.432 1.145 13.993 32 33 745 12.32
6 = 1040 1 050 1 080 80 80 1.419 1.135 13.865 32 33436 12.23
7 = 1030 1 040 1070 80 80 1.405 1.124 13.737 30 29116 12.13
8 = 1020 1030 1 060 50 80 1.392 1.114 13.609 30 28 844 12.03
9 1E 1010 1020 1050 25 60 0.944 0.523 13.322 25 19 608 11.79
10 1E 1 000 1010 1 040 5 60 0.935 0.518 13.195 5 777 11.69
160 o WA RS A TR B, I RTE RS & AR U2IR
| —o— O JE - N - N
150 ot RIS R T2, BT A
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Fig.11 Variations of gas pressure at the wellhead and
interface with depth of gas-liquid interface
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Fig.12 Schematic diagram of optical fiber monitoring
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