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Abstract: In order to meet the demand of constructing salt-cavern underground gas storages (UGSs) in favorable salt mines for the re-
gions that are neither major oil and gas production zones nor major natural gas consumer markets in South China, and solve the problems
of unclear conditions for selecting salt-cavern gas storage sites and of inconsistent content and depth in evaluating gas storage conditions,
based on investigation and analysis of salt-cavern UGS data in China and other countries, we proposed the principles of selecting gas
storage sites in combination with geology and ground surface conditions, and developed a set of technologies in evaluating construction
conditions for salt-cavern gas storages. By applying the selection principles of salt-cavern USGs, we selected and sorted some salt mines
in the three major natural gas consumer markets (the Yangtze River Delta, Central-South China, and Southeast Coast of China), and eval-
uated the conditions of constructing a gas storage in the Huai'an salt mine with better conditions. The following findings were obtained.
First, the principles of selecting gas storage sites can be applied to quickly optimize and sort the selected targets, including 6 items of
geological factors such as structure, burial depth, salt-bearing layer thickness, NaCl content, top rock, and reserves, and 3 other items
such as ground surface conditions, water source and brine, distance from pipeline networks. Second, the evaluation system of UGS con-
struction conditions integrates features of structure and salt-bearing strata, tightness, firmness, dissolubility evaluation, prediction of gas
storage scale, and analysis of cavity making condition. In conclusion, the new evaluation technologies can not only effectively guide the
site selection and evaluation of salt-cavern USGs but provide foundation and power support for their scheme designs, and the presented
pilot proposal for utilizing thick interlayers has achieved a perfect on-site application effect. This study is of great significance for con-
structing UGSs in China.

Keywords: Salt cavern; Underground gas storage; Site selection; Storage construction conditions; Strata feature; Appraisal system; Case
analysis; Huai'an Salt Mine (Jiangsu)

BEEWE « P EAMRAEIARA R ERRH LI “ IR SR AR (45 : 2012B-3309).
YEEEN AN, L, 1968 /4, g LREIT, it BN Mg AR VR . 7 Rt AT ST AR 8 LA . dhhk:
(065007 JALG YT BHIX 44 SI5H. HiE : (0100 83596601, ORCID: 0000-0002-8160-5786. E-mail: zyl69@petrochina.com.cn



124 - x R

2019 6 A

0 —_

]l

il

2018 F A RIS (IGU) Hh R i< %
(LR fRIfRfig ) TR ERE RS U BoR, R
BATI 4 PR ARG S E ATl 689 B, B TAESEN
4165X10° m’, g HRSENT1.6X10° m’, H
HIUEARE 107 B, TAES &N 355X 10° m®, (g
SR TAESER 9%. BAREEAE T/ERE S
FLAR T A S e (74%) & K EAE S ER) T
ESE G (11%), {H& AL R R R R
RSB E N 510X 107 mY/d, S HAh 3 B AL fES
JETRT 3 A5 2c A o EH UG5 B R 7 R PSR A FE e P
B BE e, R0 RIS T A

RE ORI SE B, Rk,
PEAb. PHEEATR PGS X P, i R AR AR R B B
XK =FM. FEFAR R IREH X AR A= X, H
T AR A A S R ELE VR S, SRR
JEE 5% 7K J2 K6 3 b 5 S AR AR B AR I BR 1), R oA S
A IR e b [X 2 5 b R il A 1

P Al — 1y — R R 7 RO S B R E 7R & ik
. MR =EMAMX SRS E, TR TSR
SIS B 2= BRIV 22 PR B SR A IE R IR, TR
TRIHIVE TAEA P . NS LR, &% &Iz
fitt SR JZOR ER A B MU RR A, E 2003 4 DL
FE AR TP AR A NLER R 7T B s ] L fa
eV B s AT e U ST s AT a2
S MBI R P T PR R S b T ()
TR B2 U e S R, DR K
ST e 5 SRR 7 U, B TR MR PR A
S USRI D o RS 51 R B AR R 0 R SR
B, RN, HMTBUR SBAA A ST FRE
PR H bR 5, BB A0 ER 7t <02 82 28 1 R
KNS, SHRERT M RAM, =B TR
] 2k i PR S bk Ry B AR, g T R A R
B RPN BOR, FEREAT S A A, S R IR E
MATAEMAR B X MR R LB RT3 IR AF
R R AL AR 7CHE T il SR 1 TR SR PR A SRR

1 ERESEEIERE KR

IRl A ) 2 R P 2 000 6 S A O3 A R I
Fr B S R AR sh = o, i 3 Rk 8 e i R X
fil S I B 22 BONBEIGHARI DU, & SR A&
HUZFEAR, BAAHREEANRR R Z,

BEREEE N MR, A S 2 S R,
KRB B SR BEMRAGNER, &
BLLE S [ 0 ER 7 A SR T b TR A A o T () Bt L
SEO PR E AT BT R s, PR HIE RLER E EIR Y
b R R i S (I bk SR

1.1 ERMEENESEERER

T AE 2 1 b R 7 SR PR B ST R
i 35 km, HRAKEEAI S RE, @EEEM IR
RETHNE, ThTUEB I E AT 800 ~ 1200 m,
2R 90 ~ 290 m, FH[HARE 40 K2 10 AN e
i, BIZEEW/NT Sm, — N1 ~2m, &k
AL 80% AT, LZAERMMEENT 82% ~ 94%,
Il YR K SRR B 7K HH B 2 A R

S A7 il S B E A R AR R A BR A A
[ A A TR A IR A ) SRR AR AR =
FHRALEE, NP amEE. PAakEIE.
e EIZ S E, HR i TAESEK RN 17.0X10°
m’. 6.8X10°m’ 1 1.8X10% m’,

5 Rz s U R N R TR R B R
790.05X10%m’ (3[H Lacey Field), % AkJy 20X 10°
m’ (f#[F Etzel ESE), “F¥ 4 3.6X10° m’, Hri/h
F5X10°m’ (15T 71.0%, KT 10X 10° m® ({40 5
16.8%, Ui E /U SE LL/NT 10X 10° m® [y rfi /7Y
i SN s SR Ak 1) 480 m (3E[EH Bethel),
BRI 2 000 m (3% [H Aldbrough), MR 4T
500 ~ 1 500 m 15 84.0%, GRS /NT 500 m &
T 1500 ~ 2 000 m H153 514 9.9% 1 6.2%, &it
16.0%, BB ER K LTERZENE  REE
J¥ f ¢ 40 m (3£[H Lacey Field), /& KT 200
m ) 5 68.4%, KT 300 m )& 52.6%, /T 100 m
54T 100 ~ 200 m [ LL 1354 15.8%, 6B )2
JERELLRT 200 m A s B 1 ANFEREE A — B AES
FERIA 104, N1 ~ 5 M E 63.3%, RN
6 ~ 10 M & 21.1%, TLEH — i £ /i <% mT LA
I ANEEZ A EE R, FFAAZ T 10 NN,
5 84.4%.

IGU M Hii = U & 5 5 &L & &
P IS JOBE A N s e, (H N DUAE [ 45 52 548 3 1)
THOCRE, BB SEEREEBREHESR
MRT 80%. LZEEFEMETEEDKT 70%.
1.2 FEZESEEIEARE]

15 B Ah £ 7 SR BERE o B 1) R A L
B #h A 3 R R A0 R Re L It R

+ A TH
S



39 55 6 W £

5 m T 125

I A A8 BB AE MR KBRS S ) 1), A B AR
FEsR WA BT ESE, IR R R I i g
AR J D) M 5T 5 1 S 7 T ) SR AR G B

12,1 WREAM

D i MG HERE R, WEAKE. W
RREWE, BFXMNIEFEEZ DT E N E 200 m
1 X 35k«

2) SR B s HEFASIBUR LA T 500 ~ 1 500 m,
B&EEA 1000 m 7247, BEA—@MES], XoaJLiigy
Het, BIRNEEIT 2 000 mo AR RS A DL
g e, H—Rekul, HERED 1500 m f5,
5 AR T RN T B AR YR AR S, O T8
fil AR ) R i 2, BB R FIRE ), XFfiE
1T IX B AR AN, TARSERA, AUEM T 5AL
BT, Warkh SR kg

3) FEhHh R HEFEHZEE KT 100 m.
THERT 70% (FHFENEFHRMZHEHZRITE
FES5HZERE 2 s BERRIEHamfeE, K2
EHU> HIERE N

4) FMHEE UEHIETh RS RZNE
AR & R FE IR 3545 31 1) 256 SAL AR & &8 i
EIRbR, HEFLZE R EEKRT 60%.

5) TR : BN KT 30 m B ke, &
IKZFIBIKE, KA I 2 o I H K Hh T 35 A BB =
WE .

6) fifis . &bt 2RI, B — e A,
TRIEA —E WA, A 2R X,

122 AR LML

1) MR« LR T REERY) . AEE
B X B IR B2 A ) R A [X 3

2) JKIEE XK - i KA 78 2 1K YR fR
Kt e KA K T 2 52 AL 3 YR T

3) HEMERESE o RN 8RB U el
R RFE S, HEAE TSRS SRR,

fift SEE A hk R SGHE ER ok TR g T oKk L IR BRI
Je SO VR R Bt SRR b DX T UG T SR 0 20 AR
HB&A REE, EZUREH, A nT DUE 4505 ik
B JE ) A ) FE TR AR . AN AR R i 2 G E A IR
ATLAE Y, SR S 2 R A AR A 1
A R R A S ), e R B /N T 500 m
Je AT 1500 ~ 2 000 m #1455 9 9.9% F1 6.2% 5 Hh
EEE R/ RAE 40 m, HZEEE/NT 100 m 15
7 15.8%.

2 EITESERESEEMEAR

AR a6 ik 5L D 95 32 S 00 A it O ) BR T R
AT B ZE AR B T VE A o 36 Al SO 2 2 2% A PR AN
B AR X I i Skl b, PR ME. i
SRR BEME SRR M. AT B K M
REEFMMLEE
2.1 FIEIFEM

MG TEAN 0 B RN T 7% S8 s T 45 15
AT, FEANZHE 7 R E 123 (8] e AT 5 Wi R Ak
Ak, HETE A R B X I8, P X 3k 3 A s
RS B B PR R ARS8 0 L RE BN T
FOFT A R, A BN R, TR,
HAUOCHERN R, R EIEBIWIEE Y 5~ 10 m 1)/
W7 J2= A AR AL i
22 SRS EEN

RS P HRIE . RBEERAM. AR
REESE OB AT, X Ehtth 2 I R B . 2 R
R EMAA N G BTN .
221 Ay EI@iFIE

TE5 S Z TR A% AT PR S A
Bt b, R BFRRI M, T & SRBE ST,
XTI FE X A 43 @ A R 3Rl 2 =) ) B R 48— 11 43
JEARHETE N R 7y, gmdE IR B St i
ANRZBUA A& SR e & &AL & &, Btk
FAREMFEIZE, AR EREZ .
222 LB EHHAIE

FIH MR MRRE S IR RR, 456 I 25k
o A 3R 75 k1 2 TR A Je MR P M E R 3R
JZ BT RS RE, A KRB EETN
A I TR P )2 R 82 Bt R B A r
FEEAT E IR, PPN OO R IR 52
223 &k EoAim

P 51 5 1 RE e T8 8RRS04 IR 43 A AR E
JEFERCR IR E A TS B AR SS, JFik s
THRZNERE. BE. WhlE, SE8RRENSEAK
LI e el = B T W S LSS OB e g ) - AL
224 ELOLFHAE

IDRFEVEE VI (U RN VI~ JE e RS
TR Er SR b 20 B (0 A R A S HRRAE, i) A [
A R ST A B, TR s (GERE
NaCD 5 & 7r Al (45 12 1 Na,SO, « CaSO,) [



- 126 - X R

2019 6 A

SIATIEHE, AT R S, 4R S R 2 B X
B

2) WSy - A R T I T ISR AR
MR KRB R, NEEE BOR B A R AR
) T B AR . D T i 5 SR I R 0 SR
BT, BRIV A O 7 i ) EJERE 1~ 2
em B RRAERE, Ka A 2R AR — B A — M,
A JE AT 2 A e W SO B AR AN AR A
%, WA LICRH SRR 7 AT R, RS
—f% 1 H /m, BESL K 2 ~ 5 eme. 0T 3REE BLO B9,
AT DA A0 iR R, RS IO S ST e LR
RE, GHAFESBIIE AR LT H S &',
23 FHMESREMETN
TRAR 89 % 3k
TR A P2 B B4 B2 . ) s ¢
Th AT A S Rt B DM A T, DB B
HARM, BEESSMMREE. SHESAEN.
BIE M 7K BE 55 T T 43 B TOURR () % B 1. [
B GG R R 5 O S i R 5
BRESERS FESKESE.

232 BEzxheidiEafann

a2 4 & 2h = TR 5 i, FLAS 4 vF
P A e . G SRR IR HN T 3 B &5 T vk
ReHIT .

1 RISV « R A A K ER 5 5 3 ) 2
PERRIG IR Bk E ., T fRIEE. PURMRE . HA
Ak R R R BT B A I IR 1 A E 1

2) W SRR EEVE « T BURE (HD /N TR
TR (H) B, TRAFRE; 24 H, < H < 1.5 H, i,

WA RE 7 5 24 H > 1.5 H, I, TihAese " B
B

tan¢ l:tan (45O - ;‘) }

X H, 28I R, m; BRRKTEXEEE, m;
¢ RNEANEEM, (7)o

3) IREEHL T AT o PRI T IX IR K2 B K
J& B K S SRR BEAT 234, PR BB S KB X #h
WA PR RS o [R) EEG ER AT I SR R (1 b T 35
F 5 B I ST R b, VP O i S K i
[iafid-Al
24 TFLAMES

LI e T T AR L HLEEBTE

2.3.1

o =

(D

AR 4 PP OTIE LR E AT, N E R Bk R
Pk e .

1 #UF Gtk « RIS SRS RAE RN I RR
Gl bBRIZM AR, B L oA, e ar
Al

2) AT S SRR« R A BT AR S
BB A D& EITEARZBSGE RS
BHABEYEE, EREIT RN,

3) HLEEHEAT - R KIS SEEG B 78 AN [R) 5 A 2R 2
(R T R R SLRRAE L B KR S 36 e I8 2RI
J5 W 12 2 500 b 2 2 v ph s S AL EE U, g
i TR PEE ) TN R 3 P ao e 2 A i R AR AR B

4) AFEIARE - R SRR B A kL
MREREAL. TR Fr-hES R R ET
W ST B M 23 1), 4 A W TRk 3 i i A B
RN A s B b e 2 R mT i v, TR R 4L
5 S FLIX s A AR R A 5
2.5 FESHETN

fift SRS U R £ 5 Jls A A5 A AR A B ) it |
SEE RPN E I B IR
251 BREH ARG E

RYE S xR M A5, FRE RS
JZHRJE IR RNRIE, R AR R T
334 M, R AT RO B R A PR
ARG s AR, B IANEY S EMG, H
THEALWT -

V. =V.(=yru,cn) 2)
PV, BRI E AR, m’ s VRO R AR,
m’; y, RARANEE & 5 o RANDIEDIHER R L
Horb oy, BUE s BN W) & 2= R BEINAUE 5 ¢, BUKTE
S W o A B s B S AR
252 #EERFHINAETEFE

M ER RS TSR DLE s SERE S
FE UV R, ek LIRS FIRIE S Gafr D
EUE. BRI AT BRI 710 508 36 s i Ras AT
SO LSl WARIOE S SNEWAL I 2N s
2521  EIREAIMEE

E 4h Iz AT B R 7 S I B BRI B Y KT
1 MPa/100 m, —f& N 1.5 ~ 1.7 MPa/100 m, L[R/E
IR FE B K (1) 2 95 [ (1) Stublach i< %, HAE N 2.3
MPa/100 m™,

TN K Z2341.2-10 At P HLE 1 #h 7R 1 B



39 55 6 W £

L:j

T 127 -

KW ERA KL -7t Z 052, 716 80%, # Toak %
JEIEAE, R s EAS T 1.81 MPa/100 m. {H
P T8 2 g ) SR ) A S5 5 4 ) PRk g 7
feimAef, e, HarESN K2 EEM e B S
F: 80% LA LG ZEI MR F7, g 7 b S 7735 THI kA7 Fa
58 M VPN BCHUAR £/ 32 B AT 1K 80% SR s L FRE 17

SIS E R 5B, EWNIEREE
P JMAREE A, I EBRE SRR E A E R K E
e 5 R HEVEIN A S A 17 ORI E

H B 7E 4355 28 N 25 sl o 52 B 7 /N B 24
RLATIR,  RA S R i S PR E 9 B N
PAtp /NN R R KR, 45 A R MR R
2522 NIREIMEE

PR A7 R E R 2 R NS M
71, IR E R E .
253 WMAEEFEHIEAE

R 5 o M VAN B e s A 2 1] 119 22 4 I R 1
THHERE. MEERENNIE, SEREEREMT
ES B2 REEENERES TESE.
2.6 MREXGSW

HIT IR (1 3 2 S AR A PR, R A A
AN M 2%, (H AT IR VR A 38 75 2555 58 ok L o
R Z A AL B MR AR KRS s K a5
SR

D AL E - I B AN S BORE o AT
A5 A R AR S 7 OB A W 2 TR B AR S R
B MWAGE LR, I 1AL B B R A L
T AT NS I R B8 — AN 100 km

2) MFREH : BEHAAMERSE KT .
AN B, LRI R ERR X IR, 4>
BT @ e, 3k U S MR E AL B E RIS
17 51 2 10 22 A8 N 3] g 5 B0 A s AR i R . A
HiTHI DU S5 e A el L, O T R A VRS, VSRS
Fe 00 2005 Hb TH] 5 b 8 it B 2 4= X3, SR AR A
% LRI I R R I A B e 0 g 8 e %

3) KFESHKEE  MESIRNEREER, &
i b v T K RN IE AR 7 ~ 10 £, 7R
A B K B AR AR B 10 (5 5 A, HOR T RIE G
Jis R P L AR, AN B S KR,
955 R th Ak W p s K 2 e, BT R
by o 7 B A A B I& AR

4) WRUAJE - WEEEX A BCEIAER, 5
BT A Ml W i e e A P B8 A A 1 77 50

G MR I MRS, MEHE VRN
H bR o SRR sk, S lisiig 5 T
— 3 TAREW

3 EINESERIESITEN

hESTREEE, EATEES, 2EA 200
KA, HENEEH FEIENAEEE, JAF
BT LT SR RIS X A R R
H X ) ERA A A T RE R R H A FRIE Hpg i X
KIL =AM 2R B IR = R R AR 2 Tl 3 52 b o
BRI PR S, R R 2SS O T X e X
B . 386X = AN X E A O A S it
I 28 A S Bk I B A R W28 o AR, K
=M X R U R E R Z, ZHIX
LA MR I Eh A 2 Hh T 25 1
FER AT, 7R 7 v o b X PR eV SR 5 SR %A, T
BEARIKTH R ER TR, &ittEzE (R
D)o JEIN = KX R (0 HE PN R, V2 3R AR,
HUCH P FEM R4,

HEZ A T IR N T HERT X, BE AR
B 5 B i — R IR 4% A B T A A N 43 Hin vt 30 km /2
. FEIERRAHE RN, SHAEMBERRIT. H
FHERENAGE . BT, R
TR ACREBE S IR . U ATIE ] ] DLAR B s FH KR
CLBICH BURA Mk 8 K, & 5 o ik pi
T s K XA A S E R R, R K
i, s R A IR

HEZERN i ZE dir RETHIE, &%
TR 81.96 km® (Ffithits), £ hfifiE 138.85X 10 t.

N T R R TR T R SR A VR B R,
I TTERL 2 TFRHE 3 400 m [FIEGHER, HUG 300
m, RIS 1200 AxHe. 5ERK 34 km® B8 A7/
THI G 2 K P M PR R AR SRS Al AL B AR RS, VR S A
PG T A T B,y — ) 2R T 34 D B AR, b 2 40
5°~10°, WiZAKE, HEHERLT.

IV 72 AR IR BRI B R R, &3k
R PR e, HIREEGE T, A T s
1000 ~ 2 500 m, % EhHh 2 JE AT 40 ~ 170 m,
P EERT 100 m, FEhZEN 55.4% ~ 86.8%. #h
AEEREE, dMERETERE, HAHE 1.
3.6 ERRE, 456 E2NREX KA E
10~ 12mERE (5 HZEMBNEE), Xk
SH—ERRm (E 1D,



<128 -

2019 6 A

R 1 ZRRRRHEETIHRSERT EREEE
NN EEhHE HifaEL ik
H [X HTHE m b NaCl &8 BE
2k JEJE /m a = 1T I =
K N R K, HEVE 500 ~ 1 500 m.
K " HEZZ 1000 ~2500 40~ 170  55% ~ 87% 75% ~ 90% G 1 Ef__i? 10%71%%@2& m
= ?:l:l—jHJ:/ N 25 m )
bic| M 900 ~ 1800 300~ 650 65% ~ 75% 60% ~ 72% % 3 BAEPREEGHRELNT 75%
— JHIL 50 ~870 120~ 620  40% ~ 50% 65% ~ 70% % 7 FEEK
VAN
J& H 50 ~ 950 20 ~ 240  78% ~91% T 60% ¥ 8 AR/, X 2km?
R, HE 500 ~ 2 000
WG CFIL 500 ~ 1700 290 ~ 660  61% ~ 76% 85% ~ 90% G 2 g%zg i{"‘ o
; YA EIL 200 ~410 40~ 190  70% ~ 85% 60% ~ 76% A 9 ML, HUImERRE. EARIFEREKX
- =M 150 ~ 650 320 ~910 60% ~ 80% 55% ~ 771% A 5 MR
#1200 ~2200 150 ~ 500 62% ~ 75% 65% ~ 86% 4 HRERE
—_— W 150 ~ 440 90 ~ 135 2.0% ~ 2.8% H 11 FEHEE
WABT 200 ~ 1500 375 ~400 65% ~ 84% 50% ~ 60% 6 EHEFES EK
;Flfi J"HRAE KEIH 480 ~ 640 5~150  40% ~ 60% 45% ~ 80% 10 FEHERME, KZEE
=
F hflo hf2 sy2 2
2 % /m GR/API #HZ HER/m GR/API 252 H¥R/m GR/API 252 8% /m GR/API
g ( F1 660 7 E)
-1600¢ 1 6304 : é -170047
1 . 1 § 16805 ! ¢
—1620—2\): _1700_§ J -1720-?
— ! 1700 N e
2
=t 1 640-?——&_1 120 % 1 740 {7
L1720 :
. ; 3 7
3 s 3 {
-1 660 :
{ -1 740 - ¢ L1760 43
L ¢ 1740 E
4 F16804 4
. L 760 . 1780
L1700 L ?-
: o b1 7804 ¢ 1800 |
L e = !
1720 i pe— ) VN 7 - SR 7 -1820-(
i = = - g = m
0 300m 600 m
AP AR gel ] wmux2 N
Bl HERBTEAE—AtREHEEIE

BENREREHBEBD, BREEE KA
F2m, H&HRELW 7037%, FEFEBELES
FA ARG N LA A N, ROy
FE. BTUREAK TN, P EL S R,
— MR T 75%, A E 90%, Na,SO, 1 & K AK,
—RNT 4%, TABEY & EDNT 20%, AR TIKE

A HRY

Jaﬂg;o
ZHL X h A B TIUAR A B 4 DY B T 1 L A
AWK, TAHEENT 1354 ~ 2000 m, Tt

BEEKT 50 m, SMEUIEAES. BREAES.
BEREAEMEASNE, EXBERSMfEE, R
NRE, YUk PrBTamiE K. Sl S KRR,
THAR 25 25 E PR IR A, LR R AN KR AR,
BRI, Wi, NRIFMAZEKE, BAR
TP 2

1989 4F 12 H i AT K, K A= 80 R H,
KEVREE— R T 1300 me MAEFEIERRE, KK
IERIEES SRR, Uil Eh b R A 1 4



&£

5 m T 129 -

WG ZH K Z M oM, #EZERIER
1~ 42, WS-8 a 8RN 12.5X10° m?,
W22 O BRI 4 Bok B I8 5 e W R ig
1T S8 12 ~ 26 MPa, AR¥EF 2 MV 45 1) 22 4
WAk, R R A v 38 R, B TR
KB 6.02X10° m’,

SESKRE, W WG S EEURE. hE
S5 ZEMEAT . B SRR M AR, RS
%Mk E, B&THEEM FHMIENSYE, HBT
iR R ARG, SEURRS SRV, ks AR
REZIR, PIUCIEE VP Ieal B, 32 H T RIH
1 ~ 7 2GR, JF R IEIEF e BRI 1,
VMRS, SR BN E R E S, R A
BN 1.3, /INFEIRI 1.6, FHIEIN T 15% HIAE A,
180 2 PE X ) TAE & 0.8 108 m™™,  DLMEZ2 6% <
JE AT AT VR T A% B AL O AR, TR AT 1S
feIek A

4 HRIB

WHEF T EERRTH R T ARRE=,
K JEH G ARRE BEAR, R ER 2 BE R TR U A
9 H TS A A 2K — B TA) A A SRR SR b
IR HETT Ao 3 XAk B Sk bk T Dy 18 32 s P D A
Hpnie ot 7 PR EEE 75, @R BOR R
WO AR B J5ik, M T Uik
BEARAEANTR S PEREVEN B FE A R S PP IR EEAS — 1Y
), Rt S b S A, AR ER NS
PERE VR AL T HORSC . OB IE VR, oF
e el 5E, Al e S s R R S 1T
NPT SRR AR A KA, DL N R RCR R
W Ak 282 [F) ity PR (R bk S5 PP AR SRAE B AR LR B

Z2 £ X #

[ 1] Goryl L. Triennium work reports June 2018: Report of study
group 2.1 UGS database[C]//27" World Gas Conference, Wash-
ington DC: International Gas Union, 2018.

(2] Bhg0 . B i SORE Bk L A7 8 Il USRS 1 [T].
rRANBETE |, 2016, 21(6): 15-19.

Lu Zhengguang. Major progress in China's underground gas stor-
age construction, obstacles and countermeasures[J]. Sino—Global
Energy, 2016, 21(6): 15-19.

[3]YEFLA:, RYEME , 3000, MWL . a 3R il R K it T
ZHAA [V]. RIVI T, 2005, 25(12): 108-110.

Ban Fansheng, Zhu Weiyao, Shan Wenwen & Gao Shusheng.

Optimization of operating parameters for salt dome gas storages
formed by water solution[J]. Natural Gas Industry, 2005, 25(12):
108-110.

(4] B, A i UK I AL B BIE A (0], RAR
KTk, 2007,27(2): 114-116
Ban Fansheng & Gao Shusheng. Research on design proposal
optimization of salt cavern gas storage building with water solu-
tion[J]. Natural Gas Industry, 2007, 27(2): 114-116.

[5] RS, B, EilgkE, 3067, it F . 2 REAHBR
S FUEFERARBETT [J]. AL , 2009, 37(12): 20-23.
Song Xianzhi, Li Gensheng, Wang Haizhu, Yuan Guangjie &
Yuan Jinping. Research on the technology of multi-interbedded
halite cavity construction by self-excited vibration cavitation
jet[J]. China Petroleum Machinery, 2009, 37(12): 20-23.

(615067, RsEL, F 22, EtF, s, Borhe , & . Puk

TR EOR B 5T IR R (7). A3 i3, 2006, 27(4): 139-
142.
Yuan Guangjie, Shen Ruichen, Tian Zhonglan, Yuan Jinping, Gao
Yanzun, Lu Lijun, et al. Research and field application of quick-
speed solution mining technology[J]. Acta Petrolei Sinica, 2006,
27(4): 139-142.

(71 UL, BoLE, BOUA, Bk . R 37U U o A

BRI [1]. R, 2012, 32(9): 77-79.
Ban Fansheng, Xiao Lizhi, Yuan Guangjie & Yang Changlai.
Rapid solution mining technology for underground gas storage
in salt caverns and case histories[J]. Natural Gas Industry, 2012,
32(9): 77-79.

(81 FkTL, @A, MG . Hh /Ul U & e i 72 2 AL 3 T

AR s iU R [T]. HAUEIE | 2015, 34(2):
162-166.
Guo Kai, Li Jianjun & Zheng Xianbin. Interlayer treatment pro-
cess in cavity building for salt cavern gas storage—A case study
of Jintan Gas Storage of West-to-East Gas Pipeline[J]. Oil & Gas
Storage and Transportation, 2015, 34(2): 162-166..

(9] ERVE , B, B, 705 . 202 57U R
FEARE MR TT (7). B 54 . 2011, 36(5): 790-794.

Wang Tongtao, Yan Xiangzhen, Yang Henglin & Yang Xiujuan.
Stability analysis of pillars between bedded salt cavern gas stor-
ages[J]. Journal of China Coal Society, 2011, 36(5): 790-794.

[10] W3, HiEmEL , 48 3L, 7R, IOk . JUsUEZIT IR
SRR E RN [T]. AR L2, 2012, 34(4): 89-92.
Shi Wen, Shen Ruichen, Xu Yi, Su Haiyang & Yang Changlai.
Stability analysis of different shaped salt caverns under operation
pressure[J]. Oil Drilling & Production Technology, 2012, 34(4):
89-92.

(111 X7, oA, AR, IRRA . & e 2 Al 302 b Eh o
PEIBATEIWIAE (3], RE LA, 2004, 24(9): 133-135.
Liu Fei, Song Guihua, Li Guotao & Wen Qinghe. Determination
of operating prerrure for gas storage with salt caverns in thin salt
beds with inter-beds[J]. Natural Gas Industry, 2004, 24(9): 133-
135.

(12] B %, 0, TR, R, R, ERMK . BR XAl AT
RIBAT IS RE s A FEIRA T (7). A A6 LRI L 2014, 332):



-130 - X R

2019 6 A

22-25.
Yang Haijun, Li Jianjun, Wang Xiaogang, He Jun, Jing Gang &
Yan Fenglin. Shape survey of underground salt cavern gas storage
during operation[J]. Petrochemical Industry Application, 2014,
33(2): 22-25.
[13] ABTHMN , BT, BR/kA , A, SE UL, Jii) )22 . 2RO
i SPE/NIFFE R B AR RIS I T2 [J]. R Tk, 2018,
38(3): 96-102.
Zheng Yali, Lai Xin, Qiu Xiaosong, Zhao Yanjie, Wanyan Qiqi
& Qu Dan'an. Small-spacing twin well natural solution and com-
munication technology for solution mining of salt cavern under-
ground gas storages[J]. Natural Gas Industry, 2018, 38(3): 96-
102.
RN, RS, T A, U, B, UK, 5L R
J2 ARG R A HOR (0], AR ST R,
2017, 44(1): 137-143.
Zheng Yali, Zhao Yanjie, Ding Guosheng, Wu Zhide, Lu Shou-

quan, Lai Xin, et al. Solution mining technology of enlarging

[14

[

space for thick-sandwich salt cavern storage[J]. Petroleum Explo-
ration and Development, 2017, 44(1): 137-143.

[15] HABAERN , SEBMEEL, TEAE BT, 259510 . 3G T g
JE RS 8 HEa Jis 0 sRCR J3 B[], Wl U#HE L 2015, 34(2):
158-161.
Zheng Yali, Wanyan Qiqi, Ding Guosheng, Zhao Yanjie & Li
Qingshan. Effect analysis of cavity building with large-size pipe
string for underground salt cavern gas storage[J]. Oil & Gas Stor-
age and Transportation, 2015, 34(2): 158-161.

[16] E55, 1RUE , B4 , 5KITHR . R EIIRE AR S IR X ER X

FEPEH R (], PEEBERET AL , 2009(4): 132-134.

Wang Qin, Xu Feng, Yang Haijun & Zhang Wanfu. Application
of seismic prospecting technology in constructing salt cavern
gas storages in Jintan[J]. West-China Exploration Engineering,
2009(4): 132-134.

HIH , BB, BT, ok . TR R A EL X
SR BLVEN TR AL (0], 452705, 2012, 33(9): 2683-2690.
Jing Wenjun, Yang Chunhe, Li Yinping & Yang Changlai. Re-

[17]

search on site selection evaluation method of salt cavern gas stor-
age with analytic hierarchy process[J]. Rock and Soil Mechanics,
2012, 33(9): 2683-2690.

[18] REF , SKEH: . VLI I KT R TR [J]. 74
PR AR, 2013(4): 132-137.
Wu Jianchun & Zhang Dingzhu. Study on engineering effect
of water soluble mining in a salt mine of Jiangsu province[J].
West-China Exploration Engineering, 2013(4): 132-137.

[19] T HIAE , WAE . P8R % 8k 7 A R 1R 8 S AT A0 J0I0 A
9T [J]. RERA T, 2006, 26(10): 120-123.
Ding Guosheng & Xie Ping. Forecast study on the salt cavern
storage capacity and its operation in the Project of West to East
Gas Pipeline[J]. Natural Gas Industry, 2006, 26(10): 120-123.

[20] Goryl L. 2012-2015 triennium work reports: Working committee
2: Underground gas storage[C]/WGC PARIS 2015 World Gas
Conference, Paris: International Gas Union, 2018.

[21] Canadian Standards Association. Storage of hydrocarbons in un-
derground formations: Z341 Series-10[S]. Calgary: CSA, 2011.

(e ml e H Y

2019-03-12 % % ] B

OO OO OO OO OO

Ox&Ekt: PFEEEXEHSIHFR

T H AL A AN TR AR A o B BRI R 30% A 15%, i KRBT
ARATRBER, SwARFIC, b E TR Rt K AR I 1R 27 A PFR I A

FEFIRH P AR A7 Bl

IR 15 A& I

K. 7201946 A 11 H, FEAMLTER
ANTFURIS i BRI . A, A E R A AT

K AEAEATER BT 1Al A e S BRI TR, RO 7O P B G R B e e TR R IR, AT T AR R IR E

AR A SRS, A 7R A B A A B A

SR AN, A AN A7 B Pk, T IR k. AxERAROR BE
EIRERI IR S IR BRI = R T )R, 2 2050 £, A
Fd, H A AR RS EEAE 50% BLE, BRERFEE 20% LUR. 0. 0Bk 20— ARRAETF K
A REVR 2 ARk, (HFRE IS
e REIR [ ORFRRE ) R B R DR AL -

A “PUTT 47 o #2035 HEFEK th B AT LA A 3 106
REJEARE 2 RETE B 48, (5 LL 70%
JEE T . BRI S SMK AT T T 4
30% 1 15%, A KR HEIERA AN,

) R S

= — #v‘

PR E T Wy S WAL BB R A

RIS

o AT, SHERBIRA AR A G SRR

(RI g CPEEIR)



