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| Stores Htmb [ L im) [ AHtm)

Cava- 47+ Povroloum gus (PG=—05ke/em?) | 40| 30 55

- T Patroteum gns (Pg=—0.8kg/or) |_60 | 30 75
s T Fowroteum ges (Pg=—0.5kg/er) | 50 |20 53
3 Crudaoli (PG=2.5 ke/em?) | 40 30 16
5 Crudooll (Pge2.5kgrerd) | 60 | 30 | 36
Cruda ot tPg=2.5 kesem™) | 50 20 26

Propane gar (Pg= 7 ke/er?) | 140 | 50 30

© Liquetied propane (=7 kg/en?1| 140_| 80 | 7426
=1 [ 0| _30_| 130
140 |30 [T20.28

Remarks

1. Straight lines on the diagram are obtained from Ueda's approxi-
mation formula.

2. Paints plotted on the diagram shows the result of F.E.M. analysis,

3. Pg {gas pressure) is represented in gauge pressure in the fable.

4. ky ek, =1.0x 10 comisec,

E
=
3
E
°
>
/ Lon
'
/ ‘
i Ralaxed rone
AT S SO st ]
[
I i
'] 10 20 3 40 0 &0 70 80 g0 AHtm} 110 120 130
5 15 25 35 a5 55 65 7% Him) cruda oil, gas 15
24 34 44 54 64 76 84 94 104 114 Him) ", petroleum 154
60 70 80 90 100 110 120 130 140 150 Him) propane gas
85.75 7575 8575 9575 105.75 11575 125.75 135.75 146,75 155.75 Him) figuefied propane 195.75
10 20 30 40 B &0 100" Him) butane gas 140
1576 2575 3575 4575 5575 6575 7575 8575 9575 10075 Himl liquafied butane 145.75
— POl N =, ]
15 ZZEEKE (Q) CUTMMERERE (H) o
I=125 Iy =10 Iy=075
60
50
a0 / /
Cw / /
E
w

20 |- / i/
10 Relaxed zone
{width 4m) ~

0 ]
0 10 20 30 a0

L (m}
B--11 k#tR—v v B (E) &UB (L) OB
AT -+ JR s 72 Ay H=50m)
HREX @ tHEAZLAD FHAOKERN TR, =2
T, FEHROBE R, Fl#rAs (Pe=2.5kg/cm?)
KB C, BrEAESREEE () % 50m o &HTF G,
LPG FBROBEEL, WL 7 v R iz A (Pe=7kg/em?)
DRIET H % 100m O&MTTHEGRERD, #he

B - I AR - A

Stores ThHm) [ C tm) ] Arim)

Patrolaum gas (Pg=—0.5kg/em?) | 40 ag | 6
Fatroteum gas (Pgn—O.8kg/en?} | 60 | 30 78
Fotroleym gur (Pg=—0.5ka/en®) | 50 | 70 65
Crudeoll  (Pge2.5kg/em?) | 40 130, 16
Craseoll (Pg=2.5 kg/em’} | 60 . 30 a6
Crudéon _ (PG=2.5 kg/em™ | 50 | 20 7

“10A | Propaneges _(Pa= 7 kafer®) | 140 | 30 30
14 | Liqueflad propans (PG=7kg/em?) - 180|130 | 74.25
T12A| Butsnages (P = 2kglem?] | 140 | 30 ¢ 130
137 Liquetied butene (Pg=2kg/er] | 140 | 30 124.25

Remarks
1. Straight lines on the ciagram mean the average hydraulic gradient
normat to cavern obtained from Usda's appraximation tormula.
2. Poins plotted on the iagram show the result of F.E.M. analysis
of vertical hydraulic gradient at cavern crown filled with gas.
©: maxmum value
x: mean value
2 mimimun value
3. Pg tgas pressure) is given in gauge pressure in the 1able.

A ky=ky=10x10° cmisec.

o
°

=

Io (Vertical hydravlic gradrent]

Rulexed rons
(wdth dm) o]

Tom
o 10 20 30 40 B0 60 70 B0 90 AMim) 110 120 130
5 16 25 35 45 55 B5 75  Him) crudeofl,gm 115
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8575 7575 8575 9575 10576 195.76 12575 135.75 145.75 16675 Him}

o 80 70 80 80 100  Himi an
1575 2575 3575 4575 §6.76 66.75 7575 B5.J5 9575 10075 Miml fiquefied butane 145.75
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(LPG Ryjgg Wl 7w 2 vilit- A, H=100m)
n B—17, 18 o3 L.
d) KEKR-Y SRR
SRICERERETE, AEE—V o EREo 2D
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W, 2T, skE
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X — JHTE OO X
W5 iz, ©—19 RO

DEXIREFLERIES .

KEFR—D i, HTEAm (GW.L) b0
SEHRET BFOKEE 2, KE H=h,, BFfE L
OKIE H=h, LF%. ZZTEEERICIBNT, 2K
TEFEREOFERTH Y, BEHR Darcy 0 Bl
RS b L35 8, Muskat® 5558 L ERICES]
SN ERESOHF OEb VO EIAHORE RN
T, Aberg? BKEHE—Y /IR (A 2B 2%
REEHL TS,

COREERD B BEAE, HTFAKE L AKER—Y v
THETROTN 2 NREBEREL, WXz X - TkE
A=V v 7 OKEE hy & EFHE_EEOBIKARE I O
MERZACNS 2 LN TES.

L 1 A
hw:hl“—A'I{’Z‘Tﬂln <§;;>} """" (5)

T, Ryt KE RV SKE (M), Ay BEHER
WOKE (m), A:K—V o 75EE (m), 1: ks
B, 7R —YU R (m)

722, ERE L> A of&koReickrds.
G FHWT, FUHEREIC>WT, A#HE—-D 5
fifE & ARER—V I UBEOBGE KD, B—20 23R
T.OKER-U SRR RELTBE, AEHA-V
THE & R i TS R e blan s L b
B El, ITHBOREBERERELTHIEILEST,
KER—V ITHEEREL T B EMNTES.

25 50
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I <190
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20
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E
o
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Relaxed zone
(widiham}  Crude it
{p=0.81m?)
2r=005m
10 L 3%
1 <4 5 6 7 8 10
A (m)

H—20 KEY 4 2—h—F 0 OHE A &E (L)
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0. BERBRA~NOHRHEATARRIZETS
KERYARET

(1) # B

2. Tk X oz, IBRBEILO 20 O BiZkAE O
BRS L A1 Xy REw (L>D vnokihiz, &
ZINOBE N EERT 2 - LRI L TESRLD
THD. Linl, EFOBSKE LT, BEHPMERT
ZL0THY, LEBoT, L>1 1 HYDEERE
LoboTEAVWREREPRS.

AERIE, ToX)RBELCTS, BREERE Y,
B LDORKERGIET 2 DI LEANERIKAR &R
HLIELTEHLOTH 5.

(2) EREE

EREBEOHK E B—21 Rt ERNOBKEREK
& B2 25T L0 R EAREOSHCER S AT
LLOLEET DL, HBRIE ¢ LFBKRE &, HEME 2,
KROEREMARE v & 0Bk eI E N 5.

_genet?
12y

3. THvw/z k=1x10"%cm/s, n=0.1 B L »=0.013
A0°C) vk, EFR LY HPEE 0.0004mm Lig5.
UL, EEOFLHE o RS O WEERD L3
&, 1mm PLEDOHBIEOAIFREIT £EDRIAED
10% LLE&En 50T, SEOERIZFANEZ XY v b
Eix, 0.3mm, 0.5mm, 1.0mm X 2.0mm o 4
EE Lz, ZLC, BERT7 27V AMERWCERL
72. AV v MAEIZ, £ 100mm, £X 300mm @7 2
UAEREREZ LV 21 oRT ko, 18
80mm BIUVFEDPRY v MNE ¢t BFEELT, 1T
b0 THB. EEZERE XTOTEERE, ST es
a—=T7EBLT, TREFR LA L OTFEARRE I

Upper water tank

h

Lower water tank

80mm

/
=t
Slit mode H Slit thickness:
0.3,05, 1.0, 20 mm

KREKEER

Injector

Lower cavity
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HERTWs. ARSI UOTERAE IS — =T
—EEBI R LY —EOKIERETES LI,
T, KEOBESRHEBELT, FEOKEEFHETE
5X 51 L. TEHERCFET I RAEIERE L, &
RBIZL o THARTI DL L.

BRI 72 D KEEZE © JIEE,
7z.
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THERBIURAY v FRETNTRTHZT.
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Bz, BERAEEEED L PTUERRNOKEZE
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SR, WAL 2KEE b, 2RO, ZOR
K[APHUILE ZKEE A 2RO 3.

AUy MNOEFLRAEISERDZDIZ, AU v b
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AY vy MNNOKEERESS b &
ME L.

WD FEEZL-

Ao Slit

(3) EBR#ER B

RRBFILICE + 5K BE 2 A,
hoy hyy BIOEELREES he &
F—6 IR T. O OKESEF LEAENSRAY » b
D THAE I A RBICBT 2eEIOKEERL
TW5b. WE, 2V y MBI 3EEBERTE 0L
LT, 7KEEE h;(@=1,2,3) #2 Y » & L=300 mm
TEBZLicXDREST L=hi/L %, RV v hAD
SREBKAER LTS, kT i I, L BLU L 0offiz
Il

2V vy FROKICET S5O0 AV BK-ER-T
7V NOERA 0%, K-8 0RFLAES A &H
WT, kR TREhB.

Kb KEELKCEELRE

B—-22 EELASS

Head loss {cm)
Thickness | ilary rise
of cracks P (n“’m; hy; Head loss hy: Head Joss at | h; Head loss at
t {mm) © 1o hold air which air which air
in-cavern leakage begins leakage 5tops
03 400 60 30 6.0
05 20.0 60 3.0 8.0
1.0 70 60 4.0 6.0
20 50 40.0 4.0 7.0
®-1 8 Kk @ K
i Hydrautic gradient
Thickness
of cracks | I; Hydraufic gradient | Ip; Hydrauticgradient |Iy; Hydraulic gradient
t {mm) to hold air in cavern at which air leskage at which air leakage
begins stops
03 0.20 0:10 0.20
05 0.20 0.10 0.27
10 0.20 0.13 0.20
20 133 0.13 0.23
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T, wiKOWMAEEE, L EEKAR, [
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