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Abstract — In this study we have attempted to evaluate the technical feasibility of TBB-HY s, which is depleted gas
reservoir as a gas storage field, using the commercial compositional simulator TECLIPSE 3003. The TBB-HY reservoir has
an initial gas in place of 143 BCF which is relatively small, and its porosity and permeability are 19.5% and 50 md,
respectively. For TBB-HYJ gas reservoir, we have performed a feasibility analysis by investigating the cushion gas (or
working gas), converting time to gas storage field, operation cycle, number of wells and the possible application of hor-
izontal borehole as well. From the simulation results, it was found that the amount of cushion gas in 'TBB-HY J reservoir
is required at least 50% of IGIP in order to operate stably as gas storage field. When one produces gas for longer time
and hence the remaining gas in reservoir is less than optimal cushion gas, no technical problem was occurred as long as
additional cushion gas is injected up to the optimal cushion gas. In the case of changing the operation cycle into pro-
ducing gas for three months during winter season from producing five months, the result shows that either the cushion
gas should be greater than 60% or the more number of wells should be drilled. Meanwhile, from the results of sensi-
tivity analysis for the number of wells, in cases of operating six or eight vertical wells, the stable reproduction of the
injected gas can not be possible in TBB-HY 1 gas reservoir since the remaining gas in reservoir is increased. Therefore,
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in TBB-HY reservoir, at least ten vertical wells should be drilled for the stable operation of gas. This time, when three
horizontal wells are additionally drilled including the existing two vertical wells, it was found that the operation of injec-
tion and reproduction of gas is relatively stable in TBB-HYJ gas reservoir.

Key words: Gas Storage, Depleted Gas Reservoir, Cushion Gas, Working Gas, Simulation, Vertical Well, Horizontal Well

LA 2

ARHA 07 ZA7EA8) AnlRke: Al gl o] wet 2 2jo]
7} Jer® FiaAnlgo] el gels TV ]ollE w4 o
S7FE Qlsto] HAZEAe] QPFAR] Gl ofHe-& AL vk
Katz8} Tek[1]= 11274, S, ddss 59 Asrx=
7heA o Shgehs Wikt tigh A5 3Gl ol gt
AdTE T T BAFE /o] AqtE Ao s A%
F&o] Wi dAeE A 9 AAIE S-S AN Aol #)
o} A7NAR1 Tk A o me] S8 vt A4 fdrkal & 4 vk
ool vlal] A7~ AL ojw] A7 AAEE FEo|B R
7y PgA o R ARE Qe S 25 olon ' Y
Zpgmlgol Fez| okar Aaban]zt ofw] Zhojz] glo] 7kt
Ao g o] Hgo] golsltl. Mayfield[2], Sung 5 [3]& 147~
= ARRORE BE&E A 7t ds L T dE AR
9 T AR{S 3 Tl gk A7E T8 2, Knepperst
Cuthbert[4], Chung[5}2- A78512] 27447l a3t A& 2
H 3o}, B3 Gredell?} Benson[6]- 719 AL 53
o A e] -5 ARKISIT

AREARI 7kA74e] dulE AR, 7kA el 42 sk
7lell= HA7IAE 17 FAFol| ARSI e o] we- T
710 A7 AJATIAE A Agtete] o] g8t €t whEbA 7
2AIA AR 1dS TR 7RAS] P St A A AA R
o] F712 o7 WinEm, P ARl 7kAegk Alo]E2 Fig. 19
Sl nkel 2, Fig. 1014 O A8 (total capacity)y> 7] 4
slo] AlEFE] = Al ellx 9] 271 AATHlEEE IGIP(initial gas in place)
5 oulghtt o] gl @ 771 (working gasy= e S
el A7F #=3kE]= 7holH, ) 4371~ (cushion gasy= H7A7F
20] A& 8he flslo] ARTE S sk ] S8 AR

4>
-
(ot ok

o
o

Stabilization

p IGIP
Q54 GELEEET LI L L e II—-————-——— ______f“
¥ i
¥ .
= 0! :@J
Q :: ]
2 ¥ :
= ¥ i
(@] ¥
| o [ :
, i: Maidtenance @
| |: : \_':
— i
@ Y | . =
l a Il \b} Tll'l‘le

Production 4—|—r Gas Storage

Fig. 1. The variation of gas in place for gas storage system.
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Table 1. The properties of depleted gas reservoir

Parameter Value

Total capacity 143 BCF
Datum depth 7,995 ft
Datum pressure 3,600 psia
Initial gas saturation 54%

Initial temperature 219°F
Permeability 50 md
Porosity 19.5%

Gas volume factor 0.0049 fi*/SCF
Thickness 233 ft

Area 2.15x 10* f?
Gas water contact 8,162 ft

Gas viscosity 0.0209 cp
Gas gravity 0.625
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Table 2. The reservoir system for gas storage simulation

Simulator ECLIPSE 300 compositional simulator
Grid Type Block Type

Dimension 47 x 45 x 6 (12,690)

Wellbore Radius 0.375 ft

Number of Wells 10 (Vertical Well)

Max. WHP 7,000 psia

Min. WHP 500 psia

WHP: wellhead pressure

Fig. 2. Reservoir system and well location of depleted gas field.
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Fig. 3. Behavior of GIP in reservoir with time for the cushion gas of 40%.
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Fig. 5. Injection and production rate for gas storage cycle in the case
of cushion gas as 40%.

SUoll 7Elo] Alo]Fe] Fage] we} GIP: AlGA R F7)s)
A%k Fig. 3004 2 = Ql5o] 71 /b8 WAk ashe oz
ERdrt. ol2fsh GIPY] Z71eke & v 2pAjs] B41817] 23l Fig. 5
o] 7k i AR 9 Rkl Ak FE ARt
t}. o] Az R 7} Apo]FelA F9717HE<t T3 85.8 BCF
Z QAslo] Y2 AR o], A IPPelM = F
olg 7l Mk AKX Bala AREnh e o] o)
Z} A2 E 9.1, 6.6, 4.9, 3.4, 2.8 BCFZ Fx}A o7 7HA% 1
WSS = Alo]Zo] I w WA Tl AlgAto] Mt kg A ©o
F o]FolX| AL F-S W 5 ik o)g) o] GIP A'go] A
s A= o fiz AP F AREE TR ) AR 9E
o] o)A Alo)|Z KT} Z7)sly| wjEo] o] ¢rez}l 7 AH o] 9-odoke
el o7t FrkeHA Ho v W ko] 7kt BAkEY)
o}, e AR AR Qe TekiEle] Fhavt

=
=]

d

Mo 2 2

o]

17

N

sjstgat

H45H M5 20074 108

I g A

c j Production (BCF)
gas (BCF) 1 2 3 4 5
50% 715 707 | 708 | 71 | 72 | 713
60% 57.1 57.1
160
eI ¥.2.4 BCF
143BCF T3 :H —=%3= "".[dushion 50%]|
Iy
Iy
h
120 — N
1
™ X
Q |
© ‘!
o I
o | ) N
80 — 0
NERR 50 %
I ==
L
L
L
I
5.4yry §6.1yr
0 1 T T
0 4 8 12 16
Time [year]

Fig. 6. Behaviors of GIP in reservoir with time for the cushion gases
of 50% and 60%.
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Fig. 12. Behaviors of GIP in reservoir with time for the case of two
existing vertical wells with three horizontal wells.

Table 3. The summary of the simulational results for gas storage scenario

Overati No. of Cushion gas
peration Vertical wells 40% 50% 60%
6 NP NP NP
8 NP NP P
Sml-5mP
10 NP P P
12 NP P P
10 NP NP NP
7ml -3 mP
12 NP NP NP

NP: Not possible, P: Possible
5 ml - 5 mP: 5 month inj. - 5 month prod.
7 ml - 3 mP: 7 month inj. - 3 month prod.
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