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Research topic: Gas lift is an efficient artificial lift strategy, routinely
used to overcome the low productivity of the wells. In this research, the
possibility of using two gases, carbon dioxide and nitrogen instead of
natural gas, in the gas lifting process is investigated and compared. To
maximize oil production, the optimization of the allocation of the lim-
ited amount of gas between 10 wells in the Iranian offshore brown oil
field is performed.

Research Method: In this research, all the wells were modeled by
PROSPER software. First, all 10 wells data of an Iranian offshore oil
reservoir were collected. Secondly, their model has been built and after
validation, a simulation of the artificial gas lift was performed using car-
bon dioxide and nitrogen gas separately, then, the Gas Lift Performance
Curve (GLPC) of all the wells are fitted with the appropriate experimen-
tal model in MATLAB software. In the following, using Solver Excel, the
allocation optimization with a limited amount of gas was performed us-
ing two different gases.

Main results: According to the results obtained from the optimization,
for a certain amount of available gas which is 15 MMSCFD, the total Oil
production in the case of nitrogen gas injection is 3564 STBD more than
carbon dioxide gas injection. Also, in all cases, due to the production po-
tential capacity of well No. 8, the most amount of injected gas is allocat-
ed to it. The comparison of the two types of injected gas shows that the
quantity of oil produced using nitrogen is 3424 and 3302 STBD (28 %
and 24 %) greater than carbon dioxide gas when the gas is lowered to
12 and 9 MMSCFD, respectively.
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Table 1 The results of similar researches and their artificial methods

Results Artificial lift method Topic

%101 increase in production in the | Artificial lift with natural gas | Improving oil field production

optimal injection scenario compared | and nitrogen gas

to the fixed injection mode

using integrated modeling and
optimal control [16]

Increase in oil production from 318 | Using the frog jump

to 1105 bbld algorithm

Design and optimization of
artificial gas lift production in oil
field[17]

ooli ol ool sla s iw i o) oSS
o33l ol o by (s ()b s walss
Ot )l Sle 5 5o (SBIS by ol 5B L
5% 0B, 3B ,Lad plaslS ey ol 5o st e
Ol gt oe 0aeaS adg) J SIS Jlw 5 g9l sLaS
S8l sl eolai Ly g Laosls dod oS 5 Ly Jos
0u—s ais-Lw PROSPER © (Petroleum Expert Y+14)
S Shee g adyr Jdod sl )15l 5 el ]
S0 0 8 g a5l 5 ol el alelw
5 S—doed @ 9 380 (i sl 0P
S o0 SoS (Lol 5 g5 adg) slss
Jn5 5o g il 5o Jotn Skl 3005 o
P A aS o jla ]y cestian sl 8 slagby, 5 ols
o)l e bl Lo 1j ol slo Jow glo sl cslw o5l
Slasin ol Slasin Jud 5l Le psie aon (0,5
sladas glssl g VLP 58 oz Ly, o050 Jlow
Sladail Al gy Joa o poday (ISl a2 o |, IPR
Sy slmosls g 5 Jlw (Bly Slat i Ly
ey 0 o CB noli8l el 4 S 5o 352
sbabs; Elsl ilwdae oo alidee glag L
lagesy 535 L sl ailen esian 50508

=S o plasl Il 5 S8 e (ol g0

$°9)9 LSL“°‘>|‘> Y-\-¥

ol Ve L o, jo (Aol b (glog o8 (y535xe
Dy oo olsl ca iz (655w A (59, ;o oIy

S e ¥
G—tzd ol jo ea il ploul adllae g, ¥ ISl o
A ol o awl oo ool i 4o &g o
3 De—bge aSly Hlawe loool> gilwad
plsil Laol> oo liel (g 5lwacs 5l aolol
55 99 bagi 55 L (o )sT3l 8 ol B G 05—
sl bged g oo (b (5g 5 5 (S —aSlso
B9 oo gl ul 55 g0 ;o 5l Laol> oles GLPC
SoSa g maly slooe 5l S5 hwg a sl yo
00—l GLPC sl sizvs (o3l o am pladl o die l5-8ls 5
S §lminge anld )0 ea Sl sla o
Ol ilwaige o)o8l SeS 4 Lol 518
(Generalized Reduced Gradient, GRG) 43l ol
9 s = Ll )3 0, S oo B esliiul 555
B g0 g 5 parass jlmainge gl awlie
Slag b g ot 4Bl (S aST60 5 059
alyS )3 (s 3 j5e oy )3 5 (e aliBe
o> (silwanl V\-Y
Smesls )l L 5 L 550313 o >lb
g9 Jlmw dariie 5 ola (55l oo l— 5592
J—o5 oll bz (g5l po—tie 09— o
VLP (Vertical Lift) slo szis (—2,5 L) slablw
IPR (Inflow Performance Relation) 5 Performance
5 Joe S ol lim 05250 slaosly ploi .l

alllas oyl o saplonl Uolye loges Y S5
Figure 2 Flow Diagram of steps taken in this study
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Table 2 Initial characteristics of the reservoir for simulation

Reservoir pressure(Psi) 2700
Reservoir temperature(F) 178
WCT% 50
Total GOR(SCF/STB) 400
PI(STB/Psi*Day) 9
AOF(STB/Day) 16851

ale solai_wl Juw ;g @ ogi il g Latea
Spd oo mrog |) 392 sla Sy ol ¥ Joua
5 faitial U]l 8o ol o abal) o e

3000

Pressure (Psig)
=
8

0 2000 4000 6000

ot B PR e &5 ol o] 5550 e
5o )t S e Lyl 15 L (sl oo o
S9l3l8 Jome >k sl o550 IPR Jos 5 (5500
e gl e Jae o ool o] Lrn‘}” B0
Cwl PI Joao «(IPR) (559,5 Ll > o, Sloc 4l
oo ywd 0 SleMbla s a oo Ly aslllae 0l 5 a S

8000 10000 12000 14000 16000

Liguid Rate (STB/day)
O IPR Joe ¥ USs

Figure 3 IPR model of the reservoir
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Table 3 Reservoir fluid data

Solution GOR 272 SCF/STB
OIL Gravity 25 API
Gas Gravity 0.7
Water Salinity 210000 ppm
Composition Mole %
(6{0) 0.31
Contaminants
H. S 0
0.13
Pressure Temperature
Bubble point
1345 psi 176 F
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Figure 6 Gas Lift Performance curve of well 1
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Table 4 Indices of for fitting parameter of gas lifting performance curve and Errors Index for well 1

Type of gas injection

Fitting Parameter N, Co,
-2720 -5193

b -2120 -2085

c 79 46

d -486 -7166

e 6955 13530

f -0.033 -0.01233

Error Index

R2adj 0.9989 0.9995

SSE 8.76e+3 8.60e+3
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Table 5 Gas allocation between wells

N, co,
Q_inj(MMSCFD) | Q_inj(MMSCFD)

Well 1 1.77 1.93

Well 2 0.76 0.70

Well 3 0.74 0.72

Well 4 1.03 0.99

Well 5 0.87 0.79

Well 6 1.25 1.23

Well 7 1.25 131

Well 8 2.57 2.63

Well 9 2.42 2.53

Well 10 2.35 2.18
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Table 6 Wells flow rate based on the type of injected gas

N, co,
Qo(STBD) Qo(STBD)

Well 1 2534 2045
Well 2 2774 2529
Well 3 283 106
Well 4 567 311
Well 5 355 160
Well 6 826 546
Well 7 973 724
Well 8 4041 3494
Well 9 3819 3335
Well 10 3233 2593
Total 19405 15841
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Table 7 Gas allocation based on available amount of gas

Ot 05955 9 G5 S 163 B Ay arass

9 MMSCFD 12 MMSCFD

N, co, N, co,

Qo (STBD)

Well 1 1.18 1.16 1.52 1.58
Well 2 0.50 0.50 0.53 0.50
Well 3 0.50 0.50 0.50 0.50
Well 4 0.50 0.50 0.80 0.74
Well 5 0.50 0.50 0.65 0.58
Well 6 0.64 0.61 0.99 0.97
Well 7 0.75 0.79 1.04 1.10
Well 8 1.55 1.58 2.08 2.15
Well 9 1.54 1.59 2.02 2.12
Well 10 1.34 1.27 1.88 1.77
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Table 8 Total wells flow rate based on available amount of gas

9 MMSCFD 12 MMSCFD
N, co, N, co,

Total Qo (STBD) | 14815 11513 17450 14026
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