Oil and Gas production wells

Prof. Milan Stanko (NTNU)

Lecture 35: Gas lift exercise
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use a VBA

estimation of flowing

Function mpf_p (pBound, BoundType, go_sc,
'mpf_p, function that calculates preas
"pBound, pr ure at the boundary, [bara]

pressure, we
function

i
il

undType, type of boundary, -1 for inlet, 1 for outlet
0il rate at standard conditions, [Sm3/d]
gas rate at standard condi /d]

[
water rate at standard conditions, [Sm3/d]
'L, pipe length, [m]

roughness, in [m],

radius, [m]

perature at the boundary, [C]
fluid temperature at the other boundary, [C]
ix, matrix with BO propertiez for the flowi

M

pl2) T(3) FROF1 PROPZ PROP3Z PROP4
value wvalue wvalue wvalue wvalue
value wvalue wvalue wvalue wvalue
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value value value wvalue value
value wvalue wvalue value v; @
'‘profile, provides the
'Preparing to perform interpolation in the property table

ColRs
ColRv 5
ColBo = &

ColBg = 7
ColViscg = 8

g composition,

ofile along the conduit, 1 yes, 0, no

*angle, pipe inclination angle, in deg, measured from the horizontal

gg_=c, gw_sc, L, angle, roughness, D,
re at inlet or outlet of pipe,

in ba

TBound,
ra, depending on

TBound2, PVTMatrix, Profile)

arranged in the following manner

the input

e So ColDeng = 9
\ ColViaco = 10 —
-~ \) FAalhans = 11
‘rh&dq
b,
Toound ¢
o
reticnn doae thae falleswaime -
ICTION Qoes the Tollowl .
A B (] E F G H [ J (3 L o 4
t ti fP i b GOR  Pressure Temperature R " Bo Bg viscg  deng  wisco  deno IFlog visow  denw
-Estimatuon o properues by [Sm3fsm3]  [bara] 1€l [$m3fsm3]  [sm3fsm3) [m3/smd] [m¥/Sm3] [cp]  [k@/m3]  [cp]l  [kg/m3]  [N/m] el Dkgim3)
.| | 54 10 20 104 0.006+00 1030 LOOE-01 1.12E-02 78 065 7118 2.04E-02 10 9970
|nterp0|at|ng ona BO table 54 10 60 74 263E-05 1072 LISE-01 1.256-02 7.6 0.43 6806 1.74E-02 10 9970
sa 10 100 5.2 245604 1123 L3301 1IDE-02 81 030 6478 144602 10 90
54 20 20 1.0 0.00€+00 1054  4.BBE-02 1.15E-02 15. Q.60 706.1 1.92€-02 1.0 "o
54 20 &0 160 B.90E-06 1.096 5.63E-02 1.28E-02 0.40 6745 1.64E-02 1.0 ¥7.0
54 20 100 128 1.18-04 1.148 6.A45E-02 1.41E-02 146 028 640.8 1.36€-02 1.0 %97.0
54 30 20 301 0.00€+00 1.073 318602 1.17E-02 232 0.56 700.3 1.81€-02 1.0 %970 |
54 30 60 230 5.53E-06 1116 3.69€-02 1.30E-02 213 0.38 6688 1.56€-02 1.0 %97.0
54 30 100 203 B2BE0S 1171 423602 144602 210 027 6344 120002 10 %970
A (3 \raaqfe}ﬁ\ e GOR sS4 40 20 9.2 0.00£+00 1092  233E-02 1.20E-02 314 053 6942 172602 10 %970 |
LA Ll el = 0, 54 40 60 6 ATE06 1134 273602 1.33E-02 ®/4 036 6630  1.49E-02 10 9970
: 54 ) 100 7.2 6E9E-05 1191 313602 146602 375 026 628.1 124602 10 970
then properties for several W s ® s owteo lin imro: Lace: 0 0%  emo lewor 10 oo
54 S0 &0 9.4 5.08E-06 1,154 2.156-02 1.35E-02 5.6 0.35 657.1 1.43E-02 1.0 wWwro |
(JU r(s, pressu res an d 54 50 100 33 6.32E-05 1.213  2.48E-02 1.48E-02 341 0.25 621.7 1.18€-02 1.0 9970
. 54 &0 20 537 0.00€+00 1.123 0.00E+00 0.00E+D0 0.0 0.49 684.8 QUDOE+DD 1.0 %97.0
tem pera1u re mus.t be pro\ |ded 54 60 60 473 599606 1174 LI7E02 138602 431 034 6510 136602 10 9970
54 &0 100 415 G.15E-05 1.235 2.056-02 1.51E-02 40.8 0.24 615.1 1.13€-02 1.0 bR e p—
54 70 20 537 0.00£+00 1121 0.00E+00 C.00E+0D 00 050 686.0  CLOOE+0D 10 %970
54 ] 60 537 0.00£+00 1190 0.00+00 0.00E+0D 00 o3 6464 CLOOE+0D 10 %970
54 7 100 490 6205 1258 LME02 154602 477 023 6083 1.09-02 10 9970
54 80 L) 537 0.006+00 1119 0.00E+00 0.00E+00 00 os0 687.2  OLO0E+00 1w Wi |
54 a0 60 537 0.006+00 1187 0.00E+00 0.006+00 00 03 6481  0.00E+00 10 Wi
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i . . https://en.wikipedia.org/wiki/Trilinear_i
tri-linear interpolation (GOR, p -
nd T must be provided)

Cia
/ 4
Es = TrilinearInterpol (GOR, p, T, GOR_bounds(0), GC CDUI C el
Rv = TrilinearInterpol (GOR, p, T, GOR_bounds (0}, GC 01
Bo = TrilinearInterpol (GOR, p, T, GOR_bounds(0), GC
Bg = TrilinearInterpol (GOR, p, T, GOR_bounds(0), GC C [ ]
vizseg = TrilinearInterpol (GOR, p, T, GOR_bounds(0), 10
deng = TrilinearInterpol (GOR, p, T, GOR bnundsw];
visco = TrilinearInterpol (GOR, p, T, GOR_Db 1y
deno = TrilinearInterpol (GOR, p, T, GOR_bounds(0),
IFTog = TrilinearInterpol (GOR, p, T, GOR ._bounds (0), C
‘raw = TrilinearInterpol (GOR, p, T, GOR_bounds (0), )
Bw = TrilinearInterpol (GOR, p, T, GOR_bounds(0), GC . 2
denw = TrilinearInterpocl (GCR, p, T, GOR_bounds(0), cooo COD 100

Viscw = TrilinearInterpol (GCR, p, T, GOR_bounds(0),

> make the interpolation

References - VBAProject

ficient, a "dictionary” is used in
e VBA code. Therefore, you

Available References:

I Visual Basic For Applications

st have this library active —___

inside the VBA menu Tools--> [

v Microsoft Excel 16.0 Object Library
| OLE Automation

| Microsoft Office 16.0 Object Libral
[{Microsoft Scripting Runtime

ferences

[l atpvbaen.xls

[IMicrosoft Forms 2.0 Object Library
[_] Ref Edit Control

[Isalver

[l vBAProject
[132-bit Aec32BitAppServer Library
[_]:-) videoSoft VSFlexGrid 7.0 (Light)

Set dictx = CreateCbject ("Scripting.Dictionary®)
Set dictxl = CreateObject("Scripting.Dictionary”)
Set dictx2 = CreateObject("Scripting.Dictiocnary”)
Set dictxd = CreateObject("Scripting.Dictionary™)

<

Microsoft Scripting Runtime

Language: Standard

[]:-) videoSoft VSFlexGrid 7.0 (Light/Unicode)
[T Ac3?RitAnnServer 1.0, Out of nrocess server for 32-hi Y
>

Location:  C:\Windows\SysWOW6&4\sarun.dil
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Comparison of void fraction correlations for different
flow patterns in horizontal and upward inclined pipes
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The pressure integration was

-~ performed using Euler's
method. 10 intervals were used
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qo qw ag pwf
[Sm3/d] [Sm3/d] [Sm3/d] [bara]
500 500 50000 271

PART 1: Learning how to use the VBA tubing function to calculate pwf

~gas is needed

~ -Calculate IPR and TPR and visualize results. Calculate TPR for several
- Rp and see the effect on the intersection and estimate how much gas lift

|
N?tural flow
: :
PART 2: IPR vs TPR _-
— We= 0 Rpe= 54 Rp= 54! =
a0 we qw Row ag Rp’ W g pwi(TPR) g 200.0
[sm3/d] [l [Sm3/d) [Sm3fsm3] [Sm3fd] [Sm3fSm3] [Sm3fd]  ([Sm3/d]  ([bara] 4
01 0 0 54 5376400 54 5376400  0.00E+00 185 g
1 1] o 54 5.37E+01 54 5.37E+01 0.00E+00 185 3 150.0
10 0 0 54 5376402 54 5376402 0.00E400 184 g
50 1] o 54 2.69E+03 54  2.69E+03 0.00E+00 181 = 100.0
100 0 0 54 5376403 54 5376403 0.00400 179 2
250 1] o 54 1.34E+04 54 1.34E+04 0.00E+00 181 E
500 1] o 54 2.69E+04 54  2.69E+04 0.00E+00 191 § 50.0
750 o o 54 4.03E+04 54 4.03E+04 0.00E+00 201 ~y
1000 o o 54 5.37E+04 54 5.3TE«04 0.00E+00 211 E
2000 [ 0 54 1.07E405 54 LO7E0S 0.00E400 256 : o0 T T T T T +
0 500 1000 1500 2000 2500 3000
PART 3: gas lift performance curve oil rate, go, [Sm3/d]
...... ——owf (PRl ——owf (TPR
| l I 'amﬁalilewappm ~400-Sm3/d oil
S !!IF GOR in tubing = 100 ‘
" PART 2:IPRvs TPR = 0.0
we= 0 Rpe= 54 Rp'= 100 3
| q0 wc aw Rpw ags Ao ag.;  pwf(TPR) E 200.0
[$m3/d] [1  [Sm3/d] [Sm3/Sm3] ([Sm3/d] [Sm3/Sm3] [Sm3/d]  [Sm3/d] [bara) a
01 0 0 54 5.37E400 100 1.00E+01 4.63E400 180 ¢
— 1 0 0 54 5.37€+01 100 1.00€+02 4638401 180 g 100
10 o 0 54 5.37E402 100 1.00E+03 4.63E402 174 g
| 50 o 0 54 2.69E+03 100 5.00€+03 2.316+03 160 2 1000
100 o 0 54 5.37E403 100 1.00£+04 4.63E+03 151 2
250 0 0 54 1.34E+04 100 2.50E+04 1.16E+04 147 E
- 500 1] 1) 54 2.69E+04 100 5.00E+04 2.31E+04 154 E 50.0
750 0 0 54 4.03E404 100 7.50€+04 3.476404 166 3
1000 [} [ 54 5376404 100 1.00E+05 4.63E404 179 £
— 2000 0 0 54 1.076+05 100 2.00€+05 9.256404 226 5 oo T T T T T *
0 500 1000 1500 2000 2500 3000

PART 3: gas lift performance curve

SOLVER

oil rate, qo, [Sm3/d]
——pwf (IPR) ——pwf (TPR)

gmnj

nterhection approx. 800 Sm3/d oil
inj 0-46 3

veen 34 7 46 300 Sm3/d

gas
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gas lift, GOR in tubing =300
PART 2: IPR vs TPR _ 2500
Wces 0 Rpy= 54 Rp= 300 E
qo wcC qw Rpy QEn Qsceat QB pwi (TPR) g 200.0
[sm3/d] [1  [5m3/d] [Sm3/sm3] [Sm3/d] [Sm3/Sm3] [Sm3/d]  [Sm3/d]  [bara] 3
| 0.1 0 0 54 5.37E400 300 3.00E401 2.46E401 175 ¢
1 ) 0 54 5.37£+01 300 3.00£402 2.466+02 172 2 1500 1
10 0 0 54 5376402 300 3.006+03 2.46E403 149 £
- 50 0 0 54 2.69E403 300 1.50E404 1.23E404 109 2 4000 4
100 0 0 54 5.37E403 300 3.00E404 2.46E404 97 2
250 0 0 54 1.34E404 300  7.50E404 6.16E404 95 E
— 500 0 0 54 2.69E404 300 1.50E405 1.236405 106 g 500
750 0 0 54 4.03E404 300 2.256405 1.856405 119
1000 0 0 54 5376404 300 3.00E405 2.46E405 141 g
2000 0 0 54 1.07E+05 300  6.00E+05 4.93E405 237 g T T T y T t
0 500 1000 1500 2000 2500 3000
PART 3: gas lift performance curve oil rate, go, [Sm3/d]
Y ——pwi (IPR) ——pwf (TPR)
| |
ntersection approx. 1200 Sm3/d oil
jinj betweeen 246 000-493 000
Sm3/d gas
GOR = 500 (gas lift)
PART 2: IPR vs TPR - 0.0
* W= 0 Rpe 54 Rp= 500 H
qo wc qw Rps age L. . pwt (TPR) E 200.0
L [sm3/d] - [Sm3/d]  [Sm3/Sm3] [Sm3/d] ([Sm3/Sm3] [Sm3/d] [Sm3/d] [bara] =
0.1 [ 0 54 5.37E400 500 5.00E401 4.46E401 173 g
1 0 0 54 5.37€401 S00 5.006402  A.46E+02 168 3 1500
b 10 [ 0 54 5.37E+02 500 5.00£+03 4.46E+03 132 §
50 [ 0 54 2.60E403 500 2.50£404 2.23E404 87 2 4000
100 [ 0 54 5376403 500 5.006+04 4466404 7 2
* 250 [ 0 54 1,34E404 500 1256405 1126405 82 3
500 [ 0 54 2.60E404 500 2.50£405 2.236405 100 E 50.0
750 [ 0 54 4.036404 500 3.75€405 3.356405 127 B
1000 0 0 54 5376404 500 5.00E405 4.46E405 150 £
2000 0 0 54 1.07E+05 S00  1.00E406  B8.93E+05 320 s 0o T T T T T t
| = 0 500 1000 1500 2000 2500 3000
PART 3: gas lift performance curve oil rate, qo, [Sm3/d]
. ——pwf (IPR) ——pwf (TPR)
|4, 1 14N =] s NP
Intersection approx. 1100 sm3/d

of oll

the

-Calculate |

gas

lift perform

qn

of the

ce cu rv;e

V}'lell

Flow equlibrium-> pwf calculated from TPR
should be equal to pwf calculated from IPR
by adjusting the rate
PART 3: gas lift performance curve oll rate, go, [Sm3/d)
SOLVER —pwf (IPR) —pwi (TPR)
P we o qw Ro @ G B RP" pwi(TPR) pwi (IPR) error
[sm3/d) [} [sm3/d] [Sm3/sm3] (Sm3/d] ([Sm3/d]  [Sm3/d] [Sm3/sm3] [bara] ([bara] [bara]
777.0667545 0 0 54 4.18£404  7.506405  7.926405 019 1 1n 1 Gas lift performance curve
POINTS 1400
By @ Re T 1200 ;
[sm3/d) [$m3/d] [Sm3/Sm3) § 1000 -
0.00E+00 400 54 2 500 4
LO0Es03 423 56 g
L00Es04 539 iz g o
2506404 679 0 B 400 1
5.00E+04 893 110 ® 200 4
LO00E+05 1061 148 0 . . .
2508405 1197 263 000E+00  2.00E+05 4.00E+05  G.OOE+05  B.00E+05
5.00E+05 1055 528 AT e
7.50E405 m 1019 gas lift injection rate, qginj, [Sm3/d]




