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Rp (Sm3/Sm3) 300
3,000
COLUMN 4 6 3 5 2
P Rs viscg Bg Visco Bo  krg/kro  kro  kro/(visco*Bo) So 2,500 4 5
[bara] (Sm3/sm3) [cp)  (m3/Sm3) [cp]  [m3/sm3] [} ) (1/ep) [ -
1 05 1.126-02 2.66E-02 14 1.2 5.54E-02 4.49E-01 0.277 0.60 :"’.2,000.
5 26 1.14E-02 2.59E-02 14 1.2 5.50E-02 4.50€-01 0282 0.60 = °
50 255 132602 1.81E-02 1.1 1.2 4.96E-02 4.67€-01 0352 0.60 ;31_500.
100 48.8 1.58-02 1.22€-02 0.9 1.2 4.46E-02 4.82E-01 0.443 0.60 '§ L
150 764 1.82€-02 8.20E-03 0.7 1.3 3.81E-02 5.03E-01 0573 061 %1.000- =
200 107.2 2.14E-02 6.25¢€-03 0.5 1.4 3.656-02 5.09E-01 0.722 061 ¥ ° e
250 1439 2.51E-02 5.29E-03 0.4 1.5 3.59E-02 5.12E-01 0.888 0.61 0.500 4 ° .
300 187.9 2.90E-02 4.69¢-03 0.3 1.6 3.23€-02 5.29¢-01 1.121 062 r o
330 2204 3.156-02 4.45E-03 03 1.7 2.65E-02 5.57¢-01 1322 062 0,000 4 . v Y v Y v Y
360 258.3 3.41E-02 4.26E-03 0.2 1.8 1.61E-02 6.29E-01 1672 0.64 0 50 100 150 200 250 300 350 400
383 292.6 3.60E-02 4.14€-03 0.2 1.9 3.19E-03 8.34E-01 2414 0.67 pressure, p, [bara)
\H\_H\H\H\H\H\\\\H  NOTLINEAR!I! ]
~ Forhigher GOR N e
Rp [Sm3/sm3] 800
fl 0.900
| | COLUMN a 6 3 5 2 a%odis
| p Rs viseg Bg Visco Bo  kig/lkro  kro  kro/(visco*Bo) So ' " .
—[bara) [Sm3/Sm3] [cp) [m3/5m3] [cp) [m3/sm3]  [-] (-] [1/cp) (- ., 0700 4 o
| 1 0.5 1.12E-02 2.66E-02 14 1.2 1.48E-01 3.176-01 0.196 0.56 %o.eoo ] .
B 5 2.6 1.14E-02 2.59E-02 14 1.2 1.476-01 3.17€-01 0.199 0.56 e - o
| 50 25.5 1.326-02 1.81E-02 11 1.2 1.40E-01 3.24E-01 0.244 0.56 3" .
100 48.8 1.586-02 1.22€-02 0.9 1.2 1.336-01 3.306-01 0.304 0.56 $ 0.400 - o
B 150 764 182E-02 8.20E-03 0.7 1.3 1.236-01 3.406-01 0.387 0.56 %o.soo | .
] 200 107.2 2.146-02 6.25E-03 0.5 14 131601 3.326-01 0471 0.56 = 8 .
250 1439 2.51E-02 5.29€-03 0.4 1.5 1.51€-01 3.14€-01 0.545 0.56 '
- 300 187.9 2.90€-02 4.69€-03 0.3 1.6 1.776-01 2.95€-01 0.624 0.55 0.100 -
| 330 2204 3.156-02 4.45€-03 0.3 1.7 1.936-01 2.856-01 0.675 0.54 0.000 Y v . v v . ;
360 258.3 3.41E-02 4.26E-03 0.2 1.8 2.096-01 2.75€-01 0.730 0.54 0 50 100 150 200 250 300 30 &0
— 383 292.6 3.60E-02 4.14€-03 0.2 1.9 2.196-01 2.69€-01 0.778 0.54 pressure, p, [bara)
. LINEAR?? o
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QOil and gas production wells Prof. Milan Stanko (NTNU)
Function ipr_sat_oil_go_m function(k, h, re, rw, s, mpR, mPwf)
'ipr_sat_oil, oil rate in Sm3/d, calculated with the m function
'k, permeability, [md]
'h, layer height, [m]
're external radius of reservoir [m]
'rw, wellbore radius [m]
's, skin factor [-]
'mpR, m function at reservoir pressure [bara/cp]
'mpwf, m functino at flowing bottom-hole pressure [bara/cp]
ipr_sat_oil_qo_m function = k * h * (mpR - mPwf) / ((Log(re / xw) - 0.75 + s) * 18.68)
End Function
. 450
E .
8400 - —8-m function
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=]
v
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oil rate, qo, [Sm3/d]
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Function ipr_sat oil go Fetkovich(k, h, re, rw, s, pR, Pwf, Bo_pR, visco pR, kro pR) © .
— 'ipr sat oil, oil rate in Sm3/d, calculated with the m function — 8400 4 ®-m function
'k, permeability, [md] - )
| 'h, layer height, [m] | ] g 350 Fetkovich
're external radius of reservoir [m a =
rw, wellbore radius [m] s
— 's, skin factor [-] o 250 A
'pR, reservoir pressure [bara) _g 200 A
I 'puf, flowing bottom-hole pressure [bara] B é
| 'kro pR oil relative permeability at reservoir pressure, [-] 9150 -
'visco pR oil viscosity at reservoir pressure [cp) °
— '3o_pR 0il formation volume factor at reservoir pressure, [m3/Sm3) — .nnn 100 H
J=k*h* (kro pR / (visco pR * Bo pR)) / ((Log(re / rw) - 0.75 + s) * 18.68) g 50 -
I qomax = J * (pR - 0) / 2 '] ©
| ipr_sat oil qo_Fetkovich = qomax * (1 - (Pwf / pR) * 2) Y0 T T
End Punction 0 5000 10000 15000 20000
oil rate, qo, [Sm3/d]
- Function ipr sat oil qo Vogel(k, h, re, rw, s, pR, Bwf, Bo pR, visco pR, kro pR) ||
'ipr_sat oil, oil rate in Sm3/d, calculated with the m function 3.000
'k, permeability, [md]
- 'h, layer height, [m] \FU\!\/
're external radius of reservoir [m) 2.500 A wo
- 'rw, wellbore radius [m) .
| 's, skin factor [-] & \‘
'pR, reservoir pressure [bara) E', 2.000 \‘0)"
- 'pwf, flowing bottom-hole pressure [bara) "6.: P
'kro pR oil relative permeability at reservoir pressure, [-] 2 1500 A
- 'viscc_pR 0il viscosity at reservoir pressure [cp) § ®
| 'Bo_pR oil formation volume factor at reservoir pressure, [m3/Sm3) = P
J=k*h* (kro pR / (visco pR * Bo_pR)) / ((Log(re / xw) - 0.75 + 8) * 18.68) 'S 1.000 + >
| gomax = J * (pR - 0) / 1.8 - °
ipr sat oil go Vogel = gomax * (1 - 0.2 * (Pwf / pR) - 0.8 * (Bwf / pR) * 2) 0.500 - ®
— End Function ’ N ®
[ J
O-OCD T L) T T L) T T
0 50 100 150 200 250 300 350 400
pressure, p, [bara]
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THE PREDICTION IS BETTER

pwi m(p) qo qo - Fet qo -Vogel qo - Fet-v2 qo -Vogel-v2 450
[bara) [bara/cp)  [Sm3/d] [Sm3/d] ([Sm3/d) [Sm3/d]  [Sm3/d) ) _
382 2226 0 0 0 £ 400 - -o-m function
300 145.3 2810 2950 2990 s .
250 1080 4166 4401 4503 gsso ~e—Fetkovich
200 765 5312 5588 5782 §3oo d —-Vogel
150 502 6268 6511 6826 s
100 293 7028 7170 7637 %250 |
50 129 7625 7566 8212 £ 200 -
5 09 8059 7697 8530 g
1 00 8094 7698 8549 Z 150 -
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[bara) [barafep]  [Sm3/d] ([Sm3/d] [Sm3/d] ([Sm3/d]  [Sm3/d] ® .
382 309.9 0 0 0 0 0 8 400 A -&-m function
300 1835 4506 6425 6511 4318 3938 = .
250 1333 6421 9584 9807 6442 5932 g 350 =e—Fetkovich
v
200 93.1 7884 12169 12592 8179 7617 §3OO - ——Vogel
150 60.7 9061 14180 14867 9530 8993 a8
100 353 9985 15616 16631 10495 10060 %250 |
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Function Pout(qt1, ID, den, visc, Length, teta, pin, roughness)
"Function that give pressure available at the oulet of a pipe with a flow gt and inlet pressure pressure pin

Calculation made for liquid single phase flow

Takes 1n data in §1

qt flow [m*3/d]

'ID inner diameter of pipe (]

y . oir (bn
'don density of fluld, (kg/m3) 9,
'visc viscosity of fluid, [Pa 3] N 5
! \
‘Length, pipe length, (m]
= - TR [ty [N [ [opgea | e s banl canka T
'tota inclination angle of pipe with respect to horizontal (') N

'nin, discharge pressure required, (bara)

"roughness of pipe (m)

'Gravitational acceleration g, (m/s{2]
g =96l

I8 mmhan
Yl NUmDer

e bt An(l) f
b e el /(000 ¢ 240) )

'Calculating area and velocity
Meawhit(ID%2) /1
veqt/ Area

Presscalel » pin -(iééééiﬁ‘:_fff(teta YPi/160) * den * g/ 1000004)~ (ffactor(den, visc, 10, roughness, v) * Length * (v * 2) * den / (1D * 2000000)
Pout = Presscalcl

‘ OJI and‘gas p‘rodqution virells‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Prof. Milan Stanko (NTNU)
qg [Sm3/d] 2.85E+06
Gas gravity 0.7
Tubing ID [m] 0.157
Tubing cross section area [m2] 0.019
Tubing roughness [m] 1.50E-06
TVD p T zZ deng Bg viscg qg Vg p-calc
[m] [bara] (€] (-] [kg/m3] [m3/Sm3]  [cp] [m3/d] [m/s] [bara]
0 40 87 0.948 28.6 3.00E-02 | 1.36E-02 |8.54E+04 51.03
284 46 89 0.942 32.9 2.60E-02| 1.38E-02 |7.41E+04 44 .28
567 51 90 0.938 36.8 2.32E-02 | 1.39E-02 |6.63E+04 39.61
851 56 92 0.934 40.4 2.12E-02 | 1.41E-02 |6.04E+04 36.14
1135 61 94 0.930 43.6 1.96E-02 | 1.43E-02 | 5.59E+04 33.43
1418 66 96 0.928 46.7 1.83E-02 | 1.45E-02 |5.23E+04 31.25
1702 70 98 0.926 495 1.73E-02 | 1.46E-02 |4.92E+04 29.44
1986 74 99 0.924 52.2 1.64E-02 | 1.48E-02 |4 67E+04 27.92
2269 78 101 0.922 54.8 1.56E-02 | 1.49E-02 |4 45E+04 26.61
2553 81 103 0.921 57.3 1.49E-02 | 1.51E-02 |4.26E+04 25.47 ° PN--*! q
2837 85 105 0.920 59.6 1.44E-02 | 1.52E-02 |4.09E+04 24.46 f+f? ( v/
( . w ,}
J 5 -155%
\‘\ ol — l'\ / '/ b | \
— J
T —
\"‘--..._____- N :___ /
—
— ,_.‘£.~\\‘______ -
/ L4
/ uﬁﬂj <. l{\ong mt u,! ﬂ

:End Function \ o‘.‘\,{ C)“nﬁ L 3 \¢S ‘tO {N’Q» &‘0"" Pe. o
. —_———_——
TVD p T Z deng Bg viscg qg vg p-calc
[m] [bara] (C] -] [kg/m3] [m3/Sm3]  [ecp]  [m3/d]  [m/s]  [bara]
0 40 87  0.948 28.6 3.00E-02 1.36E-02 8.54E+04 51.03 35.55
284 46 89  0.942 32.9 2.60E-02 1.38E-02 7.41E+04 44.28 41.50
567 51 90 0.938 36.8 2.32E-02 1.39E-02 6.63E+04 39.61 47.03
851 56 92 0.934 404 2.12E-02 1.41E-02 6.04E+04 36.14 52.27
1135 61 94  0.930 436 1.96E-02 1.43E-02 5.59E+04 33.43 57.29
1418 66 96  0.928 46.7 1.83E-02 1.45E-02 5.23E+04 31.25 62.15
1702 70 98  0.926 49.5 1.73E-02 1.46E-02 4.92E+04 29.44 66.88
1986 74 99  0.924 52.2 1.64E-02 1.48E-02 4.67E+04 27.92 71.52
2269 78 101 0.922 54.8 1.56E-02 1.49E-02 4.45E+04 26.61 76.08
2553 81 103 0.921 57.3 1.49E-02 1.51E-02 4.26E+04 25.47 80.59
2837 85 105  0.920 59.6 1.44E-02 1.52E-02 4.09E+04 24 .46 85.04
|
N 1. ‘ﬂL; /:’ﬂ
N JUrpigasy dole 7 -
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T/ R\ [T, DS . § \°S
fsa ™ (Z) | (Mair) (pSL) (fM ‘L Vg Zav* Tav) ' [(plif - ptz . es) . (85 = 1)]
By defining the tubing constant Cy:
- R 05 T.. D5 0.5 S.eS 0.5 EQ. A-24
CT - (Z) ' (m) . (psc) . (‘ﬁff‘f L- Yg° Zay* Tav) ' (eS - 1)
This yields:
2 0.5 EQ. A-25
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DETERMINING FRICTION FACTORS FOR MEASURING

PRODUCTIVITY OF GAS WELLS

R. V. SMITH, U. S. BUREAU OF MINES, BARTLESYILLE, OKLAHOMA
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flowing bottom-hole pressure, pwf, [bara]
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