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1. Introduction

A study was made based on suggestions made by Kent S.
Sorenson (1992) on improving the applicability and ease of usage of
the wellbore simulators HOLA, GWELL and GWNACL (Bjornsson,
1987; Aunzo et al., 1991). The study concentrated mainly on the
usage of Option 2 (please refer to the User's Guide; Aunzo et al.,
1991) and modeling flow of superheated steam when using these
computer codes. Amendments were made to the simulators to allow
implementation of a variety of input data. A wide range of input data
was used to test the modifications to the codes. The study did not
attempt to modify or improve the physics or formulations which
were used in the models. It showed that a careful check of the input
data is required. This report addresses these two areas of interest:
usage of Option 2, and simulation of wellbore flow of superheated
steam.

2. Supplements to Option 2

The discussions and amendments described in this section
apply to all three simulators. In Option 2 calculations are carried out
from bottom to top to obtain a required wellhead pressure and other
wellhead parameters (i.e., wellhead enthalpy, flowrate, temperature,



and gas or dissolved solids content). Using known reservoir
parameters the flowing bottomhole pressure is varied until the
calculated wellhead pressure is close to the required wellhead
pressure. The input in Option 2 includes:

- required wellhead pressure

- inidal guess for flowing bottomhole pressure of the deepest
feedzone

- calculation step for bottomhole pressure changes

- maximum allowable error in wellhead pressure (difference

between required and calculated wellhead pressures)

- feedzone parameters: reservoir pressure, temperature (or
enthalpy), productivity index and mass fraction of gas or
dissolved solids.

- well geometry

- rock thermal properties

Starting with an initial guess to the bottomhole pressure for the
deepest feedzone, iterations are performed to calculate the
thermodynamic parameters along the well and obtain the wellhead
pressure within the maximum specified error. At the start of the
calculation, the use of the guessed bottomhole pressure could result
in a wellhead pressure which is lower or higher than the required
wellhead pressure. The iteration scheme in Subroutine "ITHEAD" is
then used to decide whether the next step is to reduce or increase
the bottomhole pressure. Once the direction of the iteration is
decided, the scheme may quickly converge to the bottomhole
pressure which results in an acceptable wellhead pressure. If the
iteration is not converging, the scheme decides what action to take
next. The elaborate scheme was designed to accommodate different
possible iteration directions. When it works smoothly the model is
fast and accurate. However, because the input data are diverse, the
correct solution may not be obtained in every case. In this study the
iteration scheme was tested using a variety of input data. The tests
and the modifications made are discussed below.



During the iterations to obtain a wellhead pressure within the
prescribed error range, the bottomhole pressure of the deepest feed
is varied, and the difference between the required and calculated
wellhead pressures (DIFF) is recorded. As iterations progress, DIFF
may change sign. In the old version iterations were stopped and an
output was obtained corresponding to the last DIFF. As pointed out
by Sorenson (1992), the calculated wellhead pressure may not be
within the specified error limit, particularly when large step sizes are
used. In the present study methods were investigated to remedy this
situation. Most of the necessary modifications were made in
Subroutine "ITHEAD".

The first attempt was to divide the step size in bottomhole
pressure change (PSTEP) by two whenever a sign change in DIFF
occurred, and let the iteration continue. However, this resulted in
DIFF oscillating between positive and negative values, causing other
problems within the code. Because other calculations and fluid
property evaluations within the code have their own iterative
procedures, the modification was not acceptable. This is particularly
true when superheated steam is involved.

The option which was found acceptable was to assign a reduced
constant step size (PSTEP) and continue iteration in the opposite
direction (i.e., changing from increasing to decreasing bottomhole
pressure, or vice versa). For this purpose reducing the step size by a
factor of ten was found acceptable. Thus, if a sign change in DIFF
occurs, PSTEP is reduced by a factor of ten and the calculation
allowed to continue in the opposite direction. For most cases this will
result in the desired solution. However, if the selected maximum
error in wellhead pressure is very small, DIFF may not converge to
the required solution. This could happen if the desired maximum
error in wellhead pressure is very small or if the step size is very
large. In both cases the sign of DIFF may again change. In the present
set-up, iterations are stopped if the sign changes twice. It then
becomes easier to make changes in the input file. The code already



has so many options that additional options may interfere with the
existing ones.

One solution to the above problem is to reduce the size of
PSTEP in the input file. If the sign of DIFF changes, PSTEP will be
reduced by a factor of ten, which would allow much smaller
bottomhole pressure changes and the desired solution could be
obtained. An alternative solution to the problem would be to use a
reasonable maximum allowable error in wellhead pressure. It is
worth noting that the different calculation schemes within the code
have their own error limits, and a very small overall error limit may
not be attainable.

Another area of the study involved making the iteration
scheme more reliable. In the old version, for some input data,
solutions could not be obtained mainly due to convergence problems.
Modifications have now been made in the iteration scheme to
improve convergence.

With the modified codes, an efficient use of Option 2 will result
in the desired wellhead pressure without major problems. This
requires a careful selection of the maximum error between
calculated and required wellhead pressures, step size (PSTEP), initial
bottomhole pressure, and feed zone characteristics. For example, too
high a mass flowrate would result in choking. Care must be taken
when modeling the flow of superheated steam using this option, as
discussed below.

3. Simulating Flow of Superheated Steam

The application of the simulators to model wellbore flow of
superheated steam was also studied. As dissolved solids are assumed
to remain in the liquid phase, the simulator GWNACL was not
included in the study. The simulators were designed to handle
superheated steam, although more emphasis was given to two-phase



and single phase liquid. Consequently, the User's Guide (Aunzo et al.,
1991) has very little reference to modeling flow of superheated
steam.

To use the existing simulators to model wellbore flow under
superheated conditions required a cautious use of input data, as well
as modifications of some subroutines. As an example, problems
encountered in modeling flow of superheated steam using the
simulator GWELL with Option 2 are discussed here. Simulations were
carried out for selected input data. The correct solution was not
always obtained. In the cases where output was not obtained,
messages such as "choking" and "pressure less than zero" were
displayed. A closer look at the subroutines shows other problems as
well. In the iteration scheme described in Section 2, temperature,
pressure or both could attain high values and go out of bounds. The
fluid property equations have limits which do not allow excessive
values of pressure and temperature. Upon checking the subroutines
in GWELL and the input and output files, the problems could be
traced to:

(a.) Input data. Excessive fluid velocities could, for example, be
caused by assigning very high mass flowrates and small pipe radii.
Too low a bottomhole pressure or a large step size also have a similar
effect.

(b.) Limits set in the subroutines. A maximum temperature of 374.15
°C had been set.

To address the problem discussed in part (b) above, changes
were made in relevant subroutines. The modifications described
below apply to both Options 1 and 2. As pointed out by Sorenson
(1992), the code had limitations in the handling of superheated
steam. These were mostly due to limits set for fluid properties. As
also pointed out by Sorenson(1992), one of these limits was in
Subroutine "GENERAL" for critical flow. This subroutine checks for
the critical point of water. The criterion used was based on



temperature only. However, the critical point of water is defined by
both p= 212.2 bar and T= 374.15 °C. The pressure criterion has been
added in the subroutine "GENERAL". Similar changes were made in
other subroutines also.

Other limits are in the equations of state used to evaluate fluid
properties. For water, the steam table equations used by the
reservoir simulator MULKOM (Pruess, 1983) were adopted. The
property equations were originally given by the International
Formulation Committee (1967). The simulator GWELL, which handles
non-condensable gases, uses equations of state for the CO,-HyO
system . These equations have specified accuracy and usage ranges
(please refer to the User's Guide; Aunzo et al., 1991 for individual
equations). Thus, the use of these equations is limited to their
individual specific temperature and pressure ranges. As mentioned
above, very high temperatures may be encountered during the
iterations even if the converged final temperatures are within limits.
But the existing codes do not allow the temperature to go beyond
374.15 °C and in such occasions the iteration process was stopped.
The maximum temperature has now been set to 500 °C.

4. Exercises Using Option 2

The following are example problems using the modified
simulators HOLA and GWELL with Option 2. The first ten example
problems are based on Sample 3, described on page 97 of the User's
Guide, (Aunzo et al., 1991). In these example problems the well has
liquid conditions at bottomhole, and flashing occurs inside the well.
The well has three feed zones. Only HOLA was used for these
problems. Problems 11 and 12 are examples of modeling flow of
superheated steam using the simulators HOLA and GWELL. In these
two cases superheated conditions exist in the entire well, from
bottomhole to wellhead. Selected input and output files are shown on
pages 11 to 28.



Summary of Sample 3 input data (from User's Guide; Aunzo et al.,
1991):

Required wellhead pressure ' 30 bar
Inital bottomhole pressure of the deepest feed 141 bar
Bottomhole temperature of the deepest feed 290 °C
Maximum error in wellhead pressure 1 bar
Step size for the bottomhole pressure, PSTEP 0.02 bar

A complete list of the input and output files for Sample 3 are
shown on pp. 97 - 102 of the User's Guide. As indicated above, the
next ten example problems used Sample 3 as a base, and values of
PSTEP and bottomhole pressure were varied. In each exercise only
one parameter was changed at a time, keeping all others constant. In
all the problems the maximum wellhead pressure was set at 0.1 bar.
The results are summarized below.

Example problem (1): PSTEP = 1 bar
- The calculated wellhead pressure was within the specified
maximum error limit.

Example problem (2): PSTEP = 9 bar
- Results were similar to (1).

Example problem(3): PSTEP = 15 bar
- The solution was acceptable although the error in wellhead
pressure was slightly higher than prescribed. Reducing PSTEP
would result in better accuracy.

Example problem(4): PSTEP = 30 bar
- No solution was obtained because the bottomhole pressure
was too low. The large step size in change of bottomhole
pressure lowered the pressure too much. Selection of such a
large step size should be avoided.

Example problem(5): PSTEP = 0.1 bar



- The step size was too small to obtain a solution within the
maximum allowed 50 iterations (value fixed in the code).
Convergence was too slow and thus a larger step size would
be required.

Example problem(6): Bottomhole pressure = 151 bar; PSTEP = 2 bar
- Because the bottomhole pressure of the deepest feed was

higher than what had been used in Sample 3 (i.e., 141 bar),
one might also expect a higher calculated initial wellhead
pressure. However, due to interactions with the other feed
zones and because flashing occurred at a much higher
elevation, the calculated wellhead pressure corresponding to
the initial bottomhole pressure was even lower than required.
A solution was not obtained. An increase in PSTEP or a
reduction in bottomhole pressure, given in the input, would
be required.

Example problem(7): Bottomhole pressure = 151 bar; PSTEP = 4 bar
- The final calculated wellhead pressure was within the
specified error limit.

Example problem(8): Bottomhole pressure = 101 bar; PSTEP = 2 bar
- No solution was obtained. The selected bottomhole pressure
was too low and choking occurred.

Example problem(9): Bottomhole pressure = 121 bar; PSTEP = 3 bar
- The calculated wellhead pressure was within the specified
error limit,

Example problem(10): Bottomhole pressure = 121 bar; PSTEP = 1 bar
- A solution was not reached within the allowed 50 iterations.
The initial bottomhole pressure was much lower than the
required final value, and the step size was small. An increase
in either PSTEP or bottomhole pressure or both, would solve
the problem.



Example problem(11): Simulation of superheated steam using Option
2 (HOLA was used)
- The calculated wellhead pressure was within the specified
error. A careful selection of bottomhole pressure and step size
was required. Care was taken not to let the bottomhole

pressure drop too low.

Example problem(12): Simulation of superheated steam using Option
2 (GWELL was used)
- Similar results were obtained as in Example problem (11).
The simulation time was longer for this case because it
included CO; in the calculations.

5. Conclusion

The study showed that the wellbore simulators HOLA, GWELL
and GWNACL needed some modifications, mainly to improve the
performance of the iteration scheme in Option 2 and modeling flow
of superheated steam. The simulators were tested after the
modifications were made and the results are better. More studies are
required to further improve performance of the simulators.
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Exampkle Problem (1) Output File

**t**************r***************************************************************************************************************t

HOLA - MODEL RESULTS

LR R SRR R RS EEEEREEEEREEREREEEREEEEEIIEEERERASSERRESRERRERES R REEEEE SRR ERERRRREE R R R R Y R R R T R R T I S I R S AUV U U PR

- Option 2 used -

Wellhead pressure

Wellhead tempe
Wellhead dryne
Wellhead entha
Wellhead total

Feedzone no:

Enthalpy (kJ/kg)

( bar abs. ) 29.94
rature { C ) 233.73
ss 0.234
lpy ( kJ/kg ) 1428.16

flow ( kg/s ) 45,12
Depth (m) Flow (kg/s)
1110.0 11.2317
2010.0 19.8708
2530.0 14.0210

Res.Pres

100.000
135.000
153.500

{Bar)

Satur.
0.500000E-12
0.800000E-12
0.500000E-12

***rr*****************t*-x***************************************************************************************************r*****

Depth

0.
25.
50.
75.

100.
125.
150.
175.
200.
225.
250.
275.
300.
315.
330.
345,
360.
375.
390.
405.
420.
435.
450.
465.

(m) Press (Pa) Temp (C) Dryness Hw (J/kg)
2994132, 233.73 0.23422 1007841.
3032454. 234.44 0.23293 1011177.
3070840. 235.14 0.23165 1014489.
3109300. 235.83 0.23038 1017778.
3147842. 236.52 0.22911 1021050.
3186475. 237.21 0.22784 1024301.
3225208. 237.89 0.22658 1027534.
3264049. 238.56 0.22533 1030750.
3303007. 239.23 0.22407 1033950.
3342089. 239.90 0.22282 1037135.
3381305. 240.57 0.22157 1040306.
3420663. 241.23 0.22033 1043463.
3460170. 241.88 0.21908 1046609.
3483949. 242.28 0.21834 1048491.
3507778. 242.67 0.21759 1050368.
3531668. 243 .06 0.21685 1052242.
3555591. 243.45 0.21610 1054110.
3579579. 243.84 0.21536 1055974.
3603585. 244.22 0.21461 1057832.
3627657. 244.61 0.21387 1059687.
3651731. 244.99 0.21313 1061534.
3675874. 245.37 0.21239 1063378.
3700002. 245.75 0.21165 1065213.
3724200. 246.13 0.21091 1067045.

[oNeoNeNoNeReNeRolNoNeNeNolNeNoNoNoNoNoNoNoNoNoNe]

Hs (J/kg)

2802403,
2802434.
2802455.
2802467,
2802469.
2802463.
2802447.
2802423.
2802389.
2802347.
2802297.
2802238.
2802170.
2802126.
2802078.
2802027.
2801974.
2801917.
2801858,
2801795.
2801730.
2801662.
2801591.
2801517.

Vw

13.74
13.53
13.32
13.12
12.92
12.72
12.53
12.35
12.16
11.99
11.81
11.64
11.47
11.37
11.27
11.18
11.08
10.99
10.89
10.80
10.71
10.62
10.53
10.44

{m/s)

Vs

20.
19.
19.
19.

18

18.

(m/s) Dw (kg/m3), Ds

11
77
45
14
.83
53

822.29
821.32
820.36
819.41
818.46
817.51
816.57
815.63
814.69
813.75
812.82
811.88
810.95
810.39
809.84
809.28
808.72
808.17
807.61
807.06
806.50
805.95
805.40
804.85

14.98
15.17
15.36
15.56
15.75
15.95
16.14
16.34
16.53
16.73
16.93
17.13
17.33
17 .45
17.57
17.70
17.82
17.94
18.06
18.18
18.31
18.43
18.55
18.68

(kg/m3)

H_t (J/kg)

1428163.
1428420.
1428676.
1428932,
1429187.
1429443.
1429698.
1429952.
1430207.
1430461.
1430715.
'1430969.
1431223,
1431373.
1431524.
1431674.
1431824.
1431974.
1432124.
1432274.
1432422.
1432571.
1432719.
1432867.

Rad

= NeNoNeNoNoNoNeoNeoNoNoNoNoNoNoRe No e Ne No e Mo e No

.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110

(m)

Reg

S1
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu

[T



480.
495.
510.
525.
540.
555.
570.
585.
600.
615.
630.
645.
660.
675.
690.
705.
720.
735.
750.
775.

«©
o
(@]

825.

850.

875.

900.

910.

935.

960.

985.
1010.
1035.
1060.
1085.
1110.
1110.
1135.
1160.
1185.
1210.
1235.
1260.
1285.
1310.
1335.
1360.
1385.
1410.
1435,
1460.
1485.
1510.
1535.

[eRepeojoleNeNeNeNoloNoNoNeNoNoNeNoNeNeNeNoNo oo NeNeoNoNeoRoNoNeNeoNoNeoNeNoNeNoNeoNeoReNoNoNeNoNoNeNoNeNo Na o]

3748365.
3772603.
3796787.
3821046.
3845232.
3869494.
3893661.
3917906.
3942034.
3966241.
3990308.
4014455.
4038438.
4062501.
4086377.
4110332.
4134074.
4157896 .
4181480.
4220961.
4260669 .
4300608.
4340787.
4381212.
4421889.
4438233.
4503139.
4552494.
4601977.
4651600.
4701374.
4751310.
4801420.
4851715.
4851715.
4942066.
5036625 .
5135915.
5240572.
5351375.
5469307.
5595626.
5731999.
5880709 .
6045030.
6212580.
6374999.
6537451,
6699937.
6862455.
7025006.
7187591.

246.
246.
247.
247.
248.
248.
248.
249.
249.
249.
250.
250.
250.
251.
251.
251.
252.
252.
252.
253.
254.
254.
255.
255.
256.
256.
257.
258.
258,
259.
260.
260.
261.
262.
262.
263.
264.
265.
266.
268.
269.
271.
272.
274.

[eNeoNeNeNoNoNeoNoNeNsNeNoNeoNoNoNeNoNeoNoNoNoNoeNeoNeBeoRoNoNoNoNeNoNoNoNoNoNeNeoNeoNoNoNoNeNeoNoNeNoNoNeoNeNo N ol e

.21018
.20944
.20871
.20797
.20724
.20652
.20579
.20506
.20434
.20362
.20290
.20219
.20148
.20076
.20006
.19935
.19865
.19795
.19726
.19611
.19495
.19379
.19263
.19146
.19029
.18982

18784

.18641
.18498
.18355
.18212
.18069
.17927
.17784
.04868
.04552
.04221
.03874
.03510
.03125
.02716
.02278
.01806
.01292
.00724
.00000
.00000
.00000
.00000
.00000
.00000
.00000

1068867.
1070687.
1072496.
1074302.
1076096.
1077887.
1079665.
1081441.
1083201.
1084961.
1086703.
1088444.
1090166.
1091888.
1093590.
1095291.
1096971.
1098650,
1100306.
1103065.
1105824.
1108582.
1111340.
1114098.
1116859.
1117963.
1122323.
1125613.
1128888.
1132150.
1135401.
1138640.
1141870.
1145091.
1145091.
1150825.

1156757. -

1162913.
1169324.
1176027.
1183069.
1190513.
1198438.
1206954.
1216218.
1227781.

1227993

1228205.
1228417.
1228629.
1228842.
1229054.

2801441.
2801362.
2801280.
2801195.
2801108.
2801018.
2800926.
2800832.
2800735.
2800635.
2800534.
2800430.
2800324.
2800215.
2800105.
2799993.
2799879.
2799763.
2799645.
2799444.
2799235.
2798020.
2798797.
2798567.
2798330.
2798233.
2797838.
2797528.
2797210.
2796882.
2796545.
2796199.
2795844.

2795479

2795479.
2794805.
2794073.
2793276.
2792405.
2791451.
2790398.
2789229.
2787921.
2786443.
2784746.
2782951.

e NeNoNoNeNel

B e
cooo o

00 OO OoOMOEWWWWIWWIWWIWWLWWWYW

PRRERRERPRPPODRDOMDDWLLWWW

14.
14.
14.
14.
14.
14.
14.
14.
13.
13.
13.
13.
13.
13.
13.
13.
13.
12.
i2.
12.
12.
12.
12,
11.
11.
11.
17.
17.
17.
17.
16.
16.
16.
16.

O OO0 O OO NNDWIWLW L D I A

804.30
803.75
803.21
802.66
802.12
801.58
801.04
800.50
799.96
799.43
798.90
798.36
797 .84
797.31
796.79
796.27
795.75
795.24
794.73
793.88
793.02
792.17
791.31
790.46
789.60
789.25
787.89
786.86
785.83
784.80
783.78
782.75
781.73
780.71
780.71
778.88
776.98
775.00
772.93
770.76
768.46
766.02
763.41
760.58
757.49
753.54
753.70
753.86
754.02
754.17
754.33
754.49

1433014.
1433160.
1433306.
1433452,
1433596.

1433740

1433882.

1434025

1434166.
1434306.
1434445.
1434584.
1434721.
1434857.
1434992.
1435126.
1435258.
1435390.
1435520.
1435737.
1435954.
1436171,
1436388.
1436605,
1436821.
1436907.
1437052.
1437272.
1437492.
1437712.
1437932.
1438151.
1438371.
1438590.
1225439.
1225652.
1225865.
1226078.
1226291.
1226504.
1226717.
1226930.

1227143.
1227356.
1227568.
1227781.
1227993.

1228205.
1228417.
1228629,
1228842,
1229054.

.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
0.087
0.087
0.087
0.087
0.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087

leNeoNeNeNeoNoleoNoNoNeoNeoNeoNeoRoReNelle NolloBeNeoNeoNeoNoNeoNoRe NoNoNoNeNoNolNoNel el

CoOoooooo0o o
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1560.
1585.
1610.
1635.
1660.
1685.
1710.
1735.
1760.
1785.
1810.
1835.
1860.
1885.
1910.
1935.
1960.
1985.
2010.
2010.
2035,
2060.
2085.
2110.
2135,
2160.
2185.
2210.
2235.
2260.
2285.
2310.
2335.
2360.
2385,
2410.
2435.
2460.
2485.
2510.
2530.
2530.

oo NoNeoRoReNeoNeNeNoReNoNoNoeNoNoloNoNeoNeNeNelolNoNoNeNeo oo Ne oo Neololo e NeoNe oo RolNo]

7350208.
7512859.
7675542.
7838258.
8001007.
8163789.
8326604.
8489451.
8652330.
8815243.
8978187.
9141164.
9304174.
9467216.
9630290.
9793397.
9956535.
1011970s6.
10282909.
10282909.
10440608.
10598340.
10756107.
10913908.
11071742.
11229611,
11387513.
11545450.
11703420.
11861424.
12019461.
12177532.
12335637.
12493775.
12651947.
12810152,
12968390.
13126662.
13284967.
13443306.
13570000.
13570000.

278.
278.
278,
278.
278.
278.
278.
279.
278%.
279.
279.
279.
279.
279.
279.
279.
278.
279.
279.
288.
288.
288.
288.
288.
288.
288.
288.
289.
289.
289.
289.
289.
289.
289.
289.
289.
289.
289.
289.
289.
289.
289.

[eNeNoRNeRoNoNeNeNoNoNoNoNoReNeoNoNeNeoNe e NeNe NolNeNo e NoNeNeoleNe e Ne e Nele e Ne oo No o)

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

1229266.
1229478.
1229691.
1229903.
1230115.
1230327.
1230539.
1230752.
1230964.
1231176.
1231388.
1231601.
1231813.
1232025.
1232237.
1232450.
1232662.
1232874.
1233086.
1279977.
1280189.
1280401.
1280613.
1280825.
1281038.
1281250.
1281462.
1281674.
1281886.
1282099.
1282311.
1282523.
1282735.
1282947.
1283160.
1283372.
1283584.
1283796.
1284008.
1284221.
1284390.
1284390.

2802398.
2802398,

o NeoNeNeoNeNoNeNeNeNeNoNeoNoNoNeoNeNoNe NolleNo e NelloNeloBooNeNeoNe No e NeNeNollelNe No Nol

OO0 0000000000000 OCOOOOOCORPREREPEEBREPPRREPEPEPR PP R

[SS 8

[ NeNoNeReNoNeNelleNoNeNoNoNoNeNeNoNeoNe No e NeReNo e NeoloBoNe Ne oo Ne NeNoNeoNeNo oo e Ne]

754.
754.
754.
755.
755.
755.
755.
755.
755.
756.
756.
756.

756

756.

756

756.
757.
757.
757.
740.
740.
740.
740.
741.
741.
741.
741.

741

741.
741.

742
742

742.
742.
742.

742

743.
743.
743.
743,
743.
743.

'

[y

[N NeNeoNeNeNeNeNoNoNoNoNeNeolNeNeNoNeoNe NolloNeNe NelloBeRe oo NeoNoNoNoNoNeNeolleNoleNolNe ol

1229266.
1229478.
1229691.
1229903.

1230115.

1230327.
1230539,
1230752.
1230964.
123117s6.
1231388.
1231601.
1231813.
1232025.
1232237.
1232450.
1232662.
1232874.
1233086.
1279977.
1280189,
1280401.
1280613.
1280825.
1281038.
1281250.
1281462.
1281674.
1281886.
1282099.

1282311

1282523.
1282735.
1282947.
1283160.
1283372.
1283584.
1283796.
1284008.
1284221.
1284390.
1284390.

loNeNeoNeoNsNeNeReBoeNoNeRoeNoloBeleNelleolo oo NoeRoRBeloNoNeNe N oloNoeNoNeNeNoNeoNeoNeNeoNoNo Mol

.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087

et



14

P required Max Error Step size Pbott Max Pbott min
(bars) (bars) {(bars) (bars) (bars)
30.0000 0.1000 1.0000 152.5000 30.0000

It no P bottom P top Difference Q top H top

(bars) (bars) (bars) (kg/s) (kJ/kg)
0 141.0000 33.0529 3.0529 37.075 1446.516
1 140.0000 32.6292 2.6292 38.559 1443.362

2 133.0000 31.9346 1.9346 40.111 1439.388

3 138.0000 31.3297 1.3297 41.635 1435.853

4 137.0000 30.7185 0.7185 43.156 1432.411

5 136.0000 30.2472 0.2472 44.639 1429.588

6 135.0000 29.5482 ~-0.4518 46.173 1426.066

7 135.1000 29.6068 -0.3932 ~ 46.022 1426.368

8 135.2000 29.6648 -0.3352 45.872 1426.670

S 135.3000 29.7222 -0.2778 45.722 1426.971

io0 135.4000 29.7790 -0.2210 45.572 1427.270

11 135.5000 29.8336 -0.1664 45.423 1427.569

12 135.6000 29.8877 -0.1123 45.273 1427.866

13 135.7000 29.9413 ~-0.0587 45.123 1428.163



Example Problem (9) Output File

AR AR A R R EEEEREEEEEEEEREREEEEER SRR RS RERR SRS R RS RtERE R E R Ry X R Yy Y R R R R R I T T

HOLA - MODEL RESULTS

LR R R R AR RS RS R AR E R AR EEEREREREREESRRRRS R RER RS EEEREERREERRR LRSS R R R R R R R R R LR R R R R L ER SRR T R IR TR R IR I IR I P O P I g

- Opﬁion 2 used -

Wellhead pressure ( bar abs.

Wellhead temperature ( C )
Wellhead dryness
Wellhead enthalpy ( kJ/kg )

Wellhead total flow ( kg/s )

Feedzone no: Depth (m)
1 1110.0
2 2010.0
3 2530.0

Flow

)

11.2317
19.8708
14.0210

(kg/s)

29.94
233.73
0.234
1428.16
45.12

Enthalpy (kJ/kg)

Res.Pres (Bar) Satur.
0.500000E-12
0.800000E-12
0.500000E-12

100.000
135.000

Prod. Ind.

(m3)

R R R R R R R R R R R R R R R R R R R R R R SR SRR S S RS R RS R R R RS RS R AR R AR SRR E Rl R SRR E Rl A SRR Rl SRR RS R R R EREREREEERESE X

Depth

0.
25.
50.
75.

100.
125.
150.
175.
200.
225.
250.
275.
300.
315.
330.
345.
360.
375.
390.
405.
420.
435.
450.

(m) Press (Pa) Temp {(C) Dryness

leNeoNeoReRoNoNoNeoRoNeNoNoNoNoNoNoNeRNeRolleoNolNoNol

2994132. 233.73 0.23422
3032454. 234.44 0.23293
3070840. 235.14 0.23165
3109300. 235.83 0.23038
3147842. 236.52 0.22911
3186475. 237.21 0.22784
3225208. 237.89 0.22658
3264049. 238.56 0.22533
3303007. 239.23 0.22407
3342089. 239.90 0.22282
3381305. 240.57 0.22157
3420663. 241.23 0.22033
3460170. 241.88 0.21908
3483949. 242.28 0.21834
3507778. 242.67 0.21759
3531668. 243.06 0.21685
3555591. 243.45 0.21610
3579579. 243.84 0.21536
3603585. 244.22 0.21461
3627657. 244.61 0.21387
3651731. 244.99 0.21313
3675874. 245.37 0.21239
3700002. 245.75 0.21165

Hw (J/kg)

1007841.
1011177.
1014489.
1017779.
1021050.
1024301.

1027534

.

1030750.
1033950.
1037135.
1040306.
1043463.
1046609.
1048491.
1050368.
1052242.
1054110.
1055974.
1057832,
1059687.
1061534.
1063378.
1065213.

Hs (J/kg)

2802403.
2802434.
2802455.
2802467.
2802469.
2802463.
2802447.
2802423.
2802389.
2802347.
2802297,
2802238.
2802170.
2802126.
2802078.
2802027.
2801974.
2801917.
2801858.
2801795.
2801730.
2801662.
2801591,

13
13
13
13
12
12
12
12

12.
11.
11.
11.
11.
11.
11.
11.
11.
10.
10.
10.
10.
10.
10.

.74
.53
.32
.12
.92
.72
.53
.35

20.
19.
19.
19.
18.

11

822.
821.
820.
819.
818.
817.
816.
815.
814.
813.
812.
811.
810.
810.
8089.
809.
808.
808.
807.
807.
806.
805.
805.

14.
15.
.36
15.
.75
.95
.14

15

15

Vw (m/s) Vs (m/s) Dw (kg/m3} Ds (kg/m3)

98
17

56

H_t (J/kg)

1428163.
1428420.
1428676.
1428932,
1429187.
1429443,
1429698.
1429952.
1430207.
1430461.
1430715.
14309689.
1431223.
1431373.
1431524.
1431674.
1431824.
1431974.
1432124.
1432274.
1432422.
1432571.
1432719,

Rad

(eleReNoNoNoNoNoNoNoNeoNoNoNoNoNolloNeNoNoNoNoNe

.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110

(m)

Reg

Sl
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu
Bu

Bu

Bu

Bu

ST



465.
480.
495.
510.
525.
540.
555.
570.
585.
600.
615.
630.
645,
660.
675.
690.
705.
720.
735.
750.
775.
800.
825.
850.
875.
300.
910.
935.
960.
985.
1010.
1038,
1060.
1085.
1110.
1110.
1135.
1160.
1185.
1210.
1235.
1260.
1285.
1310.
13365.
1360.
1385.
1410.
1435.
1460.
1485.
1510.

[eNeoNoNeNoNolNoNeNoNe e oo NeNeNoNoNoNoNoeNoNeNoNoNoNeNoNoNoNeoNoNeoNeNoNeNoNoNeRoNeoNoeNoNeoNoNoNoNoNe NoNeNe Neol

3724200.
3748365.
3772603.
3796787.
3821046.
3845232.
3869494.
3893661.
3917906.
3942034.
3966241.
3890308.
4014455.
4038438.
4062501.
4086377.
4110332.
4134074.
4157896.
4181480.
4220961.
4260669,
4300608.
4340787.
4381212.
4421889.
4438233.
4503139.
4552494.
4601977.
4651600.
4701374.
4751310.
4801420.
4851715.
4851715.
4942066.
5036625.
5135915,
5240572.
5351375.
5469307.
5595626.
57319989.
5880709 .
6045030.
6212580.
6374999.
6537451.
6699937.
6862455,
7025006.

246.
246.
246.
247.
247.
248.
248.
248.
249.
249.
249.
250.
250.
250.
251.
251.
251.
252.
252.
252.
253.
254.
254.
255.
255.
256.
256.
257.
258.
258.
259.
260.
260.
261.
262.
262.
263.
264.
265.
266.
268.
269.
271.
272.
274.
276.
277.
278.
278.
278.
278.
278.

[eNeNeNoeNaNeNeolNole e NeNoNeoNoNeNeNeleNoNeoNeolleBoleleNeReNoNeNeoNeoNoNeoNeoNeNeleoNololNe NoNeoNeNoNeoRo o Neo oo Ro Ne)

.21091
.21018
.20944
.20871
.20797
.20724
.20652
.20579
.20506
.20434
.20362
.20280
.20219
.20148
.20076
.20006
.19935
.19865
.19795
.19726
.19611

19495

.19379
.19263
.19146
.19029
.18982
.18784
.18641
.18498
.18358
.18212
.18069
.17927
.17784
.04868
.04552
. 04221
.03874
.03510
.03125
.02716
.02278
.01806
.01292
.00724
.00000
.00000
.00000
.00000
.00000
.00000

1067045.
1068867.
1070687.
1072496.
1074302.
1076096.
1077887.
1079665.
1081441.
1083201.
1084961.
1086703.
1088444.
1090166.
1091888.
1093590.
1085291.
1096971.
1098650.
1100306.
1103065.

1105824

1108582.
1111340.
1114099.
1116859.
1117963.
1122323.
1125613.
1128888.
1132150.
1135401.
1138640.
1141870.
1145091.
11450091.
1150825.
1156757.
1162913.
1169324.
1176027.
1183069.
1190513.

1198438.
1206954.
1216218.
1227781.
1227993.
1228205.
1228417.
1228629.
1228842.

2801517.
2801441.
2801362.
2801280.
2801195.
2801108.
2801018.
2800926.
2800832.
2800735.
2800635.
2800534.
2800430.
2800324.
2800215.
2800105.
2799993.
2799879.
2799763.
2799645.
2799444.
2799235.
2799020,
2798797.
2798567.
2798330.
2798233.
2797838.
2797528,
27897210.
2796882.
2796545.
2796199.
2795844,
2795479,
2795479,
2794805.
2794073.
2793276.
2792405.
2791451,
2790398.
2789229.
2787921.
2786443.
2784746.
2782951,
2784114,
2782455,
2783966.
2782303,
2783942,

10.
10.
10.
10.
10.

Jury
MO MOMEO®M®DWWWWWWOWWWWWYWOVUO

[ e
WWWwWns s

PRHERBRPPLRDONMNODOMWWLLW LW

15.
14.
14.
14.
14.
14.
14.
14.
14,
13.
13.
13.
13.
13.
13.
13.
13.
13.
12.
12.
12.
12.
12.
12.
11.
11.
11.
17.
17.
17.
17.

16

PP
oo

LN NP NN WLWWLWLW LD

804.85
804.30
803.75
803.21
802.66
802.12
801.58
801.04
800.50
799.96
799.43
798.90
798.36
797.84
797.31
796.79
796.27
785.75
795.24
794.73
793.88
793.02
792.17
781.31
790.46
789.60
789.25
787.89
786.86
785.83
784.80
783.78
782.75
781.73
780.71
780.71
778.88
776.98
775.00
772.93
770.76
768.46
766.02
763 .41
760.58
757.49
753.54
753.70
753.86
754.02
754.17
754.33

18.68
18.80
18.93
19.05
19.18
19.30
19.43
19.55
19.67
19.80
19.92
20.05
20.17
20.30
20.42
20.55
20.67
20.79
20.92
21.04
21.24
21.45
21.66
21.87
22.08
22.29
22.38
22.72
22.98
23.24
23.50
23.77
24.03
24.30
24.57
24.57
25.05
25.55
26.09
26.65
27.25
27.90
28.59
29.34
30.16
31.07
32.01
31.41
32.27
31.49
32.35
31.50

1432867.
1433014.
1433160.
1433306.
1433452.
1433596.
1433740.
1433882.
1434025.
1434166.
1434306.
1434445.
1434584.
1434721.
1434857.
1434992,
1435126,
1435258.
1435390.
1435520.
1435737.
1435954,
1436171.
1436388.
1436605,
1436821.
1436907.
1437052,
1437272.
1437492,
1437712,
1437932,
1438151.
1438371,
1438590.
1225439,
1225652,
1225865.
1226078.
1226291,
1226504.
1226717.
1226930.
1227143.
1227356.
1227568.
1227781.
1227993.
1228205.
1228417.
1228629.
1228842.

Sl eReleNoNoNoNeoNoNeNoloNoNoNeoNoloNeNeNeNoNeoNeoNeNoNoNeNoleoNeoRoNole NoNeNeoNoNoNeNeoNoNoNoRoReReRoNoNoN oo e

.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
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1535.
1560.
1585.
1610.
1635.
1660.
1685.
1710.
1738.
1760.
1785.
1810.
1835.
1860.
1885.
1910.
1935.
1960.
1985.
2010.
2010.
2035.
2060.
2085.
2110.
2135,
2160.
2185.
2210.
2235.
2260.
2285.
2310.
2335,
2360.
2385.
2410.
2435.
2460.
2485.
2510.
2530.
2530.

[=NeoleNeNoNoNeleoNeNeNeNe NolloNeNoNeo e NeNoNoNo NoNeoNeoNeoNoNeoNe NoNoNoNoNeNeNo NeNeRe No o lo el

7187591.
7350208.
7512859.
7675542.
7838258.
8001007.
8163789.
8326604.
8489451,
8652330.
8815243.
8978187.
9141164.
9304174.
9467216.
9630290,
9793397.
9956535.
10119706.
10282909.
10282909.
10440608.
10598340.
10756107.
10913908.
11071742.
11229611.
11387513,
11545450.
11703420.
11861424.
12019461.
12177532.
12335637.
12493775.
12651947,
12810152.
12968390.
13126662.
13284967.
13443306.
13570000.
13570000.

278.
278.
278.
278.
278.
278.
278,
278.
279.
279.
279.
279.
279.
279.
278.
279.
279.
279.
278.
279.
288,
288.
288.
288.
288.
288.
288.
288.
289.
288.
289,
289.
289.
289.
289.
289.
289.
288.
288.
289.
289.
289,
288.

leleBoNololeleNeNe Ne e Ne e Ho Ne Neo HoNeNaoNe e Ne NoNe Ne Ho No Ne NoNoNe Ne Be e NoNelNeNeoNoNeo NoNo e}

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

1229054.
1229266.
1229478.
1229691.
1229903.
1230115.
1230327.

1230539

1230752.
1230964.
1231176.
1231388.
1231601.
1231813.
1232025.
1232237.
1232450.
1232662.
1232874.
1233086.
1279977.
1280189.
1280401.
'1280613.
1280825,
1281038.
1281250.
1281462.
1281674.
1281886.
1282099,
1282311.
1282523.
1282735,
1282947.
1283160.
1283372.
1283584.
1283796.
1284008.
1284221.
1284390.
1284390.

2782151.
2783781.
2781992.
2791105.
2790113.
2789032,
2787846.
2786535.
2785074.
2783427.
2781629,

2802428.
2802428,

[eNeololeNeBoNeRoNoNeNoNoleNeNoNeoNeNolleNoNoNeoNoNeNoleNeNoNe e
WWOWOOQOOOOO0OO0OO0OO0OO00CO0OO0O00 0000000000000 OCOWEB MUINITVIOTNDWIN

COO00O0O0O0OOCOCOOO0COOOOOCOOOOOCRR R R P b

b

754.49
754.65
754.80
754.96
755.12
755.27
755.43
755.59
755.74
755.90
756.05
756.21
756.36
756.52
756.67
756.83
756.98
757.13
757.29
757 .44
740.35
740.52
740.68
740.84
741.00
741.16
741.32
741.48
741.64
741.80
741.96
742.11
742.27
742.43
742.59
742.75
742.91
743.06
743.22
743.38
743.53
743.66
743.66

MRS NeNeNeoNeoNeoNeNoNoBeoNoNeoNoNeNeleNeo o NoNoNoNoNoNeNeNoleNeNeNeRol

B

1229054.
1229266.
1229478.
1229691.
1229903.
1230115.
1230327.
1230539,
1230752.
1230964.
1231176.
1231388.°
1231601.
1231813,
1232025.
1232237.
1232450.
1232662,
1232874.
1233086.
1279977.
1280189.
1280401.
1280613.
1280825.
1281038.
1281250.
1281462.
1281674.
1281886.
1282099.
1282311.
1282523.
1282735.
1282947.
1283160.
1283372.
1283584.
128379s.
1284008.
1284221,
1284390.
1284390,

leNeoReoRoReNoNeReoNeBoRoNaeloNo e Ro oo e RoloReNoNolNoeNoeNoRoNoNoNoNoNoNoNeNoNeoNeoNoNoNoNe o)

.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087

L1
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P required Max Error Step size Pbott Max Pbott min
(bars) (bars) (bars) (bars) (bars)
30.0000 0.1000 3.0000 150.5000 30.0000

It no P bottom P top Difference Q top H top

(bars) (bars) (bars) (kg/s) {(kJ/kg)

0 121.0000 18.8119 -11.1881 67.286 1385.456
1 118.0000 15.6509 -14.3491 71.828 1375.745
2 124.0000 21.6250 ~8.3750 62.755 1394.025
3 127.0000 24.0720 ~-5.9280" 58.233 1402.507
4 130.0000 26.3641 -3.6359 53.691 1411.418
S 133.0000 28.3731 -1.6269 49.169 1420.222
6 136.0000 30.2472 0.2472 44.639 1425.588
7

135.7000 29.9413 -0.0587 45.123 1428.163



Example Problem (11)

—VOption 2 used -

7.0000E+05
28.00E+05
0.100E+05
2530.000
0.000
2800.000
1000.000
6.0480E+05
20
300.0 0.1102 4
30.0 0.1102 4
30.0 0.1102 4
30.0 0.1102 4
30.0 0.1102 4
30.0 0.1102 4
30.0 0.1102 4
30.0 0.1102 4
30.0 0.1102 4
30.0 0.1102 4
30.0 0.1102 4
30.0 0.1102 4
30.0 0.1102 4
30.0 0.1102 4
30.0 0.1102 4
30.0 0.1102 4
150.0 0.1102 4
10.0 0.1102 4
1600.0 0.0873 1
20.0 0.0873 1
4
0.0 25.00
1000.0 260.00
2000.0 310.00
2500.0 330.00
1
2530.0 32.00E+05

Input Data

.6E-5 25.0 90.0
.6E-5 15.0 88.0
.6E-5 15.0 86.0
.6E-5 15.0 84.0
.6E~5 15.0 82.0
.6E-5 15.0 80.0
.6E-5 15.0 78.0
.6E-5 15.0 76.0
.6E-5 15.0 74.0
.6E-5 15.0 72.0
.6E-5 15.0 70.0
.6E-5 15.0 68.0
.6E-5 15.0 66.0
.6E-5 15.0 64.0
.6E-5 15.0 62.0
.6E-5 15.0 60.0
.6E-5 25.0 60.0
.6E-5 10.0 60.0
.5E-5 25.0 60.0
.5E-~5 20.0 60.0

400.0E+00 1.E-11

19



Example Problem (11) Output File

*t******************************************************************************************************************************r*

HOLA - MODEL RESULTS

****************t***********************************************************************************************************rr:***
- Option 2 used -

Wellhead pressure ( bar abs. ) : 7.03

Wellhead temperature ( C ) : 369.24

Wellhead dryness : 1.000

Wellhead enthalpy { kJ/kg ) : 3204.49

Wellhead total flow ( kg/s ) : 7.50

Feedzone no: Depth (m) Flow (kg/s) Enthalpy (kJ/kg) Res.Pres (Bar) Satur. Prod. Ind. (m3)
1 2530.0 7.4983 3229.2 32.000 1.00 0.100000E-10

PR R R R R R AR R S R N R R R RS R R R E R R R RS R R RS R R LSRR SRS R EEE SRR RER ARttt SRRt sttt il Rl RRs st Rttt S s R RS EEREEEREEREES

Depth (m) Press (Pa) Temp (C) Dryness Hw (J/kg) Hs (J/kg) Vw (m/s) Vs (m/s) Dw (kg/m3) Ds (kg/m3) H_t (J/kg) Rad (m) Reg

0.0 702735. 369.24 1.00000 0. 3204486, 0.00 81.99 0.00 2.40 3204486. 0.110 ip
25.0 716050. 369.53 1.00000 0. 3204853, 0.00 80.48 0.00 2.44 3204853. 0.110 ip
50.0 729156. 369.81 1.00000 0. 3205212, 0.00 79.05 0.00 2.49 3205212. 0.110 1lp
75.0 742064. 370.08 1.00000 0. 3205564. 0.00 77.70 0.00 2.53 3205564. 0.110 1p

100.0 754783. 370.35 1.00000 0. 3205909. 0.00 76.41 0.00 2.57 3205909, 0.110 1p
125.0 767323. 370.62 1.00000 0. 3206247. 0.00 75.17 0.00 2.61 3206247. 0.110 ip
150.0 779691. 370.88 1.00000 0. 3206580. 0.00 74.00 0.00 2.66 32065890. 0.110 1p
175.0 791896. 371.14 1.00000 0. 3206908. 0.00 72.87 0.00 2.70 3206908. 0.110 ip
200.0 803943. 371.39 1.00000 0. 3207231, 0.00 71.80 0.00 2.74 3207231, 0.110 1p
225.0 815841. 371.64 1.00000 0. 3207550. 0.00 70.77 0.00 2.78 3207550, 0.110 1p
250.0 827594. 371.89 1.00000 0. 3207865. 0.00 69.78 0.00 2.82 3207865. 0.110 1p
275.0 839209. 372.13 1.00000 0. 3208176. 0.00 €8.82 0.00 2.86 3208176. 0.110 1p
300.0 850692. 372.37 1.00000 0. 3208484. 0.00 67.91 0.00 2.89 3208484. 0.110 ip
315.0 857521. 372.51 1.00000 0. 3208666. 0.00 67.38 0.00 2.92 3208666. 0.110 ip
330.0 864304. 372.66 1.00000 0. 3208848. 0.00 66.86 0.00 2.94 3208848. 0.110 ip
345.0 871043. 372.80 1.00000 0. 3209028. 0.00 66.35 0.00 2.96 3209028. 0.110 1p
360.0 877739. 372.94 1.00000 0. 3209208. 0.00 65.85 0.00 2.98 3209208. 0.110 1ip
375.0 884393. 373.08 1.00000 0. 3209386. 0.00 65.36 0.00 3.01 320938s. 0.110 1p
390.0 891004. 373.21 1.00000 0. 3209563. 0.00 64.88 0.00 3.03 3209563. 0.110 1p
405.0 897575. 373.35 1.00000 0. 3209739. 0.00 64.42 0.00 3.05 3209739. 0.110 ip
420.0 804105. 373.49 1.00000 0. 3209914. 0.00 63.96 0.00 3.07 3209914. 0.110 1p
435.0 910596. 373.62 1.00000 0. 3210088. 0.00 63.51 0.00 3.09 3210088. 0.110 ip
450.0 917047. 373.76 1.00000 0. 3210260. 0.00 63.07 0.00 3.12 3210260. 0.110 1ip
465.0 923461. 373.89 1.00000 0. 3210432. 0.00 62.64 0.00 3.14 3210432. 0.110 1p
480.0 929836. 374.02 1.00000 0. 3210602. 0.00 62.22 0.00 3.16 3210602. 0.110 1ip

0¢



495,
510.
525.
540.
555,
570.
585.
600.
615.
630.
645.
660.
675.
690.
705.
720.
735.
750.
775.
800.
825.
850.
875.
900.

e
[ars
o

935.

960.

985.
1010.
1035.
1060.
1085.
1110.
1135.
1160.
1185.
1210.
1235.
1260.
1285.
1310.
1335.
1360.
1385.
1410.
1435.
1460.
1485.
1510.
1535.
1560.
1585.

[olejejalie el Nsl 2R NoReleNoleNeoleNoNeoNoNeolNoNeNoeNoNeNeo NoNoNoNeNeoNeNolloNeNollo No No e NoNoNoNoNeNeo Neo Ne)

936175.

942476.

848742.

954971.

8961167.

967325.

973452.

979543,

985602.

991626.

997620.
1003579.
1009509.
1015403.
1021270.
1027102.
1032907.
1038677.
1048237.
1057727.
1067150.
1076506.
1085797.
1095025.
1098699.
1132501.
1155342.
11777%94.
1199878.
1221614.
1243017.
1264105,
1284892.
1305392.
1325617.
1345579.
1365290.
1384759.
1403997.
1423012.
1441813.
1460407.
1478803.
1497007.
1515028.
1532870.
1550539.
1568041.
1585382.
1602566.
1619598.
1636483.

374.
374.
374.
374.
374.
374.
374.
375.
375.
375.
375.
375.
375.
375.
375.
376.
376.
376.
37s.
376.
376.
377.
3717.
377.
377.
376.
377.
377.
377.
378.
378.
378.
379.
379.
379.
380.
380.
380.
380.
381.
381.
381.
382.
382.
382.
382.
383.
383.
383.
383.
384.
384.

P RRPPRHRBPP REBRERBRRPERRRRPRRERPRRRPBRPBRRPRRRPPR R P PP s s 1 3

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

[N eoNeNeNeNoNoNoNeNeNeNeNe o RelleoloNoleRoeRBoeloNe e Ne e Neo e NoNoNe Ne No e NoeNo e loNe Reolleo NolloNe NoNeoNeoNoNoleNeo e

3210771.
3210939.
3211106.
3211271,
3211435.
3211597.
3211759.
3211919.
3212078.
3212235,
3212391.
3212545,
3212698,
3212849.
3212999.
3213147.
3213294.
3213439.
3213678.
3213917.
3214155.
3214392.
3214628.
32148¢64.
3214958.
3213242,
3213583.
3213915.
3214238.
3214554.
3214863,

3215166

3215463.
3215755,
3216043.
3216326,
3216605.
3216881.
3217153.
3217423.
3217689.
3217953,
3218215.
3218474.
3218730.
3218984.
3219236.
3219487.
3219736.
3219984.
3220230.
3220475,

e NeloNolNoNoNolNeNoNaNeoNe o Ne NoNeo e Re No e No NeNeNe e NoNo e NoNoNoNeNeo NoNoRae o NoNoNoNoNoNoNoNeNe NeNoNeNeoNo Nel

61.80
61.40
61.00
60.61
60.22
59.85
59.48
59.11
58.76
58.41
58.06
57.72
57.39
57.06
56.74
56.42
56.11
55.80
55.30
54.82
54.34
53.88
53.43
52.98
52.81
81.52
79.93
78.42
76.99
75.64
74.35
73.12
71.95
70.83
69.76
68.74
67.76
66.82
65.91
65.04
64.20
63.40
62.62
61.87
61.14
60.44
59.76
59.10
58.46
57.84
57.24
56.66

QOO0 OO0 O0OO0OO0O VDOV OO0OO0OO0OD0DODODO0DOO0OOCODODOO0ODOO0OOCOOODOOOO0OO0OOO0O

VOO Uurd D Db b S b D B B R O WLWWLLWLLLLWLWLWLWWLWRYWWLWLLVLLWRYWLWLWWLWWWW
. e e e« s s e e e e s e s s e e e+ s e . « s e . .« . P . e e S P

3210771.
3210939,
3211106.
3211271.
3211435.
3211597.
3211759.
3211919.
3212078.
3212235.
3212391.
3212545.
3212698.
3212849.
3212999,
3213147.
3213294.
3213439,
3213678.
3213917.
3214155,
3214392.
3214628,
3214864.
3214958.
3213242,
3213583.
3213915.
3214238.
3214554,
3214863.
3215166.
3215463.
3215755,
3216043.
3216326.
3216605.
3216881.
3217153,
3217423.
3217689.
3217953.
3218215,
3218474.
3218730.
. 3218984.
321923s.
3219487.
3219736.
3219984.
3220230.
3220475.

SReRoReNoNoNoNoNoNoNoNoNoRoRoNoNoNoNoRoRoReNoNoNoNeoNoNoNoNoNoNoRoRe ReReReoRe Re ReRe ke ReReRe Re Re Re Re ReRe K]

.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.110
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087

.087



1610.
1635.
1660.
1685.
1710.
1735.
1760.
1785.
1810.
1835,
1860.
1885.
1910.
1935,
1960.
1985.
2010.
2035.
2060.
2085.
2110.
2135.
2160.
2185.
2210.
2235.
2260.
2285.
2310.
2335.
2360.
2385.
2410.
2435.
2460.
2485.
2510.
2530.
2530.

[eReeNoleNe e NeoNoNeoNe e Ne Ne Ne e Ne NoNeNeoNoNe Neo Ne NeNe e Ne e NoNeNe e Be N oo Ne No el

1653225.
1669829.
1686299.
1702637.
1718849.
1734937.
1750905,
1766756.
1782493,
1798119.
1813637.
1829050.
1844360.
1859569.
1874680.
1889696.
1904619.
1919450.
1934192.
1948847.
1963417.
1977904.
1992309.
2006634.
2020881.
2035052.
2049148.
2063170.
2077121,
2081001.
2104813.
2118556.
2132234.
2145846.
2159394.
2172880.
2186304.
2197000.
2197000.

384.
384.
385.
385.
385.
385.
385.
386.
386.
386.
386.
387.
387.
387.
387.
387.
388.
388.
388.
388.
389.
389.
389.
389.
389.
390.
390.
390.
3%0.
390.
391.
391.
391.
391.
392.
392.
392.
392.
392.

N e T T e S e e e S N il o Y S Sy S R S U Sy W S S B oy U U S P Y

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

[eNe e N NoBo e Ne e e o Neo e Ho o Bo e el e HoNeNe e Ne HoNe Ne Ne No e Neo No No e No Ne Ne Ne N

3220718.
3220961.
3221202.
3221442.
3221681.
3221920.
3222157.
3222394.
3222629.
3222864.

3223099

3223332.
3223565.
3223797.
3224029.
3224260.
32244091.
3224721,
3224950.
322517¢9.
3225408,
3225636.
3225864.

32260091,

3226318.
3226544.
3226770.
3226996.
3227222.
3227447.
3227671.

3227896

3228120.
3228344.
32285¢68.
3228791.
3229014.
3229193.
3229193.

[oNeNoNoNeoNolleNeNeNoRoNoNoNoNoNoNeNoRoNeNeNeNoNolleNeo oo NoNolleoNe NeolleNolle o N Nao)

B B N e B e B I e ) e s We J N e Ao W A N o W A W e AN A e e AW W A W o A W A N AR o AN e A W o AR AR R B B G RS S S IS |

322071s8.
3220961.
3221202.
3221442,
3221681.
3221920.
3222157,
3222394,
3222629.
3222864.
3223099.
3223332.
3223565.
3223797.
3224029.
3224260.
3224491.
3224721.
3224950.
3225179.
3225408.
3225636.
3225864.
3226091,
3226318.
3226544.
3226770,
3226996.
3227222.
3227447.
3227671,
3227896.
3228120.
3228344.
3228568.
3228791.
3229014.
32291893.
3229193.

s NeNeNoNeoNeNoloNeNoloNaoNoNoNoNeNoNoRNoNoNeoNoNoNeNeNeoNoNeoReNoNeoNeoNoNeoNoNelNelNeNe]

.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
. 087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
.087
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P required Max Error Step size Pbott Max Pbott min
(bars) {bars) (bars) {bars) (bars)
7.0000 0.1000 0.3000 31.7000 7.0000
It no P bottom P top Difference Q top H top
(bars) (bars) (bars) (kg/s) (kJ/kg)
0 28.0000 24.4688 17.4688 3.291 3206.968
1 27.7000 23.9569 16.9569 3.522 3206.976
2 27.4000 23.4254 16.4254 3.751 3206.984
3 27.1000 22.8734 15.8734 3.977 3206.993
4 26.8000 22.2997 15.2997 4.201 3207.001
5 26.5000 21.7032 14.7032 4.423 3207.009
6 26.2000 21.0824 14.0824 4.643 3207.01e6
7 25.9000 20.4356 13.4356 4.860 3207.022
8 25.6000 19.7607 12.7607 5.075 3207.027
9 25.3000 19.0553 12.0553 5.288 3207.029
10 25.0000 18.3164 11.3164 5.499 3207.027
11 24.7000 17.5404 10.5404 5.707 3207.020
12 24.4000 16.7228 9.7228 5.913 3207.006
13 24.1000 15.8579 8.8579 6.117 3206.982
14 23.8000 14.9383 7.9383 6.318 3206.941
15 23.5000 13.9540 6.9540 6.518 3206.878
16 23.2000 12.8915 5.8915 6.715 3206.778
17 22.9000 11.7309 4.7309 6.909 3206.617
18 22.6000 10.4421 3.4421 7.102 3206.340
19 22.3000 8.9735 1.9735 7.292 3205.824
20 22.0000 7.2248 0.2248 7.480 3204.674
21 21.7000 4.9380 -2.0620 7.665 3200.825
22 21.7300 5.2075 -1.7925 7.647 3201.559
23 21.7600 5.4652 ~1.5348 7.628 3202.161
24 21.7900 5.7123 -1.2877 7.610 3202.661
25 21.8200 5.9501 -1.0499 7.591 3203.085
26 21.8500 6.1794 -0.8206 7.573 3203.447
27 21.8800 6.4011 -0.5989 7.554 3203.762
28 21.9100 6.6160 -0.3840 7.535 3204.034
29 21.9400 6.8246 -0.1754 7.517 3204.274
30 21.9700 7.0274 0.0274 7.498 3204.486



24
Example Problem (12) Input Data

- Option 2 used -

1.0000E+06
62.40E+05
0.100E+05
0.00
2530.000
0.000
2800.000
10600.000
6.0480E+05
1

2530.0 0.0873 1.5E-5 25.3 90.0
4

0.0 25.00
1000.0 260.00
2000.0 310.00
2500.0 330.00

1
2530.0 65.35E+05 350.0 60.0E-12 0.01



Example Problem (12) Output File

**********************************************************************************************************************************

GWELL - MODEL RESULTS

*r***t******r***********-}:****t****************************************************************************************************

- Opticon 2 uszed -

Wellhead preszsure ( bar abs. ) : 9.98
Wellhead temperature ( C ) o 268.90
Wellhead dryness : 1.000
Wellhezad enthalpy ( kJ/kg ) : 295%.19
Wellhead total flow ( ka/s : 21.63
Wellhead CO2 : 0.0100
Fzedzone no: Depth {(m; Flow (kg/s) Enthalpy (kJd/kg) Res.Pres (Bar) 3atur. Frod. Ind. (m3) peley;
1 2530.0 21.6319 3005.8 65.350 1.00 0.600000E-10 0.0100

IR E R EE R RS LSS EEREEEESEEEEEE RS EE RS SR EE LR EEEER SRR SRS SRR SRS RE SRR RERRR SRR R R A X RS RERRIEE SRR R REE R R EEREEE B R R R R R R R

S¢

Depth (m) Fress (Fa) Temp (C) Dryness Hw (J/kg) Hs (J/kg) Vw (m/s) Vs (m/s) Dw (kg/m3) Ds (kg/m3) H_t (J/kg} Rad (m} Reg XIDZ
0.0 99212%. 26%.90 1.00000 0. 2958186. 0.00 216.55 0.00 4.17 2958113¢6. 0,087 1p ©.010
28.2 11351%0. 273.34 1.00000 0. 2962576. 0.00 191.34 0.00 4,72 2963576, 0.0387 ip 0.010
50.6 12€1299. 27¢.7¢ 1.00000 0. 2967207. 0.00 172.76 0.00 5.23 2967207. 0.027 ip 0.010
75.9 13725%83. 279.55 1.00000 . 29€69831. 0.00 158.41 0.00 5.70 2969831. 0.0837 lp 0.010
101.2 14232575, 2%1.93 1.00000 0. 2971829. 0.00 146.95 0.00 .15 29718229. 0.027 1p 0.010
12€.5 1592408, 224.02 1.00000 0. 2973415. 0.00 137.55 0.00 6.57 2973415. 0.037 1lp 0.010
151.%2 1690992, 255.90 1.00000 0. 2974717. 0.00 129.¢6¢ 0.00 6.97 2974717. 0.027 1p 0.010
177.1 1785037. 227 .60 1.00000 0. 2975815. 0.00 122.93 0.00 7.35 2975815. 0.087 1p 0.010
202.4 1875113, 289.1%8 1.00000 0. 2976762. 0.00 117.11 0.00 7.71 2976762, 0.027 1p 0.010
227.7 1061681. 220.65 1.00000 0. 2977595. 0.00 112.01 0.00 8.07 2977595. 0.087 1p 0.010C
252.0 2045127. 292.02 1.00000 0. 2978338. 0.00 107 .49 0.00 8.41 2978338, 0.087 1p 0.010
278.3 2125770. 293.33 1.00000 0. 2979012. 0.00 103.46 0.00 8.72 2979012. 0.087 ip 0.010
203.6 22032721. 294.57 1.00000 0. 297%9628. 0.00 99.84 0.00 9.05 2979628. 0.087 1p 0.010
328.9 2279692. 295.75 1.00000 0. 2980199. 0.00 96.55 0.00 9.36 2980199. 0.087 ip 0.0190
354.2 2353401, 296.88 1.00000 0. 2980732. 0.00 93.56 0.00 9.66 2980732. 0.087 ip 0.010
379.5 2425181. 297.97 1.00000 0. 2981232. 0.00 90.82 0.00 9.95 2981232. 0.087 i1p 0.010
404.8 2495184, 299.02 1.00000 0. 2981706. 0.00 88.30 0.00 10.23 2981706. 0.087 1p 0.010
430.1 2563542. 300.04 1.00000 0. 2982158. 0.00 85.97 0.00 10.51 2982158. 0.087 1p 0.010
455.4 2630374. 301.02 1.00000 0. 2982589. 0.00 83.21 0.00 10.78 2982589. 0.087 1p 0.010
420.7 2695782. 201.97 1.00000 0. 2983004. 0.00 81.79 0.00 11.05 2983004. 0.08a7 ip 0.010
506.0 2759863 . 302.90 1.00000 0. 2982404. 0.00 79.91 0.00 11.31 2983404. 0.087 lp 0.010
531.3 2822698, 203.80 1.00000 0. 2983792. 0.00 78.15 0.00 11.56 2983792. 0.087 1p 0.010
556.6 2884366. 304.68 1.00000 0. 2984168. 0.00 76.50 0.00 11.81 2984168. 0.087 1p 0.010
581.9 2944933. 305.54 1.00000 0. 2984534. 0.00 74.94 0.00 12.06 2984534, 0.087 lp 0.010
607.2 3004462. 306.38 1.00000 0. 2984891. 0.00 73.47 0.00 12.30 2984891. . 0.087 ip 0.010
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P required Max Error Step size Pbott Max Pbott min
(bars) (bars) (bars) (bars) (bars)
10.0000 0.1000 0.0100 65.3400 10.0000
It no P bottom P top Difference Q top H top
(bars) (bars) (bars) (kg/s) (kJ/kg)
0 62.4000 21.3428 11.3428 20.322 2974.093
1 62.3900 21.0659 11.0659 20.340 2976.767
2 62.3800 20.6285 10.6285 20.407 2976.532
3 62.3700 20.1812 10.1812 20.475 2976.279
4 62.3600 19.7237 9.7237 20.542 2975.998
5 62.3500 19.2552 9.2552 20.610 2975.690
6 62.3400 18.7751 8.7751 20.677 2975.350
7 62.3300 18.2825 8.2825 20.744 2974.976
8 62.3200 17.7766 7.7766 20.811 2974 .555
9 62.3100 17.2566 7.2566 20.879 2974.083
10 62.3000 16.7210 6.7210 20.946 2973 .555
11 62.2900 16.1691 6.1691 21.013 2972.952
12 62.2800 15.5992 5.5992 21.081 2972.264
13 62.2700 15.0100 5.0100 21.148 2971.467
14 62.2600 14.3995 4.3995 21.215 2970.538
15 62.2500 13.7656 3.7656 21.282 2969.445
16 62.2400 13.1060 3.1060 21.350 2968.136
17 62.2300 12.4179 2.4179 21.417 2966.549
18 62.2200 11.6977 1.6977 21.484 2964.593
19 62.2100 10.9420 0.9420 21.551 2962.126
20 62.2000 10.1455 0.1455 21.618 2958.939
21 62.1900 9.3036 -0.6964 21.686 2954.692
22 62.1910 9.3900 -0.6100 21.679 2955.177
23 62.1920 9.4760 -0.5240 21.672 2955.648
24 62.1930 9.5614 -0.4386 21.665 2956.104
25 62.1940 9.6464 -0.3536 21.659 2956.546
26 62.1950 9.7308 ~0.2692 21.652 2956.975
27 62.1960 9.81438 -0.1852 21.645 2957.391
28 62.1970 9.8982 -0.1018 21.639 2957.794
29 62.1980 9.9812 -0.0188 21.632 2958.186





