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INTRODUCTION

The purpose of this computer program is to calculate the flow of
gas and condensate against a minimum surface pressure with a minimum of
input data.

DISCUSSION

The ability'to analyse the performance and forecast the productivity
of gas wells (deliverability) with a reasonable degree of accuracy is of
utmost importance in assessing Australia's natural gas reserves.

Since the calculation of deliverability has become important to the
Reservoir Engineering Sub-section and very time~consuming (it took 4-man weeks
of analysis per reservoir) it was decided to computerise our approach. The
in-house Hewleti~Packard 2100 computer has proved very satisfactory for this
purpose., The final large storage capacity required in the computer for the
running of the program necessitated segmenting the program into 3 sections.

The first segment which sets up a large 'COMMON' storage block calls
the second segment which calculates the gas deviation factor and the viscosity
from the gas composition, Then it calculates the gas potential and calls
for the third segments This third segment calculates Darcy and non-Darcy flow
in the reservoir and flow in the tubing.

This program uses the latest published algorithm for obtaining the gas
deviation factor. This gas deviation factor expresses the departure of real
gases from the idealized behaviour of gases as predicted by Boyle's and
Charle's Law,

Interpolation procedure is still required in the determination of
gas viscosity at reservoir conditions since no algorithm expressing viscosity
as a function of pressure, temperature, and gas composition has been published.
In this case there are 246 data points which form the basis of the interpolation
procedure, In both the gas deviation and viscosity determinations, correction
factors for hydrogen suiphide, carbon dioxide, and nitrogen have been
incorporated.,

The deliverability calculations proper are based on recent
mathematical developments (Energy Resources Conservation Board, 1975) which
utilize the gas-potential (or !'pseudo-pressure function') approach preparing
an array of gas potential data versus pressure. This part of the program
also incorporates a subroutine which uses input from PVT (pressure, volume,
temperature) analyses. With this the changing fluid composition during the life
of a field (i.e., versus reservoir pressure) can be closely predicted.

The important constraints which govern the amount of gas a field can
deliver into a pipeline are intrinsic or extrinsic. Important intrinsic
constraints to be considered are:

(a; gas initially in place and its quality

(b) permeability and thickness of the reservoir

(c) skin factor (formation damage adjacent to well bore
causing reduced permeability)

(d) non-=Darcy flow (or turbulence).

Five important extrinsic constraints considered in the program GAS
ares
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(ag tubing diameter

(b) rumber of producing wells

(¢) ini%ial raw gas production rate

%d minimum tubing head pressure (at the surface)

e) minimum (or cut-off) production rate (which is related
to the economics of the field).

Out of the large number of possible constraints available, the
engineer selects the appropriate set of factors for individual fields.,

Special notice should be given foir the appreciation the authors
have for help given to them by the Operations Branch (ADP Section) in
particular Mrs Fay Newman for Fortran coding advice, to Warren de Courcy
Browne for the numerous debugging runs, and to Bob Moore for advice on
Gould plotting software. "

TERMINOLOGY AND DESCRIPTION OF SUBROUTINES

This section briefly describes and/or references the important
parameters derived and used in the gas deliverability program,

1) | Average Molecular Weight

The average molecular weight is calculated by multiplying the mole
fraction of the well stream gas by the respective molecular weights
(Katz et als, 1959).

2) Sales Gas

Sales gas is here defined to include all the methane and ethane, and
up to 3% carbon dioxide (arbitrary limit assumed). It is reported as a
fraction of the raw (or well stream) gas.

3) Gas Gravity

The gas gravity is the ratio of the molecular weight of the gas
to that of air (28,966).

4) Dry-Basis Heating Value (Sales Gas)

The heating value of natural gas is the heat liberated when a
unit of fuel is burned under specified conditions.

Methane and ethane have heating values of 1012 and ﬁ785 BTU/cubic
ft respectively at 14,7 psia and 60°F (Katz et al., 1959 p.160).

5) ‘ LPG and Condensate Gas Ratios

LPG is here defined as propane and butanes fraction. Condensate
is taken to include the pentanes, hexanes, and heptanes plus fraction.
The ratio is reported as barrels per million standard cubic feet of raw gas,
and in metric as cubic metres per million cubic metres (at initial reservoir
conditions). Subroutine GPM calculates the changing LPG and Condensate/Gas
Ratios with decreasing reservoir pressure, It is based on pressure, volume,
and temperature (PVT) data gathered in the laboratory.
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6) Gas Deviation Factor (Subroutine ZSTAR)

Gas deviation factors are calculated from an 11 parameter equation
of state, develoyed by Dranchuk & Abou-Kassem (1975)s The equation effectively
reproduces the Standing-Katz gas deviation factor charts. The subroutine
incorporates a rorrection for the presence of hydrogen sulphide and carbon
dioxide by the method of Wichert & Aziz (1972). Gas compressibilities are
calculated by ‘the method of Mattar, Brar, & Aziz (1975). The differentiated

form of the Dranchuk & Abou-Kassem equation is the basis of the compressibility
expression,

7) Viscosity (Subrouvtine VISCY)

Thi/s subroutine is based on that published by the Canadian Energy
Resources Conservation Board (1975). This subroutine determines the viscosity
for naturall gas incorporating a correction for the presence of hydrogen
sulphide, carbon dioxide, and nitrogen,

8) Gas Potential

The gas potential for various reservoir pressures is calculated by
the method of Al-Bussainy & Ramey (1966), Al-Hussainy et al (1966), and is

used to yredict more precisely the depletion behaviour of low-permeability
reservoirs,

9) Gas Flow Calculations

The raw gas production rate in MMCF/D is converted to an annual flow
and year end pressures are calculated from the material balance. The Darcy
and non-Darcy flow are used to calculate flowing bottom=hole pressures.

The flowing tubing head pressure is calculated using the R.V, Smith-
modified Weymouth equations. These formulae, rearranged, are shown
diagrammatically in Figure 1,

The production rate is reduced by 2% and the above calculations are
redone if any one of three conditions exist:

(1) TFlowing pressure (bottom hole) is less than zero.

(2) Flowing surface pressure (tubing head) is less than zero.

(3) Flowing surface (tubing head) pressure is less than the
minimum supplied in the input data,

If the wet gas flow rate, Q, is less than 0.98 of the minimum rate of
production, Q is set to zero for the remaining years.

The results by years are stored in arrays for printing and plotting.



' GAS FLOW EQUATIONS

® Assume Py

calculate flow through tubing,q

oo

Fig. |
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subscript'a” implies average value
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casing ——
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Gas Reservoir
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000
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Legend

Production rate of well,f130 ot standard
condifions

Flowing tubing head pressure,psia

" Boftom-~hole flowing pressure,psia

Internal” diameter of tubing,in

Gas gravity (air=1-0)

Average temperature in fubing,"h'
Average gasdeviation factor in tubing
Friction factor

Difference in elevation between pressu?es
Puf ond Py ft

Multiplier to obtain true length of tubing from
elevation {equals one for vertical hole)

Avergge viscosity, cps

Average pressure,psia

Averoge ga~ deviation factor

Temperature of the reservoir R

Permeability x thickness, md-ft

External bounddry radius, f1

Well bore radius,ft .

Skin factor v

Gas produced, f13at standard conditions

Gas initially in plcce,ftsot standard conditions
Initial gas deviation foctor 7

Initiol reservoir pressure,psia

%

@ Assume some Py as above

coiculate average reservoir pressure, P:

P= /Py + ¢, T

where 7C4 ‘

- Z; '5)
Gp = GSQ ('-'P_i ﬂi- .
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Fig. 2

MODIFICATION No. |

the equation :

- 3 —
p= \,/ow +C4¢1p,z
is modified to :

3’ §wf+C4%

where :

Record MNo. /978/5 X AUS ~ 5-489
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DATA INPUT

LINE/

CARD 1 TITLE (UP TO 40 CHARACTERS).

2 RUN (NUMBER),

DATE (hyphehated), LUN, ICODE,KPMAX, IPL (ﬁd,éommas, no spaces, 000109=06=773011)

LUN

ICODE
KPMAX

IPL

i

3 or any other number except 6 doeé not write debug statezents

6

20O = O = O

writes débug Values

uses entire?proéiah

gborts program after p vs p, z are calculated
no FVT data available

to 9 LPG :and Cond calculated allowing for retrograde condensation
no plotting -

use plot routines

3 MFC 1, MFC 2, MFC 3,

MFC 1
I . wmrc 2
 MFC 3
MFCAI

MFC4N

MFC5T

MFCSN

' MFC6

MFCT

MFH_S

2

0
MFC 2

MFN2

MOLE fraction methane

L}
. "
"
”
" ‘

L

MFCAI, MFC4N, MFCSI, MFC5N, MFC6, MFCTP, MFH2S, MFCO2, MFN2,

”

o«

1"

”n

"

“ethane

‘propane

iso-butane

n - butane measured compositions

iso-pentane — at reservoir pressure

n-pentane and temperature

hexanes v

nhexanes plus Note: MFC 3 and MFC 5I must not

. ) be zero for program to

hydrogen sulphide operate; therefore insert

carbon dioxide 0.,00001 if these components
are reported to be zero

nitrogen | quantity.

4 P, T: initial reservoir Pressuré‘(p.s.i.a.), Temperature (OF)




Subroutine GPM (Line )

For KPMAX equals any number up to 9

4A

4B

4C

PAT (KPMAX) | PAT (2), PAT (1)

Pressure points of PVT data (psia) (Highest Pressure first).

C3P (KPMAX) | c3p(2), ¢3P(1)

Corresponding BblsQ per MMCF of C3 plus C4, Cumulative Recovery

¢5P (iPMAY) “ c5p (2), o5 (1)

Corresponding Bbls. per MMCF of C5 plus , Cumulative Recovery

24



5 VOL, POR, SATW, AVEH

DATA INPUT

S

VOL:
POR:
SATW :
AVETH:

6 NYRMAX, NW, MAR

volume of gas initially in place (MMSCF) (wet gas)
porosity (fraction)
water saturation (fraction)

average thickness (feet)

maximum no. of years of projection: (16, 24 or 40 are optimum NYRMAX)
no of producing wells '

market data by years provided: MAR = {1, otherwise MAR =0

6A QMAR:

market requirements by years (MMCF/DAY) (free format)
start with year 1 continue to NYRMAX




7T RW, KH, S, DTURB

DATA INPUT

44

" RW
KH
S
DTURB
8 Q, QMIN, THPMIN, QOVER

well radius (feet)

permeability - thickness (md. ft.)
skin factor (dimensionless)
turbulence factor (EMCF/D)'1

Q

QMIN
THPMIN
QOVER

9 TBGEL, TBGDIA, FR, FAC, TEMPTOP,

assumed wet gas production rate per well, average (MMSCF/D)

" minimum wet gas production rate per well (MMSCF/D)
assumed minimum tubing pressure (psia)

ratio, pesk to average gross gas production rate

IEND

TBGEL
TBGDIA
FR

FAC
TEMTOP
IEND

tubing length, T™VD (feet)

tubing inside diameter (inches)

(4 times Fanning Friction Factor)
friction factor (dimensionless)
ratio, tubing actual length to TVD
temperature at tubing head (deg. F)

gset to -1 or else data is in error




-~ OLD1

0001
Q@2
©2e3
Qo4
0RBs
0eE
QRer
VARE

QDRI

T=00003 IS ON CRO@O®3 USING 20001 BLKS R=0002

OLD FIELD
2024 10-190-7/3001
.85, .04, 015, @12, .912, .11, .011, .023. .026. .9. .0,
Seea.2,200.0 -
10000000 .0,0.20,0.20,302 .9
24.,25,0
2.5,5000.0,20.2.2.0
59.0.5.9.1215.0.1.2
10060.2,.4.5.¢.014,1.1,168.0,-1

N

5e



S/8461 ON pi0IeY

0LY-G-SNVX

4A |

4c

CTITLE

" RUN

'DATE = CODE

cl -

c2

C3

1C4

NC4 | IC5

NC5

Ccé

c7+

PRESS

TEMP

(PVT DATA)

PA!
(KPMAX)

c3pP

| (kPMAX)
481

CcSP

‘(KPMAX)

Notes:

| xipuaddy



0L -G~-8SnY X

G/826/ OV pLo23Y

6A

68

6C

TITLE RUN ———_ DATE ______
voL | -POR | SATW |AVETH | | |
NYRMAX| NW | MAR

0
QMAR >
QMAR >
QMAR ~+»

RW KH S |DTURB
Q@ | QMIN | THPMIN | QOVER
TBGEL | TBGDIA| FR | FAC [TEMTOP| IEND
-1
Notes :

(7) 1+ xpuaddy



APPENDIX 2

DATA OUTPUT



OLD FIELD

DELIVERABILITY PARAMETERS,

RESERVOIR DATA

WELL DATA

VOLUME OF GAS INITIALLY IMN PLACE
FOROSITY

WATER SATURATION

AVERAGE THICKNESS OF RESERVOIR
INITIAL RESERVOIR TEMPERATURE
INITIAL RESERVOIR PRESSURE

WELL RADIUS

PERMERBILITYXTHICKNESS

SKIN FACTOR

TURBULENCE FACTOR

TUBING ELEVATION (TRUE VERTICAL DEPTH)
TUBING DIAMETER

FRICTION FACTOR

ACTUAL LENGTH ~ TRUE VERTICAL DEPTH FACTOR
TEMPERATURE OF GAs AT SURFACE IN TUBING

ASSMED REQUIREMENTS

DEFINITIONS

IMITIAL RAW GAS PRODUCTION RATE
HUMBER OF PRODUCING WELLS

PEAK PRODUCTION RATE ~ PRCDUCTION RATE
MIMIMUM TUBING HEAD PRESSURE

MINIMUM (@R CUT-CFF) PRODUCTION RATE

SALES GAS — METHANE.ETHANE. AND UP TO 3% CARBON DIOXIDE
LPG - FROPANE AND BUTANES
CONDENSATE — PENTANES PLUS

10000009 .
2003
2000
300,
209,
SpoY .

20

1

50.

25

1215
5

51 60]

5000
S000.

020G

.00

. DOD

12000
4.

.0140

1000

166.

5009

G110%)

. 2000

000D

Q024 10-10-77

PAGE 1

(MMSCF)
(FRACTION)
(FRACTION
(FT)
(DEGREES F)
(PSIA)

CFT)
(MDS-FT)

(D/MMSCF)

(FT)J
(IND

(DEGREES F)

(MMSCF/DAUWELL)

(RATION
(PSIA)
(MHMSCF/DAWELL)



COMPONENTS -

METHANE
ETHANE
PROPANE
[SO~BUTANE
M-BUTANE
ISO-PENTANE
N-PENTANE
HEKQNES
HEPTANES PLUS
HYDROGEN SULPHIDE
CAREBON DIOXIDE

NITROGEN

AVERAGE MOLECULAR WEIGHT OF GAS

SALES GAS

DRY-BASIS HEATING VALUE

LPG

CONDENSATE

OLD FIELD

MOLECULAR
WEIGHT

16.
20.
4d .
58.

58.

34.
dd .

28,

(GAS/CONDENSATE (OR OIL) RATIO

P42
QB8

294

0’6
212

@1k

|

AVERAGE B52.

rg
W

.43

L8500

e8.89
73.10

13679,

CRITICAL
PRESSURE

(PSIA)

673.

708.

489.
433.

62

492.

1

3

4

91

CRITICAL

. TEMPERATURE

(R)

243 .2
5498
665 .9

234

a3

7E5.

Ll

AVERAGE 487 .30

GRS GRAYITY = 209

MMSCF-MMSCF RAW GAS

. BTU-CUBIC FOOT VAPOR AT 14 .69 PZIA,
(.28997E+28 JOULE-CURIC METRE)

BARRELS/MMSCF RAlW GAS., ( 162.13

Q024

10-10-77

- MOL

PAGE 2

FRACTION

. 85000
@400
01500
.@iE@@
Q1200
L@1160
.01120
.@2300
Q2600
. PR
. GREAY
. DOROY

TOTAL 1.00000

iCUBIC METRES/MM CUBIC METRES)

BARRELS/MMSCF RAW GAS, ( 410.44 CUBIC METRES/MM CUBIC METRES)

CUBIC FEET ~ BARREL



OLD FIELD | | o024 10-10-77

'RESERVOIR RESERVOIR GAS VISCOSITY' COMPRESS- GAS GQSk PAGE 3
PRESSURE TEMPERATURE DEVIATION AT RESERVOIR IBILITY DENSITY - GRADIENT
FACTOR - CONDITIONS o (LB/CU.FT.J
(PSIA) (F) (2) (CPJ (PSIAX-1). (LGMsCCY) (PSIZFT)
S00G.0 - 2Re . o L9R4 L0274 .BRYIZ20 16.806 (.269) .1167
4620 .0 200 .0 943 @260 : . 020140 15.923 (.257) 1113
42eQ.@ £ .9 : L9127 @246 . @R1E5 15.143 (.243) L1952
33800.0 200.0 . 888 @232 . @Re137 14.149 (.227) .©383
3400 .0 200.0 .863 : L9216 . RREZ3F 13,025 (.209) . @904
200 .8 v 200 .0 . 2dd S L@2al .oRe23d4 11.753 (.188) LBR16
2600 .0 200.0 833 L0188 . ROR3E3 19.329 (. 1s5) G217
2200 . @ 200.9 .831 L2171 . D468 8.721 (.14 . 0603
1800.8 . 2R0.0 . 849 @158 S ROREG3 7.088 £.114) @492
1d40e. @ 20e.a . .861 .Didg .@Rera3 5.377 (.0268) L0373
1000.© ZER.@ 893 : @135 .epliel 3.704 (.@53) 0257
FoB @ S 200.0 =3 L2127 L1780 2.129 1.034) L0143

coe . 9 2030 R = : 2120 .Be5113 677 .81l B4



YR

ONNmOAHE LR

20
21
2z
23
24

OLD FIELD

RATE ANNUAL PRODUCTION
PER
WELL SALES LPG COND
RAal GAS GRS MBEL MBBL
MMCFD ECF
50.00 406.06 13122.90 297568.70
EQ.2@ 406.06 13061 .33 25992.83
5. 00 406.06 13047 .95 “30561.10
58,00 406.Q5 13047 .95 Z0E85.57
45.12 74 .54 12035 .02 17073 .87
41 .69 338.55 10872.75 14385.12
32.45 2. 27 1eees. 11 13620.53
24.76 282,27 9e32.77 11583.88
31 .42 25515 B1E3.12 1e3z21.77
22 .98 235.24¢ JBle.24 5354 .71
25.19 212,73  6781.12  8337.4@
24 .16 196.21 6248.42 7665.27
21 .84 177.36 5S8d4z.88 6863.32
19.74 18.32 S©@33.57 EB1B1.87
12.21 147.28 4703.68 5593.56
16.46 133. 67 4251.75 51329.55
14 .88 120,53 32343.25 4E540.72
13.45 1e9.22. 3473.99 4199.43
12.16 98.72 3140.21 3784.29
1@, 92 83.24 28338.59 3417 .66
9.93 2@ .66 2865.72 35086.87
B.80 - 7l.d45  2272.88 2732.57
Z.95 &4 B3 2054 .58 2 2488.47
7.5 57.22 1813.8° 2185.45

-CUMULATIVE PRODUCTION

SALES

GAS
BCF

406

4775

- 4868,
4349
5020 .
50ES.
5142,

.06
giz.
1218,
1624 .
1998,
. 2337
2649,
23931 .
3187,
Jdez.
3635.
3831
dPes .
4163,
43156,
4453
4571 .
4580 .

12

19

25
73

.34

(=31
23
@3

37

LPG

MMBBL

13

25,
23.
=
ed .

75

a5,
9.,
laz.
193,

11

1z2.
128.
133.
132.
142.
145,
143.
153.
155,
158,
1s@.

1=2.

164

123
185
233
281
216
L1839
158

e
324
294
675
923
Ses
Ges
2370
e21
455

317
423
756
g10
B3R

929
@/9 .

M

29.
55.
78,
99.

116
132

143.
155,
165.
175.

1832

191.
198

2ed

203,
215.
219.
223.
227
231,
234 .
235.
239.
241,

COND -

MBBL

757
GE@
221
45
=l
.865
386
47
791
186
584
243
112
.294
983

768
959
743
161
247
SRe
448
6534

128 .

FRAC

PROD

. 0456
L9813
L1363
L1825
2248
€626
L2977
.32%84
L2531
.3845
L4084
L4305
4564
4584
L4850
.20l
.5136
5259
8379
.54°9
.5561
.5641
5714
578

0024 1e-10-77
PAGE 4

PRESSURES (P5IA)
TOP BOT RES
2409.7 3824 .5 4676,
2a87 .2 34727 4323,
1751.5 3EF .8 3395,
1335.2 2801 .2 IEES.
1267 .6 ch69.09 3492,
1268.7 24297 3128,
1222.5 g289.1 Je15.
1241.7 £198.3 2R62 .
1246.6 2l1e.8 2727
1218.4 col17 .1 252d
1233.2 1963.2 c=al .
1221.5 19e2.4 2des .
1227.7 1858.2 £321.
1228.2 15818.3 2zdd
1217 .4 1773.7 2174 .
1222.0 1743 .2 2115,
1224 .9 1724 .9 ZRED .
1224 .1 1703.7 Zell.
1222.8 1684 .4 1966
1220.5 1666.9 15976,
1217.5 1650.3 1889,
1219 .4 1541 .8 1857,
Z15.8 1623.9 1828,
1e15.7 1621.5 121,

WeRrONOONCOERrNRPRERYOSOE OWOO
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DEVIATION FHCTOR

13

l.@s .

1

1)

1

1
i

7,99

.70

()3

e L

C
~

2.95

@.849

F.70

OLD FIELD

gach

18-18-77

g.

ge

=2t

08 B.16 7. 24 B.32 0. 40 0. 48

RESERVOIR PRESSURE (PSIR 1@E+4)
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L
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PROGRAM GAS1(3)

DIMENSION NAME(3), IB(5)
COMMON  IDUM(539)

DATA NAME ~2HGA.2HS2.2H
CALL EXEC (8,NAME, IB)

END

PROGRAM GASZ(5) .
B i B B ST TSR ST R S AN +++++++++
FREPARED BY K.L.STILLWELL & L.E.KURYLOWICZ 27/9.76
?k*?%***#%*#**##%4?****?****%KY*#*K#%*X*#*X?X#**?****x**x*#¥¥X1

*
b 4
¥
¥
¥
¥
X
*3

FROGRAM TO CALCULATE PSEUDO-CRITICAL TEMPERATURE &PRESSURE, X
MOLECULAR WEIGHT.SPECIFIC GRAVITY.CALORIFIC YALUE OF SALES ¥
GAS FRACTION,LPG & CONDENSATE FRACTIONS, GAS DEVIATION (OR X
COMPRESSIBILITY) FACTOR, COMPRESSIBILITY SMISCOSITY.DENSITY, X
AND GRADIENT OF NATURAL GHCES— X
CUMULATIVE RECOVERY OF SALES GAS.LPG,CONDENSATE, RECOVERY ¥
FACTOR, AND THE MONITORING OF TURING HEAD.FLOWING BOTTOM- %
HOLE ., AND RESERVOIR PRESSURES DURING DEFLETION X

K*X**K*X***X**%X*XXXX%mﬁ***XX**XXXKXX*%***X*ﬁ*ﬁ**%*%ﬁﬁ*$*%¥**%

LIST OF NAMES AND VARIABLES

MbI=MOLECULAR WEIGHT

PR=PSEUDO-REDUCED PRESSURE

TR=PSEUDO-REDUCED TEMPERATURE

P=FPRESSURE INITIAL RESERVOIR (PSIA)

T=TEMFERATURE INITIAL IN RESERVOIR (DEGREES FAHRENHEIT)

MF FREFIX INDICATES MOL FRACTIOM

FC PREFIX INMDICATES CRITICAL PRESSURE

TC PREFIX IMDICATES CRITICAL TEMPERATURE

C1=METHANE

CE=ETHANE

C3=PROPANE

C41=180-BUTANE

C4h=N-BUTANE

C5I=I50-PEMTANE

CSN=N-PENTANE

CE=HEXAMNES

C/P=HEPTANES PLUS

HZ5=HYDROGEN SULFHILDE

COZ2=CAFREON DI0XKIDE

NE=NITROGEN

Z=DEVIATION FACTOR(OR COMPRESSIBILITY)

SG=SPECIFIC GRAVITY (AIR=1)



sRsNaNeNsNsNeNeNeNaluNaNaNeNsNaNaNaNeNaNesNaNaleNaolelaNaoNaoNoRalaNalaNets ol oRaNaNaNeNaNe

MWAVG=AVERAGE MOLECULAR WEIGHT OF GAS

TOT=TOTAL MOL FRACTION '

SALG=SALES GAS(METHANE+ETHANE+UP TO 3%CARBON DIOXIDE)
CALG=CALORIFIC VALUE OF GAS OM DRY-BASIS '
LFG=LIQUIFIED PETROLEUM GAS (PROPANE-BUTANES)
COND=CONDENSATE (PENTANESH-EXANES+HEPTANES PLUS 3
GOR=GAS ~ COMDENSATE (OR OIL)IRATIO

Z=GA3 DEVIATION FACTOR

VISG=VISCOSITY (CENTIPOISE)

POSTSCRIPT M=METRIC

LUN= DEBUG INTEGER (EQUAL TO 6 IF YES)

ICODE=GAS FLOW CALCULATION BY-PASS (EQUAL TO 1 IF YES)
IFL  PLOT SWITCH (1-YES.@-NO)

KPHMAX=0 IF MO PWT, =1 WHEN LPG & COND CALCULATED ALLOWING
FOR RETROGRADE COMDEMSATION

VoL VOLUME OF GAS INITIALLY IN PLACE (MMSCF)
POR POROSITY (FRACTION)
SATW SATURATION, WATER (FRACTION)

AVETH AVERAGE THICKMNESS OF RESERVOIR (FEET)

MYREMAX  YEARS PREDICTIOM REGQUIRED

Nl MO. OF WELLS

NP NO. OF PRESSURE POINTS TO BE TARULATED

PTAE (M) TABULATION OF PRESSURES FOR DEVIATION FACTOR &ND VISCOSITY (PSIAY
ZTAE (M) TABULATION OF DEVIATIOM FACTORS FOR PTAB (M)

UTRE (M) TABULATION OF VISCOSITY VALUES FOR FTAR (M) (CPS.)

ot

Rl WELL RADIUS (FT.)

KH FERMEABILITY-THICKNESS (MDS.~FT. )

oS SKIM FACTOR

G GAS WELL PRODUCTION RATE (MMSCF-/D)  GROSS GAS
GMIN MINIMUM PRODUCTION RATE (MMSCF-D/AJELL)

THFEMIN  MINIMUM TURIMG PREESSURE
QOVER FEAK @ ~ @ (RATIO)
GRSGR GRS GRAVITY (AIR =1.)

TEGEL TUBING ELEVATION (TYD)
TBGDIA  TURING DIAMETER ¢ INCH)

FR FRICTION FACTOR

FaC FACTOR ACTUAL LENGTH ~ TWD

TEMTOP  TEMPERATURE AT SURFACE IN TURING (DEGREES FAHRENHEIT)
a2 (M) DAILY GAS PRODUCTION FER WELL GROSS GAS

GROCHD ANNUAL GAS FRODUCTION (FIELD) MNET SALES GAS

GPLPG (N)ANNUAL LPG PRODUCTION (FIELD)

GPCON (NYANN' 3L CONDENSATE PRODUCTION(FIELD)

QOVOL (NIFRACTION OF GAs INITIALLY IN PLACE PRODUCED

SUMGP (N) CUMULATIVE GP

2o



Cc
(&

SUMLPG(N) CUMULATIVE LFG
SUMCONCNY CUMULATIVE CONDENSATE
REAL MWC1,MWCZ2, MWC3, MIWCA T , MUCAN, MWCST , MWCEN , MWCE , MWCZP , MWHZS .
IMWNZ . MFC1 . MFC2, MFC3, MFC4 1, MFCAN, MFCS1 . MFCSN, MFCE, MFCPP , MFHZS
2MFNZ. MWAVG . MWCO2, MFCOZ, LPG, LPGM. KH., MFCZR
INTEGER TITLE
DIMENSION NAME(S) ,DELPOT(30)}
COMMON TITLE(ZE), LUN, ICODE.KPMAX, TR, PR, CTAYV, CPAV, SG,PP({33) .

A ZZ(30),VISGG(30) , MFH2S, MFCO2, MFN2, 1, 1J,POT(3@) . PTAB(30) ,

20

44

B ZTAE(30),UTAB{30),5ALG, BLPG(10) ,BC5(10),PACL1A),I.PG,COND. P, T,
C KP1MAX., IPL

DATA NAME ~/2HGA.Z2HS3.2H -~

READ(S, 28X TITLE. LUN, I CODE ., KPHMAK, TPL
FORMAT(2042, /., EAZ,411)

READ (S.X%1 MFC1.MFC2,MFC3,MFC41, FCAN, MFCSI , MFCEN, MFCS, MFCPP,
2MFH2S, MFCO2 , MFNZ

READ (S.¥0P,T
IF(P.L.E.S00.0.0R.F.GE.10000.0) STOP 1
IF(T.LE.6O.9.0R.T.GE.400.0) STOP 2
IFCICODE .EQ.1) GO TO 44

IF(KPMAX EQ.0) GO TO 44

CALL GPH

THIS MEXT SECTION DEFINES THE MOLECULAR WEIGHT CRITICAL TEMPERATURES
AND PRESSURES OF GAS COMPONENTS
MWC1=16. Q42

MWC2=30 . 088

MWC3=d4d .94

MWCA1=5%. 12

MUCAN=5R . 12

MWCSI=72. 146

MWCSN=72 . 146

MWCE=26 . 172

MWCPP=114 . 224

MWHRS=24 . 876

MWCOZ=44 . 61

MWNZ=2% . ©16

PCC1=673. 1

PCC2=70%. 3

PCC3=R17.4

PCCA1=529 .1

PCCAN=5E0 . 7

PCCSI=483 .0

FOUSN=489 .5

PCCE=439 .7 ~ s

3
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W

PCCPP=362. 1.

PCH2S=1306 .0

PCNR=492 .0

PCCOR=1073 .0

TCC1=342 .2

TCCR=545 .8

TOC3=665 .9

TCCA1=734 .5

TCCAN=765 . 3

TCCS1=829. 7

TCCEN=845 . &

TCCE=914 .2 » /
TCCoP=1024 .9

TCHES=572 . 4

TCNP=226 .9

TCCOR=547 . 7

IF(LUN.NE.6Y LUN=3

TOT=MFCL+MFC2+F C3HMFCA T+HMFCAN-HMFCS 1 M CON+MECE+MF CoP-+MFHRS+MECOR+
1MFNZ

IF(TOT.LE.®.9.0R.TOT.GE.1.2) STOP 3 |

MWANG=MF CLKMWC 1 +MF C2XMWCE-HMF CREMUCTHMECA TRMUCH T +MF CANKMINCANS
2MFCS IHMWCS 1 +MF CENKMUCSNHE CEMUCEHMF C PR KM PHE NS MM+ MECOR
BHHICORAMFHES KMIIHES

THIS NEXT SECTION CALCULATES PSEUDO-REDUCED PRESSURE

AND TEMPERATURE

CPAV=AVERAGE CRITICAL PRESSURE |

CRAN=MFC 1XPCCL+MFCZKPCC2+HF C3XPCCIHMECA TXPCCA [ HiF CANKPOCANAMECS T P
1CCS I +HF CENKPOCEN+MF CEKPCCE+HMF C7PYPCC7 PN K RCNEHME COREFCC0R HHFHRS
PHPCHES

CTAV=AVERAGE CRITICAL TEMPERATURE
CTAV=MFC1KTCCL+MFCEX TCCRHF CEX TCCHMECA T KTCCA L +MF CANKTCCAN+MECS T T
2OCS T+HMF SN TCCEN M B TCCE+HMF C7 PR TOC PP HENE K TN R HIF COZK TOCORHMFHES
TCHES

WRITE (6,81 (TITLECJ),J=1,26)

FORMAT (1H1,5/, 40X, 2062, 22X, 282, 5X. 482, 1 (/1)

WRITE (E,21)

FORMAT( 113K, "PAGE 2", /,
% B, "COMPONENTS" , 16X, "MOLECULAR" , 16X, "CRITICAL" , 18%, "CRITIC
1AL™, 19X, "MOL", ./, 33X, "WEIGHT" , 18X, "PRESSURE" , 14X, "TEMPERATURE" , 16
2, "FRACTION", ./, 58X, " (PSIAI", 19X, "(R)" )

WRITE (6,22) MWCL,FCL. TCCL, MFC1

FORMAT (6X." METHANE".Z0X,FE .3, 18%.F5.1, 18%,F5. 1, 205, F6 . 6. /)

WRITE (5,23) MWCZ,FCC2. TCCZ, MFC2

FORMAT (5%." ETHANE",21X,FE.3, 185, FS. 1, 18%,F5. 1, 20X, FE . 5, /)



24

25

26

27

WRITE (&.24)
FORMAT (8%, "
WRITE (6.25)
FORMAT (BX."
WRITE (6.28)
FORMAT (8X."
CWRITE (6.27)
FORMAT (8%, "
WRITE (6,22)
FORMAT (6X,"
WRITE (6.29)
FORMAT (8X,"
WRITE (€.32@)
FORMAT (Bx."
WRITE (&.31)
FORMAT (Bx,"
16,73
WRITE (6.32)
FORMAT (8%.,"
1)
WRITE (6.33
FORMAT (58X,

MWC3, PCC3, TCC3, MFC3 N
PROPANE" , 20X, FE.3., 18X,F5.1,18%,F5. 1, 20%X.F6.6, /)
MWCA T, PCC4T, TCCA I, MFC4 1

ISO-BUTANE", i7%,FB.3, 18X,F5.1, 18%.F5.1,20%,F5.6, /)
MWCAN, PCCAN, TCZ4N, MFC4N

N=-BUTANE" , 19X.FB6.3, 18%X,F5. 1. 18X.F5.1, 20X, F6.6, /)
MWCST, PCCSI., TCCSI , MFCSI

IS0-PENTANE" , 16X,F6.3,18%,F5. 1, 18X,F5. 1, 20X, F6.6/)
MWCSEMN, PCCEN, TCCEM, MFCEN

ol

N-PENTANE" , 18X,F6.3,18X,F5.1, 18¥.F5.1.20%,F5. 6, )
MWCE, PCCE, TCCE, MFCE

HEXANES" , 20X, FE. 3. 18X, F5. 1, 18%.F5 . 1, 20X, F6 .56/)
MWCZF, PCCPP, TCCPP , MFCA

HEFTANES PLUS" 14X.F5.3,18%.F5.1,17X,F6.1.20%X.F6.6, /)
MWHZS , PCHZ2S, TCHZS , MFH2S

HYDROGEN SULPHIDE". 10%,F5.23,17%.F6. 1., 18%.F5 .1, 20X, F6.

MWCOZ , PCCOZ, TCCOZ2, MFCOZ
CAREOHM DIOKIDE”,13%,F8.3,1?K,F8.1,18X,F5.1,2®XJF8.B,/

MWNZ . FCNZ . TCNZ . MFNZ, CPAY . CTAV . TOT
NITROGEN" . 19X, F8. 2, 18X, F5 .1, 18X, F5. 1. 20%, F6 .5, /746X

L." AVERAGE"  4X,FE.3, 8%, " AVERAGE",3%.F5.2,10%," TOTAL",2X,F7 .7,

247

SG=MUAYVG/ER | 966

WRITE (6.4) MWJaVG, SG
FORMAT (BX." AVERAGE MOLECULAR WEIGHT OF GAS =", 4%, F5.3, 20X, "GAS G
IRAMVITY =".2X.F4 .4,
THIS NEXT SECTION CALCULATES SALES GAS,CALORIFIC VALUE
LPG, RCONDENSATE

IF (MFCOZ2.GT.9.02) GO TO 777
SALG=MFCLHIFC2+HMFCO2
*=1.0000/ (MFCL+MFCZ+MFCOZ)

G TO BER

SALG=MFC1+MFCZ4+@ .03
#=1.0000/ (MFC1+MFCz2+2 . 93)
WRITE (6.8) SALG

FORMAT (&=, "
<7 ]

MFCL=AMFC1
MFC2=4MFC2

SALES GAS",23K,"=",8X.F6.4,2%, "MMSCF/MMSCF Rall GASY,

CALG=MFC1%1012 . 0+MFC2% 1783
CALGM=CALGX37259 08778
WRITE (6.7) CALG, CALGH

e



7

oee

4@

41

e
64

FORMAT (BX," DRY-BASIS HEATING VALUE", 9%, "="1X, FB 9, GXJ"BTU/CUB"
1"IC FOOT WAPOR .
2'aT 14.698 PSIA,",/,d5X,"(",E10.5,2%, "JOULE/CUBIC METRE)", /)
LPG=MFC2¥1 .E6/1502 . 76+MFC41X1 E6-/ 1247  d+MFCANKL  E6-1232.34
LPGM=LPG¥S . 6145832599

WRITE (6.8) LPG.LPGM

FORMAT (BX." LPG".23x,"=",3X,F6.2, 4%, "BARRELS MMSCF RAL Cﬁa,(
1IF7.2,2x, "CUBIC METRES/MM CUBIC METRES)", )

COND=MFCS5I%1 .E6~1150 . 716+hFCENKL  EE-1162 . SE+HIFCEX]  EG- 1024 0+MFCPF
141 E&rE22 .234

CONDM=CONDXE . 614583323

GOR=1000000 . @-COND

WRITE (&, 3)COND., CONDM, GOR

FORMAT (8%.," CONDENSATE".Z21xX.," =",3X,F5.2,4X,"BARRELS/MMSCF RalW "
1"GAS, (".F7.2,2%,"CUBIC METRES MM CUBIC METRES)",Z(.),7K,
2"GAS/CONDENSATE (OR OIL) RATION, I, "=",2X.F7.0,4x, "CUBIC FEET ~ BA
SRREL" .

IF{KPMA . NE . @) GO TO 300

CALL DUM

WRITE(E, 813 (TITLECD ,J=1,262

WRITE (6,4@)

FORMAT (113X, "PAGE 3".~
¥ 77X, "RESERVOIR", 7K, "RESERVOIR" . 1@X, "GAS", 19, "VISCOSITY" , 8X,
ﬁ”COMPPE%S—“ K NGASY L 12K, "GAS! L /L 7KL "PRESSIUREY L 8K, " TEMPERATUREY

L EX, "DEVTATION" (6%, "AT RESERVOIR" 5, "IBILITY" . 3K, "DENSITY" , 8X,
C”CRQDIENT” Z ALK "FACTOR" , =3¢, "CONDITIONS" , 20X, " (LB/CU .FT. )”J
DAL, (PSIAY! L 12K, (R, 1d, (200 12 N CCPY Y L LK, M (PSTAK-10" . B,
E" (CGM/CCY 3" 720, NEPSTAFTI , )

I.J=1

DO S I=1.30

CALL Z28TAaR (CMPGI

CALL WISCY

DEMG=(MWAVGKFP T )%520. ©) /(379 . 0X14 . 73K (T+460 @)X .2(1))
DEMNGHM=DENG¥® . 0160185

GRDG=DENG~144 &

WRITE (6,413 FPRIIN.T.ZZ01),VISGG(1), CMPG., DEMG. DENGM, GRDG
FORMAT(EX.F5. 1. 10X, F5. 1. 11X, F5. 3, 12X, F5 .4, 10X, F7 8. 7x,F5. 3, 1X, " (",
AFd . 3. M3, EXLFS.d4)

IP=P/ 120

P=1P¥108 . 0—-400 0

[FCP.LE.1.9) GO TO 69

COMNTINUE

FP(I+1)=0.0

ZZ(1+1)=1.2
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VISGG(I+1)=VISGG(I)

I=I+1

MNP=1

CALL INVER (PTAE,PP, NP,LUN)
CALL INVER (ZTARE,ZZ.,NP,LUN)
CALL INVER (UTAB,VISGG, NP, LUNY

USING AL-HUSSAINY-RAMEY METHOD,"THE FLOW OF REAL GASES THROUGH

FPOROUS MEDIA.". JPT, MAYES, PP B24—-642

CALCULATION OF GAS POTENTIAL FOLLOWS

DO 183 M =1, NP

DELPOT(M)= 2.0 % PTAB (M) ~ZTAR (M) ~UTAB (M)

CONT INUE

CALL QINTE (POT. DELPOT. FTAB., NP,LUN)

WRITECLUN, 3013 (¢ PTAB(M) , DELFOT(M) . FOT (M) ), M=1,NP)

FORMAT (2X,FZ.1.2%, "DELPOT=",2X,E12.8, 18% "POT = ",2%, E13.6)
IF (IFL.NE.1) GD TO 999

CALL ZMPL (NP, TITLE.PTAE, ZTAR, UTAR. POT)

CALL EXEC (8,NAME. TITLE)

CALL GAS1

EHD

SUBROUTIME GFH

IMTEGER TITLE

REAL MFHZS, MFCOZ. MFN2, LPG

COMMON TITLE(Z2EY,LUM, ICODE ., KPM&X, TR, PR, CTAY, CFAV. SG. PP(3a) ,
A ZZ(30),WISGH(30) , MFHZS, MFCO2, MFN2, 1, [J.POT(32), PTAR(2) ,
E ZTAB(32), UTAE(30), SALG, BLPG(16) ,BCS(10) . PAC1AY , LPG, COND, P, T,
C KP1MAK, IPL

DIMENSTON PATC10).GAS(18),CIP(10),C5P(10), BLPGI(10), BCST (1)
READ (2,30 (PAT(K)  K=1, KPHEX)

READCS, H2 (CIPOK) L K=1, KPMa)

READ (5,4 (CEP(K), K=1 ., KPMa)

KA =PMAaR+1

PAT (KPHAX)=0 . @

GAZ (KPMAX ) =0 . D9EXGAS (KPMAX—1)

CoF (KPMARX ) =C3P (KPMaX—1)

CER (KPMAX ) =CEF (KPHaX—1)

ELPGI(13=CIF(1)

BCSIC13=CEP(1)

DO 25 K=1,KPMax

BLPGI (K+1)=C3P (K+1)%2.0~-C3P (1)
BCST(K+1)=CEP (K+1 %2 . @—C5P (1)

COMT INUE

CALL INVER (PA.PAT, KPMAX, LIUND

CALL INVER C(BLPG,BLPGI, KPMAX, LUN)

Te
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C

20

10

CALL INVER (BCS.BCSI,KPMAX, LUNY

DO 40 K=1,KPMAX

WRITE (LUN.23) PACK),BLPG(K),BCS(K)
FORMAT (30X, "BBL .~ BCF",3(10X,.E14 .6))

CONTINUE
RE fURN
EMD

SUBROUTIMNE INVER (A, A&1.NP,LUN)

****XX#%XXX*X*X**X*X*XX**X*X*X*X**X*****X***X*X*X**X*X*X*****XX*X*X*X*
¥ THIS INVERTS THE ORDER OF DATA IN ONE DIMENSIONAL ARRAY s
R A R KRR R KKK kKR Kbk
DIMEMSION &I (320),

DO 16 J=1,NP
K=HMN - J+ 1
ACKI=AT (D)
CONT INUE

WRITECLUN, 20) ACK)
FORMAT (20X,.E13.61

RETURN

END
SUBROUTINE DUM
[NTEGER TITLE

REAL MFH2S, MFCOZ, MFN2. LPG

COMMON TITLECZE) , LUN, ICODE, KPMaX, TR. PR, CTAV, CPAV, G, PP(30),

A ZZ030),WISGG(3@) . MFH2S, MFCOZ,MFN2, 1. 1J,POT(30) , PTAR(30) .

B ZTAB(20), UTAR(30), SALG, BLPG(10), BCS(10) . PAC10) , LPG, COND.P, T,

C KP1MAX, TPL
ELPG(E)=LPG
BCE(5)=COND
PAlEI=P
BLRG(E)=0 29% PG
BCS(5)=0  ”SCOND
FPR(5)=0. 85XPATE)
ELPG(4)=0.239%LPG
ECS5(4)=0 . 52X COND
FAldI=0 . E5FPALE)
ELFG(3)=0. 98¥LPG
BCS(3)=0 . 474 COND
PARIZI=0 4E5PATE)
ELPG(2)=0 . 924LPG
ECE(2)=0.46%C0ND
FR(Z1=0 . 26FPAE)
BLFG(1)=0. 98%LFPG
BCS5(1)=0.4E8¥COND

A

(20)

*
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PAC1)=PA(B)/1000.0

KP1MAX=6

CONT INUE

RETURN

END

SUBROUTINE ZSTAR (CMPG)
AR RO XK KRR R IR KX
* COMPRESSIEILITY FACTORS ARE CALCULATED FROM AN 11 PARAMETER

X BLUR EQUATION OF STATE.DEVELORED BY DRANCHUK & ABOU-KASSEM

b 4 (1975). THAT EFFECTIVELY REPRODUCES THE STANDING-KATZ

* Z-FACTOR CHARTS
PEEILELEELEELIENSLELCELEOLICEECIELLELEL LTI ELEPTEL LS LS SEO LY IS LS LY
INTEGER TITLE

REAL MFHZS, MFCOZ.MFNZ, LPG

DIMENSTON AC11)

COMWOM TITLECZEY, LUN, ICODE, KPHMAX, TR . PR, CTAV , CRAV, SG. PP (32a7 .
A ZZ(30),VISGGEI39) . MFH2S , MFCO2, MFNZ2. 1, 1J,POT(201 . FTAB(3@) .,
B ZTAB(3@) . UTAB(32@) ., 8ALG, BLFG(1@) . BCE(1@) ,PAC1AY . LPG, COMNDLP. T,
C KP1MAM, IPL

DATA A-/0 . 3265, -1 .070, ~@.5339,0 . 01563, -0 . 05165. 0 .5475, -0 . 7361, 0. 184
Ad.@. 1056,0.6134.0.7210~

CALCULRTE ADJUSTMENT FOR PRESEMCE OF HzZS & COZ

FRCA=MFHZSHMFCOZ

FRCE=MFHZZ

CORRECTIONS FOR THE PRESENCE OF HYDROGEM ZULPHIDE %

CAREON DICXIDE ARE APPLIED BY THE METHOD OF WICHERT &

ARZIZ (1974) . ERS=WICHERT & AZIZ ADJUSTHMENT

EFS=120 ok (FRCAYYD . 9-FRCAKKL .61+15 @k (FRCEAXQ . 5-FRCE¥X4 . 9)

QDJU”T PSEUDO CRITICAL TEMPERATURE % PRESSURE.

CALCULATE PSEUDO REDUCED TEWMPERATURE & PRESSURE

CTAVA=CTAW-ERPS

[J=1J+1

IFCIJ.GT.2) GO TO 19@

GO TO 120

PR{I)=P

CPAYA=CPAVICTAVA, (CTAVHFRCEX (1 . ©-FRCBIXEFS)

T=T+453. 0

TR=T-CTAVA

PR=P-CPAVA
LEIRREELEEELESLLLEEXLLLSIEELLTELELSL SR ELEEL LISV LSS LS ELET S 0O 000

#  SET ERRCR FLAG.IERR, TO © X
¥  CHECK UPPER AMD LOWER LIMITS OF THE PARAMETERS SPECIFIED X
*  BY THE FOLLOWIMG RANGES (IMCLUSIVE)- X
¥ TR - 1.5 TO 3.00 X

S
a“

K
*
*
*

9.
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¥ PR -02.00 TO 15.00 X
X FRCA - 2.00 TO 0.85 X
X IF ANY VALUE 1S OUTSIDE THE RANGE.SET IERR= 1.9,Z=0.0, X
#  AND CMPG=0.8 AND RETURN TO THE MaINLINE ¥

A KKK K KKK KO KRR KoK KKK R KK
[IERR=0

IF (TR.LT.1.65.0R.TR.GT.3.02) GO TO 13

IF (FR.LT.®.00.0R.PR.GT.15.00) GO TO 13

IF (FRCA.LT.0.00.0R.FRCA.GT.®.85) GO TO 19
IMITIALIZE REDUCED DENSITY AND CALCULATE COMPRESSIBILITY FACTOR
AND COMPRESSIBILITY OF THE NATURAL GAS
ITER=@

J=1

DENRD=1.9

TRE=TRINXZ

TRI=TRAEZ

TRA=TR¥¥d

TRE=TR¥X5

Cl=A(7)+A(2) /TR

CO=AC1 IATR+HA(Z)HA2)I/TREHA4) / TREHALS) /TRE
CE=ATEIXTR+CL

C2=-C1¥R(3)

CAd=n(18)- TRz

IF(PR-22.9) 1.,1.22

IF(TR-1.@) 2.2.23

J=0

DEMRD=0. 0

DELDR=9.1

IFITR-32.0) 4.4,22

DO 16 ITER=1, 100

IFCJY 5.5.6

DENRD1=DENRD

DENRD=DEMNRD+DELDR

DENRLZ=DENRD¥:#2

DEMNRDS=DEMRDK#S

T1=C@¥DENRD

Te=CE¥DEMRDZ

T3=C2XDENRDS

Td=Cd¥DENRDZ

TS=A(11)4DEMRDZ

TE=EXF(-TS)

Q=(TR+T1+TZ+T3) XDENRD+TAXDENRDX (1 . O+TS)XTH

QU=TR+Z . QXT1+3 . OXT2+E . OKTHTALTEK (3. 043 . OXTS—2 . OXTSKTS)
IF(JY 2.2,16

LT

10.
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PRCAL=0-0 .27

IF (ABS(PRCAL-PRY-0. 1E-02) 17,17,8

IF(PRCAL~-PR)Y 16.17.9

DENRD=DENRD1

DELDR=DELDR 2 . @

DENRD1=CENRD-(Q-0 . 270%PR)/QQ

IF(DENRDLY 11.11.,12

DENRD1=0 . S¥DENRD

IF(DEMRD1-2.2) 14,14,13

DENRD1=DEMNRD+ . 2% (2. 2-DENRD)

IF (MBS (DEMRD~DENRD11-0 . 1E-@4) 17,15,15

DEMRD=DENRD1

CONT IMUE

Z=0 . 270¥FPR (DENRDXTR)

COMPRESSIRILITIES ARE CALCULATED BY THE METHOD OF MATTAR.
BRAR, & AZIZ (1975)

DENRDZ2=DENRD#¥Z

DENRD3=DEMRDH 2

DENRD4=DENRD#:Hd

Wl= ACLI+HAGZI/TRI+(A) /TRIIHALY /TREI+(A(S) /TRS)
V= 2. O¥DEMRDX (AIBI+(AZI/TRI+ (AR /TRZ))

W3= 4 OXDENRDA¥ATDIXACT I TR+(ACRI/TRE) )

Vd= (2 @kA(10KDEMRD/TRI)+(4  0%A(102%8( 11 ) XDENRD/TR3)
V5= EXP(-A(11 ) ¥DENRDZ)

VE= ({ACLIO)KXDEMRDZ/TR3I+(A{10 KA (11 YXDENRDL/ TR3) 1%2 . OXDENRDKA(11)
DZED= V1+WE-V3+ (WS — (VEEVE)

CMPPRD=1 . 0/FR-0 . 270XDZED/ ( ZXZXTR ¥(1.0+(DENRD/Z)¥DZED) )
CMPG  =CWMPPRD CPava

GO TO 20

[ERR =1

it =0.9

CMPG =0

WRITE (LUN,21) P,T.PR,TR.Z,CMPG,FRCA,FRCR,EPS, ITER, IERR
FORMAT (S(2X.F18.6),213..)

FP{I)=P

22(11=2

T=T-460.0

RETURN

END

SUBROUTINE VISCY

A KRR KK KoK R KRRk
& THIS SUBROUTIME WILL DETERMINE THE VISCOSITY FOR NATURAL 4
*  GAS INCORFORATING A CORRECTION FOR THE PRESENCE OF HYDROGEN X

11,
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X SULPHIDE CARBON DIOXIDE,AND NITROGEN ' X

**XX*X*X*X**XX***X***X**X**XX*X**X*XH*XXXXXX***X**X*X*XX***XXX****

INTEGER TITLE . , ,
REAL MFH2S.,MFCO2., MFNZ2, LPG -
DIMENSION TEMTBL(13),PRSTBL(22),VISTL. (22, 13),VISTBI(22,7), VISTB2(
122,6) ,
EQUIVALENCE (VISTBI(1,1),VISTBL(1,1)3, (VISTB2(1,1),VISTBL(1,8))
COMMON TITLE(26),LUN, ICODE, KPHAX, TR, PR, CTAV, CPAV, 5G, PP(30) ,
A ZZ(30),VISGG(30) ,MFH2S, MFCOZ,MFN2, 1, 1J, POT(30) , PTAB(39) ,

B ZTAB(30),UTAB(3@).SALG. BLPG(10),BCS(10) ,PA(10) LPG.COND.P, T,
C  KPiMAX, IPL '

DATA TEMTBL ~ ’
11.05,1.10,1.15,1.20,1.39,1.40,1.50.1 .60,1.75,2.900.2.25,2.50,3.00 ~
DATA PRSTRL ~
10.1.0.2.0.3,0.4,0.5.8.6,06.7.0.82,0.9,1.0,1.2,1.4.1.6,1.2,.2.0,3.0,
24.2.6.0,8.0,10.0,15.0,20.0/

DATA VISTBI ~

Al.000,1.012,1.025,1.050,1.975,1.100,1.145,1.195,1.285,1.415,1. 760,

Bz .285.2.865,3.290,3.650.4 .760,5.500,6.460, 7. 150.7 .650,% . 650,9.370,

C1.000.1.011,1.023,1.043,1.065,1.025,1.120,1.150.1.195,1.255,1 .435,
D1,78932‘079,2.465,2.860,3.850,4‘855,5.729.6.590,7.060,8.199,8.880,

El. ©00,1.019,1.021,1.036,1.055,1.072,1.095,1.120,1.145,1.175,1 . 280,

F1.420,1.550,1.850.2.180,3.225,3.95,5.030,5 . 820,6. 255, 7.410,8 . 180,
1.000.1.009,1.019.1.030.1.045,1.060,1.07¢,1.985,1.110,1.135,1. 155,
H1.285,1.425,1.570,1.750,2.609,3.350,4.389,5.125,5 740,6.750,7.500,

11.000,1.008,1.017,1.027,1.040,1 .054,1.063,1.075,1.100,1.170,1 . 155,
J1.215,1.285,1.360,1.460.2.020,2 560, 3.500, 4. 185,4 . 755,5. 790, 6. 500,
K1.0600.1.007,1.015,1.024,1.035,1.048,1.956,1.057,1.029,1.100,1. 135,
L1.1385,1.235,1.280,1.335.1.690,2.11¢,2.790,3.3%0.32.860,4.790,5. 410,
M1l.000,1.006,1.013,1.02151.030,1.042,1.049,1.059,1 073,1.100,1.120.
N1.150,1.185,1.220,1.260.1.500,1 .735,2.225,2.320,3.230.4 . 060, 4 510

AL.0RO.1.005,1°011,1.018,1.025,1.036,1.042,1.051.1 067,1.070,1.095,
Bl1.120,1.150,1.186,1.215,1.385,1 .595,2.030,2.425.2.770,3.490, 4., ©2C,,
Cl1.000,1.004,1.009,1.015.1.021.1.630,1.035,1.043.1.056,1.065, 1090,
D1.116,1.125,1.145,1.185,1.280,1.435,1.770 2.995,2.275.2.390,3.500,
El1.000.1.003,1.007,1.012.1.017.1.024,1.028,1.035%1.045,1.055, 1 . 050,
F1.070.1.080,1.095,1.110.1.205,1.230,1.500,1.725,1 .955,2.480, 2. 925,
Gi.@@@;i.0@2,1.905,1.989,1.@13;1.@18.1.@21,1,027,1.034,1.648,1.045,
H1.055.1.065,1.075.1.035.1.145,1 219, 1.340,1.485,1 £65,2.085,2 4560,
11.09@;1.@01;1.@@3;1.9@6,1.009;1.@12,1.015,1.919)1,623,1.625,1.936,
Jl.049,1.956,1.068,1.965,1.105,1.155,1.245,1.369,1‘485,1.836,2.15®,
Kl.998,1.086,1.081,1.083,1.0@5;1.@@7,1.609,1.911,1.913.1.915,1.020,
L1.625,1.930,1.035,1.040,1.@8911.085,1.14®,L.2®5,1.285,1.495,1.759/

.
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120

280
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INITIALISE UPPER AND LOWER BOUNDS FOR THE TﬁBLES ‘OF FPSEUDO REDUCED
TEMPERATURE AND PRESSURE INDEXES
- ERROR FLAG. IERR.TO ©

LOFRS=2

IHIPRS=21

LOTEM =3

IHITEM=11

IERR1 =0 ,

CHECK UPPER AND LOWER LIMITS OF THE PARAMETERS SPECIFIED BY THE
FOLLOWING IMCLUSIVE RANGES ~

IF (TR.LT.1.95.0R.TR.GT.3.00)- GO TO 24e

IF (PR.LT.0.21 OR.FR.GT.Z9.®) GO TO 249

IF f8G.LT.®.55.0R.8G.GT.1.50) GO TO 240

LOCATE TR IN THE TEMP INDEX

DO 100 J=LOTEM, IHITEM :

IFCTEMTELCYY GE.TRIGO TO 1z@

CONTINUE

J= IHITEM+1

IF(PRSTBLILOFPRS-1) .LT.PRY GO TO 160

K=1

ICﬁLL:l

GO TQ 3

WISGRE=1. O®+EPP+thMI -1.23)

GO TO Z0@ —.‘

IF(PRSTBLCIHIFRS+1) GT.PR) GO TO 200 '

K=THIPRS+1

ICALL=>2

GO TO 320

VISGR=VISI

GO TO 300

DO 220 K=LOPRS. IHIPRS

IF(PRSTEL(K) .GE.FR) GO TO 240

CONT IMUE

K=IHIPRS +1

ICALL =3

GO TO 320

VIS =\ I¢I : ‘

K=K—1
ICALL=4
Go TO 320

K=K+1 ' ' .

MISGP—UI¢I+((fPP —FRETBL(K~13)/(PRSTEL{KI-PRSTBL(K-1) ) IX(VISJ-VISD)
Aa)d

CALCULATE PARTIAL WISCOSITY.VISGU. MODIFY THE VALUE BY APPLYING

13,
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. CORRECTIONS DEPENDENT UPON'THE MOL FRACTIONS OF H2S,C02, & N2 .

TO. OBTAIN THE 'PARTIAL VISCOSITY AT 1 ATM PRESSURE,VISGA
CALCULATE THE OVERALL VISCOSITY.VISG

300. VISGU=(0. 126585E~01)~(8 . 511823E-02 ) %5G+( 0 . 164574E~02 ) ¥SGXSG
H+(@.164574E—®4J*T—(®.?19221E—®6)XSGXT—(0.6@9@48E—®8J*SG*SGXT

C

CORHZS=(0 . 1 13¥MFHZSKSG~0 . 003RKMFHES+0 . 000001 ) X

ACL.0/(1.8+3G) )+9 . 0eReR1

CORCOZ=(0 . @134¥MFCOZXSG-0 . 004 KMF COR+0 . OORRBOAKSH )

A X(1.9/(1.0+53) 1-0 . 000R3

CORMZ =(0.@17@¥MFNEXSG+O . 0OR21XMFNZ - +0 . pO0R10XSE)

A F(1L.9-(1.0+5G) ) -0 . QDS

326

VISGA =VISGU +CORHZS+CORCOZ+CORNS

VISG =VISGRX VISGA

GO TO 354

CALL TO LAGRANGE INTERPOLATION ROUTINE

CALL XLGRd (TR, TEMTBL(.J-2), TEMTBL (.J~1), TEMTEL ¢ U3},

A TEMTBL (U+1) . WIS, WISTBL (K, J-23 , VISTEL (K, J—17 .,
E VMISTBL (K, J),WISTBL(K, J+1))

WRITE (LUW.351) VISI

351 FORMAT (2X.ER.6)

C

e

240

GO T (140,120,260, 280 . 1CALL
DATA ERROR PROCEDURE

[ERR1=1

VISGR=0 @

YISG =6.0

354 WRITE (LUN,355) T.TR,PR,VISG, VISGA, VISGU, SG, CORHZS, CORCOZ, CORMZ ;

OO0 00

355
255

3266

1 IERR1, ICALL

FORMAT (10(2X.EE.6).213,.7)

VISGGIDI=YISG

RETURM

ERD

SUBROUTIMNE XLGR4 (3, X1,%2,%3,%4,Y.Y1, Y2, Y3, Y4)
X*X*X*%*k**%*****%xXX****X****X*X*X*XX%**X*X*KKX*X****X***%XXX****

#  THIS SUBROUTINE EWALUATES THE GEMERAL LAGRANGE EQUATICN *x
) 4 (K.L.NEILSON,METHODS IN MUMERICAL ANALYSIS, 1956.FOR A Y 4
¥ WALUE CORRESFONDING TO A GIVEN X VALUE LYING WITHIM THE *

X RANGE OF FOUR GIVEM POINTS: CALLYLY, (X2.Y2), (X3,73), (K4, vd) %
*X*%%Xﬁ%%X*X**X**%*X*#ﬁ****#*****K*X*X*X%*X*X*XK*X*ﬁ*******%**x%*x
AL =x1-X2
Az =X1-X3
AZ =x1-Xd
Ad =XE-X3
AS =xzZ—-Xd
ARG =X3-X4

14,
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OO0 00

Bl =X-X1

B2 =X-X2

B2 =X-X3

Bd =X-x4

¥ =B2/ALXB3/AZXB4/A3KY 1~BL/ALYXBA/AdXB4/ASEY2+B1/AZKB2/A4XR4 /A6
LKY3-B1/A3KB2/ASKBI/AGXYd

RETURM

END

SUBROUTINE TERF (A, B. Y. X, KMAX,LUN)

STRAIGHT LIME INTERPOLATION CINCLUDING ¥=2 TO Y(I)
FOR X=0 TO X(I)

A IS UNKNOWM WALUE OF ¥ AT X =
DIMENSION Y(30).,X(39)
K=1
IF(B.LT.@.8)GO TO 12
IF (B- ®(111.,2.2

LAa=Y1lk B s xi1)
GO TO 20

2 CONTIMNUE
I[F (A(KMAKI—- By12.3.4

12 LRITEC(S, 3 X(KMAR) LB
STOP 5§

3 A = YIKMAR
GO TO z@

11 IFCCACKMARI-B) LE.Q. OGO TO 12

K=K+1

4 IF (X(K3- BY 5,6.,7

5 GO TO 11

6 A= YK
GD TO 20

“

A= YIK=1) + (YOO=YK=12 3% (B (K=13) ~ (X(KI-X(K~-1))
GO TO 20
FORMAT (15X, "VALUE BEYOMD TABLE., KMAX =".E14.6,//,38%,"B="El14.6)
2@ CONTINUE
WRITE (LUM.2Z) A.B
22  FORMAT (2%.2(E12.6))
RETURN
END
SUBROUTINE @QIMTE (A, Y, X. N,LUN)
**Y%?*#**X%¥X#3KY#**X#**¥?*?X**X*#X#X*****X*?Y}****X*?X**%*XX*X&?**%?#
ARERA UNDEP CURVE Y = FUNCTIOMN OF X WERSUS Y 'TO K= N
* CALCULATED FROM X=0 TO Y=0

A AR A IRk btk
DIMENSION AC32).Y(38),%X(30) '

(U]

15.
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100

Y

R(1)=0.2

ACZ) = 8.5 X Y(2) X X&)

WRITE (LUM,3@)X(1)

FORMAT (ES.6)

Do 1e K =3, N

ACKY = 0.5 RYKIFY K1) IX(X(KI=X(K=-1)) + A(K-1)
CONTINUE

WRITEC(LUN, 2@) AN

FORMAT (E13.6)

RETURN

EMD

SUBROUTINE ZMPL (MP. TITLE.PTAB.ZTAB.UTAB,FOT)
IMNTEGER TITLE

DIMENSTION TITLE(ZE) . PTAB(3@) ., ZTRE(30) . UTAB (32, IBUF (4@),
A IYP(20), [XZ(20), IXU(20), IXPOT22) . POT(20)
ChLL CODE

WRITE (IYP.12

FORMAT ("RESERVOIR PRESSURE (PSIA 10E+43")
Call CODE

WRITE (IxZ.23

FORMAT (" DEVIATION FACTOR —Z")

ALl PLOTS (382.0.180.0,0,-1.a,-1.e)

CAlLL PLOT (5.5.5.0,-32

CALL SYME (9.0.9.9.5.0,7.92.09,-1)

CAalLL PLOT (13.5,—4.0,-3

CALL AxIs (0.0.9.9,1xZ2.15.7.9,120.0,0.75,0.05)
CALL AXIS (0.0.9.0,I%YP.-31.2.0.50.0.2.0,9.23]
IPEN=Z3

DO 186 I=1.MHP

Y=FTHE(] ) 200 .0

®=—((ZTRB(1)-@.75)%20.0)

CALL FLOT .Y, IFEMN)

CALL SYME (X.Y,0.1.3,0.0,-1)

IPER=2

CONT THUE

CAall CODE

WRITE (IBUF.Z2)C(TITLECJY, J=1.267

FORMAT (20A2, 10X, 2A2. 2X, 4R2)

CALL SYMB(-5.0,2.9,0.1,IBUF.30.9,54)

CalLl FLOT (2.5,0.8,-32)

CAaLL CODE

WRITE (IxJ.4)

FORMART " WISCOSITY-U (CP 18E-12")

CALL AXIS (8.9.98.2,1xU.23,7.0,122.0,6.1.0.63)

16,



CALL AXIS (0.0.0.9,IYRP.-31.8.0.90.9,0.0.0.0%)

IPEN=2

DD 200 I=1.NP

Y=PTAB(I /800 @

A== (CUTAB(I1)-2.01)%333.333)

Call. PLOT (X.,Y, IPEN)

CALL SYMB (¥,¥.90.1,3.0.0,-1)

IPEN=Z
200 CONTINUE

CALL SYMB (~5.0.2.0,0.1,1BUF,99.@,E4)

CALL PLOT (8.5.0.0,-2)

CALL CODE

LRITE (IxPOT.S5)
5 FORMAT ("GAS POTENTIAL-PHI (PSIA SQUARED/CPS/10E+103")

CALL AXIS (0.0,90.0. 14P0T.43.7.0,180.3,0.0,2.02)

CALL AXIS (0.0.0.0,IYP.-31.2.0.90.0,0.0,0.02)

IFEN=2

DD 300 I=1.MHP

V=PTEBOT 17806, 0

A== (POT(I) /71 QE+10%33 . 223

CALL PLOT .Y, IPEN)

CALL SYME (X,v.9.1,3.@.0,-13

IFEN=2
329 COMTINUE

CALL SYMB (-6.9,2.¢.60.1.IBUF,90.0,64)

CALL PLOT (2.0,0.0,939)

CAaLlL GOPLT

RETURM

END

FROGRAM G
Ct4+++++++4 t
CH+++t++t+++ }

INTEGER TITLE

DIMEMNSION G2(401,GP(40),GP1(403,GPLPG(48) , GPCON(4® ) , SUMGP (43,
A SUMLPG(40) , SUMCONC4®) . QOVOL(40) , PTF (4@, FUF (40) , PR(40),
B ELP(42),BCOC40), SUMGFL (40)

COMMON TITLE(ZE) , LUN, ICODE, KPHAX., TR, PR, CTAV, CRaM, G, PP(30) ,
A ZZ(30),VISGG(30), MFHZS, MFCO2, MFN2, 1, 1J,POT(30) , PTAR(3@) ,
B ZTAB(30),UTAB(3@), SALG, BLPG(10),BCS(10,PAC10) , LPG, COND, P, T,
C KP1MAX, IPL

IFCICODE.EG. 1) GO TO 9992

READ(S, %) WOL.POR, 34TW. AVETH

FEAD (5, XIMYRMAK, NI, MAR

17.



READ (5, %IRW.KH,S,DTURE
READ (S.X)2, QMIN, THPMIN, QOVER
READ (5,%) TBGEL,TBGDIA,FR,FAC. TEMTOP, IEND
FRESSI=PP(1)
IFCIEND .NE.~1) GO TO 1
WRITE (8,81)¢ TITLE (Jy,J=1,26)
81 FORMAT (1H1.5/. 40%.2082,22%,202,5%.442,1(/)) -
WRITE (5.408) YOL.POR, SATW, AVETH, T, FRESSI

4@ FORMAT(113X,"PAGE 1",/.
¥ dBxX L "DELIVERABILITY PARAMETERS",./, 46X, " ",ex,

A e ".3(7),8%, "RESERVOIR DATA", ~/,5X," ", /18K,
B"WOLUME OF GAS INITIALLY IN PLACE",25X.F11.0.6%," (MMSCF)",/, 19X,
C“POROSITY”,SSK,Fli.4,EK,“(FRQCTION)“,/,19X,”NQTER‘SﬁTURHTION”,45X,
DF11.4,2X, "(FRACTION)", #, 19X, "AVERAGE THICKNESS OF RESERVOIR",31X,
EFLL. 4, 2%, "(FT",/, 19X, "INITIAL RESERVOIR TEMPERATURE",28%,F11 0,
FEX, " (DEGREES F)",/, 19X, "INITIAL RESERVOIR PRESSURE",21X.F11.0,6X,
G IPSTAIY, 2(/) )

WRITE (5.4@01)RW.KH, S, DTURE, TEGEL, TRGD 1. FR, FAC, TEMTOP

401  FORMAT(EX, "WELL DATA", /5%, M———— ———— ", /018X, "WELL. RADIUS"Y, 50X,

- AFLL.d ZHCUFTI, 2, 15X, "PERMEABILI TYKTHICKMESS" , 39X, F11 .4, 2%, " (1DS—
BETOM, .7, 19X, "SKIN FACTOR" ,48X,F11.2, 2%, /., 19X, "TURBULENCE FACTOR",
C ddX,F11.4,2%, " (D/MMSCF )", 7, 19X, "TURING ELEVATION",
D" (TRUE VERTICAL DEPTHM",19X,F11.0.6%X,."(FT)",/, 19, "TUBING ",
E"DIAMETER", 46X, F11.4,2X, " (INI" ./, 19X, "FRICTION FACTOR",d6X,F11 . 4,/,
F12x, "ACTUAL LENGTH ~ TRUE WERTICAL DEPTH FACTOR",19%.F11.4,..,19%,
G"TEMPERATURE OF GAS AT SURFACE IN TUBING",18%,F11.0,6%," (DEGREES F
HI", 20,30
WRITE (6,492) Q.NW, QOVER, THEMIMN, @MIN

402 FORMAT(SX, "ASSUMED REQUIREMENTS", /, 5%, " ",/
ALTA, MINITIAL RAW GAS PRODUCTION RATE",30X,F11 .4, =X, " (MMSCE/D/WELL )
B, 7, 15X, "NUMBER OF PRODUCING WELLS",39%. 13, ., 19%, "PEAK PRODUCTION",
C " RATE ~ PRODUCTION RATE".23%.F11.4,2%." (RATIONM, ./, 19K, "MINIMUM",
D" TUBIMNG HEAD PRESSUHE“,EBX,Fil.G,BX,“(PSIH)”{/,19K,“MIHIMUM (BR C
EUT-OFF) PRODUCTION RATE",Z5%,F11.4.2%, " (MMSCF/DAELL) ", 2(-))

WRITE(S, 423)

403 FORMAT(SX. "DEFINITIONS" , /, 5%, ¥ ———e e ",/ 19X, "SALES GAS - METH
IANE,ETHANE, AMD UP TO 3% CARBOM DIOXIDE", ./, 19%,"LPG - FROPAME AND
SBUTAMES" , », 19, "CONDENSATE - PEMNTAMES PLUS")

WRITE (LUM,34) VOL,POR, SATW, AVETH, T. PRESSI
WRITE (LUN., 85 )MYRMAX, MW, NP
IF(KPHMAX . EQ. @) GO TO 184
GO TO 185
184 KPMAX=KP1Max
185 COMTINUE

154



OO0

SN SNeRe!

WRITE (LUM.84) (PTAB (M),M=1,NP)

WRITE (LUN.,84)(ZTAB (M), M=1,NP)

WRITE (LUN, 843 (UTAB (M), M=1,NP)

WRITE (LUNM.843RW, KH,S

WRITE (LUM, 240, QMIN, THPMIN, QOVER

WRITE (LUN,84)TBGEL.TBGDIA.FR.FAC, TEMTOR, IEND

84 FORMAT (2X,10F11.4)

8

N =

86

18

5 FORMAT (2915)
GO TO 3
WRITE (6.2
FORMAT (10X, "DATA TAPE INCORRECT!)
STOFP B
NF=1
TSC = GO,
PSC = 14.773
CUMA1=0. 0
DO BE MN=1,de
GPirI=0 0
GFLPG(MHI=0 . @
GRCON(NI=0 . @
CONT INUE
CALL TERF (ZI, PRESSI., ZTAR, PTAR,NP,LUM)
BI = Z1 % (T + 460.) %X PSC / (TSC + 460.) ~ PRESSI
RE = VOL % BI ~ FOR ~ (1 - SATWY » AVETH 7 NW ~ 3.14159
RE = 1000. ¥ SQRT(RE)
CONT INUE
Cd = ©.472 ¥ RE - Ru
Cd = ALOG(C4) + §
CONT INUE
ZBAR = Z1 ’
N =@
R K KKK R
X START CALCULATING ANNUAL PERFORMANCE b

#Y?é#**K*K*X%#X*K*%*X}#*X***X*&X%X*é**%*****#&**********K***X*X**X****
5N = M+l

CUMGE=CIUMA1
xx;#**xxxx**?*x*xx*XXX¥*x*xXXXXK«xxxx*xr#**#xxxxxxx**xx*xxxz¥x***xx#*x
¥ TEST FOR FINAL YEAR FOR MIMIMUM DAILY GROSS GAS PRODUCTION *
X SHND CALCULATE PARAMETERS FOR NEXT YEAR ¥
#%**tﬁ#¥**X#4*#*%#Y¥KY*X*}¥t¥****%¥4**#a?**kX¥**$*#$¥#*YX##**X#**X*#***

IF(M.GT.NYRMAX) GO TO 9000

GO TO 112

Q=0 93%0

IF(Q.LE.©. 98%QHIN) G=0.9

nan

19.



118

310

18

304

11

A

CUMQl= CUMQAZ2 + 365.% Q X FLOAT(NW)
QOVOL1=CUMal ~ VoL

FPEAR = ZBAR X PRESSI X (1. — QOVOL1) ~ ZI
CALL TERP (ZBAR. PBAR, ZTAB , PTAB.NP,LUN)
PBARL= ZBAR ¥ PRESSI ¥ (1. - QOVOL1) ~/ ZI
WRITE (LUN.310) PBARL.QOVOL1,Q

FORMAT (3(2X.E13.67)

CALCULATION OF GAS FLOW IN RESERVOIR

CALL TERP (POTBAR. PBARL.POT, PTAR. NP,LUN)
@1 = Q X QOVER

C44=C4+DTURBXQ1
CAd=((T+4E0 . 0IXC4d/ KH D .7)X1000000 . @
WRITE(LUM.30Z) RE,DTURE.Cd44

FORMAT (20%,"RE=",E14 .5,20Y, "DTURB=",E14 .G, 20%, "C4d=" ,E14 .6)
POTFWF = (FOTBAR - (Cdd¥ Q1))

[F(POTPWF .LE.©.0)GO TO 18

CALL TERP (PWF1,FPOTPWF, PTAR, FOT. NP,LUM)
CALCULATION OF FLOW IN TUBIMNG

R.V.SMITH MODIFIED WEYMOUTH EQUAT IOM, "HANDBOOK OF NATURAL GAS
ENGINEERING" BY KATZ ET. AL.(1959.P 3093

TAa = (T + TEMTORI/ 2 @ + 450,

ZAl= 9. 90

J=1

51 = ©.037% ¥ 56 * TEGEL ~ TR ~ ZA1

Al = (TBGDIAYXY 5.0 » SG » TA 7 ZAl 7/ FR ~ TRGEL ~ FAC

El = EXP (S1)

PTFPTF= (({1.-E1)/S1 ¥ 25.0 / AL)X Ol% Q1+ PWF1¥ PWF1)
E1

[F(PTFRTF LT.©.9) GO TO 18
PTFL1=SQRT(PTFFTF

WRITE (LUN,3@4) ZAl,S51, HL E1.PTFL
FORMAT (2X,5(E13.8)) .

[F(J-3) 11.12.12

J=Jd+ 1

" CALL TERP (Za1, PTFL.ZTAB, PTAB. NP.LUN)

GO TO 15

12 CONTINUE

IFCPTFL- THRMINY LT.9.@) GO TO 12

C f#%#?%k#%f?AK#K%é%X##?%4*%***##*#**%¥XKXY**$#*¥¥¥¥***Y*K#?K%?YX?K!XKXY
C X FILL ARRAYS FOR YEAR N AND GO TO NEXT N *
C

KX%*YX#¥¥%*¥¥#X*%#Y*K*Y***K#¥**YY#Y¥**K¥***A#¥?KY**********#L*X*X*K**X
90 22 (MY = Q@

GPLCN} = @ X 365. ¥ FLOAT(NW) 1009
IF(PACKPMAX)-PRESSI) 142,143,143

20.



142 WRITE (6. 144)PACKPMAX) . FRESSI

144 FORMAT (15X,"PACKPMAX) = ",E14.6, 15X, "PRESS] = "E14.6)
PACKPMAX ) =PRESS

143 CALL TERP (BLP(N),PBAR1L,BLPG,PA, KPMAX, LUN)
CALL TERP (BCO(N),PBAR1,BCS,PA. KPMAX, LUM)
GR(M)=GP1 (N)XSALG
IF(N.GT.1)GO TO 43
SUMGP(1)= GP(1)
GFLPG(1)=BLP(1)XGP1(1)
GRCON(1)=BCO(1)¥GP1(1)
SUMLPG(1)=GPLPG(1)-1000 .0
SUMCON(1)= BCO(1)¥GP1(1)/1000 .0
GO TO 42

43 GPLPG(N)=BLP(N)¥GP1(N)

GRPCON(MI=BCO(NI¥GPL1(N)
SUMGR (M) =SUMGP (N—-13+GP (N)
SUMLPG (N =SUMLPG (N-1)+GPLPG(N) /1002 . @
SUMCOM (N =SUMCON CN=1 )+GPCOM(N) #1000 . ©
IF(Q2IN) .LE.©.@) GPLPG(N)=0.0
IF(QZ(N) LE.©.9) GPCON(NI=0.0

42  QOVOL (M) = QOvoL1
PTF (M) = PTF1
PWF (N = PlF1
FPB(N} = PEARL
GO TO S

8020 WRITE(S.81) (TITLE(J),J=1,26)
WRITE (5,9010)

9010 FORMAT (113X,"FAGE 4",..

X 15k, "RATE", 11X, "ANNUAL PRODUCTION", iiX, "CUMULATIVE ",
1"FRODUCTION", 21X, "PRESSURES (PSIAY")

SRZ20 WRITE (8,3030)

5030 FORMAT (8x, "YR", BX, "PER", 9%, " ",

17'}.{, " n . 16}(} n n )

2040 WRITE (6,9050)

050 FORMAT (15X, “WELL", 8X, "SALES"., S¥, "LPG", BX, "COND", X,
1"SALES".BX. "LPG",2X, "COMND", €X, "FRAC". X, "TOP", 7X, "BOT",
27X, "RES")

9060 WRITE (€,9070)

J079 FORMAT (15X, "RAW GAS", 5X, "GAS", 6%, "MBEL", 6X."MBBL", 7X,
1"GRS", 6X, "MMBBL", SX. "MMBBL", 6%, "PROD",./ ,15X,"MMCFD",7X.
2"BCF",22%,"BCF", /)

9020 DO 9300 N = 1, NYRMAX

Y030 URITE (6.31003 N. G2(N), GP(N), GPLPG(N), GPCONCHM), SUMGP(N), SUML
1PG(N), SUMCONC(NY . QOVOL(NY, PTE(N), PWF(N), PRIM) -

21.



9100
930

9305

0

N\

12

(2]

11

[Ny} 2N

N

20

[
m

FORMAT (8X,12,F10.2,1X,3(1X.F9.2), 1X,F9.2. 201X, F9.2), 1X,F9. 4, 3(1%,
AF2.1)

CONTINUE
IF (IPL .NE.1) GO TO 3998
CONTINUE
CQLL PZFL (NP, N, NYRMAX ., GOWOL , G2, PTF, PB)
CALL. TPLOT (N, NYRMEX, SUMGP . GP., PUWF ., PR, BLP, BCOJ
CﬁNTINUE
STOR -2
CAalLL GAS1
EnD
SUEROUTINE TERP (A, B, Y, X, KMAX,LUN)
A IS UNKHOWN YALUE OF ¥ AT X = E
DIMENSION Y(30),%(3@) o
K=1 !
FIB.LT.™ @3G0 TO 12 '
IF (B- X(1))1.2.2
A= Y013k B 72 X(1)
GO TO 20
COMNT IHUE
IF (X(KMAX)~ B)12.3.4
WRITECE,9) WIKMAX),B
STOP 1@
A = Y(KHAX)
GO TO 26
IFCCACKMAX)-BY LE.®.8) GO TO iz
K=k+1
IF (X(K)- Bl 5.6.,7
GO TO 11
A= YK
GO TO 29
A= YIK=1) 4+ (YOO =Y (K=1) DH(RB=X(K=1)) / (X(KI~%X(K~1))
GO TO 26
FORMAT (15X, "WALUE BEYOND TABLE. KWMAX =",El14.5,/-,38%,"B="E1d &)
CONT IMUE
WRITE (LUMN.22) A.E
FORMAT (2X,2(E13.6))
FETURM
END ‘
SUBROUTINE PZPLINP, N, NYRMA: . QOVOL, 02, PTF, PE)
IMTEGER TITLE
FERL MFHZ2S.MFCOZ.MFN2,I-FG
CCOMMON TITLE (263, LUN, ICODE, KPMQX,TR,FQ CTAV, CPAV, SG.PP(309) ,
A 220303, YISGGI30), MFHES, MFCO2, MFNZ2, 1, 1J, POT(30) , PTAB(38) ,

22.



B ZTAB(38) ,UTAB(30) , SALG, BLPG(10) ,BC5(10) . PA(18), LPG, COND,P. T,
C KP1iMAX, IPL . '
DiMENSION TBUF(4@), IYP(20).
A IYT(20), IXQ0(20), IXAZ(20) . IXPTF (297,
B QOWOL(40),QZ2(40), SUMGR(40),PTF (40),PR(40)
CALL PLOTS (47.9,10.0,0.-1.0,-1.9)
CALL FLOT (5.5,5.9,-3
CALL SYMB (0.8,0.0,.5.0.7,92.0,-1)
CALL PLOT (13.5.-¢ .0,-3
CARLL CODE
WRITE (IBUF,2)(TITLEC(J),J=1,28)
FORMAT (20A2., 10X, 2A2, 2X. 442)
IF(NYRMAR-24) 7800, 7301, 7202
7RO SCAL=2 ©
GD T 72032
7801 SCAL=3.0
GO TO 7223
7802 SCAL=5.0
78032 CALL FLOT (2.5,0.0,-3)
CALL CODE
WRITE (IYT.8)
& FORMAT("TIME (YRS)I")
CALL CODE
WRITE (IXQ0,2)
7 FORMAT ("FRACTION OF GAS PRODUCED")
' CALL CODE
WRITE (IYP.9)
3 FORMAT ("RESERVOIR PRESSURE (PSIA 1QE+4)")
CALL AXIS (0.0,0.8,1X00,24.5.9,182.0,0.0,0.2)
CALL AXIS (0.9.0.0.IYT.-10.2.9,.90.0,0.0,5CAL)
IFEN=3
DO 46@ I=1.,NYRMAX
Y=1/3CAL
A== (QOVOLCTING @)
CALL PLOT (X.Y, IPEN)
[PEM=Z2
400  CONTIMUE
CALL PLOT (0.2,0.9,3)
Y=1,5CAL
#==(QOVOL(L1)X5 . 9)
CALL PLOT (X,¥.2)
CALL 5¥MB (-5.0.2.9.0.1,IBUF,90.0,64)
CALL PLOT (2.5,9.0,-3)
CALL AXIS (0.0.0.9,1X00,24,.5.0.120.0,0.0,0.2)

03



CALL AXIS (0.9,0.0,1YP,~31,8.0,90.0,0.0,0.08)
IPEN=3
DO 1008 I=1,NYRMAX
Y=PB(1)/800.0
X=—(QOVOL (1345 . @)
CALL PLOT (X.Y, IPEN)
IFEN=2
1000 CONTINUE
CALL SYMB (-6.0,2.9,0.1. IBUF,90.0,64)
CALL FLOT (8.6.8.0,-3)
CALL CODE
WRITE (IX02,8)
g8  FORMAT ("RAlW GAS PRODUCTION (MMCFD/WELL)")
CALL CODE
WRITE CIXPTF, 1)
18 FORMAT ("TUBING HEAD FRESSURE (PSIA 10E+3)")
IF(G2(1)-7.0) 6300,5800, 6201
QSCAL=1.0
GO TG 6202
QSCAL=10 .0
IF(PTF(1)-560.0) 5900, 6900, 5901
) FSCAL=0. 03 |
GO TO 5902
PSCAL=0. 8
CALL AXIS (0.0.0.0,IXA2,31,7.0,120.0,0.0,QSCAL)
CALL AXIS ©8.0.8.0,1YT,—16.2.0.90.08,0.0,5CAL)
CALL AXIS (9.0.8.0, IXPTF,-33,7.8,180.0,0.0, PSCAL)
IPEN=3
DO 500 I=1, NYRMAX
Y=1/5CAL
R=— (G2 (1) /Q3CAL)
CALL PLOT ©X.Y, IPEM)
IPEN=2
CONT IMUE
K== (02 (1) /Q5SCAL)
CALL PLOT (¥%.0.8,3)
Y=1/SCAL
CALL PLOT (X.Y,2)
IPEN=3
DO 1109 I=1,NYRMAX
Y=1/5CAL
X=—(PTF (1)/PSCAL/ 1000 . 0)
CALL PLOT ¢X.¥, IPEM)
IPEN=2
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CALL SYMB (X.,Y.0.1,7,0.9,-1)

CONT INUE

CALL SYMB (-6.5,8.4,0.1.7,0.0,-1)

CALL SYMB (-6.9,1.9,0.1,1BUF.98.0,54)

CONT INUE

CALL PLOT (0.9.0.9,999)

CALL GOPLT

RETURN

END |

SUBROUTIME TPLOT (N, NYRMAX, SUMGP . GP. PIF . PR, BLP, BCO)

INTEGER TITLE

REAL MFH2S, MFCOZ, MFMZ, LPG

COMMON TITLE(Z2E),LLUN, ICODE, KPMAX . TR, PR, CTAY, CPAV. G, PP(38) ,
A ZZ(38),VISGG(30) . MFHZS, MFCOZ, MFNZ, 1, 1., POT(30) , PTAR(30) ,
B ZTAB(30),UTAB(3@), SALG, BLFG( 1) , BCS(12) ,PA(12), LFG, COND, P. T,
C KP1MaX, IPL

DIMENSION IBUF(4@),IYT(28), IXSGP(20), [XPB(Z0), PB(40) , SUMGP(40),
A IXPUF(20), PWF (4@), IXBLP(Z@) , IXBCOC2@) , BLP(40) , BCO4R) , IYP(20)
B IXGP(20) . GP(40)

CALL CODE

WRITE CIYT.1)

FORMAT ("TIME (YRS)")

IF (NYRMAX-24) 7800, 7201, 7802

SCAL=2. ©

GO TO 7803

SCAL=3.0

GO TO 7203

SCAL=S .0

CALL CODE

WRITE (I1BUF,3) (TITLE(J),J=1,28)

FORMAT (2002, 10X, 262, 2%, 4AZ)

CALL PLOTS (57.0,10.0,0.-1.0,~1.0)

CALL PLOT (5.5.5.0,-3) |

CALL SYMB (0.9,0.9,5.0.7,90.0, -1

CALL PLOT (13.5,~4.0,-73)

CALL CODE

WRITE (IXGP,3)

FORMAT ("ANNUAL SALES GAS PRODUCTION (BCF ")

IF(GP(1)-70.0) 5600, 5600, 5601

5600 G5CAL=10.0

S0l

GECAL=100 .0

5602 CALL AXIS (0.9.0.0,I%GP.33,7.0,180.0,0.0,GSCAL)

CALL A4S (0.0.9.0,1YT.-10,2.0,99.0.0.0,5CAL)
IFEN=3

25,



600

19

700

11

200

g1

DO Y@ I=1,NYRMAX
Y=1/5CAL
H=—(GRP(1)/100.0)
CALL PLOT (X.Y.IPEN)
IFEN=2
CONT IMUE
K=—(GP(1)/100.0)
CALL PLOT (X.0.0.3)
¥=1.0-5CAL
CALL PLOT (x,¥Y.2)
CALL SYMB(-5.9.2.0,0.1, IBUF.52.0, £d)
CALL PLOT (2.6.0.0,-3)
CALL CODE
WRITE (IXSGP,1®)
FORMAT ("CUMULATIVE SALES GAS (TCF)I'™)
CALL axls (©.9.0.0, IXSGP.26,7.0,180.2.0.0,1.5)
CALL AXIS (0.0.0.9,1IYT,-10,.82.0.99.0.0.0,SCAL)
IPEN=3
DO 760 1=1,NYRMAX
Y=1,3CAL
V“*((:UMCP(IJ/JOQG B)¥z .0
CALL FLOT (X, ¥. IPEN)
IPEN=Z
CCHT IMUE
CALL PLOT (2.0.9.0,23)
Y=1-8CAL
A'“((uUMCpﬁi)’oﬁ@@ DIXE.0)
CALL PLOT (A.v.2)
CALL SYMB (-6.9.2.0.9.1, IBUF.90.0,64)
CALL FPLOT (2.5.0.0,-2)
CAll. CODE
WRITE (IXPWF.11)
FORMAT ("FLOWING BOTTOM PRESSURE (FSIA 1E+33")
CALL AxIs (0.9,0.0, IXPWF,35.7.0,130 0,0.0,1.0)
CALL AXIS (0.0,0.0.IYT.-10.2.0.990.9,0.0, 5CAL)
TPEN=3
DO 800 I=1,NYRMAX
M=1,/5CAL
X=—(PUWF (1371000 . 0)
CALL PLOT (X.. IPEN)
IPEN=2
COMT INUE
CALL 5YMB (-5.0,2.0.9.1, IBUF,99.9,84)
CALL PLOT (8.5.8.0,-3)
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ie

920

14

15
6300

6201
6202

5300

5801
6203

CALL CODE

WRITE (IXPB,12)

FORMAT ("RESERVOIR PRESSURE (PSIA 10E+3)")
CALL AXIS (©.9.0.0,1XPB,31,7.0,120.0.0.0,1.0)

CALL AXIS (0.0.0.9,IYT.~10.8.0.90.0,0.0,5CAL)
IFEN=3

DO 990 I=1,NYRMAX

Y=1-8CAL

X==(PB(I1}/100Q2.0)

CALL PLOT (X.Y, IPEN)

[FEMN=2

CONTINUE

#==(PP(1),1000 . 0)

CALL PLOT (X.,©.0.3)

Y=1/8CAL

K=-(PB(1)-/1000.0)

CALL PLOT (X.¥.2)

CALL SYMB (-6.0.2.09,09.1, 1BUF,90.0,64)
CALL PLOT (2.5,0.92,-3)

CALL CODE

WRITE (IXBLP,12)

FORMAT ("LPG (BBLS/MMCF)")

CALL CODE

wRITE (IXBCO. 14)

FORMAT ("COMD (BBLS/MMCF )" )

CALL CODE

WRITE (IYP,15)

FORMAT ("PRESSURE (PSIA 10E+4)")
IF(BLP(1)-35.8) 6300,6200,6801
ELSCAL=5.0

GO TC 6302

BLSCAL=40©.0

CALL AXIS (©.0,0.0.IXBLP,15,7.0.180.0,0.0, BLSCAL)
IF(BCO(1)-35.0) 5200.5300,5801
BCSCAL=5.0

GO TG 6303

BCSCAL=42 .9

CALL AXIS (0.9,0.9,1YP.~21,8.0.50.0,0.9,C.08)
CALL AXIS (©.0,8.0, IXBCO,-15,7.9,180.0,0 .0, BCSCAL)
[FEN=3

D3 1080 I=1.,NYRMAX

Y=FE(I)/300.9

*==BLP(I)/BLSCAL

WRITE (LUN,1120) X.Y.BLP(I),BCO(I),BLSCAL,RCSCAL

27,



1120 FORMAT ( ~,10X,"X=",2X,E14.6,5%,"Y=",2%,E14 .6,
1 7,10X,"BLP=",4X,E14 .5, 10X, "BCO=" ,4X,E14. B,”BLSCQL-”,BX El4.86,

1200

1108

2 SX,"BCSCAL=",4X,E14.6)
CALL PLOT (X.Y, IPEN)

IPEN=2

—IQLL SYhiP (r‘u Y.‘@ 112;901'—'1)
COMTINUE

IPEN=3

DO 1190 I=2,NYRMAX
Y=FPB{1)/800 .9
#=—BCO( 1) BCSCAL

CALL PLOT (X.Y. IPEN)

IPEN=2

CALL SYMBIX.Y.2.1,7.0.9,-1)
CONTIMUE

CALL SYMB (-5.0.8.4,0.1.7.0.9,-1)
CALL SYMB (~4.9.-0.4,0.1.2.0.9,-

CALL FLOT(9.0.5.0,393)
CALL SOPLT

RETURH

END

END#
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FLOW DIAGRAM OF SEGMENTED PROGRAM GAS I: GAS 2: GAS 3

9

PROGRAM GAS1
SET UP A LARGE
COMMON BLOCK

.

CALL .
PROGRAM GAS2

TITLE, LUN, 1CODE,
KPMAX, IPL, MF
GAS COMPONENTS

P,T

00> P 210,000




K= 1, KPHAX

l | PA
16;:] " a
¢5p
0 X
CALL GPH INVER .
GPM l |
PA KPMAX=X
BLPG
8CS
CALCULATE

L To7




CALCULATE
MW AVG
CPAV
CTAV

WRITE
MW, PC,
TC, MF,

CPAV, CTAV

0T

CALCULATE
SG

WRITE
SG, MWAVG

YES

N0

Y

CALCULATE
SALG.

IRCLE

888

1.



CIRCLE

CALCULATE
SALG

WRITE

SALG 888

CALCULATE
CALG, LPG, COND]

GOR

WRITE
CALG, LPG,
COND, GOR

[

PHAX £ 0

NO

CALL SUBROUT INE

DU paoLPa, | DUM

EE."____

WRITE TITLES
FOR Z;-VISC,




COMMENCE DO
LooP
| =1, 30

'

"MFH2S | MFCO2, CPAV, CTAV I P
e hl 7 STAR
7 STAR
——————
: !
Zz(1)
CHPG CALCULATE

TR, PR, FRCA

CALCULATE
Z, I2(1), CMPG

Y
CALL SUBROUT I NE
VISeY MEH2S NFN2 MFCO2, TR | o
PR, S6
<:: $TOP
CALCULATE
VISGA, VISGR,
VISGU CALL XLGRS
lm, TEMTBL, VISTBL
CALCULATE SUBROUTINE
-« | VISG, VISsa(1) ISl | XLGRe




CALCULATE
DENG, GRDG

WRITE PP(1),
T, 22(1),
VISGG(1), CHPG/,

DENG, GRDG

DECREASE
P by 400,0

50

NO P<1.0

YES

4.



PP(I¢1)- 0.0
2Z(141)= 1,0

VISGG(141)«V1SGG(}]
PP 22, YFG
CALL SUBROUT INE
INVER INVER
(1=1,8P) B
' 7TAB, UTAD
CALCULATE
DELPOT(K)
N1, NP
DELPOT
CALL T | SUBROUT INE
QUINTE oty | QUINTE
CALL GAS3

PROGRAM GAS3

5e



READ RESERVOIR

HELL DATA
ASSUMPT IONS

CALCULATE
RE
C4

0=0.95 Q

Q> 0,95Q4IN

N=1, NYRMAX

Q= 0.0

(continued)

WRITE
AND
PLOT
CUN1 -
QouoL1 7 TERP
P ———
- ——P1——>
P1 — TERP
POTBAR oy .Ji) M-
Q,
Chk

POTPWF

6o

3



POTPNF
TA
M TERP
1 PWF
TERP | ZA1 .
!
{
PTFPTF
PTF1
PTFPTF<0
PIFL
TERP
PTF 1 I
J=dol

19

Te



PBAR1T

GP
<ALP
RCO
YES
NO
FILL ARRAY
(1) FoR
PRINT I NG
Y
FILL ARRAY
(n) FOR

PRINT ING

TERP

84



CALL
PZPL

SUBROUT INE

YES

> PIPL

Y

PLOT PPVS
72, VISGG, POT

{CODE « 1

PLOT PP VS

QOUOL,PTF, Q2
GP,

QOVOL, TIME VS

9.



1901

(=)

CALL
TPLOT

9998 '
CONT INUE

! ]

¥

Gl NAL STOP >

-+ SUBROUT INE
TPLOT

v

PLOT TIME VS
SUMGP, PWF,
PB, LPG, COND

10,



APPENDIX 4B

DETATLED DELIVERABILITY CALCULATIONS
FLOW CHART
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RN
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139

J

J

DI MDD
MABELMNE S

n
AN

LTI = & (O 0d N

W0 L)Y

35
27

32
39
4
41
4z
43
44
45
46
47
48
43
50
51
52
53
54

N=8@ '
UUEEEESE RS RS S RS E S P e e T T v S e e e e e e e S e e e,
X START CALCULATING ANNUAL PERFORMANCE X
xxxxxxxxxmxxx*mxxwzxxxx*mxxmxxxmxxxxx****xxmxx*xxxxxxx*xxxxxxxxxxx*x*x
5 N = N+l

O00n

CUME2=CUMG 1.
*X*X***XX*XX*XX*#****XXX*XX*****X**X******#X**X**X**XX*****X*X**X*X*XX
* TEST FOR FINAL YEAR FOR MINIMUM DAILY GROSS GAS PRODUCTION X
X AND CALCULATE FARAMETERS FOR NEXT YEAR X
X*#X*XX**#XX**X*X*X*X*****$**X*XX#XXX*X*XXX**X*X**#X*X*XX*X*XX#K**X&X*X

IF(N.GT . MYRM&X) GO TO S0

(e NN EeND!

GO TD 118
12 =0 . 593¥%aQ

[FIQ.LE.®. SSHaMINY Q=0.0
IF(CUMB2E EQL .0 .AND.Q.EQ.O.0) WRITE(ES. 117)
117 FORMAT(~," MINIMUM CUT-OFF RATE IS TOO HIGH")
IF(CUMGZ EQ.9.9.AND.Q.EQ.0.0) STOPSS
118 CUMOLl= CUMOZ + 365.% & % FLOATCNLD
IF(CUMEL GT . WwOL .AND.N.EG. 1) WRITE(S, 119)
119 FORMAT(" IMITIAL PRODUCTION IS AT TOO HIGH A RATE")
IF(CUMRL  GT.WOL . AND.N.EQ.1) STOPES
QUVOL1=ClUMRL ~ VoL
PBAR = ZBAR ¥ PRESSI % (1. - @OWoOL1) ~ ZI
CALL TERP (ZBAR, PBAR. ZTAE . PTAER, NP, LUN)
FBARL= ZBAR ¥ PRESSI X (1. — gowvoL1) ~ ZI
WRITE (LUN.312) PEARL.QOVOLL.Q
310 FORM ~ (3(2x,.E13.6))
CALCLULATION OF GAS FLOW IN RESERVOIR
CALL TERFP (POTBAR. PEARL.POT, PTAE, NP.LUN)
Al = Q@ X QOVER
Cd4=Cd+DTUREGL
Cad=0(T+450 . QIXCAd-KH/ D . 71 %1000000 . @
WRITECLUN, 302 RE,DTURE,C44
FORMAT (2@, "RE=",E14.6,20X. "DTURE=",E14 . &,20%, "Cdd=",E14 . &)
POTFWF = (POTBAR - (Cdd¥ Q1))
[FIPOTRWF .LE.@.@)G0 TO 18

]

INt]
IS'
X\

CALL TERP (PLFL1.POTPWF, PTAB. POT, NP,LUN)

CALCULATION OF FLOW IN TUBING

R.V.SMITH MODIFIED WEYMOUTH EQUATIOM. "HANDBOOK OF NATURAL GAS
ENGIMNEERING" BY KATZ ET. AL.(1959,F 309

TA = (T + TEMTOP) 2.0 + 450,

ZAl= .50

OO0

J=1
19 S1 = 09375 % SG % TBGEL ~ TA ~ zati 1[%;
Al = (TBGDIAJXX 5.0 » SG / TA ~ ZA1 ~ FR ~ TBGEL ~ FAC
E1 = EXF (51)
PTFPTF= (((1.-E1)/S1 ¥ 25.0 ~ AL)% Q1% G1+ PWELX PWF1)
& JE1
IF(PTFPTF.LT.®.0) GO TO 1%

buon

PTF1=SGRT (PTFPTF)

WRITE (LUN.384) ZAal,81.A41.E1.PTF1
304  FORMAT (2X.5(E13.6))
IF(J-3) 11.,12.12
11 Jd=J+ 1
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57
58
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=15
651
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[:':l
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5=
S

J

N0 Oy
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fU > & 00N

~d

YRR IR VLY B VAN I |
OSNNOHN P W

X

80

CALL TERP (ZALl, PTF1,ZTAB, PTAB, NP.,LUN) JIE5
GO TO 19
12 CONTINUE <

IFCPTFLI- THPMINY LT .©@.@) GO TO 15 cummmmm

Tz“—\VTj—T

R LLLECLLLIPTLLETIELL L CEUFL LS LEIELEC L LS LELELELEOEI LS EH SO LS LS ESEE LS S04
¥ FILL ARRAYS FOR YEAF M AND GO TO NEXT N
PEA RN FLEEEPEEEEIEEESE LS EEEEE RSSO SN EPEEEEEORE LT EEEHETC O ES 06 &b o
9 Q2 (HN) =0
GPL(MY = @ ¥ 265, ¥ FLOAT(MNW Y1006,
IF(PAIKPM&A)~PRESSTY 142,143,142

OO0

X

142 WRITE (6,144 IPATKFMAY) . PRESS]

144 FORMAT (15%, "PACKPMAX) = ", E14.8, 15X, "PRESS] = "E1d.6)
PA(KPHMAX ) =PRESS]

143 CALL TERP (BLF(N),FBARL, BLPG, FA, KFMAK, LUN) g

CALL TERP {(BCOCM),PBARL, BCS, PA. KFMAX, LUNY
GP NI =GPL (MY XSALG
IF(H.GT. 10G0 TO 43

SUMGR (L= GP(1)
GPLPG{L)=BLP(1)XGP1(1)
GPCOM(1)=BCO(1)¥GP1C1)
SUMLPGO1)=GFLPGI13 /1000 .0
SUMCONC1)= BCOC1)4GP1(1)-16060 .0
GO TO 42

43 GPLPGNI=BLP {MNIRGPLIND

ﬁ

GRCONTMI=BCOIMNIXGPL (N
SUMGF (NI =SUMGF (MN=1 3 +GP (N3
SUMLPG (NI=SUMLPG (MN=-13+GPLPG(N) /1008 . ©
SUMCOMINY =2UMCON (M=1 J+GPCON(N) /1202 . @
IF(R2(N) LE.©.@) GFLPG(N)=0.0
[FIQZ2iNY LE.©.0) GPCOMN{MI=0.0

42 QOVOL (N) QOVOLL -

PTF (M) PTF1
FIF (N) PIF1
PE(N) = PBARL

GO TO 5 ewem

ol

9090 WRITE(S,BL13(TITLE(J) . =1, ZSJQL
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