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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 aecome 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 Hewlett-Fackard 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 segment. 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, temper~ture, 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 sulphide, 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: 

are: 

(a) 
(b) 
(c) 

(d) 

gas initially in place and its quality 
permeability and thickness of the reservoir 
skin factor (formation damage adjacent to well bore 
causing reduced permeability) 
non-Darcy flow (or turbulence). 

Five important extrinsic constraints considered in the program GAS 



(a) 
(b) 

(Cj 
~: 

2. 

tubin.g diameter 
number of prod.ucing welle 
initial raw gas production rate 
minimum tubing head pressure (at the 
miilimum (or cut-off) production rate 
to the economics of the field). 

surface) 
(which is related 

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

Special nCiticeshould be given fQj:' the appreciation the authors 
have for help given to them by the Operations Branch (ADP Section) in 
particular Mrs Fa,y 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. 

~~INOLOGY AND DESCRIPTION OF SUBROUTINES 

- This s(~ction 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 al~, 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. 

Gas Gravity 

The gas gravity is the ratio of the molecular weight of the gas 
to that of air (28.966). 

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 1783 BTU/cubic 
ft respectively at 14.7 psia and 600 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 mill5.on 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. 



6) Gas Deviation Factor iSubroutine ZSTAR) 

Gas deviation factors are calculated from an 11 parameter equation 
of state, develo])ed by Dranchuk & Abou-Kassem (1975). The equation effectively 
reproduces the Standing-Katz gas deviation factor charts. The subroutine 
incorporates af'!orrection for the presence of hydrogen sulphide and carbon 
dioxide by the method of Wichert & Aziz (1972). Gas compressibilities are 
calculated by ;che method of Mattar, Brar, & Aziz (1975). The differ.entiated 
form of the Dranchuk & Abou-Kassem equation is the basis of the compressibility 
expression. 

7) Viscosity (Subroutine VISCY) 

Thil3 subroutine is based on that published by the Canadian Energy 
Resources Conse~'ation Board (1975). This subroutine determines the viscosity 
for na tura7L gas incorporating a correction for the presence of hydrogen 
sulphide, carbon dioxid~, and nitrogen. 

8) Gas Potential 

rrhe gas potential for various reservoir pressures is calculated by 
the metr.od of AI-Hussainy & Ramey (1966), AI-Huss~iny et al (1966), and is 
used to TJ:'edict 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 anyone of three conditions exist: 

(1) Flowing 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. 
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. GAS FLOW EQUATIONS Fig ... 1 

<D Assume. Pwt 

calculate flow through tubing, q. 

'l.: 200,000 /A(pwl - Pff e
S

) etl 

d 5 
where A :: -----

G To Za txc?<· 

S: 0.0375 GX 
To Za 

subscript" 0" implies overage value 
in tubing --+-"'1 

casing --......... 1 

tubing ---+-..... 

superscript .. - " Implies overage 

value in reservoir 

Gas Reservoir 

Pwf 

® Assume same PlNf as above 

colculate average reservoir pre~sure, p; 

p = IPwf2 + C4 q,ji.z 

o 0 
o 0 
o 

where C4 : 3'28 ::~ [100 ~ - 0·326 +0'434 S + D~,] 

Gp: GSC(I- z. i !.). 
. .Pi Z 

Record No. 1978/5 

Legend 

Production rate of well,ft% at standard 
conditions 

Ptf Flowing tubing head pressure,psia 

Pwf . Bottom-hole flowing pressure,psio 

d Ir.ternal· diameter of tubino, in 

G Gas gravity (air: 1·0) 

To Average temperature in tubin9,oR . 

Za Average gas deviation factor in tubing 

f Friction factor 

x Difference in elevation between pressure\) 
Pwf and Ptf ft 

aC. Multiplier to obtain true length of tubing from 

elevation (eQu~ls one for vertical hole) 

jl Average viscosity, cps 

p 

Z 

Average pressure, psi a 

Average go" deviation factor 

Tr Temperature of the reservair~R 

kh Permeability x thickness, md-ft 

r e External boundary radius, ft 

r w Well bore radiUS, ft. 

S Skin factor 

Gp Gas produced, ft3 ot standard conditions 

Gsc Gas initially in place, ft 3 at stondard conditions 

Zi Initial gas deviation foetor 

p. Initial reservoir pressure, psi a 

XAUS-5-468 



Fi,.g.2 

MODIFICATION No. I 

the equation: 

p: jPwf2 + C4~ji.i 

is modified to : 

where: 
p 

$: J :~ dp 
o 

Record No. 1978/5 XAUS -~-469 
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APPENDIX I 

DATA INPUT 



LINE/ 
CARD 

j 

DATA INPUT 

1 TITLE (Up TO 40 CHARACTERS), 

2 RUN (NUMBER), DATE (hyphenated), LUN,ICODE,KPMAX,IFL (no commas, no spaces, 000109-06-773011) 

LUN = 3 or any other .number except 6 does not write debug statt;;::ents 

= 6 writes debug values . " 

ICODE = 0 uaesentire~program 

= 1 aborts program after p va p, z are calculated 

KPMAX = 0 no PVT data available , ' 

= 1 to 9 ~G,and Cond calculated allowing for retrograde condensation 
1FL :: 0 no plotting , 

=, 1 use plot routines 

3 NFC 1, Mli'C 2, lo1FC 3, MFC4I, MFC4N, MFC51, MFC5iI t MFC6, MFC7P, MFH2S, MFC02, MFN2. 

MFC 1 

r-nrc 2 

MFC 3 

MFC41 

NFC4N 

J;iFC51 

MFC5N 

MFC6 

MFC7 

~1FH2S 

MFC0
2 

MFN2 

MOLE fraction ~ethane 

" 
It 

" 
" 
" 
" 
" 
" 
" 
" 
" 

" 

" 
ft 

It 

" 
" 
" 
" 
If 

11 

\ethane 

'·propane 

iso-butane 

n - butane 

iso-pentane 

n-pentane 

hexanes 

hexanes plus 

hydrogen sulphide 

carbon dioxide 

nitrogen 

measure~ compositions 

at reservoir pressure 

and temperature 

Note: MFC 3 and MFC 5I must· not - be zero for program to 
operate; therefore insert 
0.00001 if these components 
are reported to be zero 
quantity. 

4 P, T: initial reservoir Pressure (p.s.i.a.), Tempera.ture (OF) 



2. 

Subroutine GPM (Line ) 

For KPMAX equals any number up to 2 

4A PAI (KPMAX) PAI (2), PAl (1) 

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

4B C3P (KPMAX) 

Corresponding Bbls. per MMCF of C3 plus C4, Cumulative Recovery 

4C C5P (KPMAX) C5P (2), C5P (1) 

Corresponding Bbls. per MMCF of C5 plus ,Cumulative Recovery 



5 VOL, POR, SATW, AV~~~ 

VOL: 

POR: 

SATW: 

AVETH: 

6 NYRMAX, NW p MAR 

NYRMAX: 

NW: 

MAR: 

6A QNAR: 

DATA INPUT 

volume of gas initially in place (~~CF) (wet gas) 

porosity (fraction) 

water saturation (fraction) 

average thickness (feet) 

maximum no. of years of projection: (16, 24 or 40 are optimum NYR~ax) 

no of p~oducing wells 

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

market requirements by years (~ICF/DAY) (free format) 

start with year 1 continue to NYRMAX 



7 RW, KH, S, DTURB· 

RW 

KH 

S 

DTURB 

8 Q, QMIN, THPM1N. QOVER 

Q 

QMIN 

THPMIN 

QOVER 

DATA INPUT 

well radius (feet) 

permeability - thickness (md. ft.) 

skin factor (dimensionless) 

turbulence factor (MMCF/D)-1 

assumed wet gas pI'oduction rate per well, average (MMSCF/D) 

" minimum wet gas production rate per well (~~mCF/D) 

assumed minimum tubing pressure (psia) 

ratio, peak to average gross gas production rate 

9 TBGEL, TBGDlA, FR, FAC, TEMPTOP, lEND 

TBGEL 

TBGDIA 

FR 

FAC 

TEMTOP 

lEND 

tubing length, TVD (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) 

set to -1 or else data is in error 



OLDl T=0e0e3 I S ON CR00009 US I NG (~0001 BU<S R=0e00 

10001 OLD FIELD 
00102 0024110-110-773001 
10003 .85, .104, .(~15, .012, .012, .01L .1011, .023, .026, .0 ... 0,.0 
0004 5000 . 0, 2e!Z) . 0 . 
0005 1 C~00000~) . 0, 0 . 20 , 0 . 20, 300 . 10 
00106 24,25,O 
0007 10.5,5000.0,20.0.0.0 
0008 50.0,5.0,1215.0,1.2 
0009 10000.0,4.5,0.014.1.1.160.0,-1 

5. 



.' - ,.-, 
. \1:;- _,' . 

" 

TITLE cO 

" 

.. ' 

I·· ~ 

RUN' DATE - CODE -
2 

CI C2 C3 IC4 NC4 IC5 NC5 .. C6 (;1+ H 25 " CO
2 N2 d 

3 

PRESS TEMP 

4 (PVT DATA) I 

PAl 
(KPMAX) 

4A , 

C3P /-

(KPMAX) 
'. 

48 , 
c" 

C5P 
(KPMAX) 

4C 

Notes: 

, 



~ TITLE· ___ ~ _______ . RUN :..-_....::.-- DATE --.:... __ 

~ 

~ 

x 
l: en 
I 

(It 
I 

~ o 

6 

SA 

68 

ac 

7 

8 

9 

VOL 

NYRMAX 

QMAR-

QMAR-

QMAR-

RW 

Q 

T8GEL 

Notes: 

.. , 
... 

·POR SATW AVETH 

NW MAR 

0 
. 

' . 
r+ 

~ 

f+ 

KH S OTURB 

QMIN THPMfN QOVER 

TB.GOIA FR FAC TEMTOP lEND 

-I 

- .--
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RESERVOIR DATA 

WELL DATA 

OLD FIELD 

DELIVERABILITY PARAMETERS. 
-------------- ----------

VOLUME OF GAS I NIT I ALL Y II'I PLACE 
POROSITY 
WATER SATURAT i OI--l 
AVERAGE THICKNESS OF RESERVOIR 
INITIAL RESERVOIR TEMPERATURE 
INITIAL RE~:ERVOIR PRESSURE 

WELL RADIUS 
PERMEABILI TY*THICKNESS 
SI<IN FACTOR 
TURBULEHCE FACTOR 
TUB I HG ELEVAT I 01'·1 (TRUE VERT J CAL DEPTH) 
TUB I t-..!G D I AtrlETER 
FR I CT I Ol~ FACTOR 
ACTUAL LEt'IGTH / TRUE VERTICAL DEPTH FACTOR 
TD,jPERATURE OF Gt~6 ~T SURFACE IN TUBIt~G 

ASf:""vfED REQU I RD'lE~~TS 

DEF I NIT IONS 

I HIT I AL RAW GAS PRODUCT I 01'1 RATE 
NUt,lBER OF PRODUC I NG ~JELLS 
PEAI< PRODUCT I O~~ RATE / PRODUCT I ON RATE 
t,j I HI trluttJ TUB I I'IG HEAD PRE::SURE 
hI I H I MUtti (0R CUT -eFF ) PRODUCT ION RATE 

SALES GAS - METHANE,ETHANE, AND UP TO 3% CARBON DIOXIDE 
LPG - PROPANE AND BUTANES 
CONDENSATE - PEt~TANF.S PLUS 

101210121000. 
.2000 
.20130 

300.0000 
200. 

50130. 

.51300 
5000.0000 

20.00 
.13000 

1000~t . 
4.5000 

.0140 
1.1000 

160. 

50.0000 
25 

1.2000 
1215. 

5.0000 

012124 

(MttlSCF) 
(FRACTION) 
(FRACTION) 
(FT) 
(. DEGREES F) 
(PSIA) 

(Fn 
(t~DS-FT) 

(D/MMSCF) 
(Fn 
(IN) 

(DEGREES F) 

( trlMSCF /D/l.rJELL) 

(RATIO) 
(PSIA) 
( ttlttlSCF /D/WELL ) 

1121-10-77 

PAGE 1 



OLD FIELD 

COMPoNENTS CRITICAL MOLECULAR CRITICAL 
WEIGHT· PRESSURE 

(PSIA) 
TEMPERATURE 

(R) 

METHANE 343.2 16.042 673.1 

30.068 708.3 ETHANE 549.8 

44.094 617.4 PROPANE 665.9 

58.120. 529.1 ISO-BUTANE 734.5 

58.120 550.7 I'j-BUTANE 765 . 3 

72.146 483.0 ISO-PENTANE 829.7 

72.146 489.5 N-PENTAt-lE 845 . 6 

86.172 439.7 HEXANES 914.2 

114.22 362.1 HEPTANES PLUS 1024.9 

34.076 1306.0 HYDROGEti SULPH I DE 672 . 4 

44.010 107:3.0 CARBm·~ D I OX I DE 547 .7 

NITROGEN 226.9 28.018 492.0 

AVERAGE 652.91 AVERAGE 4~)7 . 80 

·riVERAGE MOLECULAR WE I GHT OF GAS =. 23.43 GAS GRAVITY = .809 

SALES GAS = . 8900 t~trfSCF /MtrlSCF RAW GAS 

DRY-BASIS HEATING VALUE = 112147. BTU/CUBiC FOOT VAPOR AT 14.696 PSIA, 
(.38997E+08 JOULE/CUBIC·METRE) 

0024 . 10-10-77 

PAGE 2 
MOL 

FRACTION 

.85000 

.04000 

.01500 

.01200 

.01200 

. ~)1100 

.01100 

.02300 

.02600 

.(~0000 

.00000 

.00000 

TOTAL 1.00000 

LPG = 28.89 BARRELS/MttlSCF RALJ GAS, ( 162.19 CUBIC METRES/MM CUBIC METRES) 

COHDENSATE = 73.10 BARRELS/MMSCF RAW GAS, ( 410.44 CUBIC METRES/t~M CUBIC METRES) 

GAS/CONDENSATE (OR OIL) RATIO = 13679. CUBIC FEET / BARREL 



OLD FIELD 0024 10-10-77 

PAGE 3 
RESERVOIR RESERVOIR GAS VISCOSITY· COMPRESS- GAS GAS 
PRESSURE TEMPERATURE DEVIATION AT RESERVOIR IBILITY DENSITY GRADIENT 

FACTOR . COND IT IONS (LB/CU. FT. ) 
(PSIA) (F) (Z) (CP) (PSIA*-i)· ( (Gty1/CC) ) (PSI/FT) 

5000.0 200.0 . ~j84 .0274 .12}00l20 16.806 ( .269) .1167 

4600.0 200.0 .949 .0260 .000140 16.023 ( .257) .1113 

4200.0 200.0 .917 . ~)246 .000165 15.143 ( .243) .1052 

3800.0 200.0 .888 0?--:'? • Io-..:::J£-. .000197 14.149 ( .227) .0983 

3400.0 200.0 .863 .0216 .000239 13.025 ( .209) .0904 

3000.0 200.0 .844 . 02tl1 .000294 11.753 (.188) . (~'816 

2600.0 200.0 .833 .0186 .000369 1(3.329 (.165) .0717 

22(l0.0 200.0 .831 .0171 . ()00468 8.761 (.140) .0608 

1800.0 200.0 .840 .0158 . 00\~603 7.088 ( .114) .0492 

i40t).0 200.0 .861 .0146 .000793 5.377 ( .086) . (1373 

1000.0 200.0 .893 .0135 .0()1101 3.704 ( .059) .0257 

600.0 200.0 .932 .0127 .001780 2.129 ( .034) .0148 

20(J.0 2(10.0 .!377 .t2H2() .005118 .677 ( .011) .0047 



OLD FIELD 0024 10-10-77 

PAGE 4 
RATE ANNUAL PRODUCTION CUMULATIVE PRODUCTION PRESSURES (PSIA) 

YR PER ----------------------- ------------------------ -----------------------
[JELL SALES LPG COND SALES LPG COND FRAC TOP BOT RES 
RAW GAS GAS t't1BBL 1"'1BBL GAS MMBBL MMBBL PROD 
b1MCFD BCF BCF 

1 50.00 406.06 13122.90 29756.70 406.06 13.123 29.757 .0456 2409.7 3824.5 4676.5 
2 50.(10 406.06 13061.99 25902.83 812.12 26.185 55.660 .0913 2087.2 3472.7 4329.9 
3 50.00 406.06 13047.96 '7'3061.10 1218.19 39.233 78.721 .1369 1751.5 3127.8 3995.3 
4 50.00 406.06 13047.96 20685.57 1624.25 52.281 99.40(3 .1825 1396.2 2801.2 3685.6 
5 46.12 374.54 12035.02 17073.87 1998.79 64.316 116.480 .2246 12t37.6 2569.0 3402.1 
6 41.69 338.55 10872.76 14385.12 2337.34 75.189 130.865 .2626 1268.7 2429.7 3198.6 
7 38.45 312.27 1~1009 .11 13020.53 2649.61 85.198 143.886 .2977 1222.5 2289.1 3015.0 
8 34.76 282.27 9032.77 11583.88 2931.88 94.230 155.470 .3294 1241.7 2198.3 2862.9 

.9 31.42 255.15 8153.12 10321.77 3187.03 102.384 165.791 .3581 1246.6 21H).6 2727.7 
10 28.98 235.34 7510.24 9394.71 3422.37 109.894 175.186 .3845 1218.4 2017.1 26()4.1 
11 26.19 212.73 6781.18 8397.40 3635.10 116.675 183.584 .4084 1233.2 1~363. 2 2501.1 
12 24.16 196.21 6248.40 7665.27 3831.32 122.923 191.249 .4305 1221.5 1902.4 2406.5 
13 21.84 177.36 5642.89 6863.32 40~)8.68 128.566 198.112 .4504 1227.7 1858.2 2:321.1 
14 19.74 160.32 5\?)~39. 57 6181.87 4169.00 133.666 204.294 .4684 1230.2 1818.3 2244.0 
15 18.21 147.88 4703.68 5693.56 4316.88 138.:370 209.988 .4850 1217.4 1773.7 2174.9 
16 16.46 133.67 4251.75 5139.95 4450.55 142.621 215.128 .5001 1222.0 1748.2 2115.0 
17 14.88 120.83 3843.25 4640.72 4571.37 146.465 219.768 .5136 1224.0 1724.9 2060.7 
18 13.45 109.22· 3473.99 4190.43 4680.59 149.939 223.959 .5259 1224.1 1703.7 2011.5 
19 12.16 98.72 3140.21 3784 .. 20 4779.31 153.079 22-.7.743 .5370 1222.8 1684.4 1966.9 
20 llZl.99 89.24 2838.50 3417.66 4868.55 155.917 231.161 .5470 1220.5 .1666.9 1926 .. 5 
21 ~3. EO 80.66 2565.78 3086.87 4949.21 158.483 234.247 .5561 1217.5 1650.9 1889.9 
22 8.80 71.46 2272.88 2732.57 5020.67 160.756 236.980 .5641 1219.4 V341.8 1857.4-
23 7.95 E4.59 2054.50 2468.47 5085.26 162.810 239.448 .5714 1215.6 1628.9 1828.0 
24 7.05 57.22 1819.97 2185.45 5142.4.7 164.630 241.634 .5778 1215.7 1621.5 1801.9 
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APPENDIX 3 

SOURCE CODE LISTING 



FTN4,E 
PROGRAM GAS1(3) 
DH~ENSION NAME(3), IE(5) 
C0tr1trl0N I DUM (539) 
DATA NAME /2HGA,2HS2,2H / 
CALL EXEC ( 8, NAt>1E, I B ) 
E"lD 
PROGRAM GAS2(S) 

C++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
C++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
C PREPARED B\,' K. L . ST I LLWELL & L. E . I<URYLOld I CZ 27/9/76 

C t:f:t:*;t:***:*******:t:*******:t:****:.t::t:******#:t-********:t:***********t::t*** 
C * PROGRAM TO CALCULATE PSEUDO-CR I T I CAL TEMPERATURE &PRESSURE):.t: 
C * t·,10LECULAR lJE I GHT , SPEC I F I C GRAV I T'r' , CAL.OR I FIe VALUE OF SALES * 
C * GAS FRACT I Ot'l ,LPG t. CONDENSATE FRACT I m'lS , GAS DEV I AT I 0"1 (OR * 
C :t: COtrlPRESS I ElL I TY ) FACTOR, COlr1PRESS I B I L I TV., V I seos I TY .' DEt,j$ I Tr', :t: 
C :l: AND GRAD I ENT OF NATURAL GASES- * 
C :t: CUI-,1ULAT I \/E RECOVERY OF SALES GAS, LPG, Cor~DENSATE, RECOVERY * 
C :t FACTOR, At~D THE t,i0N I TOR I I"G OF TUB I "lG HEAD, FLOlJJ I NG BOTTOtrl- * 
C :t: HOLE, AND RESERVO I R PRESSURES DUR I NG DEPLET I Ot'l * 
C :t:**t:t::.t::t::*****:*:t:t:tt:t:t::**-*:t::t::*tt::t***:t:::t*t:t::f::.t::t.::t:****::t:t:t::t::t::t::t::t:::t:.t::t:t:t::t:r::t*tt 
C lIST OF "lAt-,iES AHD \lAR I ABLES 
C 1-~I.JJ=~-10LECUlAR ldE I GHT 
C PR=PSEUDO-REDUCED PRESSURE 
C TR=PSEUDO-REDUCED TEt'IPERATURE 
C P==PRESSURE I t~ I T I AL RESERVO I R ( PS I A ) 
C T==TEt,1PERATURE I NIT I AL IN RESERVO I R (DEGREES FAHRD~HE IT) 
C Io1F PREF I >< I ~m I CATES trl0l FRACT I 01--1 
C PC PREF I >< I HD I CATES CR I T I CAL PRESSURE 
C TC PREF I >< 11'-10 I CATES CR I T I CAL TEt,IF'ERATURE 
(- Cl=t-'IETHAt,lE 
C C2=ETHANE 
C C3=PROPANE 
C C4I=ISO-BUTA~.JE 

C C4N==~.J-BUTAI--.JE 
C CSI=ISO-PENTAHE 
C CSH=N-PENTA~'lE 

C C6=HEXAt'lES 
c C7P=HEPTAI-.JES PLUS 
C H2S=H''('DROGEH SULPH I DE 
C C02=CARBON DIOXIDE 
C 1--12=1--1 I TROGEt-.J 
C Z=DE\lI AT! Ot" FACTOR (OR Cm~PRESS IB III TY) 
C SG=SPECIFIC GRAVITY (AIR=1) 

1. 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
c 
C 
C 
C 
C 
C 
C 

c 
C 
r 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 

MWAVG=AVERAGE MOLECUL.AR WEIGHT OF GAS 
TOT=T0TAL MOL FRACTION 
SALG=SALES GAS (~1ETHANE +ETHANE +UP TO 3%CARBON D lOX I DE) 
CALG=CALOR I F I C VALUE OF GAS 01'1 DRY-BAS I S 
LPG=LIQUIFIED PETROLEUM GAS (PROPANE+BUTANES) 
COl'lD=COt~DHEATE (PEl'lTANES+f-!EXANES+HEPTANES PLUS ) 
GOR=GAS / COI'mEI'~SATE (OR 0 I L ) RAT 10 
Z=GA3 DEVIATION FACTOR 
VISG=\/ISCOSIT'i (CENTIPOISE) 
POSTSCRIPT N=METRIC 
LUN= DEBUG II'HEGER (EG!UAL TO 6 I F 'YES) 
I CODE=GAS FLOt.J CALCULAT I Cf4 BY-PASS (EQUAL TO 1 I F YES) 
I PL PLOT SlJ ITCH (1-YES, 0-I'm) 
I<Pr,1AX=0 IF NO PVL =1 l.JHEH LPG & COI'lD CALCULATED ALLOl,JING 
FOR RETROGRADE CONDENSATION 
VOL VOLUt"lE OF GAS I NIT I ALL Y I t~ PLACE ( t,1NSCF) 
POR POROS I T'( ( FRACT I ON ) 
SAnJ SATURATION, [JJATER (FRACTIOl'D 
AVETH AVERAGE THICI<NESS OF RESERVOIR (FEET) 
N·'r'F.~MA)< YEARS PRED I CT I O~·l REQU I RED 
NtJ f'IO. OF !JJELLS 
NP NO. OF PRESSURE POINTS TO BE TABULATED 
PTAB (~1) TABULATION OF PRESSURES FOR DEVIATION FACTOR AND VISCOSITY (PSIA) 
ZTAB 0',1) TABULATIOl'1 OF DEVIATIOH FACTORS FOR PTAB (M) 

UTAB 0.,.1) TABULATIOI'~ OF VISCOSITY VALUES FOR PTAB (M) (CPS.) 
RlJ !'JELL PAD I US (FT.) 
I<H PERt~EAB I LI TY - TH IO(NESS ( MDS . -FT. ) 
S SI<IH FACTOR 
Q GAS ldELL PRODUCT I ON RATE (1',1~1SCF /D) GROSS GAS 
Qt-~ I N b1 I H I l'lU~l PRODUCT I OH RATE (t-r1t,jSCF /D/!,oJELL) 
THPM I N t'l I H I t·,jUI·,·l TUB I HG PF.:ESSURE 
QO'I,I'ER PEAI( Q / Q (RAT I 0) 
GASGR GAS GRAVITY (AIR =1. ) 
TBGEL TUB! NG ELEVAT I Qt··1 (TVD) 
TBGD I A TUB I NG D I At'~ETER (I HCH) 
FR FRICTIOH FACTOR 
FAC FACTOR ACTUAL LENGTH / TVD 
TEt,iTOP Ta,jPERATURE AT SURFACE IN TUBH~G (DEGREES FAHRENHEIT) 
02 (1'1) DA I L Y G¢J$ PRODUCT lOti PER !'.JELL GROSS GAS 
GP (I···j) AHt...JUAL GAS PRODUCT I ON (F I ELD) ~'IET SALES GAS 
GPLPG (N) AHNUAL LPG PRODUCTI m'l (F I ELD) 
GPCOt-l (N) AI'-IN' ~L CONDEHSATE PRODUCT I OI'-l ( FIELD) 
QOVOL (N)FRACT'IOH OF GAS INITIALLY IH PLACE PRODUCED 
SUMGP ( N ) CUt'~ULAT I VE GP 

2. 



C SUMLPG(N) CUMULATIVE LPG 
C SUMCON(N) CUMULATIVE CONDENSATE 

REAL IrlWC 1 , Ivll.<JC2 , MWC3 , MI,.JC4 I , MvJC4N, MWCS I , MWCSN I MWC6, MWC7P I MWH2S, 
lMWr.J2 , MFC 1 , MFC2 , t~FC3 , MFC4 I , MFC4N, MFCS I I MFCSN I MFC6, MFC7P I trlFH2S I 

2MFt"2, MWAVG, trlWC02 I IrlFC02, LPG, LPGM , KH J MFC7R 
INTEGER TITLE 
D I trlEI'-IS I ON NAME (S) , DELPOT (30) 
COt~MON TITLE(26), LUNI ICODE, KPt~AX, TR, PR, CTAV ,CPAV, SG, PP(30), 

A ZZ (30) , V I SGG ( 30) , tflFH2S , t~FC02 , MFN2, I , I J J POT (30) , PTAB (30) , 
B ZTAB(30) , UTAB (30) J SALG, BLPG( 10) ,BCS( 10) ,PA(10) ,,_PG, COND, p, T I 
C KP1MAX,IPL 

DATA NAME /2HGA,2HS3,2H / 
READ ( S, 20)TI TLE, LUN, I CODE, KPtYlAX, IPL 

20 FORIYlAT (20A2 , / , 6A2,4 I 1) 

READ (S, :j() MFCL tylFC2, tflFC3, MFC4I ,t~FC4N, MFCSI ,MFC5N, t~FC6, MFC7P, 
2t-~FH2S,MFC02,MFN2 

READ (5, :np, T 
IF(P.LE.S00.0.0R.P.GE.10000.0) STOP 1 
IF (T . LE . 60 . 0 . OR . T . GE . 400 . 0) S"I'OP 2 
IF(ICODE.EG.l) GO TO 44 
IF O<PtflAX . EQ . 0) GO TO 44 
CALL GPt·,l 

C THIS NEXT SECTIOH DEFINES THE MOLECULAR WEIGHT CRITICAL TEMPERATURES 
C At-lD PRESSURES OF GAS cm'lPONENTS 

44 MtJC1=16 . 042 
1'~WC2=30 . 068 
t,1LdC3=44 . 094 
WJC4I=58.12 
t,1WC4N=58.12 
t~tJCSI =72.146 
tyjl)JCSt"=72 . 146 
tylt.JC6=86 . 172 
lyll.<JC7P=114 . 224 
t,lldH2S=34 . 076 
t·,1tJC02=44.01 
t,ltJI--J2=28 . 016 
PCC1=673.1 
PCC2=708.3 
PCC3=617.4 
PCC4I=529.1 
PCC4N=550.7 
PCCSI=483.0 
PCCSN=489.5 
PCC6=439.7 ,'" 



1 , 
t '-' . ; 

PCC7P=362.1 
PCH2S=1306.0. 
PCH2=492.0 
PCC02::::1073.0 
TCC1=343.2 
TCC2=549.8 
TCC3=665.9 
TCC41=734.6 
TCC4~'1=765 . 3 
TCC5 I =82:3. 7 
TCC5t'1=845 . 6 
TCC6=914.2 
TCC7P=1024.9 
TCH2S=G72.4 
Tct'12=226 . 9 
TCC02=547.7 
1 F C LUN . NE . 6)- LUN=3 

! 

TOT=HFC1 +~1FC2+HFC3+MFC4 I +HFC4N+MFC5 I +MFCSN+MFC6+MFC7P+HFH2S+MFC02+ 
ltYiFr-12 

IFCTOT.LE.O.9.0R.TOT.GE.1.2) STOP 3 
~~l~A\lG=t11FC1:tt-'1WC1 +MFC2:tMl~C2+MFC3*MWC3+MFC4 I *~~WC4 I +MFC4N:tMI.oJC4N+ 

2MFC5 I :t.t111.JC5 I +tylFC5t-..J*MWC5N+MFC6~:~'1vJC6+MFC7P*~~WC7P+MFN2*MWN2+MFC02 
3:ttrll.dC02+MFH2S:Ur1["JH2S 

C TH I S t-..JEXT SECT ION CALCULATES PSEUDO-REDUCED PRESSURE 
C ~lt'lD TEt',1PERATURE 
C CPA'v'=A'v'ERAGE CR I T I CAL PRESSURE 

CPAV=t',1FCnpCC1 +MFC2*PCC2+t~FC3*PCC3+MFC4 I :t:PCC4 I +MFC4N:tPCC4N+MFCS I *P 
lCC5 I +t~FC51'1:tPCCSN+tr1FC6:tPCC6+t11FC7P*PCC7P+MFH2*PCH2+tl-1FC02:t:PCC02+trjFH2S 
2tPCH2S 

C CTAV=AVERAGE CR I T I CAL TEt~PERATURE 
CTA'v'=~1FCltTCC1 +t.-1FC2*TCC2+MFC3tTCC3+MFC4 I :nCC4 I +~~FC4N*TCC4HH~FC5 I *T 

2CC5 I +t·~FC5N*TCC5H+t'-lFC6:r.rCC6+t11FC7P*TCC7P+MFI..j2*TCt·-~2+ttlFC02::t:TCC02+t'lFH2S 
3:r.rCH2S 

LdRITE (6,81) (TITLEeJ) ,J=L26) 
81 FORMAT (lHl,5/,40X,20A2,22X,2A2,5X.4A2,l(/)) 

l.<JR I TE (G , 21 ) 
21 FORt,lATe 113><, "PAGE 2 11 , /, 

:t 6X .. "COI·,·lPOl'lEl'lTS" .. 16X,lIt'rl0LECULAR" , 16X, "CRITICAL", 16X, "CRITIC 
1AL" , 19X, "MOL", /,33><, "WEIGHT", 18X, "PRESSURE", 14X, "TEttlPERATURE", 16X 
2 .. II FRACT ION II ,/, 58X, II (PSIA) II, 19X .. II (R) II ) 

WRITE (6, 22 )~'1L·JCL ptCl. TCCl • t'lFCl 
22 FORt~AT (6X, 1. METHAHEII, 20X, F6. 3,18><, F5.1, 18><, F5.1, 20X, F6. 6, /) 

LdR I TE ( 6 , 23) lYIWC2, PCC2) TCC2, t·.1FC2 
23 FORt~AT ( 6><, II ETHANE II , 21 X, F6 . 3, 18>~, F5 . 1 , 18X , F5 . 1 , 20X, F6 . 6, / ) 

4. 



24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

WRITE (8,24) 
FORMAT (GX, II 

lJRITE (G,2S) 
FORMAT (GX., II 

WRITE (G,26) 
FORt,1AT (GX, II 

['JRITE (6,27) 
FORMAT (GX., II 

lJRITE (6,28) 
FORHAT (6X, II 
tJRITE (G,29) 
FORMAT (6~-<,1I 

['JRITE (G,30) 
FORMAT (G><, " 
WRITE (E;,31) 
FORt ... 1AT (GX., II 

16,/) 
LdRITE (6 .. 32) 
FORMAT (6X,1I 

1) 

L,JRITE (6,33) 

MWC3,PCC3,TCC3,MFC3 
PROPANE" ,20X, F6. 3, 18X,F5 .1, 18X, F5. 1,20><, F6. G, /) 
MWC4 I .' PCC4 I , TCC4 I , trlFC4 I 
ISO-BUTANE", 17'><:, FG .3, 18X, F5 .1, 18X,F5 .1,20><' FG. G, /) 
~'1['JC4N , PCC4N, TCi''::4N, t,1FC4N 
N-BUTANE" , 19X., FG. 3, 18X, FS .1., 18X, FS .l,20X, FG. 6, /) 
~1WCS I , PCCS I , Tce5 I , MFC5 I 
ISO-PEl'-lTANEIl , 16X, F6. 3, 18X, F5. 1, 18';<, F5.1, 20><, F6. G/) 
M['JCSN , PCC5t~, TCC5N , MFC5t'j 
t~-PEt~TANEIl , 18X, F6. 3, 18X, F5. 1, 18><., F5. 1, 20X, F6. 6, /) 
ttlldCG, PCCG ,TCCG, MFCG 
HE><ANES" , 20><, FG. 3, 18X, F5. 1, 18X, F5. 1, 20X, F6. G/) 
tvlLdC7P , PCC7P , TCC7P, MFC7P 
HEPTAt-1ES PLUS" 14X, F6 . 3, u:<:-<, F5 . L 17X, F6 . L 20X , FG . 6, /) 
~1WH2S , PCH2S, TCH2S, MFH2S 
HYDROGEH SULPHIDE", 10X,FG.3,17X,FG.l,18X,F5.1,20X,FG. 

tlllJC02, PCC02, TCC02, MFC02 
CARBot··j DIOXIDEII, 13X, F6. 3, 17><,F6. L 18X, F5. L 20X., F6 .6, / 

1"llJH2, pn~2 .' TO~2., MFI'-12, CPAV , CTAV , TOT 
FORMAT (6~-<, " t-HTROGEH" I 19X, F6. 3,18><, F5 .1, 18X, F5. 1, 20X, FG. 6., //46>< 

L II AVERAGE" ,4><- FG. 3, 6><," AVERAGE", 3X, FG. 3, 10X," TOTAL"., 2X, F7. 7, 
2//) 

SG=t"lLJAVG/28 . 966 
WR ITE (G , 4) MI..JAVG, SG 

4 FORt ... 1AT (6X,11 AVERAGE MOLECULAR WEIGHT OF GAS =",4X,F5.3,20>C "GAS G 
1RAVITY ="., 2X, F4. 4, /) 

C THIS HEXT SECTIOH CALCULATES SALES GAS,CALORIFIC VALUE 
C LPG, &.CONDEHSATE 

IF (trlFC02. GT. 0.03) GO TO 777 
SALG=t.1FC 1 H,1FC2+tvlFC02 
X=1 .0000/ (t'~FCl +t'~FC2+\'rlFC02) 
GO TO 888 

777 SALG=MFC1 H~FC2+0 . 03 
><=1 .00(2)0/ (HFC1 +MFC2+0 . 03) 

888 L\JR ITE ( 6 , 6) SALG 

G FOR~1AT (6)<- II SALES GAS", 23X, "=" , 5X, F6.4, 2X, "t.1MSCF /MMSCF RAI.JJ GASII J 

A/) 
t ... 1FC1 =X:tlvlFC 1 
tvlFC2=><::tt.1FC2 
CALG=t~FC1:t1012 . 0+MFC2:t1783 
CALGt~=CALG:t37259 . 08778 
WF~ I TE (6, 7 ) CALG, CALGt ... j 

0, 
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7 FORMAT (6X," DRY-BASIS HEATING VALUE" ,9X,"="lX,F6.0,6X,IIBTU/CUB" , 
1" IC FOOT VAPOR ", 
2"AT 14.696 PSIA,",/,45X,"(",E10.5,2X,"JOULE/CUBICMETRE)",/) 

LPG=MFC3:tl.E6/1502.76+NFC4I*1.E6/1247.4+MFC4N:t1.E6/1292.34 
LPGM=LPG:t5.614589899 
LJRITE (6,8) LPG., LPGM 

8 FOR~1AT (6)<,'' LPG", 29X, rr =" .' 3X, F6 . 2, 4X, "BARRELS/b1MSCF RAI..tJ GAS, ( " , 
1F7 . 2, 2X, "CUB I C METRES'/M~l CUB I C METRES)",,/) 

COND=MFC5I:tl. E6/1150. 716+MFC5N:t1. E6/1162. 56+MFC6:tl. E6/1024. OHtlFC7P 
Lt.1 . E6/822 . 234 

COt-lDM=COl'm:t5 . 614589899 
GOR=1000000.0/COHD 
WR I TE ( 6 , 9) COND .' CONDM, GOR 

9 FORI',lAT (6)C'' CONDENSATE", 21X," =", 3X, F6 . 2, 4X, "BARRELS/~~MSCF RAW " 
1" GAS, (" , F7 . 2 , 2>< , I I CUB I C IrjETRES/~lIrj CUB I C t,1ETRES) II , 2 ( /') , 7><, 
2 I1 GAS/CONDEt-1SATE COR OIU RATIOII ,3X,II=II,2X,F7.0,4>CIICUBIC FEET /' BA 
3RREL" .,/) 
IF(~(PMAX. HE. 0) GO TO 900 
CALL DUM 

900 l,oJRITE(6, 81) (TITLE( .. J) ,·)=1,26) 
l~IRITE (6,40) 

40 FORlrjAT (113X, II PAGE 3", /, * 7><- II RESERVO I RII ,7><, II RESERVO I Rlf , lOX., "GAS IJ 
, lOX, II l.n SCOS ITYII , 8X, 

AIICOMPRESS-", 9X, IIGASII , 12X, IIGASII , /,7><, "PRESSURP ,8><, "TEI"'lPERATURE" 
H, 6X, IIDEVIATIONII., 6>C II AT RESERVOIRII , 5:y" II IHILITYII , 9X, "[OiSITYII J 8><­
CIIGRADIENTII ,/ .41X, IIFACTOR" ,8><' IICOHDITIOHSII ,20X, II (LB/CU. FT. ) II., /, 
D7><, II (PSIA) II, 12X, II (F) 11,14><' II (Z) 11.,13:><' II (CP) II, lOX, II (PSIA:t-1) II, 6>C 
Ell ( (GIrl/CO)" ,7X., II (PSl/FT) II ,/) 

1 .. )=1 
DO 50 1=1.. 30 
CALL ZSTAR (CMPG) 
CALL VISCY 
DEI· .. lG= (~'lWA\lG:tPP ( I ) :tS2~) . 0) ./ ( 379 . 0:t14 . 731: ( T +460 . 0 ) *~.z ( I ) ) 
DE~~G~'l=DEHG:t::O. 0160185 
GRDG=DENG/144. ~) 
tJRITE (6,41) PP( I), T., ZZ( I), \lISGG( I), C~jPG., DEt-1G., DEI~GIYL GRDG 

41 FOR~'lAT (8)<'' FG .1.. HZlX, F5 . L 11><, F5. 3, 12X, F5 .4, lOX, F7 .6., 7X., F6. 3, 1X, II ( II , 

AF 4 . 3., II ) II , 5>< , F5 . 4/ ) 
IP=P/100 
P= I P:t100 . ~)-400 . 0 
IFCP.LE.l.0) GO TO 60 

50 CONTINUE 
60 PP CI +1) =0 . 0 

ZZ(I+1)=1.0 

6. 



VISGGCI+1)=V1SGG(I) 
1=1+1 
HP=I 
CALL I ~~VER ( PTAB , pp, NP, LUN ) 
CALL IHVER (ZTAB,ZZ,NP,LUN) 
CALL I ~'NER ( UTAB , \i I SGG, NP, LUN) 

C US I NG AL -HUSSA I HY-RA~iEY METHOD," THE FLOLJ OF REAL GASES THROUGH 
C POROUS tTIED I A . II .. ,)PT, ',lAY66 ,PP 624-642 
C CALCULAT I ON OF GAS POTENT I AL FOLLOlrJS 

DO 100 trl =1, NP 
DELPOTCM)= 2.0 t PTAB eM) /ZTAB eM) /UTAB eM) 

100 COl'jT I NUE 
1<:.H CALL Q It~TE (POT .' DELPOT.. PTAB.. NP, LUN) 

t<.iF-~lTE(LUN .. 3(1) (C PTABCM), DELPOT(M)., POT(t·~)), M=l, ~~P) 
301 FORt"lAT (2)<, F8. 1., 2X, "DELPOT=", 2X, El::::. 6, 10X "POT = ", 2X, E13. 6) 

I F (I PL . ~~E . 1) GO TO 9::J9 
CALL ZIr1PL ( NP , TITLE, PTAB , ZTAB, UTAB., POT) 

999 CALL D<EC (8, NAt',iE, TITLE) 
CALL GASl 
END 
SUBROUT I HE GP~'l 

I t'HEGER TITLE 
REAL tylFH2S, tr1FC02 .. MFN2, LPG 
COHtr10N TITLE (26) , LUN., I CODE , KP~~A>< , TR, PR , eTA\,} , CPAV , SG , PP ( 30) , 

A ZZ ( 30) , V I SGG ( 30) , t'iFH2S , t-01FC02, tylFt--.J2, I , I J .' POT (30) , PTAB ( 30) , 
B ZTAB(30) ,UTAB(30) ,SALG .. BLPG(10) .. BC5(10) ,PA(10),LPG,CON D,P,T, 
C KP1Ir1A><, I PL 

Dlt-01EHSlOH PAl(10).GAS(10),C3P(10),C5P(10),BLPGI(10),BC5l(10) 
READ (5, t) (PAl (K)., K=l., I<Pt.,.lA><) 
READ(S,t) (C3PCK),K=1,KPt-01AX) 
READ (5,:*) (C5P C ~() .1<=1., KPt'iA:>O::) 
KPt.,.lAX=YPtylA><+ 1 
PA I (I<Pt',lA><) =0 . 0 
GASCKPMAX)=0. 996*GASCKPt,lAX-l) 
C::::P (KPt',lA><) =C3P (I<PtylAX-l ) 
C5P ( KPMAX) =C5F' ( I<Ptr1AX -1 ) 
BLPGl(l)=CJP(l) 
BC5 I (1) =C5P ( 1) 

DO 25 1<=1 .. I<PtrlAX 
BLPG I (K+l )=C3pn(+1 )*2. 0-C3P( 1) 

BC5 I (K + 1 ) =C5P n( -I-1 ) *2 . 0-C5P ( 1 ) 
25 Cot,jT I t,jUE 

CALL I t'NER ( PA , PA I , I<PtylAX, LU~) 
CALL I HVER ( BLPG , BLPG I , KPtylA>< , LUN) 



CALL INVER ( BCS , BCS I , I<PI't1AX, LUN) 
DO 40 1<= L KPMAX 
klf'~ ITE (LUN,29) PA (K) .' BLPG(K) ,BCS( K) 

29 FORMAT (30X,"BBL / RCF" ,3(10X,E14.6)) 
40 C("f'JT I i'JUE 

Rf::.(Uf'N 
EHD, 
SUBROUT I !'olE I i'IVER ( A , A I , !'IP , LUN) 

C **:::t:tt***:+::n*:t*******************:t**************************:t*******>t:** 
C * TH I S I HVERTS THE ORDER OF DATA I HONE D I t'~ENS IONAl ARRAY * 

C ***:+::******t*******************:i:************:i:*******:i:****:i:************* 
DIMENSION AI (30), A (30) 
DO 10 J=l,NP 
I<=HP-.J+l 
AOO=AI C-J) 

10 CONTINUE 
~.JRITE(LUN, 20) ACK) 

20 FORt'flAT (20)<, E13 . 6) 
RETUR~~ 

END 
SUBROUT I ~~E DUM 
INTEGER TITLE 
REAL ~1FH2S. tolFC02, t~FN2 .. LPG 
COrfH',IOi'J TITLE (26) , lUH, I CODE, KPMAX, TR, PR, CTAV J CPAV, SG , PP ( :30) , 

A ZZ(30), VISGG(30) ,MFH2S, MFC02,.t'o1FH2, I, I.j, POT(30) ,PTAB(30) J 

B' ZTAB ( 30) , UTAB ( 30) , SALG J BlPG ( 10) , PCS ( 10) J PA C 10) , LPG J COND , P J T, 
C KPH1A><, IPL 

BlPG (6 ) =LF'G 
BC5(6)=COND 
PA(6)=P 
BLPG (S ) =0 . S19*LPG 
BCS ( 5) =0 . 7S:t:COND 
PA ( 5 ) =~3 . 8S*PA ( 6 ) 
BLPG ( 4 ) =0 . S19*LPG 
BCS(4)=0.S2*COHD 
PA(4)=0.65*PAC6) 
BLPG(3)::.:0.98*lPG 
BCS (:3) =0 . 47*COt,m 
PA(3)=0.46*PA(6) 
BLPG(2)=0.98*lPG 
BCS(2)=0.46*COND 
PA(2)=0.26:1:PA(6) 
BLPG ( 1 ) =0 . 98:i:LPG 
BCS(1)=0.46*COi'lD 
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PA(1)=PA(6)/1000.0 
KP1MAX=6 
CONTI~~UE 

RETURt-l 
E~~D 

SUBROUTINE ZSTAR (CMPG) 

C **;r*;t~*******::t~*************************************************:t:***** 
C * CO~'lPRESSIBILITY FACTORS ARE CALCULATED FROlrl AN 11 PARAMETER * 
C * Bl!JR EQUATION OF STATE.,DEVELOPED BY DRANCHUK & ABOU-KASSEM * 
C * (1975) ,THAT EFFECTIVELY REPRODUCES THE STANDING-KATZ * 
C * Z-FACTOR CHARTS *' 
C ***************:t:*********:t:*************************:.t:::t***:t.******-*~.t::*** 

IHTEGER TITLE 
REAL MFH2S, trlFC02, Mn~2, LPG 
D I MENS IOH A (11) 

COt\1t'lOH TITLE ( 26) , LUt·~., I CODE, KPtrlAX , TR .' PR , CTAV , CF'AV , SG , PP (30) , 
A ZZ( 30) ,VISGG (30) ,t'11FH2S, ~1FC02, tvjFt~2, I, I J, POT(30) .' PTAB(30) , 
B ZTAB ( 30) , UTAB (30) ,SALG, BLPG ( 10) , E;C5 ( H)) .' PA ( H)) , LPG .' COHD , P .' T, 
C f<P1 tvlAX , I PL 

DATA A/0. 3265, -1 .070., -0.5339, ~l . 01569, -0 . 05165, ° .5475, -0 . 7361,0. 184 
A4,0.10C;G,0.6134,0.7210/ 

C CALCULHTE ADJUST~'lENT FOR PRESENCE OF H2S So. C02 
FRCA=t,lFH2S-HtlFC02 
FRCB=MFH2S 

C CORRECT I O~·lS FOR THE PRESE~~CE OF HYDROGE~·l SULPH I DE t. 
C CAF$OH D I 0>< I DE ARE APPL I ED BY THE ~t1ETHOD OF W I CHERT & 
C AZIZ (1974). EPS=I;JICHERT ::;'. AZIZ ADJUSTttlENT 

EPS= 120 . O* (FRCA**0 . 9-FRCA::f:* 1 . 6 ) + 15 . 0:t ( FRCS**0 . 5-FRCB:t:¥4 . 0) 
C' AD.JUST PSEUDO CR I T I CAL TEMPERATURE ::~ PRESSURE. 
C CALCULATE PSEUDO REDUCED TEt,1PERATURE :~ PRESSURE 

CTAVA=CTAIj-EPS 
I ,J= I .J+1 
IF( J.). GT. 2) GO TO 100 
GO TO 120 

100 ppe I )=P 
120 CPAVA=CPA\l;fCTAVA/ ( CTAV+FRCB* ( 1 . 0-FRCB ) *EPS ) 

T=T+46('.0 
TR=T/CTAVA 
PR=P/CPAVA 

C :t:t~::***:t*****:t****;n**;¥,*********';f::***::+:**:r.**tt*******************:+:*** 
C * SET ERROR FLAG,IERR, TO 0 * 
C * CHECK UPPER AHD LOWER LIM I TS OF THE PARAt>1ETERS SPEC I F I ED * 
C 1: BY THE FOLLotJ I t'-lG RAt'lGES (I HCLUS I VE ) - * 
C * TR - 1. G5 TO 3. 00 * 



C :I< PR - 0. 00 TO 15.00 * 
C * FRCA - 0.00 TO 0.85 * 
C :I< I F ANY VALUE I S OUTS I DE THE RAt-1GE, SET I ERR= 1. 0, 2=0 . 0, :4: 
C :r. AND CMPG=0.0 AND RETURN TO THE MAINLINE * 

C ***;t:*********:t****:lct***********************:n:******t::r.tt*:r.********:t 
IERR=0 
IF (TR.LT.l.0S.0R.TR.GT.3.00) GO TO 19 
IF CPR.LT.0.00.0R.PR.GT.15.00) GO TO 19 
IF (FRCA.LT.0.00.0R.FRCA.GT.0.85) GO TO 19 

C INITIALIZE REDUCED DEHSITY AND CALCULATE Cm~PRESSIBILITY FACTOR 
C Al'm COMPRESS I B I L I T'l OF THE NATURAL GAS 

ITER=0 
. ...1=1 
DEt-1RD= 1 . 0 
TF:~2=TP;t*2. 

TR3=TR*:r3 
TR4=TR;r.~:4 

TR5=TRr*5 
C1=A(7)+A(8)/TR 
CO=A ( 1 ) :nR+A ( 2) +A (3 ) /TR2+A ( 4 ) /TR3+A ( 5 ) /TR4 
C2=A(6):tTR+C1 
C3=-C1:r.A (9) 

C4=A ( 1 (:1) /TR2 
IF(PR-3(Q.0) L L 22 

1 IFCTR-1.0) 2,2.3 
2 J=0 

DH1RD=0.0 
DELDR=0.1 

3 IFCTR-3.0) 4,4,22 
4 DO 16 ITER=1.100 

IFCJ) 5,5 .. 6 
5 DENRD1=DEHRD 

DEHRD=DErlRD+DELDR 
6 DEHRD2=DEI'iRDti:2 

DEHRD5=DEt'IF~UU:5 

Tl=C0tDENRD 
T2=C2*DEf'IRD2 
T3=C:3*DE~~F:D5 

T 4=C4;r.DEI"~RD2 
T5=A ( 11 ) *DEI",IRD2 
T6=D<P ( - T5) 
Q=(TR+Tl+T2+T3)*DE~IRD+T4*DEHRD*( 1. 0+T5):tT6 
QO=TR+2 . 0;nl +3. 0:n2+6 . 0*T3+ T4*T6* (3 . 0+3 . O:t:T5-2 . 0:tT5;ICT5) 
IF(J) 7,7,10 
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7 PRCAL=Q/0.27 
IFCABS(PRCAL-PR)-0.1E-02) 17.17.8 

8 IFCPRCAL-PR) 16.17.9 
9 DEt-lRD=DEt-lRD1 

DELDR=DELDR/2.0 
10 DENRD1=CENRD-CQ-O.270*PR)/QQ 

IFCDENRD1) 11.11.12 
11 DEt-lRD1=0 . 5;WEt-~RD 
12 IFCDENRDl-2.2) 14.14.13 
13 DEi'lRD1=DENRD+0. 9*(2. 2-DENRD) 
14 IF (ABS (DEHRD--DEHRD1 ) -0. lE -(4) 17.15.15 
15 DE~4F~D=DD~RDl 

16 COi'lT I HUE 
17 2=0 . 270:f:PR/ ( DEt'lRD:tTR ) 

C COt\lPRESS I B I LIT I ES ARE CALCULATED BY THE t~ETHOD OF MAT TAR • 
C BPAR. &. A212 (1975) 

DENRD2=DEHRD:t.*2 
DE~·lRD3=DEt'lPD:i·~f::3 

DEt--1RD4=DEHRD**4 

C 

Vl~ A(1)+(AC2)/TR)+(A(3)/TR3)+(A(4)/TR4)+(A(S)/TR5) 
\/2= 2. 0:rDD,lRD:t( A(6)+ (A(7)/TR)+(A(8)/TF<~2) ) 
V3= 4.0:rDENRD4:rA(9):t(A(7)/TR+(A(8)/TR2)) 
V4= (2. OtA (10) :WEHRD/TR3) + (4. 0tA (10) tA (11) :tDEt-lRD3/TR3) 
\/5= E><P ( -A ( 11 ) :f:DD~RD2) 
V6= « A ( 10) :t:DEi'lRD2/TR3 ) + ( A ( 10) :f:A ( 11 ) *DENRD4/TR3) ) *2 . O*DENRD*A ( 11 ) 
DZED= V1+V2-\l3+(V4tVS)-(V6tVS) 
Ct,lPPRD= 1 . 0/PR-0 . 27(JfD2ED/ (a:z:nR :t ( 1 . 0+ ( DENRD/2 ) tDZED) ) 
01PG =O~PPRD /CPAVA 
GO TO 20 

19 IERR =1 
2 =0.0 
o.·lPG :-=0 

20 lJR I TE (LUN ,21) P. T. PR. TR, 2 • CMPG) FRCA. FRCB • EPS. ITER, I ERR 
21 FORMAT (9(2X,F10.6),2I3,/) 

22 PP( I )=P 
ZZ( I )=Z 
T=T-460.0 
RETURH 
EHD 
SUBROUTINE VISCY 

C' i::t.:;f::i:***:r:t.t****:t************:f(*:t*******************:U*************::t.;k 
C :t TH I S SUB ROUT I HE lJ I LL DETERM I HE THE V I SCOS I TY FOR HATURAL * 
C * GAS I HCORPORAT I NG A CORRECT I ON FOR THE PRESEt~CE OF HYDROGEN * 

11. 



C * SULPHIDE CARBON DIOXIDE,AND NITROGEN * 
C ************************************~'***************************** INTEGER TITLE ~ 

REAL NFH2S, MFC02 • trlFN2. LPG 
D I I>1ENS I 01'1 TEMTBL ( 13) , PRSTBL (22) , V I STl:' (22, 13) .' V I STB I (22, 7) • V I STB2 ( 

122.6) . 
EQUIVALENCE (VISTBI(1.1).VISTBL(1,1)).(VISTB2(l,l).VISTBL(l,B)) 
COtrHvlON TITLE ( 26) , LUN, I CODE. KPI>1AX. TR , PR • CTAV, CPA\I, SG • PP ( 30) , 

A ZZ ( 30) • V I SGG ( 313) • NFH2S , trlFC02 , NFt~2, I , I.J, POT ( 30) , PTAB ( 30) , 
B ZTAB(3C),UTAB(30) ,SALG,BLPG(10),BC5(10) ,PA(10) ,LPG,CON D,P,T. 
C KP1trlAX, I PL . 

DATA TENTBL / 
11.05.1.10,1.15,1.20,1.30,1.40,1.50,1.60.1.75,2.00.2.25,2.50,3.00 / 

DATA PRSTBL / 
10.1,0.2,0.3,0.4,0.5.0.6,0.7.0.8.0.9,1.0,1.2.1.4,1.6.1.2.2.0,3.0. 
24.0,6.0.8.0,10.13,15.0.20.0/ 

DATA VISTBI / . 
Al.000.1.C12.1.C25,1.050,l.C75,1.100,1.145,1.195,1.285.1.415,1.760. 
B2.285,2.865,3.290,3.650,4.760.5.500,6.460,7.150.7.680,B.650.9.370~ 
Cl .000 .. 1 .01 L 1 .023,1.043, 1 .065.1 .086,1. 1213, 1. 150, 1 . 195, 1. 255.1. 435, 
D1.7C0,2.070,2.465,2.800.3.850,4.655,5.72C,6.500.7.090,8.100.B.88C,. 
E1. (:)130,1.010,1.021. 1. 036,1.055.1.1373, 1. ~195, 1.120,1.145,1.175,1. 2813, 
F1.420,1.590.1.850,2.160,3.225,3.975,5.C30,5.820,6.385,7.4113,8.1813, 
Gl.000,l.009,1.019,1.030.1.045,1.C60,l.070,1.085.1.110,1.135.1.195, 
H1.285,1.425,1.570,1.750.2.600,3.350,4.380,5.125,5.74C,6.750,7.500, 
11.000,1.003,1.017,1.027,1.040,1.1354.1.063,1.075,1.1130,1.120,1.155, 
.J1 . 215, 1 . 285 .. 1 . 360, 1 . 460. 2 . 020 • 2 . 560 , 3 . 500, 4 . 185. 4 . 755, 5 . 790, 6 . 500., 
Kl.000,l.007,l.015,1.024,1.035,1.048,1.056,1.067,1.039,1.100,1.135, 
L1.185,1.235,1.280,l.335.1.690,2.110,2.790,3.380,3.86C,4.790,5.410, 
N1.000,1.C06,1.013,1.021~1.030.1.042,l.049,1.059.1.078,1.100,1.120. 

Nl.150.1.185.1.220,i.260,1.500.1.785,2.325,2.820.3.230,4.060,4.610/ 
DATA VISTB2 / 

A1.0C0,1.005,1:011.1.018,1.025,l.036,l.042,1.051,1.067,1.070,1.095. 
B1.120,1.150,1.180,1.215,1.385,1.595,2.030.2.425.2.770,3.490,4.02S,· 
Cl.000,l.004,1.009,l.015.1.021.1.030,l.035,1.043,1.056,1.065,1.090, 
Dl.110,l.125,1.145,1.165,1.280,l.435,l.770,2.095,2.375,2.990,3.500, 
E1.000,1.0C3,1.007,1.012.1.017,1.024,1.028,1.035~1.045,1.055,1.060, 
F1.070.1.080,1.095,l.110,1.205,1.290,l.500.1.725,1.955,2.480,2.925, 
Gl.000,1.002,l.005,l.009.1.013,1.018,l.021,1.027.1.034,1.040,1.045, 
H1.055,1.065,1.075,l.085,1.145,l.210,l.340,1.485,1.665,2.085.2.460, 
11.0013,1.001,1.003,1.006,1.009,1;012,1.015,1.019.1.023,1.025,1.030, 
J1.040,1.050,1.060.1.065,1.105.1.155,1.245,l.360,l.485,1.830,2.150, 
K1.000,1.000,l.001,l.003.1.005,l.(~7,l.009,l.011.1.013,1.015,1.020, 
L1.025,1.030,l.035,l.040.1.060,1.085,l.140,1 •. 205.1.265,1.495,1.750/ 
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C I NIT I AL I SE UPPER AND LOWER BOUNDS FOR THE TABLES 'OF PSEUDO REDUCED 
C TEMPERATURE AND PRESSURE INDEXES 
C - ERROR FLAG, IERR,TO 0 

LOPRS=2 
IHIPRS=21 
LOT EM =3 
IHITEtr1=ll 
IERRi =0 

C CHECK UPPER Af'lD LOWER LIM I TS OF~ THE PARAMETERS SPEC I F I ED BY THE 
C FOLLOW I HG I HCLUS I VE RAf'lGES 

IF (TR. LT. 1 .05 . OR . TR . GT . 3 . (:)0) GO TO 34~l 

IF (PR. LT. 0 .01 . OR . PR . GT . 20 . (2) )GO TO 340 
IF (SG.LT.0.55.0R.SG.GT.1.50) GO TO 340 

C LOCATE TR I H THE TEt-~P I f'lDE>< 
DO 100 J=LOTEM,IHITEM 
I F ( TEMTBU J) . GE . TR) GO TO 120 

100 COHTINUE 
.J= I H I TEIYi+1 

120 IF(PRSTBLCLOPRS-l).LT.PR) GO TO 160 
1<=1 
ICALL=1 
GO TO 320 

140 V I SGF:= 1 . ~'2l0+ ( PR¥. ( \/ I S I -1 . 0) ) 
GO TO 300 

160 IF(PRSTBL(IHIPRS+1).GT.PR) GO TO 200 
K=IHIPRS+l 
ICALL=2 
GO TO 320 

180 VISGR=VISI 
GO TO 300 

200 DO 220 ~(=LOPRS, I H I PRS 
IF(PRSTBLCK).GE.PR) GO TO 240 

220 COHTINUE 
f<=IHIPRS +1 

24(2) I CALL =3 
GO TO 320 

260 V I S,J='v' I S I 
K=K-1 
ICALL=4 
GO TO 320 

280 1<=1<+1 
\lISGR=VISI +( «PR-PRSTBUK-1) )/(PRSTBUK)-PRSTBUK-l) ) );t(\/ISJ-VISI) 

A) 

C CALCULATE PART I AL V I SCOS I TY , \/ I SGU. frl0D I FY THE VALUE BY APPLY I NG 



C CORRECTIONS DEPENDENT UPON· THE MOL FRACTIONS OF H2S,C02, &·N2 
C TO OBTAIN THE·PARTIAL.VISCOSITY AT 1 ATM PRESSURE,VISGA 
C CALCULATE THE OVERALL VISCOSITY,VISG 

300· V I SGU= (0. 126585E -01 ) - (0. 611823E -(2) ;t;SG+ (0. 164574E -02) ;tSG:tSG 
A+(0.164574E-04):tT-(0.719221E-06):tSG:tT-(0.609046E-06):tSG:tSG*T 

CORH2S=(0.0113*MFH2S*SG-0.0038*MFH2S+0.000001):t 
AO. 0/( 1. 0+SG))+0. 000001 

CORC02= (0 . 0134*~~FC02*SG-0 . 0004:tMFC02+0 . 000004:tSG) 
A *(1.0/(1.0+SG))-0.000003 

CORH2 = (0. 0170:t:t~FN2:tSG+0. 0021*tdFH2 +0. 000010:tSG) 
A :f ( 1 . 0/ ( 1 . 0+SG) ) -0 . 000006 

V I SGA =\} I SGU +COF~H2S+CORC02+CORt-.j2 
VISG =\/ISGR* VISGA 
GO TO ::::54 

C CALL TO LAGRAHGE IHTERPOLATIOH ROUTIHE 
320 CALL XLGR4 (TR I TH,lTBL (,)-2) I TEt·,·lTBL (·.)-1 ) , TEMTBL (.J) , 

A TE~"lTBL (J+1), 'v'ISI ,VISTBLCV., ~1-2) ,VISTBL(I<., J-1) .' 
B VISTBLCK,J),VISTBLCK,J+1)) 

WRITE (LUN,351) VISI 
351 FORMAT (2X., E8. 6) 

GO TO (140., 180.,260 ,280) .' I CALL 
C DATA ERROR PROCEDURE 

340 IERR1=1 
VISGR=0.0 
I,JISG =0.0 

354 WR I TE (LUN , 355) T, TR, PR , V I SG , V I SGA J V I SGU , SG, CORH2S, CORC02 , COR~.12 ; 
1 IERRi. ICALL 

355 FORtvlAT C10(2:>CE8.6),2I3,/) 
39':; V I SGG ( I ) =\i I SG 

360 RETUR~~ 
EHD 
SUBROUT I HE 1<LGR4 (><, Xl, ><2, X3, ><4, Y I '(1, Y2, '(3, '(4) 

C ****:t:**:;t:*:r:t******:r:r**************;t:***:t******::t::t:**;t:~U******::t:****:t:**:r 
C * TH I S SUBROUT I I'lE EVALUATES THE GE~·lERAL LAGRA~~GE EQUAT I OH * 
C * (K . L. t··lE I LSOH, tvlETHODS I H HUt'lER I CAL At~AL YS IS, 1956., FOR A Y * (- * VALUE CORF~ESpm·lD I t-lG TO A G I \lEH X VALUE L \' I HG l,J I TH I H THE * 
C * RAHGE OF FOUR GIVEN POH,lTS: 0<1, Y1) J 0<2, Y2), 0<3, Y3), 0<4, '(4) :t; 

C :;t:*****:t:***:t:.n:***:t:**:t:t::t:f**************:****;t:***:t.:r:t**:t:******:t.:****:t:**;t: 
A1 =><1-><2 
A2 =><1-><3 
A3 =Xl-X4 
A4 =X2-><3 
A5 =X2-X4 
A6 =X3-X4 



81 =X-Xl 
82 =X-X2 
83 =X-X3 
B4 =X-X4 

Y =82/A1*B3./A2*B4/A3*Y 1-Bl/Al*83/A4*B4/AS*Y2+B 1/A2*82/A4*B4/A6 
1*Y3-Bl/A3:tB2/AS:tB3/A6:tY4 

RETURH 
EHD 
SUBROUT I HE TERP (A, B, Y, X, KMAX , LU~l ) 

C STF-:A I GHT L I ~~E I NTERPOLAT I O~" (I HCLUD I HG '1=0 TO Y ( I ) 
C FOR ><=0 TO X ( I ) 
C A I S Ut'i~(t'lOI...JH VALUE OF 'I AT X = B 

D I MEt'iS IOI'l 'I (30) .' ><: (30) 
K=l 
IFCB.LT.0.0)GO TO 12 
IF (B- X(1))l,2.2 

1 A = '1(1)* B / X(l) 
GO TO 20 

2 co"n I HUE 
IF (XCKMAX)- B)12,3,4 

12 WRITEC5,9) XCKMAX),B 
STOP 5 

3 A = 'I ( f<MA>< ) 
GO TO 20 

11 IF( O<O<t"lA>O-B) .LE.0.0)GO TO 12 
K=K+l 

4 IF (X(K)- B) 5,6,7 
5 GO TO 11 
6 A= Y(K) 

Gel TO 20 
7 A= Y(K-i) + (Y(K)-Y(K-l)))'~(B-X(K-l)) / (X(K)-'X(K-l)) 

GO TO 20 
9 FORt·1AT( 15X, II VALUE BEYO"lD TABLE, KMAX ="., E14. 5, // ,38X, "B=IIE14. 6) 

20 COHT I ~'~UE 
LdR ITE ( LU"L 22 ) A. B 

22 FCB .. 1AT (2)<., 2(E13 .6)) 

RETURN 
EHD 
SUBROUTIt'lE QI "HE (A, Y, XI ~", LUH) 

C **:n:*************t:*****************;t:******t*************~r.:**********:t::** 
C AREA UHDER CURVE '( = FUt·-.lCT I Ot·~ OF X VERSUS Y 'TO f<= H 
C * . CALCULATED FRO"'1 X=0 TO '(=0 

(' ***::t:*****:t:****t***:t*:t:***********************:****************;+,;t:-,t:**:t:**** 
DH~ENSIOt" A(30) 1,(30), X(30) 

15. 



A(1)=e .0 
A(2) = 121.5 * Y(2) * X(2) 
loJRITE CLUI'-L 3121)X( 1) 

3121 FORt,1AT (E8. 6 ) 
DO 10 K = 3, N 
ACK) = O.5 t(YCK)+YCK-l))*(XCK)-XCK-l)) + ACK-l) 

1121 CONT I t'~UE 
WRITECLUN,20) ACN) 

2C) FORMAT CE13. 6) 
RETURti 
am 
SUBROUT I NE ZI't1PL (NP .' TITLE, PTAB J ZTAB, UTAB , POT) 
INTEGER TITLE 
D I I'o1Et'JS I ON Tl TLE( 2~;) ,PTAB(3121) ,ZTAB (3121) ,UTAB (3121) , IBUF (4121) , 

A I YP (2Cn , I XZ (20) , I XU ( 2121) , I XPOT (22) .' POT (30) 
CALL CODE 
loJRITE (IYP J 1) 

1 FORt.1AT ("RESERVOIR PF-ESSlJRE (PSIA 1I21E+4) II) 
CALL CODE 
l.lJF.~ I TE (I XZ .' 2 ) 

2 FOR~1AT ( II DEI.! I AT I ON FACTOR -Z") 
CALL PLOTS (38.0,10.0,0,-1.0,-1.0) 
CALL PLOT (5.5,5.0,-3) 
CALL SYI'o1B (0.0,0.0,5.0,7,90.0,-1) 
CALL PLOT (13.5, -4 . 121, -3 ) 
CALL AXIS (0.0,0.0.,IXZ,19,7.QI,180.0,0.75,0.0S) 
CALL AXIS (0.0,0.0,IYP,-31,8.0,90.0,0.0,0.08) 
IPEH=3 
DO 100 I=LHP 
'y'=PTAB ( I ) /800 . ° 
><=- ( (ZTAB ( I ) -~Q . 75) *2121 . 121 ) 
CALL PLOT (>< , "( , I PEI'-l) 
CALL SYMB (X,Y,O.1,3,o.e,-1) 
IPEH=2 

100 COt'IT I HUE 
CALL CODE 
WRITE (IBUF.3)(TITLECJ),J=l,26) 

3 FORt,1AT ( 20A2, 10;<, 2A2 , 2>< , 4A2 ) 
CALL Sytvjp ( -6 . 0, 2 . 0, 0 . 1, I BUF , 9121 . 121 , 64 ) 
CALL PLOT (8.5,0.0,-3) 
CALL CODE 
WR ITE (I XU , 4 ) 

4 FORt"1AT (II I,JISCOSITl-U (CP 10E-1) II) 
CALL A>O S ( 0 . 0, 0 . 121, I ><U, 23, ? . 0, 18121 . 121 , 121 . L 0 . 03) 

16. 



CALL AXIS C0.0,0.0,IYP,-31,8.0,90.0,O.O,O.(8) 
IPEN=3 
DO 200 1=1, ~IP 
Y=PTAB(1)/800.0 
X=-«UTABCI)-0.01)*333.333) 
CALL PLOT (X,Y,IPEN) 
CALL SYlrlB (X, Y, 0.1. 3, 0.0,-1) 
IPEN=2 

200 CONTIHUE 
CALL SYlrlB (-6. 0., 2 . 0, ° . L I BUF , 90 . 0, 64 ) 
CALL PLOT (8.5,0.0,-3) 
CALL CODE 
t..JR I TE (I ><POT , 5 ) 

S FORlrlAT C II GAS POTD·4TI AL -PH 1 (PS I A SQUARED/CPS/lOE +10) II ) 

CALL A>< I S (0. 0 , ° . 0, I XPOT .' 43 , /' . 0, 180 . (~ , 0 . ° , ° . 03 ) 
CALL AXIS (0.0,0.0. IYP,-31,8.0,90.0,0.0,0.08) 
1 F'EI',1=3 
DO 3(10 1=1, NP 
"/=PTAB ( I ) /800 . 0 
><=-(POT( I )/1. 0E+10*33. 3333) 
CALL PLOT (X,Y,IPEN) 
CALL SYI'r1B 0<,Y,0.1.3,0.0,-1) 
IPH1=2 

30tj CO~'lT I ~'IUE 

CALL S'lI,lB (-6. 0, 2 . ° , ° . L I BUF , 90 . 0, 64 ) 
CALL PLOT ( ° . 0 , 0 . tj J 999 ) 
CALL GOPLT 
RETURN 
END 
PROGRAM GAS3(5) 

C++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
C+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

REAL f<H I ~'lFH2S J 1',1FC02 J t'~FN2 , LPG 
IHTEGER TITLE 
DII"1H1Slot~ Q2(40), GP(40) , GPl (40) J GPLPG(40). GPCOI'-l(40) J SUMGP(40), 

A SIJI'rlLPG C 40) , SUI·'lCOt·...j ( 40) J QO'v'OL ( 40) J PTF ( 40) J PLdF ( 40) J PB ( 40) J 

B BLF' (40) , BCO (40) J SUI',1GPl (40) 
COI'~lrlON TITLE (26) J LU~1 J I CODE, KPI"lAX, TR I PR, CTAV J CPAV, SG, PP (30) , 

A ZZ (30) J IJ I SGG (30) J MFH2S , 1',1FC02 J t',1FN2 J 1 , I J J POTC 3(j) J PTAB (30) I 

B ZTAB(30) J IJTAB(30) , SALG, BLPG( 10), BeS( 10) J PAC 10) ,LPG, COt~DJ P J T, 
C f<P1MA><-J I PL 

IFCICODE.EO.l) GO TO 9998 
READ (5, *) VOL., POR J SATI}J., AVETH 
READ ( 5 , *) ~WRtrlA>< J ~4L.J , ~~AR 



RJ:AD (5, * ) RlJ , '<H, S, DTURB 
ReAD (S,:t)Q,QMIN,THPMIN,QOVER 
READ (5,*) TBGEl,TBGDIA,FR,FAC,TEMTOP,IEND 
PF.~ESS I =PP ( 1 ) 
IFCIEND.NE.-l) GO TO 1 
WRITE (G,81)( TITLE (J),J=l,2G) 

81 FORt~AT OHL 5/, 40X, 20A2, 2-2·X, 2A2, 5X .4A2,.1 V)) . 
I)JR I TE ( G , 400) VOL I POR, SATW, AVETH , T, PRESS I 

400 FORt,lAT 013X, II PAGE 1", / , * 46X, II DEL I VERAB I L I T'I' PARAIY1ETERS II ,/ , 46X, II ______________ 11 , 2X, 

A"----------" ,3(/) ,5>e "RESERVOIR DATA", / ,5:", "-------- ----II, /, 19X, 
B" VOLUME OF GAS IH I TI ALL \( It-1 PLACE II , 25X., Fl1 .0, 6X, " (MMSCF) " , / , 19X I 
C" POROS ITY" , 53X I Fll .4, 2X J II (FRACT IOI'-D II , / , 19X, "lJATER SATURATI ON" , 45X, 
DF11.4,2X,"(FRACTIOH)",/,19X, "AVERAGE THIO<NESS OF RESERVOIR",31X, 
EF 11.4,2><, II (FT~ ", /,19>:," I t-.JI TIAL RESERVOIR TEtrlPERATURE" ,28X, F11. 0, 
FG><, " (DEGREES F) ", /, 19X," IHIT:Al RESERVOIR PRESSURE"., 31X., Fll. 0, GX, 
G" (PSIA)" ,2(/) ) 

WRITE (G., 401 )RlJ, KH, $, DTURB" TBGEL, TBGDIA, FR, FAC, TEMTOP 
401 FORt~AT (5)<, "WELL DATA", / , 5:><- ,,---- ____ II, / , 19>:, II WELL RAD IUS" , 50X I 

AFll .4. 2><," (FT) " ,/ , 19:><" "PERl-'lEAS I LI T(:tTH I CKl'-lESS" .' 39X, Fll .4, 2X, " (t~DS­
BFT) II , ,/ , 19X, "SI< I N FACTOR", 48><, F11 ,2, 2X, / , 19X, "TURBULENCE FACTOR", 
C 44><- F 11 . 4 , 2>C " CDd'lt,1SCF) " , / " 19X, " TUB I NG ElEVATI O~~ II , 

D" (TF.:t.JE VERT I CAL DEPTH)", 19X, F 11 . 0., 6X " II (FT) " , / , 19X, II TUB I t',lG ", 
E"D I At,1ETER" ,46)<, Fl1, 4,2>: J " ( It~) II ",/ J 19><, "FRI CT ION FACTOR", 46X, Fl1 .4, /, 
F1SiX,"ACTUAL LEHGTH / TRUE VERTICAL DEPTH FACTOR",,19X,F11.4,'/,19X, 
G"TEt'lPERATURE OF GAS AT SURFACE It-.J TUBINGII, 18X, Fll, 0, G)<:, " (DEGREES F 
H) II ,2(/)) 

tdF: I TE ( 6 , 402 ) Q , ~~t\J, ClOVER, THPt'l I t,l J Qt~ I 1'1 
402 FORIY1AT ( 5X, "ASSUMED REQU I REt'ilENTS" , ,/ , 5><, ,,------- -----_______ ",,/, 

A19><, It I t'l I T I AL RAtd GAS PRODUCT IOt-.f RATE", 30X, Fl1 .4 J 2X, II (tr1t~SCF /D/WElL) 
B" , / , 19><, "NUIY1BER OF PRODUC It'~G LdELlS" , 39X, I 3 ,/ , 19X I II PEAl< PRODUCTI 01'-1" , 
C II RATE / PRODUCT IOt'l RATE"" 23X., Fll .4, 2X, " (RAT 10) " , /, 19X, "tvlI H H,1Ut,l" , 
D" TUBING HEAD PRESSURE", 29X, Fl1. 0,6X.," (PSIA) ",'/, 19K, "trJIHIt~UIYl COR C 
EUT -OFF) PRODUCT! OH RATE", 25><' F 11 . 4., 2><, " (t~MSCF /D/WElU " , 2 V) ) 

ldR ITE ( G , 4~G) 
403 FOH,jAT (5X J "DEF I 1'-1 IT IOrB" , ,/ , 5X, II -----------11 , / " 19X) II SALES GAS - METH 

lAHE. ETHAHL AHD UP TO 3~-; CARBOH D1O><I DE" ,/, 19X, "lPG - PROPAHE Al'lD 
2BUTAt-,lES", /,19><, "COHDEHSATE - PH1TAHES PLUS") 

l.dR I TE (lUH " 84) VOL " POR .' SA TVJ , AVETH, T, PRESS I 
LJR I TE ( LUH., 85 ) NYRNAX J HtJ, t,,~p 
I F(I<PI'~AX. EQ. 0) GO TO 184 
GO TO 185 

184 I<PlrJA><=I<P 1 t,1A>< 
185 COHT I 1'1UE 



WR ITE (LUI'L 84) (PTAB (M)' M=1. NP) 
WRITE (LUN,84) (ZTAB (M) ,M=LNP) 
L~R ITE (LUN , 84) (uTAB n,l), M='L NP) 
l,Jf? I TE ( UJt--j , 84 ) RL~ , KH, S 
l~F: I TE (LUH, 84)0, QtyllH, THP~~IH, QOIJER 
lA.IF: I TE (LUH, 84) TBGEL, TBGD I A., FR, FAC, TEMTOP , I END 

84 FORt-rlAT (2X,10F11.4) 
85 FORt-rlAT ( 20 15 ) 

GO TO 3 
1 l~R ITE ( 6 , 2 ) 
2 FOR~ .. lAT(10X., "DATA TAPE I HCORRECT" ) 

STOP 6 
3 HF'=I 

TSC = 60. 
PSC = 14.73 
CUt~Ol=0. 0 
DO 86 t"~=l, 40 
GF' ( r-j ) =0 . 0 
GPLPGCN)=0.0 
GF'COt,~ ( t,j ) =0 . 0 

86 COHT1HUE 
CALL TERP (Z I, PRESS I, ZTAB, PTAB, I'~P I LU~,j) 
B I = ZIt (T + 460.) * PSC / (TSC + 460.) / PRESS 1 
RE = 'VOL :t B I / POR / (1. - SATkl) ,/ A'VETH / Nl.J ,/ 3. 14.159 
RE = 1000. * SORT(RE) 
CCNTIHUE 
C4 = (,\. 472 * RE / Pl.d 
C4 = ALOGCC4) + S 
COl'lT1NUE 
ZBAR = ZI 
H = 0 

C *****t::t:***;t**:t;t.:**:t:r.:t:********************:t****:t:***:r****:t*:t****:+~******* 
C * START CALCULAT I HG AHHUAL PERFO~~MAt--jCE * 
C :t:**:t::t:****:t**;t::t********:t:*********************************:t****:t::t******* 

5 t~ = N+l 
CUt',102=CUMOl 

C ********~t.***:t****:t::****:r.***********:U***:t**************,-t.u::t:**:t:+:******** 
C t: TEST FOR F I HAL YEAR FOR M I H I MUt,1 DA I L Y GROSS GAS PRODUCT I O~~ * 
C :t: :':HD CALCULATE PARAt'lETERS FOR 1'·1E><T YEAR * 
C t:t:*;t·t:t::t.::r.*:r.****:t:*:f.:;t::r.:r.:Kt:r.t:r.**:t*******:+::t**:¥:***:t***:t:t*:t:*:¥.::l~**t:t:**.:t*****:U:t* 

IF ( N . GT . HYRt·,lAX ) GO TO 9000 
GO TO 118 

18 0=0. 98tO 
IFCQ.LE.0.98:tQMIN) 0=0.0 

19. 



118 CUMQ1= CUMQ2 + 365.* Q * FLOATCNW) 
QOVOL1=CUMQ1 / VOL 
PBAR = ZBAR * PRESSI * (1. - GOVOL1) / ZI 
CALL TERP (ZBAR, PBAR, ZTAB , PTAB, NP,LUN) 
PBAR1= ZBAR * PRESSI * (1. - QQVOL1) / ZI 
lJR ITE (LUN, 310) PBARL QOVOLL Q 

310 FORMAT (3(2X,E13.6)) 
C CALCULAT I ot-...t OF GAS FLOLJ IN RESERVO I R 

CALL TERP (POTBAR, PBARLPOT, PTAB .. NP,LUN) 
01 = Q :t QOVER 
C44=C4+ DTURB:t;:Ql 
C44=«T+460.0)*C44/KH/0.7):t1000000.0 
l.JF~ I TE (LU~'L 3(2) RE, DTURB, C44 

302 FORly1AT (20X, II RE=" ,E14 .6, 20~~, "DTIJRB=" , E14. 6, 20X, "C44=" ,E14 .6) 
POTPldF = (F'OTBAR - (C44* (1)) 

IF(F'OTPWF.LE.0.0)GO TO 18 
CALL TERP (PI;JF1, POTPldF, PTAB, POT, NP, LU~") 

C CALCULAT I 01'" OF FLOI)J I N TUB I HG 
CR. V . St,1 I TH lyl0D I F I ED ~JE,(I"10UTH EQUAT J OH, "HA~mBOOK OF NATURAL GAS 
C EHG I HEER I HC" BY I<ATZ ET. AL. (195Si, P 3(9) 

TA = (T + TEMTOP)/2.0 + 460. 
ZA1= 0.90 
,...I = 1 

19 51 = 0.0375 :r. SG :t TBGEL / TA / ZAl 
Ai = (TBGDIA)** 5.0 / SG / TA / ZAl / FR / TBGEL / FAC 
E1 = D<P (51) 
PTFPTF= «(1.-El)/51 * 25.0 / Al)* 01* Q1+ PWF1* PWF1) 

A /E1 
IFCPTFPTF.LT.0.0) GO TO 18 
PTF1=SQRT(PTFPTF) 
WRITE (LUt--L304) ZALSLA~,ELPTFl 

304 FORI"'1AT (2)<' 5(E13. 6)) . 
IF(J-3) 11.12,12 

11 J = ""I + 1 
. CALL TERP (ZAL PTFLZTAB, PTAB, NP,LIJ~") 

GO TO 19 
12 CCNTIt'''UE 

I F ( (PTF 1- THPI'~ I t--D . LT. 0 . 0) GO TO 1 S 

C ***t*:r*:*t*;t;f:*:t::tt:+~t*:t***;f:****:i':::Kj:*l**:***:f:*******:t:r.:r.**)i:***:t:t***:r.***:*****:r. 
C :t FILL ARRAYS FOR YEAR ~~ AHD GO TO NEXT ~" * 
C **:t;t::t**:t:t:tt:t:t:**************:t:t****:t:*:*******:¥.*:t:t*:r.***********:t:t*****:t*** 

90 02 (H) = 0 
GP1(t--D = Q * 365. * FLOATCNl.o..l)/1000. 
IF(PA~KH'lAX)-PRESSI) 142,143,143 

20. 



142 tJRITE (6, 144)PACKPMAX) ,PRESSI 
144 FORtrlAT (15X, "PAC KPtrlAX) = ", E14. 6, 15X, II PRESS I = "E14. 6) 

PA(KPMAX)=PRESSI 
143 CALL TERP (BLPCH),PBAR1,BlPG,PA,KPMAX,LUN) 

CALL TERP C BCO (t~), PBARL BC5, PA, I<PI~AX, lUt-D 
GPCN)=GP1(N)*SALG 
IFU~. GT .UGO TO 43 
SUNGP( 1)= GP(1) 
GPLPG(1)=BLPC1)*GP1(1) 
GPCON(1)=BCO(1)*GP1(1) 
SUt~LPGC 1 )=GPLPG( 1 )/1000.0 
SUNCON(l)= BCO(1)*GP1(1)/1000.0 
GO TO 42 

43 GPLPG(N)=BLPCN)*GP1(N) 
GPCONCN)=BCOCN)*GP1(N) 
SUMGPCN)=SUMGPCN-l)+GPCN) 
SUt~LPG(N)=Sl)trlLPG(N-1 HGPLPGCN)/1000. 0 
SUtylCON ( N) ==SUt,lCON ( N-l ) +GPCOt-l (N ) /'1000 . 0 
IFCQ2CN).lE.0.0) GPLPG(N)=0.0 
IFCQ2(N).LE.0.0) GPCONCN)=0.0 

42 QOVOL ( N) = QOVOll 
PTF (N) = PTF1 
PWF (N) = PWFl 
PB O'D = PBAR 1 
GO TO 5 

9000 LJR ITE (6 , 81 ) (T I TLE (J) , J= L 26 ) 
LJRITE (6,9010) 

9010 FORt,lAT (113X, II PAGE 4", /, 
* 15><, "RATE", 11X, "At-lt-1UAL PRODUCTION", 11X, "CUfl-1UL.ATIVE II 

1" PRODUCT IOt··I" , 21X, "Pr.:ESSURES (PSIA)") 
= 020 t.JR I TE ( 6, ~3030) 
S030 FORl>lAT C 8X, "YR", 5X, "PERil I 9X, 1/ -----------____________ " , 

17~-<, "------------------------", 16X, "----___________________ .11) 

9040 ~)RITE (6,9050) 
905(1 FORt',lAT (15)<, "WELL", 8X, "SALES", 5><, "LPGII , 6X, "COND" > 7X, 

1 II SALES" ,5X, "LPG" ,7X, "COI'ID", 6X, "FRAC", 6X, "TOP", 7X, "BOT", 
27X, "RES") 

9060 tJRI TE (6,9070) 
9070 FORI...JAT (15X, "RAW GAS", 5X, "GAS", 6X.. IItriBBL" , 6X, "t'IjBBllI, 7X, 

l"GAS" , 6X, "ttlIo1BBL", 5X, "lllMBBL", 6X, "PROD",/ ,15X,"tr1l>lCFD",7X. 
2"BCF",27X,IIBCF",/) 

9C;)80 DO 9900 t~ = 1, HYRtr1AX 
9090 WRITE (6,9100) N, Q2(t-D, GPCN), GPlPGCN)' GPCONW), SUtrlGP(N), SUtrlL 

1PG(t-D. SUMCONCN), QOVOLCN), PT!='(N), PWF"(N), PBO,j). 
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9100 FORttlAT (8X > 12> FlO. 2,,1X ,3 ( lX, F9 . 2) , lX I F9 .2.,2 (1X > F9 . 3), lX, F9 . 4> 3 (lX I 
A F9.1)) 

9900 COHTINUE 
I F (I PL . HE . 1) GO TO 9998 ' 

9905 COt--1T I NUE 
CALL PZPL ( NP I t,~ , t--lYRt'r1AX, OO\JOL , 02 > PTF I P B ) 

7S,02 CALL TPLOT C H , H'Y'Rt'1A><., SUNGP· GP I PWF, PB, BLP, BCO) 
99~J8 CONT I HUE 

STOP,? 
9989 CALL GASl 

EHD 
SUBPOUTIHE TERP (A, B, Y., X, ~<t~AX,LUH) 

C ~ IS Ut--lKHOWt,1 VALUE OF Y AT X = B 
DIt.,.1Et--ISION Y(30), X(30) . ' 
K=l 
'FeB.LT. ~ O)GO TO 12 
IF (B- X(1))l,2,2 

1 A = Y(l)* B / X(i) 
GO TO 20 

2 COt',IT I t··IUE 
IF (XCKNAX)- B)12,3,4 

12 W~IT~(S,9) XCKNAX),B 
STOP 1(\ 

3 A = Y(Kt~AX) 
GO TO 20 

11 IF«XCKNAX)-B).LE.0.0) GO TO 12 
K=K+1 

4 IF (X(K)- B) 5,S,? 
5 GO TO 11 
6 A= YCK) 

GO TO 20 

i 

7 A= Y(~(-1) + (Y(K)-YCK-l)))f:.(B:-X(k-1)) / (X(K)-X(K-l)) 
GO TO 20 

9 FORt'rlAT<1S><,"VALUE BEYOt'lD TABLE, Klr1AX =",E14.6,//,38X,IB="E14.6) 
20 CONTINUE 

ldR ITE ( UJt--L 22) A, B 
22 FORt'1AT (2X,2(E13.S)) 

RETUPN 
Ei"!D 
SUBROUT I t~E PZPL ( NP , N , HYRt~Al;: ' GOVOL , 02, PTF , PB ) 
I t',ITEGER TITLE 
REAL MFH2S, It1FC02 , ttlFN2 , LPG 

. CONt,ION TITLE . ( 26) , LUN, I CODE, KP/yIAX, TR, F'R, CTAV, CPA V , SG , PP (30) , 
A 22(30), VISGG(30) ,tylFH2S, 1'·1FC02, MFH2, I) I J, POT(30) ,PTAB(30) ) 
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B ZTAB(30),UTAB(30) ,SALG,BLPG(10) ,BC5(10),PA(10) ,LPG,CON D,P,T, 
C I<P1tvlAX, 1 PL 
Dii't'jENSIO~~ IBUF(40), IYP(20)., 

A lYT(20), IXOO(20), 1><02(20), D<PTF(20) , 
B QO'o,/OU 40) , 02 ( 40) , SUtvlGP ( 40) , PTF ( 40) , PB ( 40 ) 

CALL PLOTS (47.O,10.O,O,-1.O.-1.0) 
CALL F'LOT (5.5.5.(~,-3) 

CALL SYMB (0.O.0.0,5.0.7,90.O,-1) 
CALL PLOT (13.5.-4.O,-3) 
CALL CODE 
LdR ITE (1 BUF , 3) (T ITLE ( .J) , J= 1. 26 ) 

3 FORtYlAT ( 20A2, 10X, 2A2 , 2>< . 4A2) 
IF (HYRMA><-24) 7800,7801,7802 

7800 SCAL=2.0 
GO TO 7803 

7801 SCAL=3.0 
GO TO 7803 

7802 SCAL=5.0 
78E'3 CALL PLOT (8.5, 0.0, -3) 

CALL CODE 
~JR ITE (I 'f'T , 6 ) 

6 FOR~t'jAT (" TIME (YRS)") 
CALL CODE 
LrJR I TE (I XOO . 7 ) 

7 FORt'liAT ( "FRACT ION OF GAS PRODUCED") 
CALL CODE 
L,JR ITE (I YP .' 9 ) 

9 FOR~t'jAT (" RESERVO 1 R PRESSURE (PS I A 10E +4) II ) 

CALL AXIS (0.0.0.0,IXQO,24,5.0,180.0,0.0,0.2) 
CALL AXIS (O.0.0.0,IYT.-10.8.0,90.0,0.0.SCAL) 
I PE1'1=3 
DO 400 1=1, ~NRtt'jAX 
'r'=I/$CAL 
X=-(OOVOL( I )~:S. 0) 
CALL PLOT (X,Y.IPEN) 
IPEH=2 

400 CO~·lT I HUE 
CALL PLOT (0.0.0.0,3) 
Y=l/SCAL 
X=-COOIJOL(1):t5.0) 
CALL PLOT (X.Y.2) 
CALL Syt·t'jB ( -5 . 0., 2 . 0. 0. L I BUF , 90 . 0, 64) 
CALL PLOT (8.5,0.0,-3) 
CALL AXIS (0.0.0.0,IXQO,24,5.0.180.0,0.0,0.2) 



CALL AXIS (0.0,0.0,IYP,-31,8.0,90.0,0.0,0.08) 
IPEN=3 
DO 1000 I =1, N'YR~~A>< 
Y=PB(I)/800.0 
X=-(OOVOU 1)*5.0) 
CALL PLOT ( X , Y , I PEti) 
IFa~=2 

1000 CO~~T I HUE 
CALL SYMB (-6.0,2.0,0.1.IBUF,90.0,64) 
CALL PLOT (8.6,0.1G1,-3) 
CALL CODE 
ldR I TE (I X02 , 8 ) 

8 FORMAT (II RAld GAS PRODUCT I ON ( Mt~CFD/v.JELL ) " ) 
CALL CODE 
I..~R ITE ( I XPTF , 1.0) 

10 FORMAT ("TUBIHG HEAD PRESSURE (PSIA 10E+3)") 
IF ( G!2 ( 1) -7 . 0) 6800, 6800, 6801 

68000SCAL=1.0 
GO TO 6802 

6801 OSC:AL=10. 0 
f3802 IF (PTF ( 1 ) -560.0) 6900,6900,6901 
6900 PSCAL=0.08 

GO TO 6902 
6901 PSCAL=0.8 
6902 CALL AXIS (0.0,0.0,IX02.31,7.0,180.0,0.0,OSCAU 

CALL AXIS (O.O,O.O,IYT,-10,8.0,90.0,O.O,SCAL) 
CALL A><IS (0. V" 8. (), IXPTF, -33, 7. 0, 18~). 0, 0.0, PSCAU 
IPEH=3 
DO 50() 1=1, HYRMAX 
Y=I/SCAL 
><=- ( 02 ( I ) /QSCAL ) 
CALL PLOT (X,'Y,IPEH) 
IPEt'~=2 

500 COHT I t··lUE 
X=-(02(1)/QSCAL) 
CALL PLOT (X,0.0,3) 
Y=l/SCAL 
CALL PLOT (X,'Y,2) 
IF'Eti=:3 
DO 1100 1=1, N'YR~~AX 
Y=I/SCAL 
><=- (PTF ( I ) /PSCAL/1000 . 0) 
CALL PLOT (X J Y J I PEl'D 
IPEH=2 

24 .. 



CALL SYMB (X.Y.0.1,7.0.0,-1) 
1100 CONTINUE 

CALL SY~1B (-6.5.8.4.0.1.7.0.0.-1) 
CALL SYMB (-6. (~ .·1 . 0. 0 . 1. I BUF • 90 . 0. 64 ) 

999 CONTIHUE 
CALL PLOT (0.0.0.0.999) 
CALL GOPLT 
RETURt··l 
Et,m 

SUB ROUT I ~·lE TPLOT ( H. HYRMAX. SUMGP • GP. PWF • PB. BLP , Beo ) 
I ~HEGER TITLE 
REAL tr1FH2S. ty1FC02 • MFH2 • LPG 
CO~'1~(1m'1 TITLE ( 26) • LUt--l. I CODE. KPtr1A>< , TR. PR • CTAV. CPA'I} • SG. PP ( 30) , 

A 2Z(30). V ISGG(30) .' ~(1FH2S, trFC02. MFN2. I. I,J. POT(30) • PTAB(30) • 
B ZTAB ( 30) • UTAB ( 30) , SALG , BLPG ( 10) , BCS (113) • p!~ (10) , LPG. COND • P. L 
C I<P1MA><. I PL 

D I t',1EHS I Of'.l I BUF ( 40) • I YT ( 20) .' I XSGP ( 20) • I XPB ( 20) , PB ( 40) • SUMGP ( 40) • 
A I XPt..JF ( 20) , Pl..oJF ( 40) • I ><BLP ( 20) • I ><BCO ( 20) • BLP ( 40) , BCO ( 40) • I YP ( 20) • 
B I><GP(20). r-;p(40) 

CALL CODE 
l,oJR I TE (I',!'T., 1) 

1 FORty1AT (" T ItY1E (YRS)") 
I F ( t--j'y'RMA>< -24 ) 78(~0 • 7801 • 7802 

7800 SCAL=2.0 
GO TO 7803 

7801 SCAL=3.0 
GO TO 7803 

7802 SCAL=5.0 
7803 CALL CODE 

t..JRITE (IBUF. 3) (TITLEeJ). J=1. 26) 
3 FOR~(1AT (20A2. 10X. 2A2. 2X, 4A2) 

CALL PLOTS (57.0.10.0.0.-1.0.-1.0) 
Cf1LL PLOT (5.5.5.0.-3) 
CALL SYMB (0.0.0.0.5.0.7.90.0.-1) 
CALL PLOT (13.5.-4.0.-3) 
CALL CODE 
WR I TE (IXGP. ::JJ 

9 FORMAT (" ANNUAL SALES GAS PRODUCT ION (BCF ) II ) 

IFCGP(1)-70.0) 5600.5600.5601 
5600 GSCf1L=10.0 
5601 GSCAL=100.0 
5602 CALL A>< I S ( 0 . 0 • 0 . 0. I XGP , 33. 7 . 0. 180 . 0 , 0 . 0 • GSCAU 

CALL AXIS (0.0.0.0,IYT.-10,8.0,90.0,0.0,SCAL) 
IPEH=3 



DO 600 I=l,NYRMAX 
Y=I/SCAL 
X=-CGPCI)/100.0) 
CALL PLOT (X.Y.IPEN) 
IPEN=2 

600 COHTIHUE 
X=-CGP(1)/100.0) 
CALL PLOT (X.0.0.3) 
Y=1.0/SCAL 
CALL PLOT (X.Y.2) 
CALL SYty1B ( -6 . O. 2 . 0, 0 . 1 • I BUF , 90 . 0, 64) 
CALL PLOT (8.6.0.0.-3) 
CALL CODE 
LJR ITE (I XSGP • 10) 

10 FORt'oiAT (" CI)~(lULAT I 'lJE SALES GAS <rCF)") 

700 

CALL AXIS (lj.0.0.0.IXSGP.26.?0.180.0.0.0.1.5) 
CALL AXIS (0.0.0.0, IYT,-10.8.0,90.0.0.0.SCAL) 
IFH~=3 

DO 700 I = 1, ~WRt(lA>~ 
Y=I/SCAL 
x=- ( (SUMGP ( I ) /3000 . 0 )1:2 . 0 ) 
CALL PLOT (X.Y,IPEN) 
IPEH=2 
Cm-1TIHUE 
CALL PLOT (0.0.0.0.3) 
Y=l/SCAL 
X=-«SUMGP(1)/3000.0)*2.0) 
CALL PLOT (X.Y.2) 
CALL S"rloiB (-6. O. 2 . O. 0 . L I BUF • 90 . 0 • 64 ) 
CALL PLOT (8.5.0.0.-3) 
CALL CODE 
I)..IR I TE C I XPlJF .' 11 ) 

11 FOR~oiAT ("FLOLJIHG BOTTOM PRESSURE (PSIA 10E+3)" ) 
CALL AXIS (0.0.0.0.IXPWF.36.?0.180.0.0.0.1.0) 
CALL AXIS (0.0.0.0. IYT.-10.8.0.90.0.0.0.SCAL) 
IPEH=3 
DO 800 1=1, NYRtrJAX 
Y=I/SCAL 
X=-(PWFC!)/1000.0) 
CALL PLOT (x. Y. IPEt~) 
IPEN=2 

800 COHT I ~~UE 
CALL SYMB ( -6 . 0. 2 . 0 • 0 . L I BUF • 90 . O. 64) 

801 CALL PLOT (8.5.0.0.-3) 
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CALL CODE 
WRITE (IXPB. 12) 

12 FORt·1AT C" RESERVO I R PRESSURE (PS I AlOE + 3) " ) 
CALL AXIS C0.0,0.0,IXPB,31,7.0.180.0.0.0.1.0) 
CALL AXIS (0.0,0.0.IYT.-10.8.0,90.0.0.0,SCAL) 
IPEI'I=3 
DO 900 1=1, NYRt,lAX 
Y=!/SCAL 
X=-CPBCI)/1000.0) 
CALL PLOT (X,Y.IPEN) 
IPEH=2 

9(~0 COHT! NUE 
X=-(PP(1)/1000.0) 
CALL PLOT (X,0.0,3) 
Y=l/SCAL 
X=-(PBC1)/1000.0) 
CALL PLOT (X,Y,2) 
CALL SYttlB (-6. 0, 2 . 0, 0 . L I BUF . 90 . 0, 64 ) 
CALL PLOT (8.5,0.0.-3) 
CALL CODE 
vJRiTE (IXBLP, 13) 

13 FORt~AT (" LPG (BBLS/trltyiCF)") 
CALL CODE 
:"':R ITE C I><BCO, 14) 

14 F'ORMAT ("COHD CBBLS/MMCF)") 
CALL CODE 
WR I TE (I "l'P, 15) 

15 FORt,lAT (10 PRESSURE (PS I AlOE +4) " ) 
IFCBLP(1)-35.0) 6800,6800,6801 

6800 BLSCAL=5.0 
GO TO 6802 

6801 BLSCAL=40.0 
6802 CALL AXIS (0.0,0.0, IXBLP,lS,?0,180.0,O.0.BLSCAL) 

IFCBCO(1)-35.0) 5800,5800,5801 
580(2) BCSCAL=5. ° 

GO TO 6803 
5801 BCSCAL=40.0 
6803 CALL AXIS (0.0.0.0,IYP,-21,8.0,90.0,O.0,C.08) 

CALL AXIS (0.0,8.0, IXBCO,-16,7.0.180.0,0.0,BCSCAL) 
IPEN::3 
DO 1000 I=l,NYRMAX 
'r'=PBCI)/800.0 
X=-BLPCI)/BLSCAL 
WRITE CLUN,1120) X,Y,BLPCI),BCOCI),BLSCAL,BCSCAL 



1120 FOR~(lAT ( /, l0X, "X=" ,2X, E14. 6, 5X, "Y=" ,2X, E14. 6, 
1 /,10X,"BLP=I1,4X,E14.6,10X,IBC0=",4X,E14.6,"BLSCAL=",3X,E14.6, 
2 5><, II BCSCAL=" .' 4X .. E14. 6) 

CALL PLOT (X,Y, IPEN) 
IPEN=2 
CALL SYMB (X,Y,0.1,2,0.0,-1) 

1000 COt'n I HUE 
IPEN=3 
DO 1100 1=2 , ~NRt(lAX 
Y=PB( I) /800.0 
~-<=-BCa ( I ) /BCSCAL 
CALL PLOT (X,Y, IPEN) 
IPH~=2 

CALL SYMB(X.Y,0.1,7,0.0,-1) 
110~l COt>lT I i'lUE 

CALL SYt"1B ( -5 . 0, 8 . 4, 0. L 7, 0 . 0, -1 ) 
CALL SYMB (-4.9.-0.4,0.1.2.0.0,-1) 
CALL SYMB (-6.0,l.0,0.1,IBUF,90.0,64) 
CALL PLOTCO.0,0.0,999) 
CALL GOPLT 
RETURN 
EHD 
END$ 
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APPENDIX 4A 

LOGIC FLOW DIAGRAM 

.. . , 
~ . . 
JA 



FLOW IJIAGRAM OF SEGMENTED 'PROGRAM GAS I: GAS 2: GAS 3 

STOP 

STOP 

PROGRAM GAS1 
SET UPA LARGE 
COMMON BLOCK 

CAll 
PROGRAM GAS2 

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

P,T 
READ 



~~ ---~ K. 1, KPMAX 
PAl 
C3P 

READ 

-~ 

___ --.I C5P 

0 X 

CALL GPM INVER. 
GPH 

PA KPMAX.X 
BLPG 
BC5 

G 

CALCULATE 
TOT 



( STOP )I~---< 

YES 

CALCULATE 
MW AVa 
CPAV 
CTAV 

CALCULATE 
sa 

CALCULATE 
SAlG. 

1. 



CALCULATE 
SALG 

WRITE 
SALG 

CALCULATE 
CALG, LPG, COND 
GOR 

WRITE 
CALG, LPG, 

COND, GOR 

CALL 
DUM 

~~..,. SUBROUT I NE 
DUM 



COMMENCE 00 
LOOP 
I • 1, 30 

r----L--1.!F~H2~S...!.,~HF~CO~2~ ,C.:....:::PA:..:..JV 't:.CT~A~V. ----tl'j SUBROUT I NE 
P, T , Z STAR CALL 

Z STAR 

CALL 
VISCY 

Z 
ZZ( I) 
CMPG 

CALCULATE 
Z, ZZ ( I), CMP6 

MfH2~MFN2 ,MFC02, TR 
PR, S6 

STOP 

CALCULATE 
141----..., VISG, VISG6(1) 

NO 

CALCULATE 
TR, PR, FRCA 

STOP 

SUBROUT I NE 
VISCY 

CALCULATE 
VISGA, VISGR, 
VISGU CALL XlGR4 

TR, TEMTBL, VISTBL 

SUBROUTI NE 
VISI XLGR4 



CALCULATE 
DENG, GROO 

WRITE PP( I), 
T, ZZ{I), 
VISGG( I), CHP , 

DENG, GROG 

DECREASE 
P by 400.0 



5. 

~~ 
~r 

PP(I.1).0.0 
ZZ( 1.1). 1.0 
VI SGG( I.1).V I SaG( I 

'f 
PP ,ZZ_,'Ll ~ rm 

CALL p 

SUBROUT I NE 
INVER I P.I.AB. INVER 
(1.1,NP) 

liAB ,UTAE 

,~ 

CALCULATE 
DELPOT(M) 
M.1, NP 

,r 
DELPOT .. 

CALL (M) - SUBROUTINE 
QUINTE 

JlOTfM) QUINTE 

--

1, 
CALL GAS3 

,~ 

PROGRAM GAS3 

" 

~ 



}-----I~ 0·0.95 Q 

Q. 0.0 

READ RESERVO I 
WELL DATA 

ASSUMPTIONS 

CALCIlLATE 
RE 
C4 

N·1, NYRMAX 

CUM01 
QOUOL1 
P 

P1 
POTBAR 

Q, 
C44 

POTPWF 

i 

WRITE 
AND 

PLOT 

TERP 

TERP 

6. 

. " 

, , 



TA 
ZA1 
J·1 

T ERP i---=Z:.:.!.A1:....-____ ---.J 

PTFPTF 

PTF1 

YES 

NO 

PTF 1 

NO 

, 

PWF1 TERP 

TERP 



YES 

GP 

NO 

FILL ARRAY 
(1) FOR 
PRI NT I tm 

FILL ARRAY 
(n) FOR 
PRINTING 

8. 

PBAR1 

TERP 

BCQ 



YES 

YES 

NO 

CALL 
PZPL 

NO 

YES 

SUBROUT I NE 
PZPl 

PLOT PPVS 
ZZ, VISGG, POT 

NO 

PLOT PP VS 
QOVOL, TIME VS 
QOUOl,PTF,Q2 
GP, 



PAUSE 

CAll 
TPlOT 

CaNT I NUE 

FINAL STOP 

I----~ SUBROUT I NE 
TPlOT 

PLOT TIME VS 
SUHGP, PWF t 
PB, LPG, COND 

,10. \; 



AFPmDIX 4B 

DETAILED DELIVERABILITY CALCULATIONS 

FLO'" CHART 



1 N = 0 

********************************************************************** * START CALCULAT I NG Ai'INUAL PERFORMANCE * 
2 C 
3 C 
4 C 
5 
6 

***n:****t~:***;t.*;.:*****;t.****i:***;t.***;.:*;t.***;t.*****;t.;+:*;+:*****;U:****i:*;+:*i~*** 5 N = N+l ~~~ ___________________________________________________________________________________ ~ 

CUtr1Q2=CU~:l. 

********************************************************************** 7 C 
8 C 
9 C 

* TEST FOR FINAL YEAR FOR MIHIMUM DAILY GROSS GAS PRODUCTlm...J :+: 
:+: AND CALCULATE PARAt"lETERS FOR HEXT YEAR * 

10 C 
11 
12 
13 

******************~:***:************:********:t:*************:******:U:***:**** IF (t'l . GT . ~·IYRtY1A><) GO TO 9000 - ___________________________________________ -.. 
GO TO 118 

14 
15 
16 

18 Gl=0. ~38tG! _4I-~-~~~~:_::_::_--------------------_____________ _ 
IF(Q. LE. 0. 98;+:QMIH) Q=0. 0 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

IF (CUt·,lGl2 . EO . 0 . 0 . A~..JD . 0 . EO . 0 . ~)) ldR I TE (G. 117) 
117 FORttlAT (./ ." 1'<11 ~H MUl'<l CUT-OFF RATE I S TOO HIGH") 

IFCCUtyl02. EQ. 0.0. AHD. O. EO. 0.0) STOP55 
118 OJt"lG!l= CUt·,102 + 365. * 0 * FLOATO,ltoJ) 

IF(CUt~Ol . GT. VOL. AHD. N. EQ.1) t,JRITE(6.119) 
119 FORtrlAT ( " I H I TI AL PRODUCTI ON I S AT TOO HIGH A RATEII) 

IFCCUt,jOl. GT. VOL. AHD. H. EO. 1) STOP66 
QOVOL1=CUt,1Gl1 /' VOL 
PEAR = ZEAR * P~ESSI * (1. - QO\}OL1) /' ZI 
CALL TERP ( ZBAR I PBAR. ZTAB .' PTAB I HP. LUH) 
PBAR1= ZBAF: ;t F'RESS I * (1. - r)OVOL1) " Z I 
WRITE (LUH.310) PBAR1,OOVOL1,Q 

27 310 FORMr- (3(2X.E13.6)) 
28 C CALCULti T I eN OF GAS FLO!',J I H RESE~:VO I R 
29 CALL TERP (POTBAR. PBAR1, POT, PTAB, HP, LUt-~) 
30 
31 
32 
~,.-, 

..:J..:J 

302 

01 - (:1 * GlOVER 
C44=C4+DTURB;tQl 
C44= ( (T +4613 . 0) :t:C44/I<H/0 . 7) :n 000000 . 0 
t,JR I TE ( LUH • 302) RE. DTURB • C44 
FOR~1AT (2(1><. "RE=" • E14. 6. 20><, "DTURB=" • E14. 6. 20X, "C44=11 ,E14. 6) 
POTPIAIF = (POTBAR - (C44:J( Q1)) 

34 
35 
36 
':)-, 

IF(POTP!'dF. LE. (~). 0) GO TO 18 -------------------------------.... -t ........ 
C(,LL TERP (Pl..oJF1. POTPI}JF I PTAB. POT. ~~P, LUI'l) P" ,_1/ 

38 C 
39 C 
40 C 
41 
4·;-

'-

4·' ..:J 

CALCULAT I OH OF FLO!..) I ~~ TUB 1 HG 
R . V . St,1 I TH t,10D I F I ED IAlEYMOUTH EQUAT I Ct-I. II HAr.lDBOOK OF HATURAL GAS 
Et..JGINEERIt..J(;" BY KATZ ET. AL. (1959. P 
TA = (T + TEtrlTOP)/2. 0 + 460. 
ZA1= 0.90 
,j = 1 

309) 

44 
45 
46 

19 51 = ~j. 0375 "* SG * TBGEL ./ TA / ZAl 4II~ .. --------____________ '""'II 
Al = (TBGDIA);+::+: 5.0 / SG / TA / ZAl /~ / TBGEL / FAC 
El = E><P (Sl) 

47 PTFPTF= (((l.-El)/Sl * 25.0 / Al)* 01* 01+ PWF1* PWF1) 
48 A /El 
49 IFCPTFPTF.LT.0.0) GO TO 18 \ ..... 
50 PTF1=SORTCPTFPTF) , .. 
51 WRITE (LUN.304) ZA1,Sl,Al.El,PTF1 
52 304 FOR~~AT (2X .. 5(E1:3. 6)) 
53 IFeJ-3) 11.12.12 ---________ -. 

54 11 J = J + 1 



55 
56 
57 
58 
59 C 
60 C 
61 C 
132 
63 
64 
65 
66 
67 
68 
69 
70 
...,~ 

/./. 
-;:..~ 

" '-
73 
74 
75 
76 
77 
-'0 .I' c...;. 

79 
80 
81 
82 
83 
84 
85 
86 
\"1-' 
c)/ 

88 
89 
90 

*EOF 

CALL TERP (ZAL PTF1,ZTAB, PTAB, NP/LU~~) '\" 
GO TO 19------------------------------~~------------------------------____ _J 12 CONTIHUE4IIII .... -----..----.. - __ ..... ' 
IFCCPTF1- THPMIN).LT.0.0) GO TO 18~~~~~ ___ ~ __ ~ ______ ~_~ __ ~~ 

*********************:f:)!cY';,,t<******************************************** * FILL ARRAYS FOR YEAr >i At~D GO TO ~~EXT N * 
:t::t:*:+::+::+::+::+::r*;n:t*:+:*;t::+::t:t:~'K~r:t:*:t:n::+:*:+::t::t:**:t:****:t***:*:t::t+:*:+::+::t*::t*:t*:t:***:t:**:t:t;::tt** 

~j0 G!2 (N) = 0 
GPl (N) = G. * 365. * FLOAT (t·~~ .. I) /1000. 
IFCPACKPMAX)-PRESSI) 142/143.143~ ________ ~ __ ~~~~~~~ ______ ~~ ____ ~ ________ ~ 

142 ldF: I TE C 6 J 144) F'A ( f<PlylAX) , PRESS I 
144 FORMAT (15)<'' "PAO<PMAX) = II, E14. 5, 15X .. II PRESS I 

PA (KPt·,lAX ) =PRESS I 
14:3 CALL TERP (ELP (t,j) I PBAFU , BLPG , PA .. KPMAX, LU~~) 

CALL TERP (BCO(~~), PBAR1, BCS, PA .. KPMAX, LU~~) 
GPCH)=GP1(H)tSALG 
I F (H . GT . 1) GO TO 43 
SU~1GP ( 1) = GP (1 ) 

GPLPG(1)=BLP(ll:t:GP1(1) 
GPCON(1)=BCO(11*GP1(1) 
SUMLPG(1)=GPLPG(1)/1000.0 
SUMCOH(l)= BCO(1):tGP1(1)/1000.0 

= "E14.6) 

...... -

GO TO 42----------______________________________________________ ~ ____ ------__ ----~ 

43 GPLPG (t~) =BLP (r~) *GPl (N) ... --.. ----------~-~-----_________ ..J 
GPCOH (t • .j) =BCO (I,D *GP1C I'D ., 
SUt~GF' ( 1-,,/ ) =SUt-<1GF' ( t·j-1 ) +GF' (N ) 
SU~,1LF'G (N) =SU~1LPG (t'~-l ) +GF'LF'G (t~) /10(10.0 
SUtrlCOH (H) =::,UtrlCOl'l (N-1 ) +GF'CO~·l (1'1) /101)0 .0 
I F ( Q2 (t-~) . LE . 0 . 0) GF'lPG ( N) =0 . 0 
I F (Q2 (t·~) . LE . 0 . 0) GPCON ( N) =(2) . 0 

42 QOVOL (1-../) = OO\lOL1 01IIII ......... --------------------------------... 

PTF (H) = PTFl -
PI,<,IF (t~) = F'I,dF1 
PBCN) = PBARl \ 

GO TO 5 .. -------------------------------------------------------------------------~-----~/~----~ 9000 WRITE(6,81)(TITLECJ),J=l,26)~~~--~----~-----------~-------------~-----------------, 
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