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PRODUCTION PERFORMANCE SIMULATION OF
GAS AND GAS-CONDENSATE RESERVOIRS

CHAPTER 1
INTRODUCTION AND PROBLEM FORMULATION

The earliest reported transportation and use of natu-
ral gas was by the Chinese. As early as 900 A.D., the Chi-
nese transmitted natural gas in bamboo pipes, from coal beds
to their salt workings, where brine was evaporated by heat

23 The Chinese were centuries ahead

from the burning gases.
of the peoples in the Western hemisphere in the use of nat-
ural gas for domestic and industrial purposes.

The earliest recorded use of natural gas in the
U.S. was in the town of Fredonia, N.Y., in 1827. The gas
was transported in lead pipes for the short-distance usage.
However, it was not until 1947 when the change in.the char-
acter of the gas industry occurred. Natural gas was trans-
ported from the Southwest to the East Coast through two con-
verted liquid pipelines. Since then the consumption of
natural gas has increased rapidly in the U.S. as it ﬁas in
other parts of the world. By 1970, the high pressure gas

transmission network was extended into all the lower 48

1



states; it included 269,610 miles of pipe and 4 million
horsepower of compression.33 The consumption of natural
gas increased at an average rate of approximately 6.5 per
cent per year and the percentage of the Nation's energy
consumption it supplied rose from 13 Ler cent in 1945 to
33 per cent in 1970.

Natural gas produced from gas and gas condensate
reservoirs provide a portion of the nation's future energy.
Therefore, the prediction of the long term deliverability of such
wells is of great importance. The prediction of the decline of
average field pressure during the producing life of a field and
accurate calculations of pressure losses in the producing sys-
tem are essential in order that reservoirs may be produced effi-
ciently and economically. In the completion and operation of a; gas
or gas condensate reservoira given deliverability must be
maintainedwith transfer at a certain pressure at the sales-
point. The engineer is often faced with the decision as how to
select and size the producing equipment necessary to main-
tain deliverability as the reservoir pressure declines. 1In
the cases where the wells have already been.completed, it may
require larger tubing strings, enlarging flowlines or instal-
lation of compressors. In some cases, soon after completion
of the well, it may be known that compression will eventually
be necessary for depletion of the field. Obviously, the
optimal combination of the various facilities and equipment
is necessary in order to acquire the maximum economic return

from the producing property.
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A gas or a gas condensate production system is usu-
ally composed of five distinct elements. The five elements
of the system can be characterized as follows:

1. Flow through the reservoir with the pressure drop
from the average reservoir pressure to the bottom-
hole flowing pressure.

2. Flow through the producing strings of the wells
with the pressure drop from the bottom-hole flow-
ing pressures to the wellhead flowing pressures.

3. Flow through the surface facilities including the
gathering systemand the processing, control and meter-
ing equipment with the pressure drop from the wellhead
flowing pressures to the compressor station inlet pressures.

4. Compression in the station with the pressure in-
crease from compressor station inlet pressure to
compressor station discharge pressure.

5. Flow through the pipeline to the sales-point with
the pressure drop from compressor station discharge
pressure to delivery pressure. |

In previous years, extensive work has been done on the flow
behavior in the five elements of the éystem discussed above.
However, there has been no major study on the integrated

performance and deliverability of such a production system.

The objectives of this investigation are:

1. To develop models to investigate the overall perform-

ance of a dry gas and a gas-condensate production system.



2. To integrate all the components of the production
system into a systematic delivery model to allow for
the optimal selection of (a) producing tubing or
casing strings, (b) gathering system, compressor sta-
tion capacity and pipeline, (c) number of completions
within the reservoir (spacing).

3. To predict the well deliverability, total field de-
liverability and long term deliverability to a fixed
pfessure point. |

4. To analyze the effect of the condensate on the overall
performance of the gas wells, a feature which is of
great importance in the deliverability of the produc-
tion system.

5. To analyze the important factors included such as
(a) the combined behavior of the individual elements
and the interplay between them, (b) to determine the
minimum amount of data required to model the system
adequately.

In this thesis, schemes for the solution of the above
are presented. These schemes afe incorporated into a computer

model which solves the problem extremely efficiently.



CHAPTER II
MATHEMATICAL MODEL

In the previous chapter five basic components of a
production system were introduced. In this chapter the
basic equations governing flow behavior in the five basic

components are presented.

Performance Prediction for a Dry Gas Reservoir

Back-Pressure Equation. - For many years, back-

pressure tests on the gas wells have been used by the oil and
gas industries to determine the capacity or the open-flow
potential of a gas well. The first step toward calculating
the open-flow potential or capacity was made in the classic
paper by Rawlins and Sc:hellhard’c31 in 1937. They described and
explained the back-pressure method of determining the ca-
pacity of a gas well to produce under various conditions of
back pressure. They showed that a plot of volume-rate-of-
flow versus the difference between the square of the static
reservoir pressure and the square of the corresponding flow-
ing bottom-hole pressure on log-log paper is a straight line.
Figure 1 shows the back-pressure curve which is from the

calculated values of Pws and ow. The back pressure curve

5



is represented by an empirical equation; namely,

q = c(p2 - pZyn (2.1)
where
q = flow rate in Mscf/day
C = performance coefficient
Pws = the average reservoir pressure in psia
ow = the flowing bottom hole pressure in psia

n = the reciprocal of the slope of the back-pressure
curve.
From a theoretical standpoint, this equation can be
considered as the steady state radial flow equation if n = 1,

and can be stated as:

2 2
o - 19.88 Tsckh(Pws - ow)
ZPSCTfuglln(re/rw)]

For a particular well, the terms k, h, Tf, Tsc’

Psc’ Z, and ln(re/rw) may be assumed constant which yields:
_ 2 52
a = C(Pys - Pug)

where

19.88 Tsckh
- ZPschuln(re/r;)

This is strict Darcy flow. In addition, it assumes isothermal steady
state flow and requires an average compressibility factor.
For a particular well neither of these assumptions holds

absolutely true and thus the exponent n must be introduced.



31 chowed the

In the monograph 7, Rawlins and Schellhardt
relationship between absolute open flow and absolute forma-
tion pressure in the sand for different values of '"n" rang-
ing between n = 0.1 and n = 20, This is considerably beyond
the practical range fornwhich is 0.5<n<1. The variationof
the exponent n between different wells has not been satisfactorily
explained; however, many tests under actual field conditions
and in the laboratory have shown the reliability of the back
pressure equation. In low permeability reservoirs in which
the wells do not stabilize quickly, it is often not possi-

ble to measure directly the stabilized performance without
wasting large volumes of gas. For many tight reservoirs

both economics and current focus on gas reserves preclude
tests of sufficient duration to achieve stabilized flow for

32 introduced afstabiliza-

a sequence of flow rates. Riley
tion factor (SF) for low permeability reservoirs, where because
of a short periodof testing, stabilization cannot be achieved.
This factor applied to the short-term flow rate will give a
reasonable approximation of the stabilized flow rate at the

back-pressure used in the flow test.

Performance Prediction of Gas-Condensate Reservoir

As long as the reservoir fluid remains in single
phase (gas) as the reservoir is depleted, the back-pressure
equation presented previously is adequate for performance

prediction of the well. However, most gas reservoirs



produce some hydrocarbon liquid, commonly ;alled
condensate, in the range of a few to a hundred or more
bbls/day. This type of well suffers more rapid decline in
productivity than that predicted by the theory for dry gas
wells due to condensate accumulation within the reservoir
and within the producing string. Because of high rates of
liquid production, the well may not be able to produce against
the required pipeline pressure which consequently necessi-
tates compression. In other cases, the percentage of liquid
at the bottom hole condition is sufficient that it

loads the well and causes it to die. Figure 2 shows the per-
centage of liquid as a function of the reservoir pressure.
This plot is the result of the laboratory analysis on the
fluid sample obtained at the bottom-hole or the well-head.
Most gas-condensates in fact behave in this manner, i.e.
the condensate production increases as the reservoir'pres-
sure decreases. The condensate production is curtailed
after a peak production is reached and thg reservoir then
behaves as a dry gas reservoir.

To take into account the above phenomené, the equation
suggested by Fussel 53_31.18 was used to predict the per-
formance of gas-condensate reservoirs. This equation can
be written in the following form:

vV Z
g0



9

where V = volume percent of HCPV occupied by the gas or con-

densate phase. Figure 2 is a plot of Vo VS. pressure.

Flow in Wells

Single Phase (Gas) Flow in Wells. - A knowledge of

the bottom-hole flowing pressure of a gas reservoir is of
prime importance in predicting the reserves and deliverability
of the gas in the re;ervoir. For this purpose, flowing sand-
face pressure may be measured with a bottom-hole pressure |
gauge or computed from the well-head pressure. The pres-
sure drop in the production string during gas flow is com-
posed of two components:

1. The pressure drop across a static column of gas with

the same average density as the flowing gas column.

2. Friction loss caused by flowing gas through the

pipe.
Different methods for calculating and combining the values
for the two components have been suggested.ls’zs’”’35 The

equations commonly used in practice for calculating the flow
of gas in a gas well®are based on the following assumption:
A. The kinetic energy change is negligible.
B. The flow is isothermal.
C. There is no work done by the gas in flow.
The most realistic equation which has received the most wide-
spread use for calculating the pressure drop in the flowing

gas well is that of Smith.35 Smith géve the equation for
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calculating pressure in a dry gas well (neglecting kinetic
energy change, and assuming that temperature and compressi-

bility are constant at their average value) as:

5,02 Sy2 0.5

_|Ged (Pyg - ePrg) ) s
1= Z 42 5 _ 3 (2.5)

fTavg a\rg(e -

Rearranging would yield:
2.2 2 S 1/2
p = |pt._ + (fquangavg)(e - 1) oS/2 (2.6)
wif tf 5_S *
cfd e

_ 0.0375 GD
Tavg avg

Multiphase Flow (Gas and Condensate in Wells. - In

the petroleum industry the production of gas-condensate through
wells involves the flow of mixed fluid phases. 1In this case,
natural gas with light liquid hydrocarbons are produced
simultaneously and the flow mixture is two-phase. Several

1,3,4,9,15,17,22,29,30 have been developed to compute

methods
and predict the flow patterns, liquid hold-up and pressure
losses occurring during two-phase flow through vertical
pipe. These pressure-loss prediction methods are made up
of a combination of pressure-loss correlations and various
fluid physical property correlationms.

. . 3
The general pressure gradient equation”’ for a ver-

tical flow can be written as:
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dp [dP . (dP] . [dP 2.7
az a elev a fric az acc
where:
\
(%% = pressure drop caused by elevation change,
‘elev
dP) _ . s
= pressure drop caused by friction,
®fric
P = d d b lerati
Laz:acc = pressure drop caused by acceleration.

The (dP/dZ) depends on the density of the two-

elev
phase mixture and is usually calculated by a liquid holdup
value. The (dP/dZ)fric is due to the friction losses and
a two phase friction factor must be evaluated. The (dP/dZ)acc
depends on the flow velocity and is considered negligible
except in the cases of high flow velocity. Except for the
latter case, most of the pressure drop is attributed to
elevation. These components can be evaluated by many dif-
ferent types of correlations. Beggs and Brill6 classified
the>corre1ations according to their complexity and the me-
thods used to evaluate each of the components as follows:

1. No Slip, No Flow regime;3:17,30

liquid holdup is
not considered in the computation of the density.
The liquid holdup and the friction losses are com-
puted empirically. No distinctions are made among

flow regimes.



12

2. Slip considered, No Flow regime:22 liquid holdup
is considered in the computation of the density.

The friction losses are based on the composite prop-
erties of the liquid and gas. No distinctions are
made among flow regimes.

3. Slip considered, Flow regime considered:1’4’9’15’29
The calculated density term considers 1liquid holdup.
Liquid holdup is determined from the difference be-
tween gas and }iquid velocities (slip velocity).
The friction losses are determined from the fluid
properties of the continuous phase. Distinct flow
regimes are considered.

Orkiszewski29

presented a method in which the two-
phase pressure drops can be accurately predicted over a wide
range of well conditions and it considered the slip and the
flow regime. Orkiszewski's work is a composite of several

methods tabulated below:

METHOD FLOW REGIME
Griffith®® Bubble
Griffith and Wallis20 Slug (density term)
Orkiszewski29 Slug (friction gradient term)
Duns and Rosl5 Transition
Duns and Ros15 Mist

Figure 3 shows the flow regimes of two-phase flow

9

considered by Orkiszewski2 and can be briefly described

as follows:
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1. Bubble Flow (Fig. 3-A)

In this regime the pipe is almost completely filled

with the liquid phase and the free gas phase is

small. Free gas is present as small bubbles and the
| liquid is the continuous phase.
2. Slug Flow (Fig. 3-B)

In this flow pattern more gas bubbles coalesce to

form larger, bullet shaped bubbles. These bubbles

are separated by a slug of liquid and are surrounded
by a thin liquid film.
‘3. Transition Flow (Fig. 3-C)

In this regime the change from a continuous liquid

phase to a continuous gas phase occurs. Although

the liquid effects are significant, the gas phase
effects are predominant.
4. Mist Flow (Fig. 3-D)

In this regime the liquid droplets are carried in

the continuous gas phase. The pipe wall is coated

with a liquid film and the gas phase predominantly
controls the pressure gradient.

In two phase flow, both the friction loss gradient
and the fluid density are influenced by the flow regime
type, and all three terms (equation 2.7) are a function of
temperature and pressure. Therefore, to use equation 2.7

the following procedure must be followed:
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1. Increment the flow string so that the fluid proper-
ties do not markedly change within any of the in-
crements.
2. For each increment, determine the flow regime“and
compute the friction loss and average fluid density.
3. Each increment must be evaluated by using an itera-

tive method.

Equation 2.7 can be written in the following form:
1 p ¥ g

AP = —| AL
144 1 - W q,/4637 AJ P,

X (2.8)

Determination of Flow Regime

Griffith and Wallis’®

defined the boundary between
bubble and slug flow and Duns and Ros15 defined the bound-
aries for the slug, transition and the mist flow. The flow
regimes are determined by testing whether the variable

qg/qT or V_ or both fall within the limits tabulated below:

g
Limits Flow Regime
qg/qT < (L)B ) Bubble
qg/qT >_(L)B, Vg < (L) Slug
(L)M > Vg > (L)S Transition

Vg > (L)M Mist
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where
o
U, = 4 (5,78 /A | (2.9)
(L) = 1.071 - (0.2218 VZ/D;), with limit
(2.10)
(L)g > 0.13
(L)g = 50 + 36 Va,/a (2.11)
(L)y = 75 + 84 (ngg/qg) (2.12)

V_ = dimensionless gas velocity

Gathering System

Flow of gas through gas gathering system. - The de-

sign of pipelines for gathering natural gas in the oil field
has been extensively studied and a number of equations have
been used to predict the pressure drop in the gas gathering

system.5’7’28’36

33 formula is most commonly used for

The Weymouth
this purpose within the 0il and gas industry and has been
found to be adequate. The Weymouth formula, in its most

common form, may be expressed as:

1 2
a " a

2 _ p2)0.5
] (2.13)

T P
q = 433.45 S a%+67 [
S

Flow of two-phase in the gathering system. - Two-

phase flow has been of considerable interest in the petroleum
industry due to the desirability of accurately calculating

the pressure losses that occur in the gathering system.
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Gas-liquid mixtures have been transportedover relatively long
distances in a common line due to centralized gathering systems,
particularly in offshore operations. Large pressure drops occur
in long two-phase flow lines. Pressure losses in two-phase gas-
liquid flow vary considerably from those encounteredin single-
phase flow; in most cases, an interface exists and the gas slips
past fhe liquid. Several published methods exist for prediction
of pressure drop in two-phase flow through horizontal

4,14,21,25,39

pipe. Many of the correlations use a

holdup value in calculating the density term used in the

friction and acceleration pressure drop components.

16

Eaton developed correlations for 1liquid

holdup and the two-phase friction factor. Equation 2.7 can
be written for multiphase horizontal flow in the following
form:

dp _ [dP [dp

aX© arf* T (2.14)

]acc
where Eaton's16 friction factor is:
2

2
[dP] _ £oVnix - finix | (2.15)
Tje  Zecd 25 ando

16 acceleration term is:

2 2
: acc

a gcqmix X

and Eaton's

Note that in equation 2.14 the term for potential energy

or elevation change is zero.
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Compression

Compression is an important element of the produc-
tion system, and the station inlet pressure at a given
deliverability determines the remaining parameters for the
reservoir and the production system. The suction pressure
of the compressor reflects back to the producing string
pressure at the wellhead. The producing string pressure
influences the back pressure on the sandface which directly
influences feed-in rate.

The engineer in the field is frequently required to
determine the approximate horsepower required to handle a
certain volume of gas at some intake conditions to a given
discharge pressure. Therefore, the selection of proper com-
pressor size is of great importance. Many compression re-
quirements involve conditions beyond the practical capability
of a single compression stage. Too great a compression
ratio (absolute discharge pressure divided by absolute suc-
tion pressure) causes excessive discharge temperature and
other design problems. It, therefore, may become necessary
to combine elements or groups of elements in series to form
a multistage unit, in which there will be two or more stages
of compression. The gas is frequently cooled between stages
to reduce the temperature and volume entering the following
stage. Each stage involves an individual compression. It
is sized to operate in'series with one or more additional
compressors and even though they may all operate from one

power source, each is still separate.
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The behavior of the compressor station can be repre-
sented by two methods: Isothermal Compression and Adiabatic
(Isentropic) Compression. Isothermal compression occurs
when the temperature is kept constant as the pressure in-
creases. This requires continuous removal of the heat of
compression. Adiabatic (isentropic) compression is obtained
when there is no heat added to or removed from the gas during
compression. Adiabatic compression calculations give the
maximum theoretical work or horsepower necessary to operate
the compressor between any two pressure limits, whereas isothermal
compression calculations give the minimum theoretical work
or horsepower necessary to compress a gas.

In this study, the equation of adiabatic theoretical

23 was used. ThiS equation,

horsepower given by Katz et al.
which is to find the adiabatic theoretical horsepower to
compress 1 mmcf/day at 60°F. and 14.65 psia, is written as

follows:

k - 1]
ATHP = 0.08531 E‘LT Tsuc[r S“C[ k). 1] (2.17)

where:
r= pdis/psuc
Pdis = discharge pressure of gas, psia
P. = suction pressure of gas, psia

suc
k = cp/cv = jdeal-gas specific-heat ratio

The total brake horsepower (BHP) required is given by
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ATHP 14.73
BHP = {T] qsc(m] | (2.18)

where

E = overall efficiency

Flow of Gas Through Pipeline

The PanhandleAg Formula. - As previously discussed

in the gas gathering section of this chapter, the Weymouth38

formula is suitable for use in the design of gathering sys-
tem and short pipelines. For larger diameter long lines
designed for transmission and gas delivery, the panhandle is

used. The formula can be written in the following form:

[1]0‘4606d2.6182
G

1 2

1.07887p2 _ p270.5394

T
Q = 435.87 E[pil
(2.19)

where E = efficiency factor.



CHAPTER I11I
TOTAL FIELD DELIVERABILITY

The total field or reservoir back-pressure equation
can be obtained by merely summing the performance coeffi-
cient (C) for all the wells in the reservoir. This can be

shown as follows:

2 2 \n
Cj)(Pws ow)

Reservoir Deliverability = q_.corvoir - (2521

where

Cj = performance coefficient of well j

Nw = number of wells

The above equation can be written on an average per well

basis, which is:

(p?

- _ p2 \N
(qsc)avg Cavg wS ow)

Note that the value of '"n'", the exponent of the back-pressure
equation, is assumed the same for all wells. In most cases
this is a very reasonable assumption and the value of "n"
observed in practice turns out to be very nearly constant in
many individual reservoirs. In fact, it is often adequate
for field calculations to consider '"n'" to be constant on a

regional basis.
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CHAPTER 1V
PREDICTION OF RESERVOIR PERFORMANCE

In order to forecast the deliverability of a gas and
gas-condensate production system, -the system deliverability
must be coupled with a material balance equation for the res-
ervoir. The following equations are obtained on the basis
of a material balance technique12 for reservoirs in which
there is no water influx or water production.

Gas initially in reservoir = gas produced

+ gas remaining

thus,
= G - 3.
G = + (G - G) (3.1)

If PV = 379 GZIRT, then

P.V. PV.
1 1 - 1
3‘mi - Gp + 3'7 9'- Z'RT ( 3 . 2)
and
p P; 379 RmT
Z = r - —r—. Gp (3 [ 3)
1 1

Vi (Pi_p
o " TRT|Z; T - G4
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or
G =G Zi{Pi . 3} (3.5)
P Pilfs 2
Then
P/Z
G_ = G|1 - (3.6)
P ( Pi;zi) :
or
P./Z. - P/ '
- 1 1
G, = G[ VN ] (3.7)

Equation 3.7 is used to calculate the cumulative gas
production during any period of production. Equation 3.7 can

also be written in terms of the recovery factor (RF):
G =G x RF
P

where the recovery factor is defined as follows:

Pi/zi - P/Z

RF =
Piles

(3.8)

At abandonment conditions the recovery factor is given as
follows:

Pi/Zi - Pa/Za

RF =
FUR

Pa/za corresponds to the minimum rate at which gas
production will no longer be economical (abandonment rate).

Decline rate production. - In the prediction of the

long term reservoir deliverability, we must estimate the start
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of decline in the production rate. This can be simply com-

puted by the following relation:

Cumulative gas production (3.9)
Constant rate production '

Time to decline =

The important point is that the time to decline results from
the joint solution of the material balance equation for the

reservoir and the overall system flow equations.



CHAPTER V
SOLUTION TECHNIQUES

A constant volume gas expansion type of reservoir
is considered. There is no water production nor water en-
croachment. The objectives of this study are to determine:
I. The maximum deliverability of a production system

II. Based on the predicted deliverability of the
system: :

1. the life of the well .
2. the cumulative gas production as a function of time.

3. the average reservoir pressure as a function of time.
4. the average delivery rate as a function of time

III. The effect on the above with the change of the
following parameters:

1. size of the producing string
2. size of the compressor

3. number of the wells

4. flow rate

IV. Repeat the above procedure for a gas-condensate
system.

V. Compare the results of the production performance
for the dry gas reservoir with the production
performance of the gas-condensate reservoir.

The equations used to describe the behavior of the

various components to .calculate the deliverability of the
gas and the gas-condensate production system were the fol-

lowing:

24
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I. Reservoir

1. Dry Gas: back-pressure equation

2. Gas-Condensate: Fussel et al. equation
II. Production String |

1. Dry Gas: Smith equation

2. Gas-Condensate: Orkiszewski correlation
III. Gathering System

1. Dry Gas: Weymouth equation

2. Gas-Condensate: Eaton correlation
IV. Compressors: Adiabatic compression equation

V. Pipeline: Panhandle A formula

The calculation of the maximum deliverability for
a production system involves a trial and error solution. A
flow rate, Q, is assumed and the flowing bottom-hole pressure
will be calculated in two ways: (1) from the pipeline side,
and (2) from the reservoir side. The calculation of the
bottom-hole pressure from the line side is as follows:

1. With the assumed value of Q, and the designated de-
livery pressure, use the panhandle formula to com-
pute the inlet pressure of the pipeline (this inlet
pressure calculated is the P, of the compressor).

2. With the discharge pressure computed in step 1, use
the adiabatic compression equation to evaluate the
suction pressure at the compressor (this calculated

Psuc is the outlet pressure of the gathering system).
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3. With the gathering system outlet pressure computed
in step 2, use the Weymouth equation (Eaton corre-
lation for gas-condensate systems) to calculate the
inlet pressure of the gathefing system (the inlet
pressure calculated is the wellhead flowing pres-
sure).

4., With the wellhead flowing pressure computed in step
3, use the Smith equation (Orkiszewski correlation
for gas-condensate systems) to calculate the bottom-
hole flowing pressure.

The calculation of the bottom-hole pressure from the
reservoir side is as follows:

With the assumed value of Q coupled with other reser-

voir properties, use the back-pressure equation

(Fussel et al. equation for gas-condensate systems)

to calculate the bottom-hole flowing pressure.

If the computed pressure from the line side is greater
than the computed pressure from the reservoir side, the value
of Q is too high and the above procedure must be repeated
with a smaller Q. The iterative process is continued until
a value of Q is obtained for which the bottom-hole pressures
computed from both sides are in close agreement. The method
of false position was used to accelerate the iterative pro-

cedure.
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If there is more than one completion in the reser-
voir, it'is assumed that all wells are identical in every

respect, and that the production rates are the same.

Production Performance Under a Prescribed

Production Rate or Capacity

Production Rate

If the maximum delivery rate computed is higher than
the prescribed flow rate, it indicates that the production
system can meet the specified requirements. Thus for a given
system, the time intervals over which the requirements can
be met and those over which they cannot must be identified.

In the former, the performance under the specified schedule
is determined and in the latter the performance under ca-
pacity production is determined (capacity production is a
steady decline in deliverability). |

Equation 3. is used to calculate the time-to-decline

~under the specified shcedule. The performance under capacity
production at any time step J can be computed as follows:

1. Specify the system deliverability, QJ.

2. Calculate the average reservoir pressure required

to maintain the production rate Q-

3. Calculate the average system deliverability (Qavg)J:

,
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(Qavg)J = 'QJQJ-I

4, Calculate the cumulative production, (Gp)J, at the

end of time step J as follows:

i y
Pres . Pres
Z i Z 3

G = G '
Cpl [T
1

ol

5. Calculate the incremental gas production:
(AGP)J = (GP)J - (GP)J‘l
6. Calculate the incremental time:

(4G 5

S (o e 2]
J avg’J

7. Calculate cumulative time at the end of time step J:

(teumlg = t3-1 * 4ty

The simulation of the production performance and
deliverability of gas and gas-condensate reservoirs was car-
ried out on a digital computer, since performing such a heavy
load of mathematical operations either by handvor on a desk
calculator is not feasible. The computer model is written
in FORTRAN IV language for the IBM system/370. The FORTRAN
IV language is especially useful in writing programs for
applications that involve mathematical computation and other

manipulations of numerical data.
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The computer mbdel was made completely flexible. Any
type of production system can be incorporated, and any number
of wells can be investigated within the same reservoir. The
model can be run without a portion or portions of the pro-
duction system such as pipeline, compressor and gathering
system.

Thus, fifteen subroutines were prepared, each per-
forming a specific task. Subroutine QCALC coupled with
BHP were designed to calculate the optimum deliverability
of the production system. Following is the list of the re-

maining subroutines and their functions:

FRIFAC Friction factor calculation (Colebrook and Whitell)
GASVIS Gas viscosity calculation (Lee g3_31.24 correlation)
MUFF Two-phase flow in vertical pipe (Orkiszewski29 cor-
relation) |
16

MUFFIH Two-phase flow in horizontal pipe (Eaton et _al.
correlation)

OWLVIS Live oil viscosity calculation (Chew and Connallylo)

OILRAT Condensate production rate (see Appendix D)

RESP Reservoir pressure calculation

SOLZ Iterative method of linear inverse interpolation
(method of false position)

SURFAC Live oil surface tension (gas-oil system) (Baker and

Swerdloffz)
ZFACO ' 34
ZFRCI Compressibility factor (Z) calcuiation (Sarem™ ")
ZFAC2 '



CHAPTER VI
RESULTS AND DISCUSSION

This investigation involved a novel technique which
determined the maximum production capacity and predicted the
long-term deliverability of the integrated production system
for a gas and a gas-condensate reservoir. The solution
method and the organization of the computer models were pre-
sented in Chapters II through V. The data used to obtain
the tables and the curves, referred to in this discussion,
are presented in Table 1 of Appendix A. The method of in-
vestigation involved the interpretation of a series of runmns
which were made for all cases listed in Table 2, Appendix A,

The size of the producing tubing strings, the com-
pressor station capacity, the number of well in the reservoir
and the flow rate were varied in a series of simulation rums

and the system production performance were obtained.

Simulation Results of the Dry Gas Model

The results of the simulation study are shown in
Tables 3 and 4 and Figures 4 through 19 in Appendix B and

C, respectively.
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Table 3 indicates the flow behavior of a reservoir
with 10 wells producing through (1) 2-1/2-inch tubing and
(2) 7-inch casing with station capacities of 3325, 6650,
and 8300 HP. Note that the magnitude of the total field
deliverability and compressor discharge pressure of the
systems increase, and the bottom-hole flowing pressure, the
well-head flowing pressure and the compressor station suction
pressure decrease as the size of the production string and
the compressor station capacity increase.

Similarly, Table 4 shows the flow behavior of a
reservoir with (1) 10 wells, (2) 20 wells, and (3) 30 wells,
producing through 2-1/2-inch tubing at a station capacity
of 8300 HP. The comparison of these three systems shows that
the total field deliverability,lthe bottom-hole flowing pres-
sure, the well-head flowing pressure, the compressor station
suction pressure and the compressor station discharge pres-
sure increase as the number of completions increases (well
spacing decreases). The system deliverability increased by
41.8% when the number of wells increased from 10 to 20;
however, it only increased by 8.59% when the number of wells
increased from 20 to 30.

Figures 4 through 7 of Appendix C show the total
field deliverability vs time for 10 wells producing through
2-1/2-inch tubing and 7-inch casing at station capacity of
6650 HP. Flow rates of 50, 100, 150 and 200 MMscf/day are
prescribed. The deliverabilities of the wells are represented

by their respective deliverability curves. The comparison
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of these figures indicates that the maximum deliverability
for 2-1/2-inch completions and 7-inch coépletions are 134.82
and more than 200 MMscf/day respectively. The increase in
total field deliverability is due to the re&uced friction
losses resulting from the larger area available for flow in
the producing string.

Figure 4 shows that in the 2-1/2-inch completions
the total field deliverability declines below 50 MMscf/day
in the third quarter of the ninth year while in 7-inch com-
pletions the total field deliverability does not decline
until the last quarter of the thirteenth year. However,
the latter reaches the abandonment rate over a year earlier.
Figure 5 shows similar behavior except the decline produc-
tion is reached earlier because of the twofold increase in
the production rate.

Figures 6 and 7 indicate thaf the 2-1/2-inch com-
pletions are performing under capacity production and that
the total field deliverability is declining in spite of the
use of compression throughout its productive life.

Figures 8-11 illustrate the behavior of a reservoir
with 10 wells producing through 2-1/2-inch tubing and 7-inch
casing at 3325, 6650, and 8300 HP capacities. Prescribed
flow rates of 100 and 200 MMscf/day are shown. Figures 8
and 10 indicate that the total field deliverability of the
production systems (2-1/2-inch and 7-inch completions) with
3325 HP station capacity would decline earlier than the

other systems with larger compressor size. The production
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system with larger compressor station capacity reaches the
abandonment rate earlier than the other systems. Figures
9 and 11 exhibit the performance of the systems described
above under capacity production.

Figure 12 shows that the total field deliverability
is increased as the larger production string is installed.

It is further increased as the size of the compressor is
increased.

Figures 13-15 illustrate the effect of the compressor
horsepower on the total field deliverability. The curves
show the behavior of the production system (2-1/2-inch tubing
and 7-inch casing) as the compressor station capacity is
increased. In Figure 13 the curve indicates that as the
compressor station capacity increases the deliverability of
the system increases répidly. However, the rate of increase
in the deliverability decreases when a compressor station
capacity of 4000 HP is reached. Furthermore, there will be
a point in the curve where the slope of the line will be zeT0
which illustrates that there will be no more increase in
the deliverability of the system in spite of the use of a
larger compressor.

Figure 16 shows the behavior of a reservoir with 10
wells producing through 2-1/2-inch tubing with station ca-
pacity of 3325 and 6650 HP; 10 wells producing through 7-inch
casing and 6650 HP station capacity; and 20 wells producing

through 2-1/2-inch tubing and 6650 HP capacity. These curves
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illustrate the effects of the size of the compressor, the
size of the production string and the number of completions.’

Figure 17 is a graph of the cumulative gas production
versus time for 2-1/2-inch tubing and 7-inch casing comple-
tions. This curve indicates that the 7-inch casing comple-
tions have higher recovery factors than 2-1/2-inch completions.
However, the abandonment rate is reached 1.75 years later
in the latter case.

Figure 18 shows the overall system deliverability
for the cases discussed in Figure 16. This curve shows the
deliverability of the system versus the average reservoir
pressure. This curve illustrates the maximum deliverability
of the system as a function of the average reservoir pres-
sure or gas in place. This curve is of prime importance
because it exhibits the deliverability under the influence
of all the components of the systen.

Figure 19 shows the total field deliverability as a
function of the compressor station suction pressure for 10
wells producing through 2-1/2-inch tubing at 6650 and 8300
HP capacity. This curve is also of prime importance since
the sunction pressure of the compressor will reflect back to
the well-head flowing pressure, which in turn will reflect
back to the bottom-hole flowing pressure and consequently

affect the feed-in rate.
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Simulation Results of the Gas-Condensate Model

and Comparison of the Production Performance

of the Gas and Gas-Condensate Reservoirs

The effect of the compressor size on the flow be-
havior of the production system was first studied for 10
wells producing through 2-1/2 inch tubing at 3325, 6650 and
8300 HP capacity (see Table 5, Appendix B). Second, the
effect of the number of completions on the flow behavior
and system deliverability was investigated for 10, 20, and
30 wells producing through 2-1/2 inch tubing at 6650 HP com-
presSor station capacity. Third, the effect of the size of
the production string on the total field deliverability was
studied for 10 wells producing through 2-1/2 inch tubing
and 7 inch casing at 6650 HP station capacity.

Table 5 shows that the maximum total field delivera-
bilities increased as the compressor size increased. The
maximum deliverability of the system with 3325 HP compressor
was predicted to be 23.6 MMscf/day and 192 bbls/day conden-
sate while the maximum deliverability of the system with
8300 HP compressor is computed to be 35.6 MMscf/day and
290.9 bbls/day condensate. 1In these runs the asSumption
is made that the gas and the condensate are separated by
the separator at the well head, and that there is no pres-
sure loss through the separator. However, in actual field
operation there is a pressure drop through the separator with
the pressure drop being in the range of a few psia. Table

5 also shows the pressure drop through the production string.
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This significant pressure drop is due to the multiphase
flow through the pipe.

Table 6 illustrates the effect of an increase in the
number of completions in the reservoir. It indicates that
as the number of completions in the reservoir increases
the gas deliverability and the condensate production of

the system increases.

Figure 20 shows the effect of increasing the dia-
meter of the production string on the total field delivera-
bility. It indicates that as the size of the production
string increases, the total field deliverability increases.

Figure 21 compares the total field deliverability
for 10 wells producing through 2-1/2 inch tubing at 3325 HP
and 8300 HP station capacity; 20 wells producing through
2-1/2 inch tubing at 8300 HP capacity; and 10 wells produc-
ing through 7-inch casing at 8300 HP capacity. 1In all the
systems investigated (Tables 5 and 6 and Figures 20 and 21)
and discussed above, .4e prescribed flow rate was 50 MMscf/day
of gas and 400 bbls/day of condensate. It is apparent that
the reservoir and the production system described will not

produce under the prescribed production rates.

Comparison of the Production Performance

of the Gas and Gas-Condensate Reservoirs

The results of the simulation studies and their com-
parison are illustrated in Tables 7 and 8 (Appendix B) and

Figures 22-28 (Appendix C). The comparison of the results
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from simulation of the dry gas and the gas-condensate models
shows some noticeable differences.

Table 7 shows the fluid flow behavior for 10 wells
producing through 2-1/2 inch tubing and 7-inch casing with
compressor capacity of 3325 HP. The prescribed flow rate
is 50 MMscf/day of gas for the dry gas case and 50 MMscf/day
of gas and 400 bbls/day condensate for the gas-condensate
system. This table shows the difference in the behavior of
the reservoirs and the effect of each element of the system
on the overall production performance. For the case of
2-1/2 inch completions the maximum total field deliverability
of a dry gas system is decreased from 118 MMscf/day to 23.6
MMscf/day. Similarly, in the case of the 7-inch completions
the total field deliverability is decreased from 164.7
MMscf/day to 24 MMscf/day. Also, note that there is no
marked difference in the overall performance of the 2-1/2
inch completions and the 7-inch completions of the gas-
condensate system. The significant reduction in the total
field deliverability and large increase in the pressure
losses through the producing equipment is primarily the re-
sult of multiphase flow phenomena in the producing string
and not deterioration of reservoir deliverability.

Table 8 shows the comparison of the 7-inch comple-
tions in the dry gas and the gas-condensate reservoir with
the compressor station capacity of 8300 HP.

Figures 22 through 25 show the comparison of the

performance of the dry gas and the gas-condensate reservoirs
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for 10 wells producing through 2-1/2 inch tubing and 7-inch
casing at a station capacity of 6650 HP. The prescribed
gas flow rates are 50 and 100 MMscf/day and 400 bbls/day
of condensate.

In figure 22, in the case of the dry gas, the total
field deliverability declines below 50 MMscf/day (prescribed
flow rate) in the last quarter of the ninth year. However,
in the case of the gas-condensate, the flow system cannot
sustain a production rate of 50 MMscf/day initially and its
entire production life is characterized by capacity decline.
The abandonment rate is reached six years earlier in the
gas-condensate reservoir.

Figure 23 indicates that for the 7-inch completions
in the gas-condensate reservoir, the total field delivera-
bility declines below 50 MMscf/day in the first quarter of
the first year and that total field deliverability of the
dry gas system does not decline until the thirteenth year
of production is reached.

Figures 24 and 25 show the comparison of the same
systems with the prescribed flow rate of 100 MMscf/day.

Figure 26 shows the effect of the size of the pro-
duction string on the total field deliverability of both
dry gas and gas-condensate systems. It indicates that the
size of the producing string has greater influence on the
overall béhavior of the dry gas system than that of the

gas-condensate system.
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Figures 28 and 29 show the effect of the compressor
station capacity on the total field deliverability of the

dry gas and gas-condensate systems.



CHAPTER VII
SUMMARY AND CONCLUSIONS

A mathematical simulation procedure for computing the
dry gas and the gas-condensate field delivérability to a set
delivery pressure at some terminal ﬁoint has been developed.

The features of these procedures can be summarized
as follows: (1) They provide simulations of the existing
field producing system and prediction of the future perform-
ance. (2) The models allow the study of a system composed
of several wells within a reservoir. (3) Models developed
show the significance'of the individual elements of the
production system and the interplay between them. (4) Models
show the significance of the flow behavior in the technology
of the production, especially two-phase flow.

Conclusions from the results presented are:

1. The system deliverability could be increased by
analyzing all parts of the system simultaneously in an in-
tegrated manner. In some cases, the situation may dictate
the use of larger tubing strings and gathering flow lines.

In other casés, a larger compressor may be desired. The method
presented allows one to maximize deliverability by the design
of the production strings, gathering system, compressor station

40
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capacity and pipeline. The optimal design can be determined by
computing the effects of the parameters, size of tubular goods
and production strings, on reservoir behavior.

2. The scheme allows optimal gas well spacing by the
selection of the number of wells within the field required
to meet given production targets.

3. Comparisons made between the dry gas flow and two-
phase flow production systems show that the deliverability
of the gas-condensate, compared to that of a dry gas, is
greatly reduced. This is due to condensate accumulation in
the region of the producing wells and the pressure losses
through the producing strings and gathering system attributed
to multiphase flow.

4. The techniques described here provide important in-
formation such as (a) maximum well deliverability, (b) total
field deliverability, (c) overall system deliverability, and
(d) the production life of the reservoir. This information
allows the selection of appropriate producing strings and tubu-
lar goods whichwill achieve a maximum cash flow or maximize
some similar type criterion over the life of the field.

5. The simulation studies in this report willnot account
for erratic and unpredictable production problems, such as scale,
corrosion, equipment failure and other problems which may
‘become more serious as abandonment conditions are approached.

6. Methods using the simulation of mathematical models
are very powerful and useful and could be used to predict the
system performance of a reservoir in an economical amount of

computer time.



CHAPTER VIII
RECOMMENDATIONS

Further considerations that must be taken into ac-
count before determining the optimum sizing of the production
system and optimal well spacing include: the availability
of equipment, operating cost and agreements, governmental
rules and regulations, cost of equipment and many other
limitations.

Therefore, the design of the project must be fully
evaluated and the results of such an engineering study should
be combined with (1) reservoir production optimization solved
effeciently by using a dynamic programming approach and
(2) economic analysis of the project to arrive at the most

profitable operation.
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(L)g
(L),
(L)

NOMENCLATURE

area of pipe, sq. ft.

adiabatic theoretical horsepower, HP
gas formation volume factor, bb1l/SCF
performance coefficient

constant, 1.5 x 103
inside diameter of production string, in.

formation depth, ft.

hydraulic pipe diameter (4 x Ap/wetted diameter), ft.
efficiency

friction factor, dim.

acceleration of gravity, ft/sec2
gravitational constant, ft-lb(mass)/lb(force)-sec2
gas gravity (air = 1)

formation thickness, ft.

hydrocarbon pore volume, ft.3
formation permeability, md
length of the pipe, ft.
bubble-slug boundary, dim.
transition-mist boundary, dim.

slug-transition boundary, dim.

the reciprocal of the slope of the back-pressure

curve
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lawl]

tf
wf

WS

Lo o g <

number of wells, dim.

pressure, psi

average pressure, psia

pressure drop, psi

flowing tubing or casinghead pressure, psi
flowing bottomhole pressure, psi
average reservoir pressure, psi
volumetric flow rate, cu. ft./sec
volumetric flow rate, cu. ft./day
compression ratio '

outer radius, ft.

well bore radius, ft.

universal gas constant (per mole), psi-ftS/(lb. mole R°)

temperature, °R

time increment, year
fluid velocity, ft./sec
Vé(Pl,Tl) - Vé(PZ,TZ)
vi(p,,T)) - VE(R,,T,)
mass flow rate, 1lb/sec
compressibility factor
depth from wellhead, ft.

increment of depth, ft.

viscosity, cp
average flowing density, 1b/cu.ft.
two phase density, 1lb/cu.ft.

surface tension, lb/sec2
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g friction loss gradient, psf/ft

v qg(VS;7§E), dimensionless gas velocity
Subscripts

a average, abandonment
cum cumulative

dis discharge

f flowing, friction

g gas

i initial

J time step

k increment

L liquid

Liq liquid

Mix mixture

) 0il

P production

Tres reservoir

s, SC standard condition
suc suction

T total
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TABLE 1
DATA USED IN THIS STUDY

Gas Properties

Y .64, gas sp. gravity

g

u 0.0175 cp, gas viscosity

8

Condensate Properties

Yo © 0.8, condensate sp. gravity

uy = 1.419 cp, condensate viscosity

g, = 32 dynes/cm, condensate surface tension

Py = 42.45 lbm/fts, condensate density

B, = 1.419 bbls/stb, condensate formation volume factor

Reservoir Data

Nw = 10, number of wells (well spacing)
Cavg = 0.0742 (MMsc:f/day)/psiaz/n

= 0.747, exponent of the back pressure equation

, performance coefficient

1500 psia, average reservoir pressure

n
P
T = 120°F, 580°R, reservoir temperature
G = 250,000 MMscf, gas in place

Producing Tubing Strings Data

D

5000 ft, well depth

2-1/2 inch, size of the tubing

Tavg

zavg

95°F = 555°R, average flowing temperature

0.95, average compressibility factor

Surface Facilities Data

Cz = 7.63 x 105 (scf/day)/psiaz, the average flow con-
ductivity of the gathering system
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TABLE 1 (Continued)

Compressor Station Data

BHP = 6650 HP, compressor station capacity

E = 0.80, overall efficiency

k = 1.25, cp/cv, ratio of the molar heat capacities of

the gas

Tsuc 60°F, 520°R, suction temperature

1.0, suction compressibility factor

ZSUC

Pipeline Data

d = 13 inches, pipeline diameter
L = 100 miles, pipeline length
Tavg = 70°F = 530°R, pipeline average flowing temperature

E = 0.92, pipeline efficiency factor
Pb = 14.73 psia, base pressure
T, = 60°F = 520°R, base temperature

PL = 300 psia, pipeline delivery pressure



TABLE 2
GAS AND GAS-CONDENSATE PRODUCTION SYSTEM
2-1/2 INCH TUBING

Station Station
Constant Rate Capacity Number Constant Rate Capacity Number
(MMscf/day) (HP) of Wells (MMscf/day) (HP) of Wells

50 3325 10 50 6650 30
100 3325 10 100 6650 30
150 3325 10 150 6650 30
200 3325 10 200 6650 30

50 3325 20 50 8300 10
100 3325 20 100 8300 10
150 3325 20 150 8300 10
200 3325 20 200 8300 10
50 3325 30 50 8300 20
100 3325 30 100 . 8300 20
150 3325 30 150 8300 20
200 3325 30 200 8300 20

50 6650 10 50 8300 30
100 6650 10 100 8300 30
150 - 6650 10. 150 8300 30
200 6650 10 200 8300 30
50 6650 20 50 100 10
100 6650 20 50 500 10
150 6650 20 50 1000 10
200 6650 20 50 2000 10

1A



TABLE 2 (Continued)

GAS AND GAS-CONDENSATE PRODUCTION SYSTEM

Station
Constant Rate Capacity

~ (MMscf/day) (HP)
50 3325
100 3325
150 3325
200 3325
50 3325
100 3325
150 3325
200 3325
50 3325
100 3325
150 3325
200 3325
50 6650
100 6650
150 6650
200 6650
50 6650
100 6650
159 6650
200 6650

7 INCH CASING

Number

of Wells

Constant Rate
(MMscf/day)

50
100
150
200

50
100
150
200

50
100
150
200

50
100
150
200

Station
Capacity Number
(HP) of Wells
6650 30
6650 30
6650 30
6650 30
8300 10
8300 10
8300 10
8300 10
8300 20
8300 20
8300 20
8300 20
8300 30
8300 30
8300 30
8300 30
100 10
500 10
1000 10
2000 10

SS
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TABLE 3

COMPARISON OF THE PERFORMANCE OF A DRY GAS PRODUCTION SYSTEM

Compressor Station Capacity:

Deliverability (MMCF/DAY)

Average Reservoir
Pressure (psia)

Bottom-hole Flowing
Pressure (psia)

Well-head Flowing
Pressure (psia)

Compressor Station
Suction Pressure (psia)

Compressor Station
Discharge Pressure (psia)

Delivery Pressure (psia)

3325 HP
2" Tubing 7" Casing
118 164.7
1500 1500
1485 1472
809 1263
794 1244
1415 1899
300 300

6650 HP
2" Tubing 7" Casing
134.82 209.8
1500 1500
1481 1453
607 1244
581 1214
1586 2367
300 300

8300 HP
2" Tubing 7" Casing
139.45 228.5
1500 1500
1480 1443
530 1235
498 1198
1635 2558
300 300

LS



COMPARISON OF THE PERFORMANCE OF A DRY GAS PRODUCTION

Deliverability (MMcf/day)

Average Reservoir
Pressure (psia)

Bottom-hole Flowing
Pressure (psia)

Well-head Flowing
Pressure (psia)

Compressor Station
Suction Pressure (psia)

Compressor Station
Discharge Pressure (psia)

Delivery Pressure (psia)

TABLE 4

Production
from 10 Wells

139.45

1500

1480

530

498

1635
300

Production
from 20 Wells

197.75

1500

1490

977

942

2242
300

SYSTEM

Production
from 30 Wells

216.35
1500
1495
1132
1096

2433
300

8¢




TABLE 5
COMPARISON OF THE PERFORMANCE OF A GAS-CONDENSATE PRODUCTION SYSTEM
Production Through 2-1/2" Tubing

Compressor Station Capacity: 3325 HP 6650 HP 8300 HP
Deliverability (MMcf/day) 23.6 33.6 35.65
Condensate Production

(bbls/day) 192 274 290.9
Average Reservoir

Pressure (psia) 1500 1500 : 1500
Bottom-hole Flowing

Pressure (psia) 1499 1499 1498
Well-head Flowing

Pressure (psia) 50 49.10 49.0
Compressor Station

Suction Pressure (psia) 39.25 21.65 15.0
Compressor Station

Discharge Pressure (psia) 431.4 524.3 544
Delivery Pressure (psia) 300 300 300

6S



TABLE 6
COMPARISON OF THE PERFORMANCE OF A GAS-CONDENSATE PRODUCTION SYSTEM

D = 2-1/2" Tubing, Compressor Station Capacity = 8300 HP

Production Production | Production

from 10 Wells from 20 Wells from 30 Wells
Deliverability (MMcf/day) 35.6 47.3 59
Condensate Production
(bbls/day) 290.9 385.7 462
Average Reservoir
Pressure (psia) 1500 1500 1500
Bottom-hole Flowing
Pressure (psia) 1498 1499 1499
Well-head Flowing
Pressure (psia) 49 50.2 50.5
Compressor Station
Suction Pressure (psia) 15 16 16.2
Compressor Station
Discharge Pressure (psia) 544 551 552
Delivery Pressure (psia) 300 300 300

09



TABLE 7

COMPARISON OF DRY GAS AND GAS-CONDENSATE PRODUCTION SYSTEMS

Deliverability (MMcf/day)

Condensate Production
(bbls/day)

Average Reservoir
Pressure (psia)

Bottom-hole Flowing
Pressure (psia)

Well-head Flowing
Pressure (psia)

Compressor Station
Suction Pressure (psia)

Compressor Station
Discharge Pressure (psia)

Delivery Pressure (psia)

Compressor Station Capacity 3325 HP

Production Thru 2%" Tubing

Dry Gas Gas-Condensate
118 23.6
-- 192
1500 1500
1485 1499
809 50
794 39.25
1415 431.4
300 300

Production Thru 7" Casing

Dry Gas Gas-Condensate
164.7 24

-- 192

1500 1500

1472 1498.9
1263 50

1244 39.25
1899 431.5

300 300

19
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TABLE 8
COMPARISON OF DRY GAS AND GAS-CONDENSATE PRODUCTION SYSTEMS
Production Thru 7" Casing

Compressor Station Capacity 8300 HP

Dry Gas Gas-Condensate
Deliverability (MMcf/day) 228.5 35.65
Condensate Production '
(bbls/day) -- 290.9
Average Reservoir
Pressure (psia) 1500 1500
Bottom-hole Flowing
Pressure (psia) 1443 1498
Well-head Flowing '
Pressure (psia) 1235 49
Compressor Station
Suction Pressure (psia) 1198 15
Compressor Station
Discharge Pressure (psia) 2558 544

Delivery Pressure (psia) 300 300
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APPENDIX D
CALCULATION OF CONDENSATE RATE

The prediction of the condensate rate was based on
Figure 2. Figure 2, which shows the percent liquid at the
reservoir condition, is the result of laboratory analysis
on the bottom-hole or wellhead flowing sample. If we és-
sume that the GOR at any value of gas rate and reservoir
pressure is some ratio of the initial GOR, we can calculate

the condensate rate for any time step as follows:
R
(GOR)J = GOR' x &=

where:
GOR' = initial gas-condensate ratio
C' = the % liquid at initial reservoir pressure
C = the % liquid at (reservoir pressure);

Therefore,

Q); Q

or

92
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where C and C' are obtained from Figure 2, and GOR' = Qé/Qé

is prescribed in the computation.
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FLOW CHART OF THE COMPUTER PROGRAM FOR THE DRY GAS MODEL-

(:7 START 4:)

¥

READ IN DATA: Pipeline, Compressor Station,
Surface Facilities, Production Tubing String,
Reservoir and Fluid Properties, and Gas
in Place

Y.

WRITE: Pipeline, Compressor Station, Surface
Facilities, Production String, Reservoir and
Fluid Properties and Gas in Place

}

COMPUTE: The Optimum }SUBROUTINE QCALC cou-
Deliverability of the pled with BHP 1is de-
Production System signed to calculate the

Bottom-hole Pressure
from the lineside and
reservoir side until
both pressures converge
and optimum flow rate
is computed

}

WRITE: The production
<:E:> system deliverability
and corresponding
bottom-hole pressure

~computed




the
prescribed
Delivery Rate
Greater than the
computed deliv-
erability

YES

Qnew = PRESCRIBED
DELIVERY RATE

Qnew = OPTIMUM DELIVER-
ABILITY OF THE SYSTEM

3

COMPUTE: The Initial Gas

Compressibility Factor,

Abandonment Rate, BHP/Z

l

SUBROUTINE ZFAC2,
to compute com-
pressibility
Factor (Z)

WRITE:

Initial Gas Compressibility
Factor, BHP/2

Initial Reservoir Pressure,

|

INITIALIZE TIME, CUMULATIVE
TIME, CUMULATIVE PRODUCTION

<

COMPUTE: The Performance

_| SUBROUTINE RESP

of the Production System |

(p ) g (Gp) s

res)J’ (Qavg
(AGP)J, At (t

to compute res-
ervoir pressure

cum)J

SUBROUTINE ZFAC2




Is Q(J)

greater than
)

YES

(6P gpp = (GP)Nﬁw

(tcumord = Ceun’ NEW
Quew = Qew Rar

<

CONVERT CUMULATIVE PRODUCTION
TO BILLIONS OF CUBIC FEET
GP(J) = GP(J) /1000

<

WRITE: Cumulative Time in Years, TTIME(J)
Cumulative Gas Production in BCF, GF(J)
Delivery Rate in MMCF/DAY, Q(J)
Average Reservoir Pressure, PRES6(J)
Average Delivery Rate in MMCF/DAY, QAVG(J)

Compute and forecast the performance
of the production system on per
year basis

|
O,

97



WRITE the performance of the production
system per year basis:
TIME, GPN, QPN, P6N, QAVGN

Arxre

YES there any

more cases
to be
run

(::* STOP :)

98



FLOW CHART OF THE COMPUTER PROGRAM FOR THE GAS-CONDENSATE SYSTEM

(:‘ START :)

®

«

READ IN DATA:

Pipeline, Compressor Station,

Surface Facilities, Production Tubing String,
Reservoir and Fluid Properties, and Gas

in Place

Y

WRITE:

Pipeline, Compressor Station, Surface

Facilities, Production Tubing String, Res-
ervoir and Fluid Data, and Gas in Place

+

COMPUTE the optimum

99

Deliverability of

L 4

the Production
System

SUBROUTINES :
QCALC, BHP,
MUFFIH, MUFF,
OILRAT, PINT,
FRIFAC,
GASVIS,
OWLVIS,
SURFAC,
ZFAC2

l_____J

WRITE:

The Production System

Deliverability, Gas and Con-
densate and corresponding
bottom-hole pressure computed




100

the
prescribed
Delivery Rate
Greater than the
computed deliv-
erability
of the
system

A4

¥

QNEw = PRESCRIBED QNEw = OPTIMUM DELIVER-
DELIVERY RATE , ABILITY OF THE SYSTEM

«

COMPUTE: The Initial Gas AA,SUBigUiizﬁuizACZ,
§§:§§ﬁ§;:§tlizzeFa§§;7§ compressibility
’ factor (Z)

¥

WRITE: 1Initial Reservoir Pressure,
Initial Gas Compressibility
Factor (Z), BHP/Z

h 4

INITIALIZE TIME, CUMULATIVE
TIME, CUMULATIVE PRODUCTION

@ \

Y

| SUBROUTINE RESP
to compute res-
ervolr pressure

COMPUTE: The Performance
of the Production System [

(Pres)J) (Qavg)J’ (QO)J.
(Gp) g» (AGp) 5y Aty (£, )g) SUBROUTINE ZFAC2




Is Q(J) NO

greater than
QBp

YES

(Gp)orp ™ (Cp)yew

(e oLp = Coun!NEW
Ouew = wew Rar

J

CONVERT CUMULATIVE PRODUCTION
TO BILLIONS OF CUBIC FEET
GP(J) = GP(J)/1000

4

WRITE:

Average Reservoir Pressure, PRES6(J)
Average Delivery Rate in MMCF/DAY, QAVG(J)

Cumulative Time in Years, TTIME(J)
Cumulative Gas Production in BCF, GP(J)

Delivery Rate in MMCF/DAY, Q(J)

¥

Compute and forecast the performance

of the Production System on per
year basis

¥

WRITE the performance of the production

system per year basis:
TIME, GPN, QPN, P6N, QAVGN

101



102

Are

YES there any

more cases
to be
run

<i7 STOP :)
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FORTRAN IV G LEVEL 23 MAIN DATE s 7515} 117267468
0039 CatL ZFACO(A) FLOwW1000
00ue CALL TFACI(21,P0sTOIPC,TCHPY,864A) FLOW1010
onay OSAVERNN FLOw1020
004 CALL RCALC (P, T3aDE X1, E0PO,TO,HPyRX,T3,E2,23,C8)TU,24)04)FLOM1030

IXUGoGoVISUSWELLSIPB,RN,CS)AN,PSLY,P5RY,P5,01) FLOW1040
0043 wuxany FPLOWL0S0
0044 1F (0SAVE ,6T, GUV) GO YO 77 FLOwEI0G0
Q04s WNsRSAVE FLOWE0T70
00us IF (RSAVE .67, QX) GO TO 77 FLO%1080
0047 GNBNSAVE FLO~109¢
0048 GO TD 88 . FLO%i100
0049 77 QO=QX FLOn1130
0050 GUSOXNGRAT FLOw1320
0051 A8  WARDSO, 140X
0052 PlsPe FLO={160
0058 CaLL ZFAC2(Z14P19T6,PCoTC,PY,86) FLOn11S0
0084 PN21aP1/23 FLOW 160
00Ss ~RITE(n,370)P1,21,P02 FLO*1170
0nse 370 PONMAT(SX,' WESERVOIR PRESS 8',F9,2,5%,'261,F10,6,5X,! P/le!,Fi2,2FLO~1180
1¢7) FLOWL1Q0
0087 GPNAN, FLO~1200
0058 tnan, ) FLON1210
0049 GP(1)aGPO FLOng220
0060 TTIMEC(1)BTO #L0Ow1230
0061 ur1sen FLO1260
0062 .t PRESG6(1)0PS FLOw{250
0063 pL 16 Jm2,100 FLOwW1260
0064 wRITF(06,380) GPU,ON FLO»1270
0065 380 FORMAT(SX,'CU™ GAS PROD 81,F14,2+5X,'6A8 RATES! ,F12,2,/) FLOw1280
0066 CaLL RESP{P1oT1)D1pX3,ELsPOsTU,HP)RK,T3,E2,)23,C3,T4,24,D4) FLOWI29D
1XUsGaVISU)RELLSIPOIRN,CS9ON,PSLE,PSRS,P5,01) FLOA1300
0067 PRESH(J)BPS . FLO»1310
0068 CALL ZFAC2(22,P6,T6,PCoTCIPY,80) FLOw1 320
0069 Z6(Jye2? FLONIS30
0070 PNZaPRESHLIIZZ6(J) FLO»1340
0071 - Fal,eP02/P021 FLO%$350
0072 GP(JISEaG] ) FLOW1360
0078 wRITE(6,390)PRESH(I)v206(J),POL,F FLO%1370
0074 300 PORMAT(SX,'HES PREBSS! )FQ,2,5X 1281 ,F10,4,5X,! P/28',F10,2,5X, FLOwL 380
1V F & ',£16,8,/) PLO=3390
0075 0(J)slN FLO~{400
0078 CAVG(JIBSART (QGNeQD) FLOW3G10
0077 OTIME(JID(GP(IYeGPNI/(NAVG(JIIN36S,) FLO»1420
0078 TTIME(JIIRDTIINE(S)¢T0 FLONSA3D
0079 PRITE(S,4N0)IQCI)IDIINECII»TTIME(S) FLO%1040
0080 GO0 PUNMAT(SX,! GAS RATE ®1,F12,2,5%,) 'INCREMENTAL TINE =t,r FLO~1450
110,2,5%, Cum TIMt al,410,2,/7) FLO%1460
0081 NETEPSR) FLOWL4T0
00m2 wRITE(H,208) NSTEPS,J FLOwW1480
00A3 1F(O(J) (LT, RABD) GD t0 17 FLOm1490
LY GPLINGP(J) FLO* 1500
004% G0sQN PLOwESEO

106



FURTRAN IV G LEVEL 2% MASN DITE & 7515% 11/726/48
oo08s T0aTTIvE(S) FLO»#§520
00RY UNSONARRAT FLO~1530
N0Ke 16 CtINTINUE FLO®1540
0089 17 00 19 Js),NSTEPS FLO®18S50
0090 GP(JISGPLIYZ1000, FLOY1S560
0091 19 CONTINGE FLO=1570
0092 wRITE(6,040) FLO3580 -
0093 WRITE(b,02Y TTIME(1),GP(1),Q(1),PREZG(L) FLN~1590
0094 wRITH (B LYY (TTIMECSYNGP(J)aQ(J)»PRESO(JIICAVG(J)pJn2.NSTERY) FLO«1600
0095 ILIUsTTIrE (NSTEPS) FLOn)OE0
0096 TLIZsILIN : FLO"E620
0097 NTPRINSY, FLO=3630
0098 TimMEmO, FLOnib30
0099 Pol1sPRESHEL) FLOw 680
0100 QPUBN(1) FLOY1660
0101 sPONO, FLO»1670
ngoe wRITE(6,4)) FLNw1680
0103 ~RITE(hek2) TIME,GPU,RPO,P60 FLO%1690
0104 JSTARTR2 FLO~1700
0108 117 TIvEaTI~teNTPRIN FLO~ET30
0106 NSTARTEISTARY FLO»1720
0107 DO 116 Ix.START,NSTEPS FLN#1730
0108 IF(TIME 67, TTIME(I)) GO YO 116 FLO1T740
0109 GPNE(GP(11eGP(1®1))/(TTIMECT)aTTIME(lol))a(TIMERTTINE(To])) FLO~1750

- 1¢GP(lw1) . . FLO#1760
0310 - DAVG .3 ({GPNeGR))/{OTPRINSD, 36%) FLO~1770
nyys FR(GPww1000,)/G FLOwi780
0112 PiZe () ,dnF)eaP2] FLO=1790
0113 CaLt SULZ(POZ)2ZsPON,T6,PC)TCoPY,30,4) FLO%1800
of14 UPNBRAVGNRHAVGN/QPD FLOwiB830
0115 WRITECO NL) TIME,GPN,QPN)PON)QAVGN FLUwy820
DRRY GP'eGAN FLOw§830
0137 OPNROPN FLONE830
0118 1STARYSY FLOw~1850
0119 IF(TImE ,GE, YLI™) GO YO 97 FLO*1860
0§20 GO TD 11 FLO%§870
o012t 116 CONTINUE PLO~1880
0122 97 CONTINUE FLO~1890
032} TSAVERTIME SLONE000
0124 1aNSTEPS FLO»3930
0125 TIMESTTIME(1ol)e(TTIME(S)®TTIME(I®])))/7ALOGE0(R(2)/0( =1))*AL0GI0 FLO*1920
1(QABD/A(]=1)) FLO~1930
0s26 GPNS(GP(1)eGP(Im1))/(TTINE(I)oTTIME(I®]) I (TINETTINE(]m])) FLOw1940
1eGP(]my) FLOn1950
0127 RAVGNRIGPNGPUYZ((TIMEwTSAVE) 0 ,363) PLOWI960
o128 FR(GPNRI0003 /6] FLOWIOTO
0129 PNIN(1, 005 )aP02] FLO~1080
0130 CALL BOLZ(POZ)22Z,PON,TO,PC,TCoPY,8694A) FLON§O9O
0134 QPNBGAAD FLOw2000
0132 aRITELS,L1) TIME,GPN,UPN,PON,BAVEN FLON20810
043s G TN 98 FLU»2020
0334 a0 -:az>q-r—..-x-—y:ncxcrbancn TIME»SXy 1QHCUNULATIVE GAS,6X,I4HDELISLDw2030
IVERY RATF,UX, JBNAVERAGE HESERVOJR,2X,21WAVERAGE DFLIVERY RATE/Z FLON2040
SLAX,ANIN YFARS, TX  LUNPRODLUCTION IN HEF 5%, 124IN MMCF/DAY,5X, 18MFLOn2090
JPRESSURE  IN PSTA, o 6X,12RIN  MMCF/DAY///) FLOm2060
0138 Uy FORMAT(TYX,5F20,4) FLOw2070
0139 42 FORUAT(IX,4F20,4) FLO»2080
0137 43 FORMAT(//7/7/712X016NCHUMULATIVE  TIVE SN, 10nCUMULATIVE GAS)0X, 14RNELIFLON2090
IVERY RATE,ux,I8HAVERAGE RPSFRVOIR,)2X,)21HAVERAGE DELIVERY RATE/ FLON2100
CIOX I AHIN YEARS,TX, 1BHPRIDUCTION IV RCF ,5X,32MIN  MNCF/DAY,SX,18HFLO2110
IPRESSUNE  IN PSTA,s0x,12HIN MMCE/DAY/YY/) FLOw2120
0138 20t PORmMAT(2110) FLOw2130
0139 99 sStp : ) FLOW2160
0340
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FURTRAN IV G LEVEL 21 BHP DATE » 75151 11726748

0001 SUBROUTINE  RHP(PL,T1,D1 )X ,88,P0,T0,HP,RK,T3,E2,23,C3,)T4,24.04, FLOWICTO
EXG)GoVIUUInELLS)PORN,CS,)ON,P5LS,PSRS,PY,01) FLOwW3N080

0002 Chwmnu/imLAL/RGGI L FLOw3090
0003 Ustineg JE6 FLO~3800
0004 CIRAIY  HTeF1a(TY0/P))0n], 07888 FLOW3E10
0005 VICN'.480,0006720Vv]34 FLOnS120
0006 TF(X 4Lt 0,0,NR,01,LE,0,0) GO TN 180 FLOW3130
noa? YIZ(XiaT1)ee(e0 5304)nGen(n0 4b006)0010n2,6182 FLON3t40
0008 GNh TL 190 FLO»3150
0009 180 vis0, FLOn31H0
0010 190 CONTINUE ) FLON3170
00114 IF(Y1,LE,0,) GO TO 140 FLO~3380
oot IF(Ci,LEL0,} GO YO f40 FLON31Q0
0013 Y2aii/(CleYl) FLO®3200
0034 Gn T0 150 FLOn3250
0015 140 YPao, FLOw3220
0nge 150 CONTINIE FLOA3230
0047 PeBSURT(P1aPlev2ent B54) FLUW3240
001R wRITE (0,202) FLOw 650
0019 202 FIRYMATCING) FLOw 600
noeo ~RITF(6,330)P),P2 FLOAS250
oval 310 FURMAT(//7,ux, 'DELIVERY PRESS Pl &8',F10,2,)4X,'0]SCrARGE PRESS P2 FLOw3260
1 2,F10,2,7) : FLOX3270

0022 PRRATERK/(RKe] ) FLO»3280
0023 .. 16 (HRRAT LE,0,) GO TO 110 FLOw3290
0024 YiBNP/(0,08581EmhaRKRATAONTS) ¢}, FLOW3300
0025 1RCYS,LEL,0,) GO TD 140 FLO=3310
0026 P3zP2/vY3en(RXRAT/ZS) FLOw3320
0027 GO T0 130 FLOw3330
0028 110 P3aP2e3 FLOw3340
0029 150 CUNTINUE FLO~33S0
0030 wRITE (6,320)P3 FLO»3360
0033 320 FONRYAT(/7/7,5%,'8UCTION PRESS P3s!,F10,2,7) FLO»3370
0032 . JRECY,LELO0,) GO YO 160 . FLOwS380
0033 PusSQRY(P3IaP3e(R/C3)un2) FLOW3390
0034 GU 10 170 FLOw34300
0035 : 160 PuzP3e3 FLOWS4S0
0036 170 CONTINUE FLO=3420
0037 *RITE(H,330) PG FLO=3430
0038 330 FOR~MAT(//,5X,! TWE WELL MWEAD PRESS PUm!,F10,2,/) FLOW3G40
0039 . 820,0375aGeXu/(Tuela) FLOWSUSO
0040 YU8S/(EXP(S)el, ) FLOWS4G6O
ooul QimG/welLS FLOwWRA70
0oL F20,03094(010G/(VICONURYL ES)Inn{e0,08%) FLOWSUBYD
0043 WRITE(6,340)01 FLOn3490
0044 340 FURMAT(//,5X,"' GAS RATE 018!,E15,6,4) PLO®3S500
0045 Feba(DU/12,)0e{n0,0%58) FLOR3SS0
004s YosDueeS/7(GeZuaTunFaXy) FLONIS20
o0ou?y YOR(R1/2,E5)e02/(V0aYS) . FLOW3530
0oc4d PYL SsSURT(PURURFXP(8)eYe) FLON3SUO
c SGGaG FLOn3550

4 LGeBN1/1 L0 . FLOX3ISH0

C IF(L,LT,1) READ(S,100) ) FLO#3S570

C 100 FUNMATCTW) FLOwSS80

c IF(~,t0,1) CaLL (PO,PU,THE,TO,XUsDU,36GG,PSLY) FLU~3590

[ LeLe} FLO~3800

0049 RETURN . FLO36E0

0050 EMD FLOA3620



FORTRAN JV

600l
0002
0003
oond
000%
00ne
0007
0008
oone
000
0041
0012
0013
0014
0015
0016
0017
0018
0019
[ rdy
0021
0nee
0023
0024
eeas
0028

-
4

.e

LEY

17

9u
88

91

2 so.l

SUBRUUTINE SULZIPUZyZsPeTsPCrTCoPYaB,A)
REAL®S A

DIMENSION AC6sb)sPY(6),3(6)

PuRPOY

1eg

CaLL ZFAC2(20P0TOWPC)TCHPY08)
PN L1EPN/ZTD

DELPNEPNUZO=PO2

PNE0,854P1)

CalLL ZFAC2IZNIPN)IN,PC,TC,PY )
PNUZNSPN/IN

OF LPNEBPN[IZHePOY
1F (ABSIRELPNY LT, 1, GO YO 88
PSTAREP{I=DELPNe (PNeP()) /L DELPNeDELPD)

prgPr

PNEPSTAR

OELPNRNELPN

In]e}

I6(D (6T, 10) GU TQ 90

Gi) Th 17

wlelTE(0eQY)

78N

PEPN .

FORMAT(SX,29nTEN ITERATIONS HAVE BEEN MAODE)
RETURN

EnD

DATE = 75151

111

11/726/74%

FLGw3630
FLOW3A40
FLUIn38650
FLON3H00
FLO»3670
FLON3680
FLOn3490
FLOW3T00
FLOw3710
FLGA3T20
FLOw37S0
FLOw3740
FLO~3750
FLO»3760
FLOn3770
FLO»3780
FLOw3T790
FLOw3800
FLOw3830
FLO~3820
FLO®3850
FLO~3840
FLOw38S0
FLO~3860
FLOw3870
FLO=3880



FORTRAN IV G LEVEL 20 ZFACO
000} SUBRNUTINE ZFACUCA)
0002 DIVEMNSTON A(beb)

000% REAL®H &

o0y Al1s1)B2,1433504

000% A2,1)80,KY1TALEBUDSY
00006 A(3,1)8e0,2146TH042De]
0007 Aluy1)cen 8714033803
0008 A(S,1)30,4284m283002
0009 A{bs1)300,16595343Dw2
0030 Af1,2)80,38123524
0014 A(2,P)sen 13403634 '
note A(5,2)80,068800610m)
0013 A{d)2)men,2717u2n10m}
0094 A(S,21B0,8651229 Ve
0015 A({6,2)300,21520929Ce2
0016 A(1,3)80,105728171
ony? A{2,5)E=0,5039565UNw]
0018 A(3,3)30,5092u198De2
0019 AU 3)B 1055913 500e)
0020 405, 3)se0, 7318195502
ongl Aoy 3)EN, 20950668 De2
ooee Mi1,4)s $21840u0Nwy
002s A{2)u)B0,443121460m8
0024 A(3,0)2e0,193204650m}
0025 . AlG.=)E),5R9725100De2
0026 e A(9,u)B0,15306676De2
0o2? Alnod)E=) , 2832680902
0028 Al199)20,197030800e]
0029 A(2,%)800,26383354De}
0030 Al3+5)E(,i52021430e}
0038 Al4,5)8m0,1535390m)
0032 AL5,5)R0, 4291008902
0033 A(6:45)me0 A1302%260a)
0034 Al1,6)820,53509%9000e2
0038 Al2,8)80,0801783300a2
0036 A{3)6)me0,1089UA2 Dm]
0037 Aldsd)en 9959389002
0038 AlSs6)90y,60114017De2
0039 AlOs6)R0,8$117591700e2
0040 RETURN

0048 END

DATE ® 7515%

112

11/726/74%

FLOW3B90
FLO»3900
FLOX3SLO
FLOn3920
$LON3930
FLO~3940
FLO»39%0
FLOn3960
FLOS970
FLO»3980
FLO®3990
FLOwu000
FLOWGO10
FLOw4020
FLOw4030
FLOWGO0GO
ELOwG0S0
FLOwHDB0
FLOmWOY0
FLOWGOBO
FLOPG0QO
FLOwGi0O
FLOnY130
FLU»G120
FLO 4130
FLOwG140
FLOWULSE
£LO%a160
FLOw41T0
FLOwG180
FLOXYSOO
FLOnG200
FLO®G240
FLO~4220
PLOWURSD
FLOwWG240
FLO®URSO
FLO®G260
FLOmG270
FLOWO28D
PLOwU290



FORTRAN IV G LEVEL 2% ZFaCt DATE » 7815
0001 SUHRLIUTINE ZFACY (ZyPyT)PCyTCoPYSed)
oone DIMENSTION A(6,0)sPY(6),8(H)

0003 REAL#HA
0nou YE(2,*(T/7CYed,)}/1,9
000S YSORYRY
0006 YCUBEBYSNAY
0007 YTOUuEY8NaYSQ
0008 PY(1)=0,70710068
00n9 PY(2Y%1,224T450Y
0010 PY{(3)a01,7905%695¢ (3, #YS0U=1,])
0041 PY(UIEBN ,935U14Sa(S,2aYCURE®3 nY)
0032 PY(5)IZN,72651064%0(355,4YT)4e30,2Y80+3,)
0o0t3 PY(6)=0,293 151463 eYTNeYaT0 eYCULEFL1S aY)
nola D 20 183yb
0O1S $(1)=0,
0016 pN 10 Jsl,b
0017 S(IIeS(1Y+A(J,1)ePY(J)
0018 10 CONTINUE
0019 20 CONTINUE
noeo RE TURN
002t END
FORTRAN IV G LEVEL 21 TFACR DATE s 75181
0001 SUBROUTINE ZFAC2 (2.P,TyPCITC,PY,8)
oone DIvENSIUN PY(0),8(6)
0003 YE(2,0(P/PC)e®15,)/14,8
0004 Y8QsYeY
000% YCURERYSOY
0006 YTiuaYSHaYSR
0007 PYi1)en, 7071068
noOB PY(2)81,P22uTUSeY
0009 PY(3)2n , TU05A95¢(5,0YS0mn],)
0010 PY(u)eD 9850148 (Y,eYCUBE®S oY)
0011 PY(S)IBN ,2h5 A5 (89,0YT04m30,0Y8003,)
0032 PY(6)B0,2931510(63,2YT00eYaT0,aYCURES15,0Y)
0013 2s0,
6014 00 10 1m1,0
0015 In208(1)aPY(])
0016 10 CUNTINUE
0elY RE TURM
ooie END

113

t1/26/48

FLONG300
FLOwG310
FLONE320
FLOwW4330
FLOU3GO
FLOAG3S0
FLOAG36GC
FLO~4370
FLO~L380
FLO~U390
FLONUUOO
FLONGLYO
FLOAGWR0
FLO»4430
(LY T'Y] )
FLO%GUS0
FLOMUUWOD
FLO®4UTO
PLIINGLBO
FLO=44Q0
FLOMUSO00

11726748

FLOwWAS40
FLOWUS20
FLOwUSSO
FLOWUSGO
FLOWLSSO
FLOAGS60
FLOwuST0
FLO™USS)
ELOruS90
FLOWGHOD
PLOnGALED
FLOWWGR0
FLORUESO
FLONUBAO
FLOWGOY0
FLO®G660
FLO®GGY0
FLOwG6BD
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FURTRAN IV 6 LEVEL @1 MALN ) DATE ® 75216 ° 14724/53

CARRAARARNRARAAACQRPAARNRDADRANASRRVIANARARARSANARRARRARNNCROARRANERRANARARF L UN 10
CAMANNRZANRANRARP AR R AN ANS R AN NN AR R AR RANARAARARIANRAARNARRANIR AR ARANRAAFLUN 20
CARRRANR AR AR AR R R RABAPARARNNAR IR S RRA ARSI AARANRRARARRARRANRRARRCnenwnandF | On O
Catnresntanntpapenpitdtrnaras UNIVERSITY OF OKLAHUMA anasaswtanvanansnasaFLON 40
CARARSRRN RN RR NP ANRORANRAR 1978 akANaRRsratpnenhnrtb L ON S0
CAnarandtundRaeRadatRAANAARS PH,D, RESEARCH ARnakARRenhananhanrbiOn 60
COtamaRBSARREARARANR P ARNARARNRARCRPARNANNERANRIANRINRRANRR AR DAR A dnatnsnFLUN JO
CANRAR AR R R R A ARG AR R EANNEAARRRARR AR R AP ACANRANRARSSNARARRRCEARAN NN anaannatf | O 80
CARRRRARRNRNPA O RARARRRARARARA R AR AN AARREARARRAANAANRSSRNNRRRanR AR avantFLOn 90
CovamiddRadtdadt et st RRCRARRARARARASRRRARARARARRARANANSANRRARRAnRRansaenntFUn 100
CORARAPRARAR AR ARG RARORARRRANRPRARNRRRAWNRAARNRANRARRARRIANRRRR AR N aknasansFLUn §10
AR AR AR AN AR SR R AR R AR RANA RN IR AR R RN RARANRARARAIARRRARNANAARRARI AR dnf | Un 120

c INTEGRATED PERFORMANCE OF PLOW BEMAVIOR IN GAS COND, RESERVOIR FLow 130
c COMBINES FLO~ BEMAVIUR UF REIERVOIR,FLON STRING,PRUCESSING EUUIPMEFLOW 140
c GATHERING SYSTEM,COPRESSION FACILITIRS, TRUNKLINE, FLOw 150
c 17 CALCULATES) FLOW {60
c FLita THRDUGH THE RESERVOIR ' FLOwW 470
c FLUA THRNUGH THE PRUDUCING STRING . FLO~ 180
c FLOW THROUGH THt SURFACE FACILITIES INCLUDING THE GATHERING FLON 190
C BYSTE“,METERING BUUTPMFENT AND GAS TREATMENT LOUIPMENT FLOW 200
c FLUK THROUGH THE COMPRESI0OR SATATION FLON 2490
c FLU# THROUGH PIPELINE TU THE SALES POINT FLus 220

Car AR AT N RS AN R AR AL A ARAREAANRNN RN AN AR SRR RARARRRNAARR AR AR ARk eanatnarFL OW 230
CRsaRA N RN AR AR AR AR AR RARARRRARAFRRRRRARAIARNRANCRAARARARAIRRAARAN RN AFLON 240
c MAXKTMUM DEI IVERABILITY OF A GAS PRODUCTUIN SYSTEM TO SALES CONMECTFLOwW 250
c UR PIPELINF 13 EVALUATED ] FLOW 260
Catr At R AR AR R AR AR AR AARARRAR A AR AN NP AP RRAIRRNRNANARANNANRR RO RARRARARRRRnF L O 270
CORRNAARBAR AN R AR VANRARANAN AR AR PANR IR RRANARRRARANANNCRRR AN NS annrnnnf| Ok 280
CORNNANAR AN AARNA RN RN ARARNARR ARSI AR LA AN AN A ARRRRRANANPARASANARRRARIANARARFL O 290
COtatnant s uaat et Rt AARRRAAARRNARNARARANRPANAANRNREIARNRARTARARRARRratataF ) Ow 300

¢ PL 18 THE NELIVERY PRESSURE IN PSIA FLO~ 310
c T4 18 THE oIPELINE TLMP, IN DEG, RANKIN FLO» 320
c D) IS THE PIPELINE DIAM, IN INCHES FLOw~ 330
c X3 18 TH2 pIPELINE LENGTH IN MILES : FLOW 340
c £1 I8 THE PIPELINE EFFICIENCY FACTOR UNITLESY ‘ FLU» 350
c PO 13 TWHE AASE PRESSURE IN PSIA FLOW 360
c TO 18 THE RASE TEMP, IN DEG, RANKIN FLOw 370
¢ HP 18 TWE WNP3E PONER N WP FLOw 380
c RX 18 TME COMPRESSION RATIO UNITLEAS FLOW 390
(4 73 33 THE QUETION TEMP, IN DEG, RANKIN FLUN 400
4 E2 13 TWE COMPRESIUR EFFICIENCY FACTOR UNITLESS FLOw 410
€ I3 18 THE 2«FACTUR AT COMPRESSOR SUCTION UNITLESS FLOW 420
c C3 IS THE CONSTANT IN GATHERING LINE SYSTEM SCF/PSIA FLOW 430
¢ T4 13 THE AVERAGE TUBING TEMP, IN DEG, RANKIN FLU® Qa0
¢ 24 18 THE ZeFACTOR IN THE TUYING UNITLESS FLOW 4SO
¢ DY I8 TWE TURING DLAM, IN INCHES FLOW @60
g X4 38 THE TURING LENGTH IN FT, . FLOw 470

G 18 THE GAS GRAVITY UNITLESS FLOW 480



FORTRAN IV G LEVEL &I

0001

00023
0003
oo0d
0009
0006
voo?
0008
0009
6010
0011}
o012
0013
00314
0019
0016
oot?
0018
0019
0020
0021
on2d
0023
o024
0025
0026
0027

0028
0029

0030
0033

0032
0033

OoODOOOOOO

C
c

116

MAIN - DATE ® 75216 14/20/5)
V134 18 THE 6AS VISCUSITY IN CP, FLOW 490
WELLS I8 THE NO, OF THE wELLS UNITLESS FLOm 500
P6 18 THE RESFRVUIR PRESSURE IN P314A : FLO» 510
T6 16 THE RESERVUIR TEMP, IN DEG, RANKIN FLUS 520
CS 18 THE SLNPE UF OPEN FLilJw CURVE TN MMCF/DAY/PSTA&#2N FLUw» 530
RN 18 THE CONSTANT IN RESERVDIR EQ, UNJTLESS FLO® S40
ON 18 THE GAS PRIIDUCTIUN RATE [N MMCF FLOW 550
GI 18 THE GAS IN PLACE IN MNMCF FLUN 560
ARNRR AR RN AR AN RARARN R AR AR RN AR AR RAAR AR A RRRAARRARAARRACAANANRARRARARRFL U $70
RARRBARRAADARNNANRARANRARRAR P RAARANANIRARARNARR AR RN R aRAANSNanRanannaArFLOn S580
DIMENSION PRESO(LI00Y,Z6(100),Q(300),DTIMECLIO00)TTIMB(L00),GP(100) FLOW 590
1s0AVG(L100),A¢H,8)0PY(6)s88(6) FLOW 600
CUMMUN/OKL LAY/ 80 FLOw 610
COMHUN/NKLAL/PC, TC FLOw 620
COMMUN/DKLAD /RS, B0, VISLIA,RHOUIL QUG FLOW 630
COMMUN/NURMY /8URFOL,DEGAR] . FILOW 640
COMMUN/NORM2/V100,V230/FRCGT, QN FLO~ 650
COMMIIN/NORMU/TRESy TSURF - FLOw 660
COMMON/MNRMS 2D Fl.LUw 870
CUMMUN/NNRMO/TDEBUG FLO~ 630
REAL®S A PLON 696
10tBUGEL FLOn 700
98 READ(S,100) P1,T1,D1eX1,EL,P0,TO FLO~ 710
IF(PY LLT, 0,) GU TO 99 FLOn 720
READ(5,100) HP)RK,T3,E2,23 FLOW 730
READ(3,100) C3 FLU~ 740
READ(5,100) <c.nc.oe.xc.o.<uwa.smrro FLON 750
READ(S,100) P&,RN,CS,TH : FLON 780
100 FORMAT(B710,0) o FLUW 770
] READ(S,2)61 . FLOw 780
2 FORMAT(F1a 4y FLOw 790
READ(S,100) ON,QRATY FLO~N 800
REAG(S,600) RS§,B0,VISLIQ,RN0DIL,Q00 FLON 830
READ(S5,600INEGAPTI,v100,v210,SURFOL,FRCGI,QN FLOW 820
READ(S5,5600)TRES, TSURF, FLU~ 830
600 FORMAT(AF10,3) FLOw~ 840
WRITE (6,221) FLOn 850
221 FOURMAT(/7/,45%,! L] neses anmaet, /pUSX) 'F ,FARSHAD 19FLON 860
175 PH,D, RESEARCHY,/,45X," wee /) FLOw 870
WRITE (6,222) FLUW 880
222 FORMAT /77,482, ee eene: 1,7,680K,THR INPUY DAYTA 18%,/,4 FLOW 890
16Xy ) eenncsassannsace!, /) FLOw 900
WRITE(D,310) P1,T3,01,X} FLOw 910
310 mezxnan\\.wx.. P1 B ',F0,0," PSIA ',7X,"' T 8 ',F6,00" DEG,R *oO6X,FLOW 920
19 DY 8 Y,F5,0,' INCHES ',06X,! X3 = ',Fe, U, MILES ") FLON 930
xznumao.u.mu €E1,PO,T0 FLOn 940
315 FORMAT(//,S%,' E1 8 'pF6,2," UNTTLESS ',3X,"' PO 8 ',F5,0,' PSIA '4FLOn 950
18Xs? T0 & ¢,56,0," DEG,R !) FLOW 960



FORTRAN fv 6 LEVEL 21 MAIN DAYE ® 75216 164/724/53
0034 WRITE(H,320) HF, " - § FLU® 970
0035 320 FORMAT(//,%8%,"' h VaF7,0s% HP 1,8X," RK 3 *,r8,2," UNIFLESS ', FLU~ 980

taxe? T3 3 *,F8,2,) EG,R V) FLOw 990
0036 WRITE(H,325) E2,2. FLUWL000
0037 325 FORMAT(//,8%," E2 & - Fo,2p" UNITLESS 's5%e' 25 3 ',Fb&,2," UNITLESFLUW]IO10

13" FLUN 020
0038 wRITE(6,330) C3 FLOwW!O030
0039 330 FURMAT(Z/,%%," C3 @ ',F10,1," BCF/POT V) FLOW1040
0040 ANLTE(H,335) T4,24,N4,X4 FLOW]050
00yl 335 FORMAT(//,5%," T4 8 V,F6,0," UEG,R 'y6X,t 24 & ',F0,2," UNITLESS 'FLOWL060

1¢3%," D4 u *,F0,2;" INCHES ®,uX,? XU B ',FT7,0,' FEET ') FLOn1070
onad WRITE(b,340) G,VIS4,MELLS FLOW1080
0043 340 FURDAT(//745%," G 8 V,F7,2,% UNITLESS ',3X," VIS4 3 V,Fb,4s? CP ¥, FLUWIO9O

17%e0 wELLS 8 ',54,0,% UMITLESS ') FLOw1100
0044 WRITE(6,3485) PO,RMYCH,TH FLUwY110
004% 3US FORMAT(//7,5%," P 3 V,F7,0,' PSIA ',2%X,! RN 8 1,Fd,2," UNITLESS ' FLDA1120

198X," CS 3 ',F10,6,' MMCF/DAY/PSIARREN Yyt To 'yFo,0," DEG'IFLUALLSO
o0us wRITE(06,350) GN FLUWLLGY
ogur I50 FORMAT(//,8%,' ON 8 1,E20,8,'NHM3CF/0AY ') FLOMEISO
0048 wRITE(6,360) Gl FLON1LGU
0049 360 FONMAY(//7,85%," INITIAL GAS INPLACE GI 3 !',E15,7,/) FLOWLILTO
00%0 IF(IVOENUG BN, LIWRITE(6sO1VIRS, B0, VIS TG, RRULIL,GO0 FLUn1180
008} 610 FORYAT(//,5%," RS3',F14,3,5X%," BUSY,F14,0,5X,'LIUVISS *,F1d,6,5%, FLOWIL19Q

TYRUNTIL B ,F14,0,5X)UILKATRY ,FL14,6,/) FLOW]200
0052 JIFCIDEBUG EQ,1)WRLITE(6,000)DRGARPL,V100,V210)SURFOL,FRCGT,Qw FLuni2i0
0053 Dimpysi2, FLUR3220
0054 PCRpdB,Bw19,8546=15,800G06 . FLOMI230
005S TC3170,04313,6%G FLOwigdo
0056 WRITE (6,200) WHAT,PC,TC FLOn125¢0
0087 200 FORMAT(SX, 'QRATES'oF10,5,5Xs1PCa!pF10,4,5Xs'TCR,F10,4) FLUn1260
0058 CALL ZPACOCA) FLOR32T0
0059 CALL IFACLICZI,POyT6,PC,TC,PY,86pA) FLUW1280
0060 USAVEBGN : FLOWE290
0061 CALL NCALC(P1 ) T1,01,X1,EL,POsTO,HP,RK,TS)B2,Z3,C3oTU,ZdsD4sFLUNL300

1XUoGeVISU,WELLSsPOIRN,CS,UN,PSLS,PSRS,PS,01) FLUw1310
0062 QX®QN FLUW1320
0063 1€ (QSAvE ,GY, GN) GO Y0 77 FLON1330
00649 GUBQSAVE FLOn1340
0069 1F (QsAve ,GY, Qx) GU TO 77 FLUN1350
0060 UNBQSAVE FLOW1360
0067 GO TV 88 FLOW13T0
0068 77 QO=Qx FLOW]380
0069 ANBQX*URAY FLONEZSO
0070 08 UABO®O,3 QX FLOW$G00
0071 Plape FLOw1410
0072 CatL ZFACR(ZII,PLoTOsPC,TC,PY,80) FLOm3G20
0073 POZ18P1/21% FLUNLG30
0074 WRITE(6,1000) R FLOm1440
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FORYRAN IV G LEVEL 28 MAIN DATE = 79216 14724753
0078 1000 FURMAT(1HY1)Y FLOWIUSO |
0076 ARITE(6,370)P1,21,PUlL FLORL460
007? 373 FORMAT(SK,! RESERVUIR PRESS =')F9,2,5%,'28',F10,6,5Xs? P/227,F12,2FL0n1470

14/) FLUNJWBO
6078 GPUa0, FLUNKL1UQ0
0079 Tomo, FLUR1500
0080 GP(1)aGPO FLOm1S10
ooui TVIME(1)aTD FLUW1520
008 G(l)=GL FLOWESIO
0083 PRES6(1)BPs FLUWLS40
0084 DU 16 J=2,100 FLUN1SS0
0085 WRITE(0,38n) GPO,UN FLOWLS0U
0086 380 FORMAT(SX,1CUM GAS PRNOD B',F14,2,5%,'6A8 RATLRI,F12,2,/) FLOW1STO
0o8Y CALL RESP(PL,TL)0),X10E1sP0,TO,HPyRK»135E2,23,C3,TU,24,D4, FLUWISBO

1X8sG,VISU,WELLS)POSRN)CS,AN,PS5LS,PSRS.P5,01) ’ FLUN1S9¢
0088 PRESO(J)ImPS FLON 600
0089 CALL IFAC2(ZZyPOITHPC,TC,PY,80) FLO1610
0090 i6(J)322 - FLOn1&20
009¢ PUZPRESH(JI726(J) FLOWIG S0
0092 Fal,ePUZ/PNTY FLUmLG40
0093 GP(J)SFag] ) FLON1650
0094 aR1TE (8, 390IPRESS(JI226(J)»POZ,F FLOMN1b60
009% 390 FORMAT(SR,'RES PRESSS!' ) F9,2,5X,128,F10,4,5%,"' P/2Z84,F10,2,5%, FLOn1aTO

1'F s ',E816,8,/) FLUN1680
0096 WCJIBON FLUn1690
0097 WAVG(J)mSanrT (ONNIUY FLURS 00
0098 DTIME(JIA(GP(I)aGPLY/(RAVG(I)IN3ES,) FLOwLTS0
0099 TTIvE(JIuDTIvE(JISTN Py FLOWLT20
0100 ARETECO,000)0CJ)s0TIMEC(I) TTIMEC]) FLOn1730
01018 400 FURMAT(SK,? GAS RATE B8',F12,3,5%, "INCREMENTAL TIME &',F FLOW1 740

110,2,5%," CUM TIME u',F10,R,/) FLORETS0
ogo2 NSTEPS3J FLOW1760
0103 "RITE(6,201) NSTEPS,J FLOWLITTO
0104 IF(0(J) LT, QABD) GU YO 37 FLONI 780
0105 6PUBGP(J) . FLO»1790
0106 QU=mON FLON1B00
o107 TOSTTIME(Y) FLOW1A10
0108 GNSGNAURAT FLOw3820
0509 15 CONTINUE FLON1BSO
0130 17 00 19 Jmg,NSTEPS FLON1840
0111 GPLIISGP(JY 21000, FLOW1359
o182 19 CONTINUE FLOW1860
0113 WRITE(6,40) FLOWLBT0
0114 WRITE(O,42) TTIMB(1),GP(1)yQ(3),PREBO(Y) FLOn1880
0118 WRETE(O,43) (TTIME(JI)sGP(J))0(JII,PRESE(JI))QAVG(J),)JIB2)NSTEPS) FLUW1890
0110 ILIMNRTTIME(NSTEPS) FLONLS900
0117 TLImILIM FLUOW19$0
0118 DYPRINSY, FLOm1920
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FURTRAN Iv G LEVEL @i HAIN DATE m 75216 14/24/53
0119 T1MEso, FLOW1930
0120 PaURPREIL(Y1) FLONE9UWO
0121 GPUBN(YL)Y FLUNE9S0
0122 GPURO, FLOw1960
0123 «RITE(D,83) FLUNEDT70
0124 WRITE(6,42) TIME.GPQ,QPU,P6Q FLU~1980
0125 137ARTRQ , FLUNL990
0128 117 TIMESTIMESDTRPRIN FLOW2000
0127 NSTART®IZTARY FLON2010
v328 PO 116 IuNSTART,NSTEPS FLOW2020
0129 IF(TIME ,GT, TTIME(1)) GO TO 116 FLOWIETO
0139 GANE(GP(1)eGP(I=1))/(TTIMECI)®TTIME(I=1))(TIMERTTIME(Im])) FLUNE040

14GP(1=1) FLUWZ0S50

0133 HAVGNZ (GPNeGPO) /(DTPRINSO0,365) FLOW2066
0132 Fa{GPNN1000,7/61 FLOW20T0
0133 POLR(1,0eF)ap0Z] FLOwW2080
0134 CALL BNLZ(POL,ZZiPEN,TE,PCITCPY286,A) FLOWR090
013S APNERAVGNRRAVGN/UPL + FLOw2190
0138 WRITE(L,41) TIME,GPN,)QPN,PON,GAVGN FLUwel10
0137 GPUSGPN FLON2820
0138 GPUaLPN FLOn2130
0139 J8TARTSY FLOw2i40
0140 IF(TIMNE ,GE, TLIMY GU O 97 FLOW2ISO
0144 GO 10 117 FLOW2160
0142 116 CONTINUE ' FLOw2t70
0143 97 CONTINUE FLOn2180
0144 T8AVERT L ME FLOW2190
0145 IENSTEPS 3 FLO»2200
0146 TIMERTTINE (Tl ) (TTIME(I)=TTIME(TIw1))/ALUGIO(OCI)Z0CT 1)) %ALOGID FLUN2210
1(RABD/ZUW(I=1)) . FLOn2220

0147 GPNR(GP(11aGP(1e1))/(TTIME(TI)@TTIME(Tal))n(TIMECTTIME (L)) FLUn2230
19GP(1=1) FLOW2240

0148 GAVGNE(GPNaGPO) /((TIME=TSAVE) 20, 365) FLOn2250
0149 Fa{GPN®1000)/GI FLUW2260
01%0 PUIZn(),0eF)*pPNL2T . FLONZ22TV
01984 CaLL SOLZCPOZ,2LsPEN,TOIPCoTCoPY80,A) FLUN2280
0182 OPNBQABD FLOn2290
01S3 mRITE(O,41) TIME,GPN,QPN,PON,CAVGN FLOP2300
0184 GO TO 98 FLO®2310
0159 G0 FORMATOIND, X, 10RCUNULATIVE  TIME,5X, 14HCUMULATIVE GAS,bX,14MDELIFLON2320
IVERY RAYE,UX,18HAVERAGE REBERVOIR,2X,21KAVERAGE DELIVERY RATE/Z FLDN2330

216X,81IN YEARS,TX)1BHPRUDUCTEIUN IN BCF »9X012HIN MMCF /DAY ,5X) 18HFLON2340

BPRESSURE tN PS1A,p6Ko12MIN MMCF/DAY/Z//) FLOR2350

0156 4] PORMAT(Y2,8F20,4) FLON2300
0187 42 FORMAT(YX,ak20,4) FLUNR370
0188 43 FURMAT(///7/79R% s 16HCUMULATIVE TIME,SX,14NCUMULATIVE GAS,6X, 1u4DELIFLON2380
. IVERY RATE,Gx, WHAVERAGE NESERVOIR,2X,21WAVEZAGE DELIVERY RATE/ FLOr2390
u—o-.axnz YEARS TXs 18HPRODUCTIUN In BCF +SKs12HIN  MMCE /0AY 5%, 18HFLON2400

IPRESSUKE IN PSJA,r0X)12HIN MMCF/DAYZ//) FLONR410

0199 201 FURMAT(2110) ' FLUm2420
0160 99 atup ' FLOW2430
nyet ENOD FLUwR440
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FORTRAN IV G LEVEL 21 GCALC DATE B8 75216 14/24/53%

0001 SUBRDUTINE  ACALC(PLaT1oDI X1sE1,P0,TO, 1P RKITS)E20Z23,C3,74d,24,04,FLONZUSO

IXUIGIVISU, WELLS)POIRN,E5,QN,PHLS,PYRS,P5,0)) FLUWZGGO
0002 COMMUN/ZQXKLAL /L 2 QGG ' FLOW2470
0003 COMMUN/OKL A8 /K FLOWR430
0004 Ks0 FLOR2490
0005 Lw0 FLUNES00
0006 118080 FLUWSHIV
0007 Qns0, FLLN2S20
0008 LPUBPSH FLUn2s3v
0009 SO ITNORITNNeS FLUNRS40
0040 CALL RHP(PLoTLloD1,X1,81,P0,TO,HP,RX)T3,62,23,C3,T4,249D4, FLUWRSSO

tXUsGoVISUyWELLSIPOIRN,LS,UN,PHLS,PHRE,PS,01) FLORES60
0011 SAMB(POAPAe(N1/(CSR1,£0))ea(1,/RN)) FLOwgs70
002 IF(SAM,LE,0,) GO TU 50 FLUr2S30
0043 PSRSRSURT(POAPO=(QL/(COR],E6))an(l,/RN)) FLOn2S90
0014 GN TL 400 FLOw260V
0015 500 SAM=AHS(SAM) FLOW20L0
0016 PSRSRSHRT(SAM) FLOW2620
0047 400 CONTINUE FLOWZ03V
0018 WRITE(H,201) ITNO FLUW26KO
0019 WRITE(6,202) ON,PSLS,PSRS FLOW2650
0020 1F (11NN ,GT, 40,) GU TOU 7§ FLOn2860
002! DPNEPSRS=PSLS FLOw2bTY
0022 IF (ABS(DPM)e1,0) 99,80,80 FLOK26B0
0023 80 GSTAR3QNDPNA(UN=QL)/ (DPU=DRN) FLOR2690
0024 GOmON FLOR2700
0025 UNBABS(QSTARY FLOW2730
0026 DPURLPN i FLOn2720
0027 GO T So M FLON2730
0n28 TS wWRITE (6,204) . FLOW2T40
0029 2031 FORMAT(SX,24nTHE SOLUTION AFTER TRIAL,IS,106H I8 A8 FULLO#S//) FLOw2750
0030 202 FUORMAT(SY,20nTHE GAS FLOW RATE 18,F10,3,12H WMSCF/DAY/ /5%, G0NTHEFLOWZTE0

{ BNP CALCULATED FRUM TME LINE SIURP IS,Fi4,5,8M PSIAG//9X,40HTHE FLOW2TTO

2BHP CALCULATED FROM THE RES, SIDE [8,F3&,3,8NK PSIA,77/7) FLUnRT780
00314 204 FORMAT (SX,29HTEN ITERATIUNS WAVE BEEN MADE) FLUNRT90
0032 99 RETUAN . FLUNR800
Vo33 END FLONR810
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FORTRAN lv G LEVEL 21 RESP DATE = 79216 14724758

0001 SUHBRUUTINE RESPIPIITLIDL, A1,EL,P0,TH, HP K, T3,E2,25,C3,14,24,04, FLUW3U20

IXUsGyVIBU,wELLI:PHIRN)CYH,ON,PSLEIPIKISPS,AL) FLOW3U30
0002 COMMUN/ZOKI AL /L » QGG FLUN3EGO
0003 Uaslhat E6 FLOWS4S0
0004 C13U35 ., 874E1aCTO/PU)Y WAL 07881 FLOW34SO
0008 VICUNGZ0,0006T724v]SQ FLUNSGTO
0008 IF (X1 ,LE,0,,00R,D},LELO,) GO T0} 10 FLO#3430
oooY YIS(X1aT1)ad(®0,9394)nGan(e0,4006)aD10n2,6182 FLOAZUIY
0nosd GO TV 20 FLOw3500
0009 10 vYisg, FLOn3510
vol0 20 CONTINUE FLOWSS20
voil 1F{¥1,LE,0,) GO TO 30 FLON3S30
o032 I+ (CLLE,0,) GU D 30 FLUR3SYO
o1l YR/ (L1aYY) FLOW3SS0
0014 60 TO 4o : FLOR3S560
0018 30 v2so, FLUASSTO
0016 40 CONTINUE FLUAS580
vo1Y PRESQRT(PIaP1+Y204] 854) . FLUW3S9O
0018 wRITE(6,50)P),P2 FLOWS000
0019 S0 FURMAT(//,5%,'DELIVERY PRESS Pis',F10,2,5Xs'DISCHARGE PRES P2s! FLUnS6L0

1,F10,247) FLUnSB20
0020 HKRATERK / (RKwt,) FLO®3630
vo2l IF(RKRAT ,LE,0) GU TN 60 FLON3GUO
0022 Y33HR /(0,085 1EabaRKRAT2Q0T3) 9], FLU®3650
0023 1IF(Y3,LE,0,) GU TO &0 FLON3GG0
0024 P3ZP2/YTar(HXRAT/23) FLONSSTV
0025 . GO TU 70 . FLOWS680
0026 60 P3IsP2e3, : FLOW3690
0027 70 CONTINUE : FLO%3700
0028 »RITE(6,80)P3 . FLUNSTLO
0029 80 FURMAT(SX,'SUCTION PRES P3m',F10,2,/) FLU3T20
0030 1F(C3,LE,0,) GO 1O 90 FLUW3?730
0081 PURZIKRT(PI2P3e(G/C3)#n2) FLOR3740
ool CaLL MUFFIM(PS)11,D1,X1,83,P0,T0,0,VICONG,P4) FLOW3750
on3}d GG TO 100 FLON3T60
003¢ 90 Pasp3e3, ' FLO%3770
003S 100 CONTINUE FLOW3780
0036 wRITE(b,11N0)PG FLUR3790
0037 110 FORMAT(S%,1 wELL WEAD PRES Pant,f10,24/) FLONn3800
0038 $=0,0375eGeXa/(T4nLQ) FLOR3SLC
0039 Y483/ (EXP(8)el,) FLON3320
0040 QIsQ/NELLS FLOw3830
ooadl nRITE(O,120)Q8 FLOA384D
coad . 120 FORMAT(SY,'GAS RAYE ul® *,E18,7,/) FLON3ESO
0043 FBUL,03090(AI0G7(VICONURY E6))wn(w0,0068) FLURSBOO
0044 FoFa(DU/12,)0¢(e0,058) FLOW3NTO
004% YS8DUReS/(GuZdaTUeF aXd) FLON3B8O
004s YOB(W1/2,E5)a22/(Yd0YS) FLOW3B90
004t PSLSSIURT(PUAPUSERP(SI#YS) FLOWSS00
0048 SGumG FLUNSYLY
0049 wGLmat/y Fo FILOn3920
0080 CALL MUFF (POsPU,TO,T0,XU9 366, 066,PSLI) FLU® 3930
0051 wRITE(6,8000)P5LS FLUNISGO
0082 6000 FORMAT(//,%%,'PSL88Y,F14,3,//) FLUN3ISO
0053 PoBSURT(PSLS+PHLS+(UL/(CSn)ES)Inn{1,/RN)) FLOW398Y
0054 WRITE(6,130)P5L8,P0 FLCW3970
00%S . 150 FOURMAY(SX,'FLOAING BHP PSLBE' ,F10,2,)5X,RES PRES Poz'F10,2,/) FLOR3980
0050 LeLel FLUW3990
0057 RETURN FLONKOOO

0088 END. FLORGO10



FURTRAN IV G LEVEL 2} MUFFIH DATE 3 75216
0001 SUBROUTINE MUFFIN(P3 T5oD1oX3,E1,P00TO,Q%,v184,P4)
0002 DIMENSION X(20),Y(20)
onop3 DIMENSION 86(8)

0004 CUMMIIN/OKLAZ/SH

000% COMMUN/ZOKLAUZPC,TC

0006 COMMUN/DIKLAB/K

ooo? COMMLIN/NIKEL AQ/RS,80,VIILIQ,RHUOIL, Q00,6
0008 CUMMUN/ZNNRMY /SURFOUL,,DEGAR]Y

0009 CALL ZFAC2(7,P3,T1,PCoTC,PY,808)
vo1o0 IF(KGT,0) GN TO 700

0041 READ(S,601IM

vo12 601 FURMAT(13)

0013 LD 602 Ief,M

void KBAD(S,20) X(1),¥(I])

0015 20 FCRMAT(2F14,%)

0016 602 CONTINUE

007 DO 30 lmsi,M

0018 XC1)BALOG(X(]))

0019 YC1I=ALOGCY (1))

0020 30 CUNTINUE

0021 700 CONTINUE

0022 BG30,02R3#2aT1/P

002’ RMUGASE2 TowRr3aG/(211)

(YL X4mxy

0025 APL13DEGAPY

0020 Ex0,0006

0027 PHIz3 1U)N

0028 v186AS=vV]I8a

vo29 DIA aniz12,

0030 GAMAGSG .

0031 SURTUSSURFOL

0032 UGA3ON/T Ep

0033 RP2QGA/Z00D

0034 RPSRP &) E&

003S UORNUORHOSS, 164786400,

0036 UGARGNUN(RP=RS) #HG/B80400,

0037 GAMAUEBIUY ,5/(131,5¢APT)

0038 AREASPHI#DIA #02,74,

0038 V8LuQRO/AREA

0040 VGSHGA/ZAREA

(T.13% vMSVSLeVG

0042 ALARLEYVSL/YM

0043 VISCNEVISLIOSALAML#VISGASR(I=ALANL:
0044 RRUNBRKONT L dALAML*RHUGASH(fmALAML)
0049 wUSQORRNODTL

0046 weahUGASRQGA

0047 (LT IY ] )

0048 XABO,05748GRY(WGaWM)/(VISCASADIA #42,29)
0049 XABALOGCXAA)Y

0o0so CALIL, PINTCXA, YA XpY,N)

008} URDsEXP(YA)Y

0032 FFIORD/(wii/mminsly g

0083 DPUXEFFaaMan2/(04,35201A #ARRANR2#RHUN)
V0S4 PPOXsLPDR/YGY,

0059 P2aDPORaxg

00%6 PUBpPePy

0057 KsKel

0058 RETURN

0099 END
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FLONG020
FLONGU30
FLONY4OYO0
FLUWUOSO
FLOWUO0OO
FLOWUOTO
FLONGLBO
FLOWWO9O
FLOWG100
FLUNGILO
FLUWYL20
FLUNGL30
FLOWGY4O
FLOWWLS50
FLONG160
FLOwd170
FLUOW4180
FLOWG190
FLOnG200
FLuna210
FLONUZ20
FLOAu2S0
FLON4240
FLUWWRSO
FLONGZO0
FLOWG2TO
FLOWGR8BO
FLOWGR9D
FLOWG300
FLOUNG33O
FLOW4320
FLOWU330
FLOnG340
FLONG3SO
FLOMP430O
FLONG3TY
FLOW43BO
FLOwW4390
FLOMNG4O0O
FLOW44G10
FLUNUUR0
FLUOWEG30
FLUN4UGO
FLOW4G4SO
FLURGUGO
FLUNGGTO
FLONGABO
FLOWGASO
FLOWWS00
FLONMUSEO
FLUMGS20
FLOn4S30
FLOWGSU0
FLOWUSS50
FLONASHY
FLONGSTO
FLOWUS80
FLONPGS90
FLURKGE0O



FORTRAN IV G LEVEL 21

0001
so02

0003
0004
000S
0008
0007
0008
0009
0010
001}
0012
0013
0034
001%
00t
0017
0018
0019
0020
[ T3}
0ped
0023
002¢
0025
0026
(TY24
0028
0029
0030
0031
0032
V033
0034
003%
0036
0037
0038
0039
0oao0
004l
004d
00¢3
004
0049S
0046
ooay

b3

500

2500
2221

29

NUFF

DATE B 75215

SUBRUOUTINE MUFF(P6sPS,TK) Y, TOTALD.GGAS, U5, PSLS)
DIMENS1ON ANDC120),PNE120),0A(120),0H(120),TBARCLI20)

1o TH(120),PR(12U),AL6/6)sPY(5),85(6)

COMMUN/ZOKLAY /Lo XXXX
COMMUN/NKLAZ /S
COMMUN/LNRRL /SURFOL , DEGAF ]

COMMON/NNRN2 2VL00,V210,FRCGT,OW

CUMMUN/NNRPU/TRESy T SURF
CUMMUN/ZNQRMYS /D]
COMMON/NNRMG/IDEBUG
REAL*U A

1FCL,6T,0) GO TO 2221

READ(So31)PFNLsFFNL ,PPK,FPX,PINT,FINT,FPR,PPR,C0P,QCP

1F(T0LBUG,6T,1) GO TUu 2221

WRITE (8,35)PFNL FENL)PPK)PPK)PINT,FINT,FPR,PPR,QNOP,QGP

FORMAT(10F8,3)
FOR®AY(10F12,9)
ANJTE(6,500) THES, YSURF

FURMAT (6F14,4)
WRITE(6,2500)P8

FURMAT(Sx, 'SURFACE PRESSURER!,F14,3,//7)

CONTINUE

CALL OILRAT(POSPHNL,FFNL,PPK,FFK,PINT,FINT,FPR,PPR,O0P)QGP,GL)

au=QL
wWREITE(H,29300

FORMAT(SR, '00=1,FL0,3,5X, 'RRLS/DAY!,7/)

L1320

L} .
TASTRES

T83TYSURF

063Gl EO08

GUIL=141 5/(DEGAPI13],5)
GORaNG/QN .
U6G3Q6/86000,
GONaGURS10 €8

8RUMaD] :
BRUM3BRUMAL2,
ECQLZ,0V0A/ARLM
AREAUTZ(3,141%92/74)+0 003,
TBAR(1)=TS
GRADE(TH=T8)/T0TALD

Xeio, 00a(,012500L6AP])
YR10,0%0(,00091¢T8AR(Y1))
AXRYZY

CORFFel,0

RSULBSCOEFFGGASH((PS/18,)0xX)ne(l,/,85)

»TOTALD,DE,GGAS
wiTR(6,500)00,SuRFNL,DEGAR]
wRITE(0,500)v100,ve10,FKCGL,On
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FLOWUb610
FLUNGB2Y
FLOWUO3IO
FLOW&SYO
FLOWLOSO
FLUNGGGO
FLUWWOT0
FLLNGSBY
FLOMGBI0O
FLUNGT OO
FLUWGT10
FLUWGT 20
FLOW4730
FLOWYT4O
FLOWGTSO
FLOwWG760
FLUNUTTO
FLUN4T80
PLURNGTSO
FLONGBOO
FLOwWWB10
FLUWUB20
FLOWUB3O
FLOWGB 30
FLURWBSH
FLORUYOO
FLOWu870
FLOwWGBBO
FLUrLEIY
FLOw4R00
FLONG9LO
FLUMGO20
FLUNG930
FLOWG94QY
FLUNUSSO
FLUWKG960
FLOWLITY
FLUOWG980
FLUNG99O
FLO®S000
FLUNSOGIO
FLOWNS020
FLO®S030
FLUWS04O0
FLO"S0S0
FLONSO80D
FLORSG70
FLOnS080



FORTRAN IV G LEVEL 21 MNUFF DATE = 79216
0048 PMa300Q0,
0049 GwlRx1,0
0050 QURWE?2,
voS1, WOHm] ,
00s2 CALL Z27PACO(A)
0983 CALL 11w VIS(TBAR(1),R3ULB,V100,VR210,0VIS)
00%4 DACLI®RU,0
005% DH({t1)®U,0
0056 DPETUTALDA, 005
0057 PD(1)3PY
0058 DDE3O,
0059 AD(1)%PY
0060 K120
0061 K80 *
0062 HELEDD/2,
0063 b0 3 J=2,60
0064 POUSPD(J=1)4DP/2,
0008 DH(JIavD
0066 100 CONTINUE
0067 PUCIIZAN(JI=1Y4DP/ R,
V068 TBAR(J)IBOEL #GRADSTS
0069 1C2170,4313,64GGAS
0070 PCENBH Hel19,85256ASe]1S,802GGASHGGAS
0071 TABAKSITRAR(J)+4b0,
oo7Q CALL ZFAC1(Z1,PD(J),TABAR 1PCHTCIPY,86/A)
0073 CALL ZFAC2(Z,PL(J)sTABA sPCHTC,PY,80)
0074 X1310,4#¢,0125%08GAPI) .
0078 Y1E10,40¢,000910TBAR(S)) n.
o076 x2aX1/Y) .
00r? RSULBCUEFFaGGAS# ((PDU/18,)axt)ne(1,/,83)
0078 IF(GUR=RSNLIA, 6,7
0079 I GORERSUL
0080 7 CUNTINUE
008t FACTURSY 259 THAR(J ) ¢RSULA(GGAS/GOIL) n%,S
0082 IF(FACTNR,LE,0,IG0 TU 3130
0083 BUR,0001472FACTORS%1,17540,972
0084 GO TU 11y
0085 110 80s%,972
go8é 111 CONTINUE
0087 CALL UWLVIS(YRAR(J),RSOL ,v3100,v210,0VIS)
go8s ULBb,49F =S 20280
0089 WGB3, 27Ee740N* (GORWRSOLIX(VYBAR(JI*U60,)/PDCJ)
0000 QTUTRUL+0G
0091 wL80UA(48,05E=30G0TLe8,858=TaGGAS*RSOL)
009 NGBA  HYE=TaQNGGASH (GOR=RSOL)
0093 WTUTanL WG
0094 ROUILEwWL /AL
0099 1F(0G)B,s,9
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FLUNRS090
FLUNS100
FLUWSTIIY
FLUWS120
FLURS130
FLUWS140
FLUWS150
FLURSIGO
FLURS170
FLOWS180
FLUNSI
FLURS200
FLURS2IY
FLUwS220
FLUOPS230
FLONS240
FLUNS250
FLUNS260
FLUNS2TV
FLUn5280
FLUWS290
FLunS3o0V
FLOWS3LY
FLONS320
FLONS33O0
FLOWS34U
FLUWS350
FLOR5360
FLORD3TY
FLONS3BO
FLOX5390
PLONSUO0O
FLUNSEL0
FLONSUR0
FLUWNSUSO
FLOWNS440
FLOWS4S0
FLUnSdo0
FLUWS4T0
FLUNS54B0
FLONSU9O
FLOWYS00
FLONSS10
FLURSS20
FLURSS30
FLUWNSSG0
FLONWSS550
FLOWSS60
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FLOWSSTY
FLONSS580
FLUWYS90
FLURSDUO
FLUNSOLU
FLUNS620
FLOAS630
FLOWSOU0
FLOWS8SV
FLUWSH50
FLONSHT70
FLOWS5680
FLOR5690
FLOWST0O

FLONST30
FLORST40
FLURSTSO
FLUNST60
FLUWSTT0
FLORST80
FLURST90
FLOWS5800
FLUNS810
FLORS820
FLOWNS830
FLOn5840
FLUNS850
FLOWS860
FLONS8TO
FLONS880
FLOR5890
FLO®S900
FLORS910
FLOWS920
FLOWS930
FLON5940
FLO»5950
FLOnS59860
FLONS970
FLUNS980
FLONSS90
FLOWL000
FLOnG010
FLOWG020
FLOWO030

FORTRAN IV G LEVEL &t MUFF DATE & 79210
0096 8 ROG=0,
0097 60 TO 10
0098 9 ROGxWG/0G
6099 10 CONTINUE
0100 VIUTERTOT/ZAREAOT
0101 XLIMBE] (071=(0,22182(VIUTH42,)/D1)
0102 IF(XLIMAe0,13311,11,12
0103 11 XLIMBB0,13
0304 60 YU 12
0105 1e CUNTINUE
0f0e CALL SURFACCSURFOL,PD(J)Y,SURTEN)
0107 vEBOLA(RONIL/32,1TURSURTEN) 0 0 25/7AREADT
c CHECK FOIR NDETERMINATIUN OF FLUW REGIME
C THE FLUW REGIME MAY BE DETEWMINED BY TESTING WHETHER THE
c VARTAHBLES QG/AT UR VLG UR BHTH FALL WITHIN The LIMITY PRESCRILED BEFLUOWST10
AR AR A R AR A NA R AN R AN N A RO R AR AARAR AR AN R RN SN NI RARRARR AR RNRRRRARARERARRARNNERFLUNST 20
ﬂ D S S G w SRS v SRS D SR S S YT A
[ LIMTITS FLOW REGIME
ﬂ o o PN [ —— .
c CG/uT € (LB BUHALE
c GG/NTO(LIRSVGCIL)YI SLVG
[ (LIWDVGD(L)S TRANSITION
c VeI (LM mMiSTY
0108 IF(VGI13,13,34
0109 13 xLIm8a%0,
0110 XLIMMaTs,
0111 GO 10 1§ .
0112 14 XL1M8250,+36,4V62QL/0QG
0113 XLIMMETS 480, .n<n-er\>m..»auqa
0114 15 uwa<au_o.~r.~s .
0135 17 GBUNDENG/OYOY
0116 GO T0 18
0117 16  WGBUND3O,
0118 18 CONTINUE
0119 IF(XLIMHQRIIND)1I9,19,20
0120 19 IF(RLIvRevGYI21,20 022
0121 21 IF(XLIMMeVGIR3,23,24
Cc FLO» REGIME 18 BUBBLE (L)B20G/QT7
0122 20 REGIME=Y,
0323 EGE(1,¢0T0T/(0,80AREAQT)o((1,90T01/7(,8%AREAQT) )A92=0,20G/( 0B
1AREAUT) )Y /2,
0124 ROBARE (1, oFG)4RODIL+EGRROG
012§ VLIGBGL/(AREADTR(],e£G))
0128 REYNULZI4B88,oVLIUMDT*RUDIL/OV]IS
0ge? CALL FRIFAC(REYNULIEUD,FRCBI,FF)
0t2s FRICLGFFeRUOILAVLION 2,/ 64,42DY)
0129 G0 TU S0
0130 22  REGIMEE2,

FLOWB0G4O
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FURTRAN IV G LEVEL at MUFF DATE ® 75216 147247538

[ FLUW REGIMNF I3 SLUG (L)BLAG/OT R (L)ISHVE FLOWL0SO

0131 8%  VBA1131,7S FLO®6060
0132 REYNULRIUBBAVIQTADIARODOIL/ZUVIS FLUNOUTO
0133 KK1%0,0 FLUNGUBY
0g34 59  KKixkXiet, FLUNG090
0439 IF(kX1=3 )51,51,52 FLUNGL0D
0g3s Si REYNUBZIUBA,aVBATIARUOIL.DE/0V]S FLUWS1L0
0137 IF(PEYNNR®3000,)%3,55,54 FLDNG120
0138 sS4 1IF(REYNINRR000,)%5,55,56 FLUNOL30
0139 ss VAAT2(U ,5UneA TUEOsREYNUL)I#(32,2aD1) 40,5 FLUmOLAO
0140 DELTEVHATavHATL' FLOWBLSY
0g4g 1FCANSIDELY:+0,1)57,97,58 FLOW6360
0t42 ST 6N Ti) 52 SLUNBLTY
0143 58 VOATIEVHAT FLOWSLBY
0144 Gl Y1 99 . FLOWG190
044S S5 - ALPHE(),251¢8,TuEeORKEYNOL)# (32,2401 ) 42,5 FLUAG200
0146 VBATIALPH/2 ¢ (ALPHARZ2 ,#18,5%R0VIS/(RODILSDI#A,5))wn 5 FLUNG210
0147 DELTSVHATwVHATY . FLUnG220
0148 IF(ARS(DELTIw0,1)60,060,61% FLOAGE3O
0149 1] G0 T S2 FLUOWORGO
0350 [} VBATIZVRATY FLOUWO250
0151 GO TO S9 FLONG260
01%2 So VBATE(U,3548,TUEwb®REYNULIR(32,24D]) xS FLLAG2TO
0153 DELTSVHATeVBATL FLUNGR8O
0454 IF(ARS(DELT)e,1)02,62,03 FLUnGR90
0185 82 60 TU %2 FLURG3VO
0156 63 VBATIaVRAY . FLUNBS10
018? GO T 99 B FLONG320
0158 52  [F(VIUT=10,)70,70,71 N FLOWb330
0159 70 CUNSIBUVISet, . FLUWG3UO
0g60 DELTARO,0127«ALUGIU(CGNSYI/ (D] ey G41S) FLOWGIS50
12,2800, 167aAL0GIOCVYTOT)*0,2132AL0GI0(D]) FLOWb360

01618 GO TL 72 FLONG370
0te2 71 CUNS230VISel, FLUWG380
0153 DELTARO,027UwALOGIU(CONIR)I/(DInnl 371)¢,16140,56024L,0630(D]) FLOWG3I9Y
1=ALOGIO(VTINT)aC (03 nALUGCCONS2Y 7 (DT #a1,571))¢,3970,63#AL0G40(DI)) FLUnO4O0O

0164 60 TL 13 FLOw&4LO
0169 72 GAMAm=0,068sVY0T FLONGGZO
1o IF(DELTAGAMA)TG,T74,7S FLUNG4G30O
0187 74 DELYARGAMA FLUNOGGO
0168 GO TU 78 FLUNGUSO
0169 75 60 T0 78 FLECWOUGO
0170 T3 ROBARS(WTNTSRODIL®VRAT®AREADT)/Z(QTOTeVBATRAREAUT) ¢DRLTA#RUOIL FLOWOATO
(TR 2] GAMARS (VEAT)/(VBATeVIOT)e(§,=RURAR/ROOIL) FLOwWs4BO
0ty IF(DELTAGAMAYTY,79,78 FLUNGGSO
0173 79  DELTASGAMA FLUWOS00
o174 78  CONTINUE FLOKDS10
017% FLONOS20

KROBARS (WTOTERDOILAVBATRAREADT)/Z(QTOToVBATRAREADT)¢DELTASROOIL



FURTRAMN IV G LEVEL @} MUFF DATE B 75R16
0176 CALL FRIFAC(REYNUL/EUD,FRCGI,FF)
0177 FRICLGBFFARINILA(VTIOT«22,)3/7(64,42DI)a((GQL +VBAT#AREAQT)/
$CUTUTOVRATCAREAUT)=DELTA)
0178 GO TO 50
0179 23  REGIMESY,
REGIME TS MIST FLOA VGI(LIM
0180 E6B1,/7(1 ¢0L  /GG)
0181 CALL GASVIS(PC,TC,TABAR  ,AD(L),GGAS,)GVIE)
0182 GASVELERAG/ARRAOT
0183 REYNOLS19HA,aRUGADI4LASVEL/GY]S
0184 YNARY cmn.oq..o>m<nr.a<na\uv..u *ROG/RUVIL
0188 IF(FUD®0,001)80,80,H1
0186 80  EUD=LT4, a.ucn«~z.a<z;.» uowv\nxon.n>a<mr..u..on.
0187 GO TU ce
0983 a 1IF(LLD=0,5)82,82,8)
0189 85  EUDRITU, HeSURTENR{YNWar,302)7(ROGGASVELA*2,4D])
0190 GO TO Hu
0191 82  EODS3U4,#SURTEN/(ROGaGASYELARZ,4D])
0192 a4 CONTINUE
0193 CALL FRIFAC(REYNULSEUD,FRCGI,FF)
0194 FRICLGEFF aRURaGASVEL##2,/(2,232,1749D])
0195 ROBARS(1 «£G)2R00IL+EGRRUG
0196 GO TU %0
0197 24 REGIMESY,
REGIME 18 TRANSITION FLOW
0198 GU TUL 8%
0199 S0 1F(REGIME=Y,186,86,87
0200 87 IF(KEGIME=2,)86,86,88 i
02018 88  JF(REGIME=3,)86,86,89 *
0202 a9 CUNTINUE .
0203 EG®1,/(1,eaL /46G)
0204 CALL GASVIS(PC,TC,TABAR 1ADCL)»GGAS,GV1S)
0208 ROSLUGERBAR
0200 FLOLUGEFRICLG
0207 UGBYLIMMAAREAQT*(RUOIL/Z(SURTENR32,174))en(=],/4,)
0208 GASVELSNG/ZAREADT
020% HEYNIL3I0RE,»RUG*OI#GASVELZGVIS
0210 YNNRUS2E00T7 o (GASVELAGVIS/L) 42, 2ROG/ROOIL
021} IF(ELD=n,001)90,90,9)
o212 90 EOUBSTU  AASURTENA(YRWan 30R)/7(ROGAGAIVEL 22,2012
0213 GO TU 94
0214 91 1F(80UD=0,5192,93,9)3
0215 93 EOLNITE , BABURTENR(YNRan 308)7(ROGHGASVEL 80 adl)
0216 GO T0 9%
0219 92  EOLUS34,nSURTEN/(RUGaGASVELR#22,0D1)
0218 1] CONTINUE
onw“ CALL FRIFAC(REYNOL,E00,FRCGEFF)
02

FLMISTREF2RUGH (GASVELAn2, )/ (3,032,174001)
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FLOWES SO
FLUWDSGO
FLUWOYHS0
FLUw6S560
FLUNGSTO
FLUNDS80
FLONOS9Y
FLOnGB0Y
FLOWOOLO
PLOWOGR20
FLONGE30
FLOW6640
FLURDSSO .
FLORbOOO
FLOWO6TO
FLOWbOBO
FLUNGO90
. FLONBT700
FLUnOT10
FLUw~O720
FLUWBT SV
FLUNBT4O
PLORGTSO
FLONBT60
FLOWGTTO
FLONOTBY
FLOwGT790
FLUMGB00
FLOwO810
FLOWb820
FLOWbB30
FLU#OBEO
FLOmb850
FLONGBS0
FLOWG8TO
FLORb880
FLOw6890
FLOWb900
FLOnG910
FLOWS920
FLOMOI3O
FLORS9GO
FLONB9SO
FLONG9S0
FLOWL9T0
FLOnO980
FLUNED9O
FLOWY000
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FORTHAN IV G LEVRL 2% MUFP DATE B 75218 14724753
0221 HROMISTR(1,=EGI*ROOIL+EGAROG FLONTO30
0222 ROMANS (X TMM=VG) /(XL IMMeX| [M3) #ROISLUG FLOWT020

14(VEeXLIMNS)/{XLIMMeXLIMS) 2RUMTIYTY FLONT03Y
0223 FRICLGE (XL IMMaVG) /(XL IMMerL IMS) #FLSLUG FLUR7040

14(VGeXLIMS) /(XL IMMaxXLIMNI)nFLMIST FLUWT050
v224 86  CUNTINUE FLO#T080
022$ CALCDP314U ,#(DP  #(1,=WTUTRQG/(U63T , #AREAUT 222, %PD(J))) )/ (ROBARS FLLGAT070

1FRICLG) . FLORT7080
v226 DELNEPRDH () »CALCOP FLUNTOR0
o227 DAMBABS(DELDEP) FLUN7100
0228 1F(DAM®E,)95,95,96 FLON1Y0
0229 96  BH(JIBRGH(JI*NELDEP/2, FLUWT120
0230 DELERUH(J)/2,40ACUe1) FLUNT13O
0231 LisLiey _ FLONT140
6232 1F(L12100)100,100,95 PLUNTISO
0233 95 DACJ)BCALCDP¢DA(Je])Y FLOM7100
023¢ Limo FLUn7170
0235 DELEDD/2,+DACS) FLONT180
0236 AD(JIRDPSAN(I=1) FLUWTLIOV
0237 IF(I0EBUGLFR, IIWRITE(6,2503)AD(J=1) FLUNT200
0238 2503 FORMAT(S), 'CUMHMULATIVE PRESSURE s',F1%,3) FLOWTR1IV
0239 Ls) FLUWT220
0240 IF(TOTALDIGT?, 97,98 FLUWT230
o261 97  1F(PMeAD(J))99,99,101 FLURTR240
0262 98  1F(TOTALD=DA(J))99,99,101 FLUNT2S50
0243 101 CONTINUE FLUNT260
o2u4 3 CONTINVE FLORT2T0
0249 99  LLaLe} FLUn7280
V246 AD(L)=ADCLL) . FLL®T7290
0247 LF(TUEHUGL,FU, 1 )WRITE(6,2502)AD(L) FLUNT300
0248 2502 FORMAY(/7,5%X,! BOTTOMMULE PRESSURESR',F15,3//) FLOn7310
0249 PSLS=AL(L) FLUNT320
0250 RETURN FLONT330
0251 END FLOM7340



FORTHAN [V G LEVEL 21

0004
o002
0003
000¢
0005
0006
0007
0008
0009
¢o10
0011
ool
(139 )
0014
0085
0016
0647
0018
0039
0020
0021
0022
0023
0024
0029
0026
0027
0028
0029
0030
0031
0032
0033
0034
0038
0036
0037
0038
0039
0040
004l

SUBRDLUTINE ZFACOCA)
DIMENSION ACbH,0)
REAL#S A
A(L,1)32,14338504
A(2,1)50,831761840}
A(3,1)=e0,214870420a)
AC4,1)3e0,AT7140318D«]
A(S,1)20,02846283De2
A(6,1)=e0,16595343De2
A(1,2)80,331235%24
A(2,2)%#0,134093614
A(5,2)30,668809510=1
A(4,2)3-0,271742610w]
A(9,2)30,8K5122910=2
AL0,2)840,215209290e2
A(1,3)m0,108726871
A(2,3)2e0,50393650De}
A(3,3)30,509207980w2
A(4,3)50,1055133001
A(5,3)300,731R1933De2
A(6,3)30,259599630=2
ACL)4)300,521840400a]
A(2,4)20,4431214060=1
A(3,0)3e0,19329485De1
A(4,4)30,589725160=2
A(S,4)80,153006750=2
A{b,U)Ee) 2032680902
A(1,5)30,197039800e1
A(2,5)520,263833500e]
A(5,5)80,192621430=
A(U,5)2e0,11%35390e1
A(S,5)R0,479100890e2
A(6,5)820,A13025260=3
A(1,6)3e0,530959000e2
A(2,6)30,8017833yD~2 .
A(S5,6)3e0,108948250e}
Af4,6)30,95593890e2
A(5,06)2a0,6011401702
AC6,6)80,3117517002
RETURN

END

LFACO

DATE B %210
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FLOW735¢
FLOW?3A0
FLONT3T70
FLUNT 380
FLOWT 390
FLOUWTUOU
FLOW74140
FLUMTGEO
FLUNT430
FLOWT440
FLUNTUS0
FLUMPTGSEO
FLOATHT0-
FLONT480
FLUWNTG90
FLUWTSO00
FLOW2510
FLUNTS20
FLUNTSSO
FLUNTS54Y
FLOW?5%0
FLOWTSEV
FLONTSTO
FLUNTSB0
FLURTS90
FLOW?600
FLOWT7610
FLOWT020
FLOW7630
FLOWTOULO
FLOnT650
FLOWT660
FLOWTOTO
FLO®7680
FLOWT590
FLORTY00
FLORTT1O
FLOW7720
FLUNT730
FLONT740
FLOWTT?S50



PORTRAN IV G LEVEL 21 LFacy OATE 8 75318
0004 SUBRUUTINE ZFACY (Z,PsT,PCoTCoPY,8,AY
0002 DIMENSION A(6,8),PY(6)s3(0)

0003 REAL 284

0004 <IAN.Inﬁ\4nu.=.v\—-0

000S VY8GuYaY

0006 YCUBEZYSNRY

0007 YTO43YSO#YSR

0008 PY(3)s0,7071088

0009 PY(2)B1,224745nY

0010 PY(3)RN, 79050958 (3, 2YS0=1,)

0011 PY(U)RD 9354 1a5# (S, #YCUBE®3,¢Y)

0012 PY(9)20,2651652(385,2YT04~50,4Y3Q43,)
0013 PY(6)20,2931518(03,#YTUGRYT0,aYCUBE+ES,4Y)
0niy DD 20 Iwi,6

0049 8(1)s0,

0036 DO 10 Jst,s

(13} S(E)SSCIY+A (I, 1)nPY(J)

0018 10 CONTINUE

0019 20 CONTINUE

0020 RETURN

002} END

FORTRAN 1v G LEVEL 2} 2FACR DATE & 35286
0001 SURROUTINE ZFLCR (Z,PoT,PCyT1CaPY,8)
0002 DIMENSION PY(6),8(0)

0003 YE(2, %4 (P/PC)e15,)/714,8

0004 YSlnysy

0005 YCUBERYSQ#Y

0006 YT03YSReYSN

0087 PY(1)80,7071088

0008 PY(2)®1,2247u84Y

0009 PY(3)20,790%0954(3,¢YSUst,)

0010 PY(4)R0,93548450 (5,0 YCUBE=3 aY)

001t PY(5)80,2651554(38,0YT0Ge30,2Y80+3,)
0032 PY(0)80,293154%(63,aYTUUSY=T0,#YCUBE+15,2Y)
0013 180, *

0014 DI} 10 lwg,s

0015 28Z+3(1)4PYL])

0016 10 CONTINUE

o017 RETURN

0018 END
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FLOWT760
FLO®T?70
FLO~T780
FLOWTT790
FLUNTBOO
FLOWTBS0
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FLONTBSO
FLUWTB4O
FLOWTB50
FLORTBOO
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FLUnT880
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FLOWT900
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FLUWT920
FLONTOSU
FLUNT94O
FLOWTISU
FLONT960
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FLOnNB120
FLOW8130
FLONBL 4O
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FORTRAN Iv G LEVEL 21 JoL DATE 3 74216
000t SUBRUUTINE SOLZ(PQL,Z,P»T149C,TC,PY,8,A)
0002 REAL#*8 A
0003 DIMENSEION ACL490),PY(6),8(0)

0004 POaRULZ

0009 1al

0006 CALL ZFAC2(Z0,PQ,TD)PC, TC,PY,S8)
0007 PUVZLISPO/TN

0048 DELPUBPNNIN=PNT

0009 PN, B5AP0

000 17 CALL LFAC2(ZN,)PN:TNyPC,TC,PY,8)
0011 PNUINBPN/IN

oo VELPNIPNNZNeP(OL

0013 IFCABS(OFLPNY LT, 1,) GU TU 88

0014 PSTAKBPNeDELPOR(PNePL) / (DELPN=DELPD)
0018 POEPN .

00316 PNSPSTAR

0017 DELPURDELPN

oot8 Inlaey

0019 IF(I ,GT, 10) GO TU 90

0020 GO TO 17

0021 90 wRITE(GL,98)

0022 88 2mIN

0023 PEPN

0024 91 FURMAT(SXN,29HTEN ITEKATIONS KAVE BEEN MADE)
0028 RE TURN

0026 END

FORTRAN Iv & LEVEL 2% GASYVES CATE o 75218
00018 SUBRUUTINE GASYVIS(PC,TC,TB,P,G,V186G)
0003 DINENSION PY(4),S6(8)

0003 COMMUN/OKI A 3/786

0004 CALL ZFAC2(Z,PsTHBoPCITC,PY,88)
0009 1P (Pe1,)09,49,%0

0006 49 vi8680,0437

0007 GO TO 00

0008 50 w3G229,

0009 ARB (9,540 ,024n)#(TBa%],5)7(R09,419,2WeTB)
0010 X85 ,5¢(986,/78)4,01an

oots Y32 ,ue, 2a)

oota QKUGEPawa14d, /7 (20TBaL545,482,4)
0013 VISGRAKAEXP(RaRHOGA2Y) /10000,
ooid 80 RETUKN

001S END o
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FLUWB610
FLUwBb20
FLUwBS3Y
FLONBOAY
FLONBOSY
FLOMBBOO
FLOW8BTO
FLOwWBOBY
FLOWBOIY
FLUWETO0
FLOwB710
FLUNBTR0
FLOWET30
FLOWBTYY
FLUNBTSO
FLURBT60
FLOWB77V
FLOWBTBY
FLUWB?90
FLUnBB00
FLUN381Y
FLOnB820
FLOnBB30
FLUWBBUO
FLOw8850
FLUn8860
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FLOwWBB70
FLUWBBBO
FLONBBYO
FLURB900
FLOW89L0
FLOWB920
FLOWY950
FLOWB94O
FLONBYSO
FLUNE960
FLOw8970
FLOWB980
FLONE990
FLUNS000
FLUn9030



FORTRAN IV G LEVEL 21 PINT 0ATL & V%%
00014 SUBRUUTINE PINT(XAsYA,X)Y¥yN)
0002 DINENSINN x(20),Y(20)
0003 TIF(XALE,X(1)) 6O 10 3
0004 LU § KB2,M
0008 L1
0006 IF(1,Eu,MGn TU 4
0007 IF(XALGT (K AND BALLT XIKeL)) GO YO 2
0008 TIF(NALEQ,X(K)IGO TO &
0009 1 CONTINUE
0010 2 YAB((XAaX(1@1))/(X(T)eX(Ie1))In(Y(I)eV(le1))oV(]a})
001t . GO TV 5
0012 3 YAsY (1)
0013 GU 10 9
001¢ 4 YAaY(])
0015 H RETUNN
0018 END

FURTRAN Iv G LEVEL @1

0001}
0002
0003
0004
000%
0008
voo?
0008
0009
0030
0013
0012
0otd
0014
0015
0016
0017
0038
0019
0020

- O o~ own L

s

SURFAC ’ DATE 3 75218

SUHRUUT INE SURFAC(BURF1,PRES,SUF
1F (PRES=550,)8,1:2
SURF8101),e0,00254PRES
Gh TH 3
IF(PRESe1025,)4,4d,5
SURFBHS 00, 0171 +PRES
GO YO 3 :
IF(PRLSe1680,)6,6,7
SURFBT72,4e0,025¢PRES
60 T0 3

1F (PRES®2500,)8,8,9
SURF850,2=0,01 6#PRES
60 1O 3

IF (PHES=3910,)10:53,1)
SURF240 @, 01 4PRES

60U TU 3

SUNFsY,
SUFTENSBURFIa8URF/100,
RETURN

EnD
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PLUeY0s0
PLURYY SO
PLUmYVOEO
PLUSSOYO
PLUs YO0
FLUnVOY0
PLURSONO
LN OYY
FLUP9100
FLUnYIYO
PLUROI 20
PLURYL SO
FLUNOLG0
FLURD1SO
PLU=9 100
FLUNSLTO
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FLOW9180
FLON9190
FLOW9200
FLOR92SL0
FLUn9220
FLUNS230
FLON934UC
FLUN92S50
FLOW9260
FLONS2TV
FLONIR80
FLU9R90
FLOW9300
FLURSSLO
FLUR93Z20
FLU~9330
FLIn9340
FLUNR9Y350
FLUN9360
FLONYITO



13§

suataan v & LEVEL 3t UILRAY OATE ® Th2te 1a/2a/953
111} _unmﬂcc..:a OTLRATCPO/PPNLIBFNL I PPK, FPK, PINI FINT,FPRIPPR,GOP,GGP FLUWDIAO
. FLON

ve ol CUNRMUNZONL AL 2L 066 mnw:“w““
(J1} TFCPOLLT PENLIFRCOFPNL FLON9W1O
0008 LPUPOGY PENL (ANDPOLT (PPKIFRCEFENL 4 (FPReFFNL) 8 (POsPENL )/ (PPK FLOn9420
IR LIS PLUN9U3O
000y IF(POGY PON AND O LT PINTIFRCSFPXe(FINTOFPK)#(Po*PPK) /(PINTaPRKIFLONIGLO
0800 L1ECPOLGY PYNT)FRCAFINT FLOW9450
oo0? QLEFHCaWSwia53/ (FPRAOGP) FLO9460
0008 SE LUk FLUN9470
000" Eno FLUW9480

FORTHAN IV G LEVEL 21 FRIFAC DATE ® 75216 14/24/53
0001 SUHRUUTIME FRIFAC(RYBUD,FRICI,FACTOR) FLON9USO
0002 FRICs64,/RY FLUW9500
c FRICE0,00564,58RY#4(=0,32) FLORSS10
0003 200 FACYUNE(] /01 ,7422,4ALUG(2,480D218_68/(RY+FRICLA,5)))) FLOA9%20
0004 DELYASFUICt=FACTUR FLOW9S30
0065 DELTA3AHS(OELTA) FLUA9Y940
0006 1F (DELTA=0,0005)60,60,61 FLOX9550
ooo? 61 FRICI3(FACTUR4FRIC1) /2, FLON9560
0nob GO Tu 200 FLOUNYST0
0009 60 IF (FACTOR=FRIC)O62+65:038 FLUN9SBO
0010 6e FACTURSFRIC FLON9%90
0011 63  RETURN FLO®9600
0012 END FLOW9610



