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1. Introduction

The PROMOD1 program was developed as part of the Drilling Engineering Association’s DEA-
67 project to ‘‘Develop and Evaluate Slim-Hole and Coiled-Tubing Technology.”” The program
calculates oil, water, and gas production rate, as well as pressure drop along the wellbore, based on the
wellbore configuration and reservoir properties. It can be used for 1) velocity string design, 2) nodal

analysis, and 3) gas-lift calculations.

The program describes the complex multiphase flow in reservoir, wellbore, choke, and surface
pipe lines. It uses Fetkovich’s equations for flow in gas reservoirs and Vogel's or PI equations for flow
in oil reservoirs. The multiphase flow in wellbores and pipe lines is handled by several multiphase flow
equations including Beggs-Brill, Hagedorn-Brown, Hasan-Kabir, and Duns and Ros. A few other
empirical correlations are used to describe the multiphase flow through the choke. A gas lift option is
also included with the program. The injection depth can be specified anywhere along the wellbore.

PROMODI calculates production rate by solving reservoir and wellbore flow equations
simultaneously. It also outputs the pressure profiles along the wellbore, the liquid hold-up distribution,
gas and liquid velocities, and flow regime map along the wellbore. These results are displayed both in
tabular and graphic forms.

Two types of inflow/outflow performance curves are provided, based on the solution node the
user chooses. If the bottom-hole node is selected, the program displays two sets of bottom-hole pressures
apgainst production rates calculated from reservoir and tubing equations (including choke and surface line),
respectively. When the wellhead node is selected, the program displays two sets of wellhead pressures
against production rates calculated from reservoir plus tubing equations and choke plus surface line
equations, respectively. The production point is determined by the cross point between these two sets
of curves. In addition, the program calculates and displays the minimum production rate required for
continuous removal of liquid from the wellbore, based on the droplet model developed by Turner et al., 1969.

1.1 MODEL FEATURES OF PROMOD

The key features of PROMOD are its ability to:

. Handle both oil and gas wells
2, Deal with 3-D wellbores

3. Handle 15 sections of tubing strings and 10 well intervals (including casing strings and open-
hole sections)

Select 1 of 4 correlations for multiphase flow

5. Select 1 of 2 solubility correlations for oil wells
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Select 1 of 3 choke flow correlations or no choke at all
Include the gas lift option for oil wells
Input up to 3 reservoir pressures or production rates for comparison

e e

Choice of unit systems: English or Metric

The output window is a compilation of ‘‘child”’ windows of text reports and graphs, which
includes:
Tabulated results
Flow regime profiles
Pressure distributions
Liquid hold-up profiles
Liquid and gas velocities
Inflow/outflow performance curves with the bottom-hole or wellhead as the node

N ke W N

Minimum gas rate for continuous removal of liquid from gas wells

1.2 REQUIRED INPUT DATA

There are five data files associated with PROMODI.
1. Well Data File { WDI)

a. Company and project name

b. Well locations

c. Date and comments

2, Survey Data File (.SDI)

a. Directional survey data for the well. Survey must start with zero depth, zero azimuth,
and zero inclination

3. ‘Tubular Data File ((VTI)

. Length, ID and OD of tubing string

. Length and ID of casing string and open-hole section
. Surface line length, deviation, and ID

. Choke size

. Perforation depth

Flow path either through tubing or annulus

™o oo o

4. Parameter Data File (.VP])
a. Well type: oil or gas well
b. Rate data
¢. Qil and gas properties
d. Temperature data



e. Productivity data
f. Gas lift data (optional)

5. Project Data File (.V]])
a. Stores the names of the four files mentioned above and the units used.

All input data saved on disk or in memory are in the English system of units.

1.3 DISCLAIMER

No warranty or representation is expressed or implied with respect to these programs or
documentation including their quality, performance, merchantability, or fitness for a particular purpose.

14 COPYRIGHT

Participants in DEA-67 can provide data output from this copyrighted program to their affiliates
and can duplicate the program and manual for their in-house use, but are not to give copies of the
program or this manual to third parties.
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2. Theory and Equations

2.1 INTRODUCTION

A typical well production system, a gas well or an oil well, consists of several components
including:

1. Flow through porous medium

2. Flow through vertical or directional wellbore

3. Flow through choke

4. Flow through surface line

Figure 2-1 shows a schematic of a simple producing system.

Each component affects the well production rate and pressure loss in a different way. A
systematic approach has to be used to solve the total producing system. In doing so, nodes are placed
to segment the portion defined by different equations or correlations.

X

T
==

seperator

surface line
choke
+ well head
tubing

bottom hole

reservoir

|

Figure 2-1. Well Production System

—

Two nodes are used in the program to segment the production system: 1) node No. 5 at the
bottom of the hole and 2) node No. 3 at the wellhead. When the bottom-hole node is used, the system
is segmented into a reservoir component and a well component which includes tubing, choke and surface
line. When flowing through the annulus, the well component includes the annulus between the tubing
and casing, the choke and the surface pipe line (Figure 2-2).
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Figure 2-2. System Segmentation with Bottom-Hole Node

When the wellhead node is selected, the system is segmented into a surface component and a sub-
surface component. The surface component includes the choke and surface pipe line. The sub-surface
component includes the reservoir and tubing or annulus (Figure 2-3).

§ T seperator
\
L\ e

surace line

choke

well head

tubing

bottorn hole

reservair

Figure 2-3. System Segmentation with Wellhead Node
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2.2 SOLUTION PROCEDURE FOR BOTTOM-HOLE NODE

Figure 2-2 shows the two segmented components when the bottom-hole node is selected:
reservoir and tubing components. For a given production rate, the bottom-hole pressure can be
calculated in two ways: 1) from the reservoir component using inflow equations and 2) from the tubing
component using multiphase flow correlations for pipes and chokes. Suppose the reservoir inflow is
represented by the following equation:

Pot = Py - f1(Q @-D

where f{(Q) is the pressure loss across the reservoir. A plot of P against Q from this equation is
called the inflow performance curve, an example of which is shown in Figure 2-4 (solid data points).
Equation (2-1) can take different forms depending on the fluid produced and the reservoir properties.
Detailed descriptions are provided in later sections.

Another way of determining P is to use multiphase correlations for flow in tubing, choke, and
surface lines. For a known outlet pressure, P, the following equation gives the relationship between
production rate and bottom-hole pressure:

Por = Poy *+ £4(Q + f3(Q + £,(Q) (2-2)

f3(Q) = pressure loss across tubing
f3(Q) = pressure loss across choke
f4(Q) = pressure loss across surface line

A plot of P against Q from this equation is called the outflow performance curve (Figure 24,
open data points). Equation 2-2 can take quite different forms, depending on the multiphase flow
correlations used. There are several correlations available; four of them are included in the current
version of the program. All of the correlations used in the program are presented in a later section.
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Figure 2-4. Inflow and Outflow Performance Curves with Bottom-Hole Node

These two different ways of calculating P, result in two curves as shown in Figure 2-4. The
cross point of these two curves gives the production rate and the corresponding bottom-hole pressure for
the production system. If there is no cross point between these two curves (Figure 2-5), the production
system ceases producing any fluid because reservoir pressure is inadequate to lift the fluid out of the
well. This inadequacy can be the result of declining reservoir pressure or too much energy loss in the
tubing, choke, or surface line. A recompletion or an artificial lift method is required for such conditions.
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Figure 2-5. Inflow and Outflow Curves do not Intersect

2.3 SOLUTION PROCEDURE FOR WELLHEAD NODE

Figure 2-3 shows the two segmented components, surface and sub-surface, when the wellhead
node is used. Accordingly, for a given production rate, the wellhead pressure can be calculated in two
different ways from the surface and sub-surface components. Surface components include the choke and
the surface line with known outlet pressure. For any production rate, the wellhead pressure can be
calculated by adding the pressure loss across the surface line and the choke to the outlet pressure:

Pob = Powe + £4(Q) + £5(Q) (2-3)

A plot of P, against Q from Eq. (2-3) is called outflow performance curve (Figure 2-6). It can
be determined using different empirical correlations for flows in the surface line and the choke. Details
will be presented in a later section.

Another way of determining the wellhead pressure is to use the sub-surface component. It
consists of two sections: 1) the reservoir flow, and 2) the flow in tubing or annulus. The calculation
begins with the reservoir pressure. For the given rate, bottom-hole pressure can be determined using
the reservoir equation. Once the bottom-hole pressure is known, the wellhead pressure is then calculated
using the multiphase correlations for flows in tubing or annulus. The process is described in the
following equation:



Py = P, - 1 (Q - £(Q (24

A plot of P, against Q from Eq (2-4) is called the inflow performance curve (Figure 2-6).
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Figure 2-6. Inflow and Qutflow Performance Curves with
Wellhead as the Node

The cross point of the inflow and outflow performance curves provides the production rate and
the wellhead pressure shown in Figure 2-6. If there is no cross point between these two curves, the well
ceases production. A recompletion or a lift method is required.

24 RESERVOIR INFLOW PERFORMANCE EQUATIONS

The preparation of inflow performance relationship (IPR) curves for oil and gas wells is
extremely important in production systems analysis. Unless some idea of the productive capacity of a
well can be established, the design and optimization of the piping system becomes difficult. This section
presents two flow equations for oil reservoirs and one equation for gas reservoirs.

2.4.1 P1 Equation for Qil Reservoirs
When the bottom-hole pressure is higher than the bubble-point pressure, single-phase liquid
flow results, since all of the gas dissolves in the oil. The production can be calculated using Darcy’s
equation from a vertical well with closed outer boundary (Brown, 1984).

Qo = PI (P, - Pyy) (2-5)
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-3
PI - 7.08 X 107 k,h (2-6)

Bo By (In re/ry, - 0.75 + 5" + a'g)

where:
Pl = productivity index stb/d/psi
k, = effective permeability (md)
h = effective feet of oil pay (ft)
. = average reservoir pressure (psia)
P,¢ = wellbore sandface flowing pressure at center of perforations (psia)
q, = oilflow rate (stb/d)
I radius of drainage (ft)
r,, = radius of wellbore (ft)
S = total skin
a’q = turbulent flow term (The a’q term is normally not significant for low
permeability wells and low flow rates)
B, = viscosity (cp) at average pressure of (P, + P )/2
B, = formation volume factor at average pressure
For a horizontal well, Joshi’s equation can be used (Joshi, 1986).
g, = PI [Pe - Pyr) 2-7)
2xkyh
PI - H
2 4 1+ ._SL.
2r 2r h r )
By | In 1+ -2 +_° +B_ln Bh In|-2 2-8)
L L L 271y, Ty
where
ﬁ = KH/ KV (2'9)
K, = Vertical Permeability (md)
Ky = Horizontal Permeability (md)
L = Horizontal Well Length (ft)

Equations (2-5) and (2-7) are denoted as PI equations in the program for solution gas
driven oil wells. PI can be estimated using Egs. (2-6) or (2-8) for vertical and horizontal wells,
respectively. The user can modify those equations as necessary since only the input of PI is required.
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It is noted that in the current version of the program, all production is assumed to be from
a single perforation point. This assumption may be appropriate for a vertical well. For a horizontal
well, the assumption may lead to erroneous results. However, if the pressure loss in the horizontal
section is small, the error should not be significant. An improvement in this area is planned for later

versions when appropriate.

2.4.2 Vogel’'s Equation_for Qil Reservoirs

A simplified solution to the two-phase flow problem was offered by Vogel (1968). He
gave the following general equation to account for two-phase flow in the reservoir (saturation effects):

Put Pur|” (2-10)
Qo/dmax = 1 - 0.2 |0 | -0.8 [
Pf Pl’

He arrived at this equation from a computer solution to several solution-gas-drive
reservoirs and for different fluid properties. Figure 2-7 may also be used to arrive at a solution. His
solution has been found to be very good and is widely used in the prediction of IPR curves where two-
phase flow exists (liquid and gas). It appears to work reasonably well for water percentages up to 50%.

BOTTOM HOLE WEL L PRESSURE (p,,f /Py )
FRACTION OF RESERVOIR PRESSURE

00 Q2 04 0.6 0.8 1.0

PRODUCING RATE (4,4 /(q,, )iy | FRACTION OF MAXIMUM

Figure 2-7. Inflow Performance Relationship for Solution-
Gas-Drive Reservoirs (After Vogel)

2.4.3 Fetkovich’s Equation for Gas Reservoirs

One of the most common equations for gas rate prediction is the back-pressure equation,
which takes the form of the following:
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o - c[f? - 7" @1

where: Q = gas production rate MSCFD
P. = average reservoir pressure, psi
P, = bottom-hole pressure, psi
c = coefficient from well data
n = exponent obtained from well tests

Note that ¢ and n are usually determined based on the well testing data, which may not
be practical from an economic viewpoint. Economic practicality is hampered by the fact that the well
is probably already in the loaded condition. Thus, in order for the test data to be meaningful, the well
would have to be put into an unloaded condition and maintained in that condition for the duration of the testing.

Rather than go the expense of this type of testing, it is often felt that it is adequate to apply
a method for predicting future IPR curves. One such method is that of the Fetkovich equation shown
below (SPE 4529):

sl en
1
where: P, = current average reservoir pressure

P.r = bottom-hole pressure

P, = initial reservoir pressure

¢ = coefficient from testing data when pressure is at P,

n = exponent from testing data when pressure is at P;

Using a method such as this allows any testing to be limited to a bottom-hole pressure
build-up test to determine the current reservoir pressure. Once the IPR curve has been determined, it
can be cross plotted on the tubing performance curve plot. The intersection of these two curves indicates
where the well will produce with that particular set of tubulars and conditions.

2.5 MULTIPHASE CORRELATIONS FOR FLOW IN WELLBORE OR SURFACE LINES

As discussed earlier, the modeling of production systems involves a large amount of calculation
of multiphase flow in wellbores and surface pipe lines. There is a number of correlations available in
the industry for this purpose. However, none of the multiphase flow correlations works well across the
full range of conditions encountered in oil and gas fields. Thus, in order to get a realistic tubing
performance curve, great care should be taken to ensure that the input variables are as realistic as
possible. The correlations described below use SI units. The pressure drop calculated from these
correlations has to be converted to English units before being used.

2-9



2.5.1 Beggs-Brill Correlation (Beggs and Brill, 1973)

This empirical correlation was developed from air/water two-phase flow experiments.

It applies to pipes of all inclination angles. The following is the procedure to calculate the liquid holdup:

)

@)

©)

“4)

6}

©

Calculate total flux rate

Ym = Vsl tVsg (2-13)
Calculate no-slip holdup
- Vsl (2-14)
Vsl * Vsg
Calculate the Froude number, Ngg
2
v
Ny = 2 (2-15)
FR gd
Calculate liquid velocity number
Iy
NLV = VS] ( L )0'25 (2'16)
gor

To determine the flow pattern which would exist if flow were horizontal, calculate
the correlating parameters, L, L, L4, and Ly:

L, =3163%% L, = 0.0009252 ) /24684
@17
Ly=0.10 %18 1, -05) 078

Determine flow pattern using the following limits:

Segregated:
)\.ns<0.01 and NFR <L1
or (2-18)
Aps =0.01 and Ngp <L,
Transition:

Aps20.01 and Ly <Npg <15
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9)

Intermittent:

0.01 Skns < 0.4 and L3 <NFR SLI

or

)\ns =0.4 and L3<NFR SL4

Distributed:
)\ns <0.4and NFR 21"1

or

As=20.4and Npg>1y

Calculate the horizontal holdup A,

a)\b

A, = 58 (2-19)
o [+
NEr

where a, b, and c are determined for each flow pattern from the table:

Flow Pattern a b c

Segregated 0.98 0.4846 0.0868
Intermittent 0.845 0.5351 0.0173
Distributed 1.065 0.5824 0.0609

Calculate the inclination correction factor coefficient.

C=(1-Ag)In (d Ao NL, FNpg8 (2-20)

where d, e, f, and g are determined for each flow condition from the table:

Flow Pattern d e f g
Segregated uphill 0.011 -3.768 3.539 -1.614
Intermittent uphill 2.96 0.305 -0.4473 0.0978
Distributed uphill No Correction C=0

All flow patterns
downhill 4,70 -0.3692 0.1244 -0.5056

Calculate the liquid holdup inclination correction factor

y=1+ c[sin(l.so) -0.333 sin3(1.89)] (2-21)

where 8 is the deviation from horizontal axis.
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(10) Calculate the liquid holdup
A=A Y (2-22)

(11) Apply Palmer correction factor:

A =0918 «A for uphill flow

(2-23)
A =0541 -) for downhill flow
(12) When flow is in transition pattern, take the average as follows:
Ly-N
A=ashp + (1-a)hy: a=—m IR 2-24)

R

where A; is the liquid holdup calculated assuming flow is segregated, )\, is the liquid
holdup assuming the flow is intermittent.

(13) Calculate frictional factor ratio

P - @S (2-25)
fns
where
S = In (y)
-0.0523 + 3.182In (y) - 0.8725 [In (y)P + 0.01853 [in (v)}*
and y = E
?\2

S becomes unbounded at a point in the interval 1 < y < 1.2; and for y in this
interval, the function S is calculated from

S=In(22y - 1.2)
(14) Calculate frictional pressure gradient
(NRodns = Prs® Vin *de/ptg (2-26)

Use this no-slip Reynolds number to calculate no-slip friction factor, fns', using
Moody’s diagram, then convert it into Fanning friction factor, f,, = fns'/4. The
two-phase friction factor will be

2-27)
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The frictional pressure gradient is

2
[ ] 2ipbus Vi (2-28)
— 4.

©

2.5.2 Hagedorn-Brown Correlation (Brown and Be

The correlation used here is actually a combination of two correlations: Hagedorn-Brown
correlation for slug flow and Griffith correlation for bubble flow. They apply only to vertical wells.

Check the flow regime to determine whether to continue with the Hagedorn-Brown
correlation or proceed to the Griffith correlation for bubble flow,

2
- 1071 - 0.2218 (Vsl + ng) (2:29)
d, « 0.30482
If A < 0.13, then A = 0.13.
B=__'S8 _ (2-30)
Vsl * Vg

If B-A is positive or has a value of zero, continue with the Hagedorn-Brown correlation.
If B-A is negative, proceed with the Griffith correlation.

Griffith correlation:

v

2
m _ Ym| _ , . Vsg
v ll ) v_s] Y, @3y

>
1]

1 -05]1+

0.8 - 0.3048

<
]



Hagedorn-Brown correlation:

(1) Calculate liquid viscosity number and coefficient.

4
L E 3
PLIL

0.0010 + 0.0322- Ny - 0.6642 N2 + 4.9951 N

Ny

(2-32)

CNL

1 - 10.0147 Ny + 33.8696 N2 + 277.2817 N}

If Np < = 0.002, then CNL = 0.0019
IfN, > = 0.4, then, CNy_ = 0.0115

(2) Calculate liquid, gas velocity number, and pipe diameter number.

o A
L
NLv = vq [—‘]

gaL

0 v
L
Ngv = Vsg [_EU_L]

¢ 5375 |17

NGV

__] (2-33)

4
A [0.0047 + 112332 - ¢ + 729489.64 - ¢2]
14

1 + 1097.1566 » ¢ + 722153.97 « ¢*
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(3) Determine the secondary correction factor correlating parameter

38
_ Ngv N 2%
7.14
Na' (2-34)
J - 10886 - 69.0473¢ + 2334.3497¢% - 12896683
1 - 53.4401¢ + 1517.9369 - ¢2 - 8419.8115 - ¢>
(4) Calculate liquid holdup
A
r=2Xoy (2-35)
4
(5) Calculate frictional pressure gradient.
_of vz
Pos " Ym | Pns (2-36)
de Pg

f = Fanning friction factor

Pys = no-slip average of densities

Ps

slip average of densities

2.5.3 Hasan-Kabir Correlation (Hasan and Kabir, 1992
This correlation is a recent development in multiphase flow technology. It was established
based on hydrodynamic conditions and experiment observations. It applies to flow in annuli of
inclination up to 80°.
1. Flow pattern identification.
The flow occurs in four different patterns depending on the superficial velocities and
properties. Figure 2-8 shows a typical flow regime map for wellbores.
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Figure 2-8. Typical Flow Regime Map for Wellbores

a) Boundary A: transition from bubbly flow to slug or churn flow

vsg = (0.429 v + 0.357 + vg) sind
% (2-37)
¥g = 1.53 __gU'L (PL ﬂg)
2
L

#; deviation from horizontal axis.

b) Boundary B: transition from bubbly or slug flow to dispersed bubble

0.6
0725+415 sg [ ]

0.40']_
dg = 2| ————

When d < dc and when superficial gas velocity stays on the left of Boundary C.
Then the flow is in dispersed bubble.
¢) Boundary C: transition from slug to dispersed bubble.
= 1.083vg + 0.52 v, (2-39)

(=9
]
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d) Boundary D: transition from slug to annular flow.

goLleL - 5 |02

sz

Veg = 3.1

Liquid holdup calculation,

For bubbly or dispersed bubble flow

For slug or churn flow

d ' d _
vy = [0.345 + 0.1 d_T] VSing 1+ Hcose)l'z gd¢ (or .Og)
C

L

Arg =1 - ———&
T8 12vh, + v,

a=1-0I112vp, + \.r!;).!’vsg
A=1-@-+\g+0.0) if Veg > = 0.4
a=1-02512vy + vy

A=1-(a- )\TB +0.25 ng) if ng < 0.4

For annular flow

f_ = Veg Pg
Vsl * AL ¥ Vg Py
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3. Frictional pressure gradient calculation.
For bubble, slug, or dispersed bubble flow

pLdee
Ng, =

HPL
¢ _0.046
m - NO2
Re

(247)
Pm < )\.OL + (1 - )‘)pg

2
dp 2fm-pm-vm
=3 [P Fa—

e

- l P 2-48
Vsge T Vsghg P_T fay, (2-48)

If vopo < 4% 104, then
E = 0.0055 (104 v, )28

If vsge = 4 x 10'4, then
E = 0.857 - log (10° + v, -0.2

For annular flow

2.5.4 Duns and Ros Correlation (Sixth World Petroleumn Congress

The Duns and Ros correlation is a result of an extensive laboratory study in which liquid
holdup and pressure gradients were measured. Correlations were developed for slip velocity (from which
holdup can be calculated) and friction factor for each of three flow regimes.

1. Calculate the liquid viscosity number

g %
NL = 3 (2-49)
PLIL
2. Find the liquid and gas velocity number
. -5 %
PL (2-50)
Npy = —
LV < Vgl gL
rak 2.5
_ L (2-51)
Ng,, =V —
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3. Find the Pipe diameter number
N, = d| 2L (2-52)
oL
4. Calculate dimensionless quantities
Ls =50 + 36 NLV
(2-53)
Ly =75 + 84 N5
5. Find L, and L, in Figure 2-9.
1.5F .
1.0F -
0.5 Ly i
0 { H L i i I T W Y I [ 1 1 L [ S
10 102 10°
Ny
Figure 2-9. L-Factors Against Diameter Number N (after Ros)
6. Determine flow regime
Bubble flow = 0s N,, <L, + L, Ny,
Shug flow = L +L, "N, < Ngv < L,
Mist flow = _sz >L,
Transiton = L, <N <L,
7. Determine the proper slip factor using the region found in the last step:
a. Bubble flow
2
/ Ngy (2-54)
S=F +F N, +F |—&—
1 2 Vv * 3 1 + NLV

F, and F , are found in Figure 2-i0.

F
F, =F - —1\74 where F4 and F, are found in Figure 2-10.
3
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For annular flow N, is based on the wetted perimeter, thus: d = (d, + dp.
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Figure 2-10. Fy, F,, F3, and F4 Against Viscosity Number Ny (After Ros).

b. Slug flow

N 0982 , g
S=(1+F5)(gv) + Fe

(1 + F7 Ny, )?

Fs5, Fg and F5 can be found in Figure 2-11 where Fg' = 0.029 Ny + Fg
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Figure 2-11. Fg, Fg and F, Against Viscosity Number Ny (After Ros)

c. Mist flow

Therefore, Hy =

8. Determine the slip velocity for bubble or slug flow regime:

Vg =

9. Determine the liquid holdup:

1+ ng/VsL

S

1

0.25
)

(pL/(oLB)

2
Vs T Vsg T VsL J(Vs T Vsg ~ VsL)® + 4V VgL

HL=

2v

10. Determine the liquid Reynolds number:

Nge =

PL Vs d
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11. Determine the friction gradient according to the flow region:

a. For bubble and slug flow

[ ] fm pZL vsg Vm (2-60)
B¢
where:
f
F = fl —
m ( ) fb
f) is found in Figure 2-11
f, is found in Figure 2-12
The abscissa must be determined in Figure 2-12 and is fjR Nd%
where:
R = 58
Vsl
f3 = 1 + f; yR/50
f, fo -8 :
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Figure 2-12. F; Against Reynolds R, (After Ros)
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Figure 2-13. Bubble Friction Correction (After Ros)

b. For mist flow

In this region, the friction term is based on the gas phase only. Thus

H

f 2
”g sg : (2-61)

Since there is no slip, the friction factor is given in 2 Moody diagram, but as a
function of a Reynolds number of the gas:

Po Voo d
Ng, = "2 d (2:62)

Duns and Ros noted that the wall roughness for mist flow is affected by the film of
liquid on the wall of the pipe. The ripples of the wall film cause a drag on the gas. This process is
governed by a form of the Weber number:

2
N < PeVee e (2-63)

W
(] O,L

and is also affected by liquid viscosity. This influence was accounted for by making N, a function of
a dimensionless number containing liquid viscosity,

2
N B (2-6%)

® pL oL &

The functional relationship is shown in Figure 2-14 where the coordinates are N, vs

we " i’
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The value of roughness may be very small but ¢/d never becomes smaller than the value
for the pipe itself. At the transition zone to slug flow, £/d may approach 0.5. Between these limits, £/d
can be obtained from the following equations which were developed from Figure 2-14.

=
.
o
-

N..N,
Figure 2-14. Mist Flow Film Thickness

.0749 UL
= — (2-65)
Pp Vsg d

' €
Nwe N, < 005 : 3
_ 3713 g
ST

Pg ng d

Nye N, < .005 (Nye NP3 (2-66)

[=A N,

where:
g = gas-liquid interfacial tension, dynes/cm
= gas density, Ibm/fr3
Vsg = superficial gas velocity, ft/sec, and

d pipe diameter, ft

i

Values of f for the mist flow regime may be found for £/d >0.005 from

f = 1 +0.067 (&/d)! 3| x4 2-67)
[4 log1g (0.27¢/d) P

As the wave height on the pipe walls increase, the actual area through which the gas can
flow is decreased, since the diameter open 1o flow of gas is d-&. Duns and Ros suggested that the
2

¥,
prediction of friction loss could be refined by substitution of d-¢ for d and (;‘ 7 for Vsg throughout
it 4

the calculation of friction gradient. In this case, the determination of roughness, &, is iterative.
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In the transition zone between slug flow and mist flow, Duns and Ros suggested linear
interpolation between the flow regime boundaries, L and L, to obtain the pressure gradient. This
means that when Ngv falls between L, and L, pressure gradients must be calculated using both the slug
flow correlations and the mist flow correlations. The pressure gradient in the transition zone is then

calculated from

dp _ 4 [_dB +B [_"E] (2-68)
az AZ | stug IZ | mist
where:
A+________.._Lm_Ngv’ =__Ngv-Ls=1—A
L, - L, L, - L,

Increased accuracy was claimed if the gas density used in the mist flow pressure gradient
calculation was modified to

. _ Pg Ngy

pg T

m
where Py is the gas density calculated at the given conditions of pressure and temperature. This
modification accounts for some of the liquid entrained in the gas.

2.5.5 Gray Correlations {1974)

A vertical flow correlation for gas condensate wells was developed by H.E. Gray. Itis
included in the vertical flow package in the computer program described in API I4b for sizing subsurface
safety valves.

This program uses a pressure balance with a term, £, the gas volume fraction obtained from
a fit of a few condensate data systems to build a simplified empirical model of a retrograde phenomenon
requiring only specific gravity, pressure, and temperature data for input.

The pressure balance equation used is:

f, G2 G2 1
P=Ltp +(U-ppldhs—2_ __+2 a4 (2-69)
gc[ g L] 2g, D P db g, Poi

where £, the gas volume fraction, is:

B
1 - exp 1-0.2314 [ N, 1+ 205-"ﬂ (2-70)
£ - Np
R+1
B = 0.0814 [1 - 0.0554 In [1 . ;3?}‘1]] @-71)
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and

N, = bm Vo
g 7oL ~pg)
Np = glpL - pp) D?
T
R — VSO + VSW
Vsg
D = ID of flow conduit
f, = two-phase flow friction factor
G = mass velocity
h = depth
P = pressure
q = flow rate
R = superficial liquid/gas ratio
S = specific gravity
s, = gas gravity
t = temperature
VYV = velocity
p = density
7 = mixture surface tension
subscripts:
f = friction effect
g = gas phase
i inertia effect
1 = liquid phase
m = gas/liquid ratio
o = hydrocarbon condensate
s = superficial value
w = free-water phase

(2-72)

(2-73)

(2-74)

The following indicates data ranges over which the Gray correlation was developed. Any

calculations beyond the following acceptable guidelines should be viewed with caution:

1.

2.
3.
4

Flow velocities below 50 fps
Tubing sizes below 3% in.

Condensate production 50 bbl/MMscf

Water production 5 bbl/MMscf
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The program was compared to 108 sets of well data. The results were found superior to
dry-gas well predictions. The Gray correlation can be used to evaluate gas condensate wells by
generating tubing performance J curves and comparing them to reservoir performance. Although the
above restrictions should be considered, several calculations made with up to 300 bbl/MMscf indicated
less than a 10% error compared to data.

2.5.6 Gas Well Liquid Loading-Up Process and Identification

2.5.6.1 Gas Well Load-Up Process
As natural gas is produced from depletion-drive reservoirs, the energy available

to transport the produced fluids to the surface declines. This transport energy eventually becomes low
enough that flow rates are reduced and fluids produced with the gas are no longer carried to the surface.
These liquids accumulate in the wellbore over time, and cause additional hydrostatic back pressure on
the reservoir, which results in continued reduction of the available transport energy. In most cases, if
this condition is allowed to continue, the wellbore will accumulate sufficient fluids to balance the
available reservoir energy completely and cause the well to die. This phenomenen is known as gas well
load-up (Figure 2-15).

FLOWING LOADING-UP LOADED
. .
<. 'f‘.: |/~ 5 GAS GRADIENT
LIQUID—] ¢« LIQUID —f -1-"
FILM | . . FiLM | . 1. '
MIST RISING
FLOW GAS
1 msing | 1 ~COLUMN
. AERATED |« of GRADIENT
. COLUMN v, o.c8+0.04 psit
. PR .
.1 o’ COLLAPSED | o
S, COLUMN —|——
* D LIQUID LEVEL |
- L ]
¢ oo BUBBLE —
. v: FLow |&s

ey
(a) ®) (©)
Figure 2-15. Gas Well Load-Up Process (Coleman et al., 1991)

The liquid held in the wellbore comes from two sources: 1) liquids condensed
from the gas, and 2) free liquids produced into the wellbore with the gas. Both liquid hydrocarbons and
water may be present, depending on the specific reservoir. As Figure 2-15 illustrates, under normal
production conditions, gas flows at a velocity high enough that an annular flow pattern develops (Figure
2-15a). This flow pattern is characterized by the presence of a fast moving core of the gaseous phase
carrying with it entrained droplets of the liquid phase. The remainder of the liquid phase is present in
the form of a flowing film on the pipe wall. As the reservoir energy declines, gas velocity decreases,
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and the entrained liquid droplets in the gas core start to drop instead of being carried upwards. The
liquid film starts to thicken and move downward at a higher velocity. These factors cause the liquid
column at the bottom to rise. The well begins to load-up with liquid (Figure 2-15b). The rising liquid
column increases the bottom-hole pressure, further reducing the gas production rate. Eventually, no
liquid can be carried upward to the surface and the well will die (Figure 2-15¢).

2.5.6.2 Gas Well Load-Up Identification

The liquid exists in the wellbore in two forms: 1) the liquid film along the wall
of the pipe and 2) liquid droplets entrained in the high velocity gas core. Two models were developed
by Turner et al., in 1969, to predict the onset of load-up based on two different assumptions:

1. The continuous film model assumes that in order to keep a gas well
from loading up, the annular liquid film must be moved upward along
the walls. This model calculates the minimum rate of gas flow
required to move the film upward.

Figure 2-16. Liquid Film Movement (Turner et al., 1969)

2. The liquid droplet model assumes that the liquid droplets in the gas
core are the controlling factor. If the liquid droplets cannot be carried
upward, then the liquid will load-up in the gas well. This model
predicts the minimum gas flow rate required to move the liquid
droplets upwards.
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Figure 2-17. Entrained Drop Movement (Turner et al., 1969)

After comparing the results from these two models with field data, Turner et al.
found that the liguid film movement does not represent the controlling liquid transport mechanism, i.e.,
when the liquid film begins to fall back down the well, the film will thicken and bridge the pipe, causing
the film to break up into drops, which will be carried up the hole by the gas (Figure 2-18). Therefore,
the transport of entrained drops is the controlling mechanism and the minimum gas rate calculated from
the entrained drop model is best used to identify the onset of the load-up.

[
z
W
=
Lo
(=]

g5
2
2c
Lo

Figure 2-18 Fluid Movement Field Results

2.5.6.3 Ciritical-Rate Theory (Liquid-Droplet Model)

As Turner et al. showed, a free-falling particle in a fluid medium will reach a
terminal velocity that is a function of the particle size, shape, and density and of the fluid-medium density
and viscosity (Figure 2-18).
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Applying this concept to liquid droplets in a flowing column of gas, the terminal
velocity, v, of the drop is
% 4 -
Vt =c-1'6{[0./ (pL_pg)%]/pg} (2 75)
which assumes a fixed droplet shape, size, and drag coefficient and includes the +20% adjustment
suggested by Turner et al.

Applying this terminal velocity equation to wellbores and correcting to standard
conditions, the minimum gas flow rate, q., for the continuous removal of liquids from a wellbore can

be determined:

qc = 3.06 pv, A/Tz (2-76)
v, - Critical gas velocity, ft/sec
¢ - Interfacial tension, dynes/cm
p - Liquid density, lbm/cf
Pg - Gas density, Ibm/cf
p - Wellhead flowing pressure, psi
A - Cross-sectional area for flow, ft2
T - Temperature, °R
z - Gas compressibility
g. -  Critical gas flow rate, MMscfd

This rate, also known as the critical rate, can be used to predict the onset of gas
well load-up. Figure 2-19 plots this critical rate for typical 2%/8-in. tubing with water as the droplet fluid.
If the gas production rate is above this critical rate, the well is not loading liquid at the bottom, *‘C’’
in Eq. (2-74) is an adjustment factor. Turner et al., showed that an upward adjustment of 20% (i.e.,
¢ = 1.2} is needed to conform with the field data. However, Coleman et al. state that for wells with
wellhead flowing pressure lower than 500 psi, the adjustment is not needed (i.e., ¢ = I).
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Figure 2-19 Wellbore Critical Rate: 2%-in. Tubing (Coleman et al., 1991)

Eq. (2-74) can be simplified assuming: ¢ = 1.2, ¢ (water) = 60 dynes/cm, ¢
(condensate) = 20 dynes/cm, py (water) = 67 Ibm/cf, py (condensate) = 45 Ibm/cf. Gas density isa
function of pressure, temperature and gas gravity. Further simplification is possible by using an average
value of gas gravity (0.6) and gas temperature (120°F). The simplified equations are as follows:

_ % 2.7
v, (water) = 36267 0.00?1 p) Q77
(0.0031 p)*
_ "
vt (condensate) = 4.02(45 0.00?] p) (2-78)
(0.0031 p)*

2.6 MULTIPHASE CORRELATIONS FOR FLOW IN CHOKES (BRILL AND BEGGS, 1991)

Chokes are frequently installed in wells to restrict flow rates to desired levels. They normally
operate in *‘Critical’” or ‘‘Sonic’’ flow conditions (i.e., the velocity of the fluids through the choke
reaches a level identical to the velocity of sound, pressure or compressional wave). Flow then becomes
independent of downstream disturbance of pressure, temperature, or density because the disturbance
cannot travel in the upstream direction.

Most publications involving multiphase flow through chokes have been for critical flow. The
problem solved in these works has been to calculate the pressure upstream from a choke, given the choke
diameter, the liquid production rate, and the gas/liquid ratio. The alternate case is to calculate the liquid
production rate given the upstream pressure. The equations and/or figures used to predict critical flow
behavior through chokes are given below together with other information where pertinent.
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The equations proposed by Gilbert, Ros, Baxendell and Achong are all of the form

where:

ABC =

B
A qp Rp

p; =
dC

upstream pressure

liquid production rate, stb/d

producing gas/liquid ratio, scf/STBL
choke diameter in 64th’s of an inch
empirical coefficients given in Table 2-1

TABLE 2-1. Empirical Coefficients for Two-Phase

: _Cérrciaﬁon : \ Sl A
Gilbert 10.00 0.546 1.89
Ros 17.40 0.500 2,00
Baxendell 9.56 0.546 1.93
Achong 3.82 0.650 1.88

(2-719)

Analysis of Eq. (2-78) clearly shows that the production rate or fluid throughput is independent
of the pressure downstream from the choke. As mentioned previously, this is a characteristic of critical flow.

Equation (2-78) is also very sensitive to the choke size. Gilbert stated that an error of 1/128 in.

in bean size can cause errors of 5 to 20% in pressure estimates. Also, he pointed out that gas-liquid
ratios are frequently reported only to the nearest 50 or 100 scf/STB and are frequently difficult to

determine because of fluctuations which occur in many wells. These fluctuations can require changing

choke sizes several times in a well’s production history to obtain desired production rates. Finally,
Gilbert stated that his formula (or coefficients) applies only when the upstream pressure (fubing pressure)
is at least 70% greater than the line pressure (downstream pressure). When this percentage is less than

70%, the bean size indicated will be too small for the given conditions.
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3. Program Installation

3.1 BEFORE INSTALLING

3.1.1 Hardware and System Requirements
PROMODI is written in Visual Basic®. It runs in either standard or enhanced mode of
Microsoft Windows 3.0 or higher. The basic requirements are:

¢  Any IBM-compatible machine built on the 80286 processor or
higher (with math co-processor)

* 2 megabytes of RAM; 4 megabytes is recommended

¢  Hard disk

¢ Mouse

* CGA, EGA, VGA, 8514, Hercules, or compatible display. (EGA
or higher resolution is recommended)

e  MS-DOS version 3.1 or higher

*  Windows version 3.0 or higher in standard or enhanced mode

For assistance with the installation or use of PROMOD] contact:

Weiping Yang or Russell Hall
Maurer Engineering Inc.
2916 West T.C. Jester Boulevard
Houston, Texas 77018-7098 U.S.A.
Telephone: (713) 683-8227 Fax: (713) 683-6418
Telex: 216556

3.1.2 Check the Program Disk
The program disk you received is a 3%2-inch, 1.44 MB disk containing twenty-one files.

These twenty-one files are as follows:



SETUPKIT.DLL
VBRUN300.DLL
VER.DLL
COMMDLG.DLL
GSWDLL.DLL
GSW.EXE
SETUP.EXE
SETUPL.EXE
PROMODI1.EXE
SETUP.LST
CMDIALOG.VBX
GAUGE.VBX
GRAPH.VBX
GRID.VBX
MDICHILD.VBX
THREED.VBX
TEST.VI1
TEST.wWDI
TEST.SDI
TEST.VT1
TEST.VPI

We recommend that all .VBX and .DLL files that have the potential to be used by other
DEA-44/67 Windows applications be installed in your Microsoft WINDOWS\SYSTEM subdirectory.
This applies to all the .VBXs and .DLLs included here. The PROMOD1 executable (PROMOD1.EXE)
file should be placed in its own directory (default ‘*‘C:\PROMOD1"’) along with the example data files
TEST.*. All these procedures will be done by a simple setup command explained in Section 3.2.

In order to run PROMODI1, the user must install all of the files into the appropriate
directory on the hard disk. Please see Section 3.2 to setup PROMODI1.

It is recommended that the original diskette be kept as a backup, and that working diskettes
be made from it.

3.1.3 Backup Disk
It is advisable to make several backup copies of the program disk and place each in a
different storage location. This minimizes the probability of all disks developing operational problems

at the same time.

The user can use the COPY or DISKCOPY command in DOS, or the COPY DISKETTE

on the disk menu in the File Manager in Windows.

3.2 INSTALLING PROMOD1

The following procedure will install PROMOD1 from the floppy drive onto working subdirectories
of the hard disk (i.e., copy from A: or B: drive onto C: drive subdirectory PROMODI and
WINDOWS\SYSTEM).



1. Start Windows by typing “WIN" <ENTER> at the DOS prompt.

2. Insert the program disk in drive B:\,

3. In the File Manager of Windows, choose Run from the File menu. Type B:\setup and press Enter.
4. Follow the on-screen instructions.

This is all the user needs to setup PROMODI. After setup, there will be a new Program Manager
Group which contains the icon for PROMODI as shown in Figure 3-1.

= Program Manager [=[a
File Options Window Help
e Main A
- DEA APPLICATION GROUP i B
| \;‘l i sy m :-\
welcon2 TrAx1 CEMENT1.1 HYDMOD 21 Bstress CSiress1
gy | 17 ]
ol (L]
BUCKLE? PAOMOD1 Wd Resmodd
—— T S —
Mictosoft Accessones  Visual Basic  Pizazz Plus for
Visual Basic 30 Windows
— — — — — —
NewoWindows Microsoft Tools ~ Cement vB Micrasoft Gamas  Microsoft Exce!
Dama Professional Access 4.0
Tanks

Figure 3-1. DEA APPLICATION GROUP Window Created by Setup

3.3 STARTING PROMOD1

3.3.1 Start PROMODI1 from Group Window

To run PROMOD! from Group Window, the user simply double-clicks the ‘‘PROMQD1"’
icon, or when the icon is focused, press <ENTER>.

3.3.2 Use Command-Line Option from Windows

In the Program Manager, choose Run from the File menu. Then type
CAPROMODI\PROMOD1.EXE <ENTER>.






4.1

PROMODI runs in a Microsoft Windows environment. Itis assumed that the user is familiar with

4. Running the Program

INTRODUCTORY REMARKS

Windows, and that his or her computer is equipped with Windows 3.0 or a later version.

For information about Windows in a concise and convenient form, 10 Minute Guide to Microsoft
Windows 3 by Katherine Murray and Doug Sabotin, published by Sams, is recommended.

In this quick start, step-by-step instructions take the user rapidly through the program. To save
time and space, data will be input from the prefabricated files, TEST.*, which are included on the
program disk and which are stored in directory C:\PROMOD1 during the SETUP process in Section 3.2.

4.2 GETTING STARTED

1.

2.

Call up Windows and make DEA APPLICATION GROUP the active window, as shown in

Figure 4-1.
— Program Manager =]
File Qptlons Window Help
i Main il
- DEA APPLICATION GROUP ]
~f At | w/a ~l
Al P 15 ;l
welcon2 TriAx1 CEMENT1.1 HYDMOD 2.1 Bstress CStress1
BUCKLE PAOMOD1 Wwd Resmodéd
T " "W
Microsolt Accessones  Visual Basc  Pizazz Phus for
Visual Basic 30 Windows
o [ R
Neuowindows Microsoft Tools  Cement VB Miciosoft Games  Miciosolt Excal
Dema Profes sional Access 4.0
Tonki

Figure 4-1. DEA APPLICATIONS GROUP Window

Double click on the PROMODI icon. This displays the screen shown in Figure 4-2. Click
on the [OK] button and this opens the PROMOD!1 front window shown in Figure 4-3. If the
[Exit] button is clicked on instead, the program returns to the program manager.
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DISCLAIMER

MUL TI-PHASE Ft OW PRODUCTION MODEL [Promaod 1.0]
{Velocity String * Nodal Analysis * Gas Lift)

DEA-67

Project te Develop And Evaluate Slim-Hole And
Colled-Tubing Technology

By
Maurer Engineering Inc.

This copyrighted 1994 confidential report and computer program
are for the sole use of Participants on the Drilling Engineering
Assaciation DEA-67 Project and their affiliates, and are not to

be disclosed to other parties. Data output from the program can
be disclosed to the third parties. Participants and their affiliates
are free to make copies of this report and program for their
in-housec usc only.

Maurer Engineering inc. makes no warranty or representation,
cither expressed or implied, with respect to the program or
documentation, including their quality, performance, mercha-
nability, or fitness for a particular purpose.

Figure 4-2, Disclaimer
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PDI Fila Name

i

Hublac i
| ]

Show PD) | |Unit System English

- Percent Complets Indicator ~

Figure 4-3. Front Window
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The menu bar at the top of the screen facilitates all operations of the program. To access
individual menu items, the user can utilize either a mouse or the keyboard. The four buttons
on the left of the screen are used to speed access to the four data files. When a data file is
ready, the name of the file is displayed in the grid on the right. The percent complete
indicator shows the percentage of computation finished.

The '‘File’’ menu facilitates the operation of the project files. Click on the ‘‘File’’ menu and
the ‘‘File’’ pull-down menu is displayed as shown in Figure 4-4. Click on individual items
to perform the corresponding task.

PROMOD1.0 e
{nput Start Utility Help d
Qpen Project ...
Save Project
Save Praject As ...
B‘nt Hu]em e S TR o e g A VAN i s e m :
pimanpt  Li-Phase Flow Prodnction Model
Exdit (Velocity String * Nodal Analysis * Gas Lift) {
;l Show WDI } Project Fila Name i
g _ [WDI Fits Name |
{[_show 501 I55i7e ame :
E- TDI File Name .‘
! Show TDL | :
PDI File Name
Show PDI } Unit System English

* Percent Camplete Indicator oo o

Figure 4-4. File Pull-Down Menu

Before any calculation begins, the data have to be entered by reading an existing file or
entered manually. Four data files need to be prepared. Three of them are absolutely required
for any calculation. They are SDI, TDI, and PDI files. The fourth file, WDI, is for
information only. The data in the WDI file do not go into any of the calculations.

There are two ways to access the WDI file (Figure 4-6): 1) by clicking on the Input menu
as shown in Figure 4-5, then clicking on WDI, or 2) by clicking on the [Show WDI] button only.



PROMOD1.0

RAEN

Utility Help

WDI - Well Data

§DI - Survey Data
JO! - Tubular Data
PDI - Parameter Data

" Multi-Phase Flow Production Model

* (Velocity String * Nodal Analysis * Gas Lift)

Show Project File Name

WD! Filea Name

H

i SDI File Name

: TDI File Name
/| Show TDt

PDI File Name

e

Show PD! | [Unit Systam English

Percant Complete Indicatar

Figure 4-5. *‘Input’’ Pull-Down Menu

-WELL DATA INPUT (WDI}-
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File
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—
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oo [ ]
prie W )
Cammarse: .\L _Ji

Figure 4-6. WDI Window
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The user can input all pertinent data manually at this point or retrieve an existing file. To do that,
click on the menu *‘File’’ for the pull-down menu box as shown in Figure 4-7. Then, click on “‘open.”’
This opens the file dialog box as shown in Figure 4-8 and highlights the file name to be retrieved. Click
on the [OK] button and the WDI window is filled with the data from the file, shown in Figure 4-9,

“WELL DATA INPUT [WDH- [ 0]

Well Data Input Window

Retum Company Name: “ ]
Project Name: | |
Well Nama: r I
Field Name: [ ]
CityfStata: l J
Date: | |
Comments: |7 |
Figure 4-7. WDI File Pull-Down Menu
=] -WELL DATA INPUT pADI}- R kX
Eile i\
| Open WOI Flle
File Hame: Ritectosies:
p——
B promoxdl
5 smdump
List Fies of Type: Drives:
[-.won 18 [=me 4]
ChyrsSwaig: I |
Date: I* ]
Camments: | —l

Figure 4-8. File Dialog Box
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=] -WELL DATA INPUT (WDI}- CAPROMODI\TEST.WDI | = ] {:
Eile

Well Data Input Window

Company Name:  ||nternational Oit EAP Ca.

ProjectName:  [Prgject#3 |
Wall Name: |well #5 ]
Field Name: [Austin Chalk ]
City/State: [Austin. Texas H
Daie: [1z-17-1993 |
Commants: [Gas Wall I

Figure 4-9. WDI Window Filled
To exit from the WDI window, click on ‘*File’’ and click ‘‘Return.’’

7. Similarly, there are two ways to access the SDI file (Figure 4-10): 1) by clicking on [Show
SDI], or 2) clicking on the “‘Input’” menu and then clicking on **SDI.”’ Either procedure will
open the SDI window as shown in Figure 4-10.

=] -SURVEY DATA INPUT (SDI}- is]el
Flie

Mon M.Depth  Inclination  Azimuth |

(Dqﬂ:h T [ 1 ]oo 0.0 0.0 1)
© (ot -

O Meters

(lnﬁuim:—‘
@ Decimal
O Deg Min

& e ( | wettne | [ pserme |

Figure 4-10. SDI Window
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To retrieve an existing file, click on ‘‘File’” at the top of the screen. This opens the *‘File’* pull-

down menu as shown in Figure 4-11.

-.l -SURVEY DATA INPUT (SOI)- [=]4%
Qpen ...
Save
Save As ... fStaﬂnn M. Depth Inclination Azimuth
Print :
fetm epth T 0.0 0.0 0.0 *
Feot )
O Meters
[ Inclination :
@ Decimal
O Deg Min
"‘
Armyth : ——
@ Angulsr ot Liva j | A
O D Field It L aicedouss

Figure 4-11. SDI File Pull-Down Menu

Click on “*Open.’” This opens the file dialog box. Highlight the SDI file name to be retrieved.
Click on [OK] button. The SDI Window is filled with the data from the File, as shown in Figure 4-12.

= -SURVEY DATA INPUT [SDIFC:APROMODTTEST.SDI EYER
File ~

pmlnn M. Depth Inclination Azimuth

~Depth : —— 1 oo 00 NOOE <
@ Fout Z [1000 oo N OO E
3 |2000 o0 NDOE
O Metens 7 3000 o0 NaoE
5 |400.0 a0 [NooE
~ Incfination : — © [5000.0 0o N OO E
O Decimsl 7 {20000.0 &0 N OO E
@ Deg Min
- o —_— *3
[Azimth : Edit
O Angulsr ’_ -
@ Dil Field l Insert Lina j l Delato Line

Figure 4-12, SDI Window Filled

47



Now, click on “‘File’” in the menu bar at the top of the Survey Data Input window. When the

“‘File”” window opens, click on ‘‘Return.”’

8. To access the TDI window, click on the [Show TDI] button or click on ‘‘Input’’ menu, then
click on TDI. Either procedure will display the TDI window as shown in Figure 4-13.

=] -TUBULAR DATA INPUT [TDI}- R KN
File
Pardarstion depth (1]
TUBING $TRING C
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fol | Gol [ (8 | bl || ] ]
1
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z (s 1
4
5 v
* input from bottom up TOTAL l ! :,URFACE PIPE IT::::TAW
ewobon Ve o ng i,
s
= - = [] D }Leviuiunl_Lmh .
fn] | Dsgres} | __{i1)
WELL DATA [Fh-thm @ Tubing O Annukss i
%] Desciipion | 10 _ | Length Voume |t E
| T 1 ] :
1 L=
— 5
=l ]
4| | 7|
{_a of| ]

* Inpat from lop down TOTAL | L

|

;)

tart vom well head

Figure 4-13. TDI window



To retrieve an existing file, click on ‘‘File’” in the menu to open the ‘“‘File’’ pull-down menu
(Figure 4-14). Then, click on *‘Open’’ to display the file dialog box as shown in Figure 4-15.

= -TUBULAR DATA INPUT (TDI =14
Qpen - 4G Pert . ["] :
Seve m ] 0 | OO | Longth | Vakass |[*
L*]| Cale. Interval (it
Save As ... —ﬂll o T 01 by [ ] miarval (1) |—___]
Print - . o
Surfece Chake §
Return I1uf5:°':|l i :

4

5 [

:;ut from bottom up TOTAL l

SURFACE PIPE LINE DATA

Deviation positive if fosing uphll.
RS
[ ID___ [Deviation] Length [+
r ] [(Degiea) | {ft) -
WELL DATA [ Flow thiough - @ Tubing O Anuius i
# | Dosciiption | D | Length Volume [+ g
[ 6 [ 1 [bbls) -2
= 5]
3 &,
. T
5 ry _2. e
* Inpat from top down TOTAL I | J = Start rom well head

[wn ] [pwwn ] | [iwe ] [

Figure 4-14. TDI File Pull-Down Menu
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2| D] File Name: Directovies:
2 [&qﬂ.vﬂ 4+ et * I::I
3 gl £ promadi
4 wellg vtl O rmdump
1 wolllovtl
= well2g w1 D
Input | | (o725 vt L] f“:pﬂ
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wELLL [cvi 3 [Be 1B el [ ()
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1 | 4]
2] | 5
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4] 7
5 4] : v
* Inpat from top down  TOTAL | | * Start from well head

Figure 4-15. TDI File Dialog Box
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Highlight the file to be retrieved, and click on the [OK] button. The TDI window is filled with
the data from the file as shown in Figure 4-16.

= -TUBULAR DATA /INPUT (TDI}- CAPROMODNTEST.VT1 RaEN
Elle
Perforation depth (it) 7517,
TUBING STRING [7517. ]
%] Desciiption | 1D | 0D Length | Volume 121 cale. Intesval (i)
[ m} [ () ) | mbie ||
1 [Tubing 2441 2875 7505, 43.43% Surtocs Chake Si
5| urlace o Size
_g_ 1764 in)
4]
5. . ||| SURFACE PIPE LINE DAT A
= Input f10m botiom up TOTAL 7505, 43436
Deviatian positive i flowing uphi
e el
—— = = [ ID  [Devistion| Longth [+
) | Degiee] | (&)
WELL DATA Flow through @ Tubing O Annulus H‘
¥ | Doscription D | Length | VYoluma |+ ;
I_ 1 G [ el [ (bbs] .
1 |Casing 4892 7500. 176.665 :
2 3
1 7
5 (-2 *
“ input llom top down  TDTAL 750U i7e.665 * Start from well head

[Limam ] | [t ] [ poete ]|

Figure 4-16. TDI Window Filled

To go back to the Main window, click on the ‘‘File’” menu again and then click on *‘Return.”’
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9. The last file to be retrieved is the PDI file. To access this file, click on the [Show PDI]
button or click on the *‘Input’’ menu and then click on ‘‘PDI.”’ Either procedure will display
the PDI window as shown in Figure 4-17.

= -PARAMETER DATA INPUT [PD}}- | s
File —
well Typa PR Cuive
@iGas Well! IPA Model [Fetkavich [+
© Solution Gas Driven Oil Well Enter up to 3 prassres betow.
Fis production rate know? | Pr Aesorvon presswe 31 [prig)
O Yer @ No Pr: Aesarvoir pressue 82 (peig)

Pr: Aaservoir pressure 81 (psig)

Enter up to 3 rotes, i known L . )
Pt Initial rezervoir pressure [paig)

Q- Rata 81 [Nscid] - C: Measwed & Pi (Mscfd/psi)

Q: Rate 82 Msckd) T n: Meazuied @ Pi

Q: Rate 83 Mecid) 3] Equa T~ CRAPT 2w 2 n
Gz Specific Gravity

0d AP1 Gravity

‘Water Specific Gravity

Outiet Presswe (psig)

Gas Ligusd Ratio (Msci/stb)

Water Licpuid Ratio @ Fixed Gas Injechin Rate [Msci/D) |

Swuface Temperature [F) - L i

Freed (ng. Gaa L Flahin [Macf Gt

‘Iulh-H*Tn-p.[Fj O Fieed in. Gias Liguid _ml sctrith]

Figure 4-17. PDI Window

To retrieve an existing file, click on the ‘‘File’’ menu to open the pull-down menu, as shown in
Figure 4-18 and then click on “‘Open.”’ A file dialog box appears (Figure 4-19).

-PARAMETER DATA INPUT [PDI} [N

Open ... 1PA Curve

Save IPA Modol [Fatkevich

Save ps ... | D el

Print " en il W Enter up to 3 présswras below.
o ste know? — ] Pr. Resarvoi prozswe 81 [prig)

il 3 TeT @ No Pr: Reservoir pressuwe 82 [peig)

Py Resarvol pressure 83 (prig)

Enter up to 3 rates, if inown
Pi Initial 1a3ervol pressure [paig)

Q: Rats #1 (Mecfd) ) C: Measwod @ Pi {Mecid/psi)
Q: Rate 82 (Mscfd) i K Messured @ Pi

Q: Rate §3 (Mecid) A Equans ﬁWW”

Gas Specific Gravily

Dil AP Gravity

Water Specific Gravily
Outiet Pressure (psigl

Gas Liguid Ratio (Maci/sth)

Wates Liquid Ratio @® Fixed G as Ingzchiun Rate (Macl/D]
Surface Tomperatuee (F)

© Fued Iy, Gas Liquid Flatio [Maci/Stn)  |2: -
Bottom Hole Tomg. (F) [ & Petim Bes Basdfloko MactSt)

Figure 4-18. PDI File Pull-Down Menu
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=] -PARAMETER DATA INPUT (PDI}- ME
File
Open YP1 File —
PR Curva
Diseclorios: oK :
cAon I ; MR I
+ [=AY +
S promod1
) sindumgp
3+ 7
Drives:
%] S l!J 2°n
0il AP1 Gravity
‘Water Spacific Gravily
Outlot Prasswe (psig) 1 ’ ' ‘E
Gas Liguid Aatio [Msci/sth] : .
Wates Liuid Ratio : @ Fixed Gos tniechion Rate [Msei/D |
Surface Tonporaiue (F) © O Fixad ivg, Gos Liquit Flako (Mxcl75tb] :
Botlom Hole Temp. [F) } " ) L ; L'__ ‘

Figure 4-19. PDI File Dialog Box

Highlight the file to be retrieved, and click on the [OK] button. The PDI window is filled with
the data from the file. Figure 4-20 shows the data from the sample file.

=| -PARAMETER. DATA INPUT [PD{} CAPROMODI\TEST.VP! MBI
Elle
"Well Typa IPR Curve
@ G wel 1PA Mode! [Fatkovich %
O Solution Gas Drivan Dil Well Entor up to 3 prasewes below:
I s pioduction rale know? Pr: Ruservois presruns §1 (paig) 3400
O Yo @ No Pr: Reservow prezswe 82 (prig) 3600,
Pr: Rosorvow pressuie §3 [prig) 3800.
Entes up to 3 vates, i kivown —
PiInitial rezervok presswe [paig) 4000.
Q: Rate & 1 [Mscid) C: Measwred @ Pi (Mscid/psi) D.004
Q: Rote 8 2 Mscid) T n: Mearwed @ P 0.8
Q: Rate § 3 (Mscid) PR E quats T = CPIPrPr 2 Pwl 2 'n
Gaz Specific Grevity 0.65
01 AP1 Gravity 55
Water Specific Gravily 1.0
Outiet Pressure (psig) 200.
Gas Liguid Ratio (Maci/sth] | 21.875
Water Liquid Ratio 1 ® ixed Gos Igrchion Rate [Mazf /D)
Swface Tempeature [F) L O Fised Inj, Gias Liquid Flakio [Msef#5 W}
Boitom Hole Temp. (F) [145. e o -

Figure 4-20. PDI Window Filled
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To exit the PDI window, click on the ‘‘File’” menu, then click on ‘‘Return.’’ This returns the user
to the front window as shown in Figure 4-21.

= PROMOD1.0 MK
Elle Input Stant Utility Heip

" Multi-Phase Flow Production Model
(Velocity String * Nodal Analysis * Gas Lift)

| Show WDI 1 [Proiect File Name
WDI File Name CAPROMODI\TEST.WDI
SDOI File Name CAPROMODITEST.SDI
TOi File Name CAPROMODN\TEST.VTI1
PDI File Name C:\PROMODW\TEST.VP1

‘
i

;

Show TDI 7

Wit

; Shaw PD! | |Unit System English

- Parcent Complete Indicator

Figure 4-2]1. PROMODI1 Front Window

Now, all four data file boxes in the front window are filled with the names of the four chosen files.
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At this time, the user can create a project file which contains all four of the input data files.
Calling up this project file will simultaneously input all four data files for future computation. The
project file is established as follows:

10, Click on **File’’ at the left end of the menu bar. When the pull-down window appears, click

on ‘‘Save project’” (Figure 4-22).

PROMOD1.0 REN
San Lty Help

Open Project ..,
gave Project
Save Project As ...

ik At Li-Phase Flow Production Model

= o Be” + el Aedyss G L
| Showwpi | Proiect File Name
WDI Fila Neme |CA\PROMODWTEST.WDI

SDIFile Name  |C:\PROMODI\TEST.SDI
TDI File Name _ |C:\PROMODI\TEST.VT1
POl Filo Name  |[CAPROMODI\TEST VP1

I zgh.,.','"pq;_i Unit Systam English

rcent Complste In icat

Figure 4-22. Project File Pull-Down Menu

This opens the file save dialog box as shown in Figure 4-23.

- PROMOD1.0 |=1z]
fFile Input Stant Utliity Heip
-] Save VJ1 Flle |
File Name: Disecioriex:
| = Diecai =
e 2O g
B promodi
W 4
Save Fie as Type: Diyes:
[tva) [2] B cwsdors 2]

PDi File Name CNPROMODTTEST VP

I_ Shaw PDI iUnil System English

" Parcant Camplete Indicator

Figure 4-23. Project File Dialog Box
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In the box directly below File Name, type the name of the project file without the extension.
For this example, the file name is TEST and the extension VJ1. Click on the [OK] button
to close the dialog box. The project file designator has been added to the list of titles in the
boxes at the top of the window. This is shown in Figure 4-24.

-] PACMOD1.0 [={{y
Elie Input _ Start Lhility  Help N

Muliti-Phase Flow Production Model

: (Velocity Stving * Nodal Analysis * Gas Lift)

}' snwwm] Praject File Name|CAPROMODI\TEST.V.J1 j
! WDI Fite Name  |C:\PROMODI\TEST WDI |
5Dt Filo Name _|CAPROMODT\TEST SDI
TDIFilo Name  |C:\PROMODN\TEST.VTI
PDIFile Nama |CAPROMODN\TEST.VPI

¢

g Show TDI

fe

Show PDI | |Unit Systam English

'
B

. Percent Complste indicator

F
i

Figure 4-24. Front Window: Filled
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11. Click on ‘‘Start’” from the menu bar to display the ‘‘Start’’ pull-down menu, as shown in
Figure 4-25. Click on ‘“‘Calc and Output’’ and calculation begins. The percent complete
indicator at the bottom of the window monitors the calculation process. When calculation is
complete, the program brings out the *‘Output’” window automatically as shown in Figure 4-26.

= PROMOD1.0 J - I QR
File Input Seart Utility Help
Calc and Output

~ Multi-Phase Flow Production Model
" (Velocity String * Nodal Analysis * Gas Lift)

l Show WDI ] Project File Name|CAPROMODI\TEST VI
WD File Name |CAPROMODNTEST.WD!

SDI Fila Nama |C:\PROMODIVTEST.SDI
TOIFile Name _|[CAPROMODI\TEST.VT]
) |PDIFile Name |[CAPROMODI\TEST VP
‘ Shaw PDI } Unit System English L

i Parcent Completa Indicator

i
i
£
T

Figure 4-25. ‘‘Start’’ Pull-Down Menu
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Figure 4-26. ‘‘Output’’ Window
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12,

13.

The graphics plot in the *'Output’’ window shows the inflow/outflow performance curves.
The grid under the plot shows the production parameters at the crossing of inflow/outflow
performance curves. The option box on the right of the screen provides available calculation
options, including choke model, solubility model, and two-phase flow correlations.

To select a choke model, click on the down arrow to the right of the choke model bar to pull
down the available choke models, as shown in Figure 4-27. Click on the appropriate model
and the pull-down box disappears and the selected model is displayed in the choke model bar.
The results are recalculated if the choke model changes. A horizontal bar under the plot box
monitors the calculation process.

=) INFLOW-OUTFLOW PERFORMANCE CURVES 2
[ Optlona
Pressures at Bottom Hole Node
Choka M odet
4000 [No choke [ ¢]
'g‘g,‘vgt. a Ros
30004 TySolt, W R @040, Bazandoll
Veial, !
Pwi ‘v:v\:AA 2
"‘ \z A EZPhue Model
{ "' b A ertical Row
oo, VN, Are™ hesam 3]
e _._._‘g hj»—ﬁt Lo
inclined flow
0 RN Beggs-Brll I!
0 500 woo lSIJIJ v 3 r&zugﬂ et
Horizontal Aow
Qg (Mscfd) Boggs-fll i!
: [ 4[ ll‘.‘!.!ﬁmj Profiles Print
Pr Pw! Pth Qg | Do | Gw_|ini @
g ] Pacld] [ (BPD]T@PD] oot B. Hole Node Save Graph
0 561.9 m. 14822 Q.0 Node
F(3600. S501. 200 17%5.2 00 ns W. Head o Bock
©3300. 6068 200. 13286 00 00.9 Critical Rate Analysis

Figure 4-27. Choke Model Selection
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14. If the reservoir is under solution gas drive, a solubility model is required. There are two
models available. To select either one of these, first click on the down arrow to pull down
the selection box (Figure 4-28), make the selection by clicking on the name of the model.

—| INFLOW-OUTFLOW PERFORMANCE CURVES l " :ﬁ
" Options
Pressures at Bottom Hole Node
: |Choke Modal
Ho choke R4
4000 ['V‘,
Yy Solubiity Nodel
f‘::"gq:!, Lasat ).
30004 R - ;
V‘ [Standing
M ‘v W R @Pr=ti0, 20 |
3 2000 -
(pmg) "' 2-Phase Mode! ]
¥ artical How
1000} v - [Bogge-Bim  [2]
- 7 14048
v inclinad flow E
h-g o _Begm-lli
300 400
Horizontal Row
Beggs-Bill 3
g %[ Help on Symbol Profiles Print
r Qg nj Gw | Ing Q
T tprig) - sig] | Msctd] IJBPD]J |8Pﬂj Msct B. Hole Node Save Graph
0y 4 023. 114 246 H7I0 006 W. Head Nods Go Back
Critical Raty Analypere

Figure 4-28. Solubility Model Selection

15. The user can customize the inflow/outflow performance curves by specifying the points
plotted. To do this, simply enter the number of points in the graph points field. The graph
is replotted once the recalculation finishes.

16. To select multiphase correlations for vertical, inclined, or horizontal flow, click on the down
arrow beside the correlation box to pull down the selection box, as shown in Figure 4-29.
Make the selection by clicking on the appropriate model. The selected model is displayed in
the model box. The graph is then updated automatically when the calculation is finished. The
horizontal bar under the plot box monitors the calculation process.
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Figure 4-29. Correlation Selection Box

17. There are several buttons in the bottom corner at the right of the screen. These are:

a. <B. Hole Node> button: Clicking on this button switches the solution node from the
wellhead node to the bottom-hole node. The inflow/outflow performance curves plots

bottom-hole pressures against production rates accordingly,

as shown in Figure 4-30.
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b ‘% A R 20
81, 2000 y R S
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B s ﬁ"‘f;ﬂ—ﬂ,u" oGt s

Profiles Print
B. Hole Node Save Graph
W. Head Nods Qo Baok

Critical Rate Analyeis

Figure 4-30. Inflow/Outflow Performance Curves with the Bottom-Hole Node
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b. <W. Head Node >: Clicking on this button switches the solution node from the bottom-
hole node to the wellhead node. The inflow/outflow performance curves plot the wellhead
pressures against the production rate accordingly, as shown in Figure 4-31.

-] INFLOW-OUTFLOW PERFORMANCE CURVES [~{2]
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Figure 4-31. Inflow/Outflow Performance Curves with the Wellhead Node

18. Click on the <Critical Rate Analysis> button to open a window with critical flow rate
plotted against the tubing ID, as shown in Figure 4-32.
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Sud. Ten. [dassom) [§8.71 |  Critical Rate (Macid) 622.7

The calculation iz based on the droplet model developed by Tumer st &l (1969)
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4
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Figure 4-32. Critical Rate Window
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19.

In this window there are three white fields where the user can enter the wellhead pressure,
tubing ID and critical rate. When a new wellhead pressure is entered, the critical rate curve
is updated based on the new input. To read a particular point on the plot, type in the tubing
ID. The corresponding critical rate is then displayed in the critical rate field. If the critical
rate is entered, the maximum tubing ID is then displayed. To return to the previous window,
click on the <Go Back> button.

Clicking on the <Profile> button displays a group of ‘‘child’’ windows as shown in Figure
4-33. These windows display several types of output, including flow regime, velocity, liquid
hold-up, and pressure distribution. Before clicking on the <Profile> button decide the
number of curves 10 be plotted in each graph. This is determined by the number of *‘+"’
signs in the table under the plot box. Clicking on a particular row in the table will switch the
“4" on or off.

- Profile M EN
Eile ‘Window
I
FLOW REGIME PROFILE vi~ LIQUID VELQCITY PROFILE I" -
Liquid Velecity Profle
00 003 0100} B30
Flow Reg oo # P,
0 o / Prawe.
- 9000
9000 ! < %00,
Tigoid Vidociy (1)
TABULATED RESULTS via LIOUID HOLD-UP PROFILE v~
iquid Hold-Up Pro
Pr (paig) = 3400, Pr (owi) = Hawd Hod-Op Ble
O 0 Mectd) = 1490.2 © Q (Mscd] - fe L oss_olo “’j” J orau.
Pwi (psio] = 561.8 Pwl Insig) = w !
. . 4000 / P30,
Pwh [paig] = 200. Pwh [peig) = m 5000 L
000 frorerms 7 Pw3900.
M.Depth| _TVD | Piessye]| T id 1iquid Hold-wp (raction)
GAS VELOCITY PROFILE via PRESSURE PROFILE via
Gas Veloaty Profile Pressure Profile
0 WM 3 4 ® 0 M0 40 0 _ %0
-:nn: T2 £ pr3a00. -:m: ] £ P30,
0 o / Prawo. By o / Frame.
4000 -0
o000 == 7 Prywo. 2000 | < Peas00,
[y Presenss pig)

Figure 4-33. Output ‘‘Child”’ Windows
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There are two ways to bring a particular ‘‘child’’ window to the screen. One way is to click
on the particufar window when a mouse is available. Another is to click on the ‘“Window"’
pull-down menu at the top to display the ‘‘Window’’ pull-down menu (Figure 4-34), then,
click on the title of the individual plot.

- Profile [
Eile D
o ——
I|.| a0 ILE via LIGUID VELOCITY PROFILE [‘ I -
e — -
Arangs 00 003 ‘:il:c": pmil:n
LAl low Reg ol T[ Ao
1 Tabulated Results WD ;«m{ / Prio,
2 Flow Regime N ow! -
3 Pressure jpoond =  Preye00.
4 Liquid Hold-Up it Ve el
5 Liquid Velocty "S ME o LIQUID HOLD-UP PROFILE v]a
8 Gas Velochy ‘ iquid Hold-Up Profile
F Towia] = Pr [osig] = 0 uf: 810 :u ’ 020
O 0 (Macid) « 1480.2 O Q (Mackd) - b Y # o0,
Pwi [paig] - 561.6 Pwt (nsig) = ] 2 ] vruo
Pwh [prig) = 200. Peh [paig) =ff| ® " e, i
peoed W R . sy [P WYY
M.Deapth VD_ | Pressure | Fem Licpaid Ligud Hold-w {tractica)
GAS VELOCITY PROFILE via PRESSURE PROFILE via
Gas Velocity Profile Pressure Profile
Lo da: m _‘0 P ’ . X 20 400 00 800 P _
~2000 7 p—— +2000
;‘; 4000 7 pras0. :‘,’ 4000 Tl £ P30,
Jotog s / Prasoa, 5000 i P800,
G W ademeing (Pui] Prisoure {peig)

Figure 4-34, ‘‘Window”’ Pull-Down Menu

The “‘child™ windows can be arranged in two ways, either in ‘‘Cascade’ or ““Tile.”’ To
cascade, click on the ‘“Window’" menu at the top, then click on ‘‘Cascade.”’ (Figure 4-35).

- Profile [-ish
Eile Window
e—
PRESSURE PROFILE =i~
LIQUID HOLDUP PROFILE 1«
LIQUID VELOCITY PROFILE vla
GAS VELOCITY PROFILE [={=
TABULATED RESULTS [~i-
FLOW REGIME PROFILE =B
Flow Regime Profile
0
Can
. "
= & T
[ | 7
B B siy

Figure 4-35. *‘Child”’ Windows Cascaded
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22. To arrange the ‘‘child”’ windows in Tile, click on the *‘window’’ menu, then click on *‘Tile.”’
The program titles the ‘‘child’’ windows as shown in Figure 4-36.

-] Proflle M
File  Window
FLOW REGIME PROFILE [+ LIQUID VELOCNY PROFILE | ~1-
Liquid Velocity Profle
sm 083 010 QLU Jll!l! Jm R
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4000 ‘
000 J /P30,
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LIQUID HOLD-UP PROFILE
Liquid Hold-Up Profile

TABULATED RESULTS

Pr (peig] = 3400. Pr (psig) =

C 0 Miecid] = 1480.2 C 0 Mdsctd) - PL ‘nns 010 usj:n # .

Pwi [psig] - 561.6 Pwi (nsig) = o 2 Y | /,_:m“
Pwh (p=ig) - 200. Pwh(pigl =[|| ™ | %

::: | . / Pr3900.

Dop T omp. Liguid Hoild-wp [t ctioa)
GAS VELOCITY PROFILE PRESSURE PROFILE
Gas Velocity Profile Pressure Profile
Qo1 5:1 ('u s p: . 0 200 w0 s0 S0 ; .
L2000 el -2000
D om0 ’ £ P00 s - £ prawe,
™) ¥y =) 3
ol ‘ Jpoond ™Y .
Gus Veleohy fitis) Pravewrs tprig)

Figure 4-36. ‘'Child’’ Windows Titled

23. To return to the previous window, click on “'File’’ at the top of the screen, then, click on
“‘Return’’ to go back to the inflow/outflow performance window, as shown in Figure 4-37.

- INFLOW-OUTFLOW PERFORMANCE CURVES (M EX
Options
Pressures at Well Head Node
Choke Model
2000 Add At‘. No choke [}
S olubility Model
1500 W IR P, s
No. of Graph Pts.
e E—
(ps:g) 1008 T IR gPras.
. A r2-Phase Mndew
N 3 ortical Mow
500 "\( a Avrewna.  |lgoonsd  |®
L., A
I T STl -;,-E e [IncEned flow
YERER e Beggeill |4
0 S0 1000 150 T 20080 Cfng *
Hosizonlal flow
Boggs-Brill  [2
Cross Poinls '.:-:,:E L 5 B L VLMI_\_SM Profiles Print
IHIPUUM|01|QDIUH In B
Ipsi < = Imn:lg (8PD) | [BPD] | (Macld B. Hole Node Save Graph
o 561.6 200 14802 00 677 W, Head Nods |  Go Back
¢ [3600. 5809 200. 17242 0.0 8.0
413800 609 200. 20012 0.0 91.5 Critical Rate Analywie

Figure 4-37. Inflow/Outflow Performance Window
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24.

Clicking on the <Go Back> button causes the program to return to the Main window as
shown in Figure 4-38.

=] PROMOD1.0 k12
Flle input Start Utiiity Help

Muilti-Phase Flow Production Model
[ (Velocity String * Nodal Analysis * Gas Lift).

r Show WDI I‘ijact Fila Name|C:\PROMODI\TEST.V.J1
WOI File Name  [CAPROMODT\TEST.WDI

SOI File Nama _ |C\PROMODIVTEST.SDI
TOI File Name |C:WPROMOD{TEST.VT1
PDI File Name  |C:\PROMODT\TEST.VP1

rsm:m PDI 1 Unit Systam Eaglish

 Percan Complate Indicator e s s e i o i

25.

Figure 4-33. PROMOD1 Main Window

The Help option at the right end of the menu bar opens the Help window. The two options
available in this window are Assistance.. and About.. . Clicking on Assistance opens the
window shown in Figure 4-39, which gives phone and FAX numbers and individuals to
contact for assistance with the program.
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=| ASSISTANCE

For assistance with this program, contact:

Weiping Yang or
Russell Hall

Maurer Engineering Inc.
2916 West T.C. Jester
Houston, TX, 77018
U.S.A.

Phone: 713-683-8227
Fax: 713-683-6418
Telex: 216556

Figure 4-39. Assistance Window

Clicking on About.. in the Help window opens a window with information about the
program, and a listing of the equipment you are using to run the program (Figure 4-40).

- About ...
r[ﬂ TI-PHA 0% PRODUCTI oD Pro !
A| {Velocity String * Nodal Analysis * Gas LifY
DEA-67

Project to Develop And Evsluate Slim-Hole And
Coiled-Tubing Technology

By
Maurer Engineering Inc.
CPU: intel 80486
Coprocessor: present

Windows Mode : Enhanced Mode
Windows Verslon: 3.10
Free Memory : 5679 KB

Figure 440. About Window

26. To leave the program, click on ‘'File’’ on the menu bar. When the ‘‘File'’ window opens,
click on *‘Exit."”’
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5. Data File Preparation

5.1 SDIDATA

The SDI Data Input window is shown in Figure 5-1.

=| -SURVEY DATA INPUT [SDI}- [ fa
Eile

ﬁldun M.Depth  Inclination  Azimuth |

MDepth: 3 1 100 0.0 0.0 +

® Fout! ]

O Meters

[~ Incination ;: )
@ Decimal
O Deg Min

Aziemuth 1 ]

[ Edet ‘

el | D] Do

Figure 5-1. SDI Data Input Window

Note the three sets of options that are available, They are:

1. Depth — Feet or Meters
2. Inclination — Decimal Degrees or Degrees and Minutes
3. Azimuth — Angular or Oil Field Measure

To change any of these, click on the desired option. If not using a mouse, use the tab key to move
from one field to another, and use the arrow keys to move within a field. As the user moves from one
value to another, the highlight will move accordingly. Default choices are Feet, Decimal, and Angular,
respectively.

Before leaving this Survey Data Input window, set these three options to suit your needs.

5.2 TDI DATA

The TDI Data Input Window is shown in Figure 5-2.
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=} -TUBULAR DATA INPUT [TDIJ- |]s
File
—— Peodoration depth {{!)
TUBING STRING 3
¥ Oescription | 0 [ 0D | Length | Vohma [T+ cate interval ift]
(] [n] 1) (bbis) |[ | ::I
1 ]
Suitlaca Choke Sixe
_;L {(1/64inj :
4
5] , 3]
=1 from bottom up TOTAL l ERFAE "PE LD::E D_ATA §
eviation positive i .
i
— ' ®] 1D ]Dcvialiun Longth [®
[ Gm) | Degeo] | (] _
WELLDATA |Flow though ® Tubing O Annalus ||
® | Dosciiption | ID Length | Vowms L+ :g
[ n [ I ] .
i L 4]
=] =
= 1
4
g1 oled :
“ Input lrom top down ~ TOTAL i = Start from well head
= =

Figure 5-2. TDI Data Input Window

There are four blocks of data in this window:

Tubing string data block in the upper left corner

Casing and open-hole data block in the lower left corner
Surface pipe line data block in the lower right corner

2w

Perforation depth, calculation interval and choke size
Input errors can be deleted only by pressing the <Back Space > key.

The first column in the tubing string data block is the tubing section description. Only letters and
numbers are accepted as the input for this column.

The tubing ID, OD and length are all required for a complete definition of a tubing section. The
capacity of the tubing (volume) is calculated automatically by the program once the necessary data
become available. The total length and volume of the tubing is updated every time a change is made to
the tubing string. These two values are displayed at the bottom of the block.

The input to the casing and open-hole data block is basically the same; however, the casing OD
is not required. Also note that the casing and open-hole data input starts at the top and proceeds
downward. However, for tubing string, the input starts at the bottom and moves upward.

The surface pipe line input starts from the wellhead. The ID, deviation, and length of each section
are required. Deviation is the angle relative to the horizontal line. The deviation is positive when flow
is uphill; negative when flow is downhill; zero when flow is horizontal. The user can leave this block
blank if there is no surface line in the system.
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Perforation depth is the mid-point of the perforation section for a vertical well. For a horizontal
well, it is assumed that all the flow enters the well at the well end, therefore, the perforation depth is
the measured depth of the horizontal well end.

Calculation interval is used to partition the flow line into a number of blocks. A longer interval
usually means faster calculation but less accuracy. A shorter interval usually means slower calculation,
but better accuracy. The user has to decide what interval to use according to the well length, computer
CPU speed, and the time available. An interval between 50 to 300 ft should be good in most cases.

Choke ID is a required input, whether the well is equipped with a choke or not. It is required so
that later the user can choose to see how the production changes when a choke is added to the system.

5.3 PDI DATA

The PDI Data Input window is shown in Figure 5-3.

-PARAMETER DATA INPUT [PDI- NS

VIEIIe

Well Type 1PA Curve
{Gas Well| PR Medal Faikovich &
O Solution Gas Diiven 0il Wall

Entes up to 3 prassures balowr:

Fls production tats know? Pr. Resarvod prorsme §1 [paig)
O Yes @ No Pr. Resarvois pressine ¥2 (prigl

Pr. Raservol pressure 31 (psig)

Pt Initial sesorvoir prossute [peia)

C: Meanunad @ Pi [Mecid/psi)

w Nesswad @ Pi

Equation R i i

DR AP Gravity :
Waetsr Specilic Gravily
Dutlst Presswie [paig)

Ges Liguid Ratio (Msci/sth}
Waler Liquid Ratio

Swiace Tempesaiwme [F)
Bottem Hole Temg- [F)

Emter up to 3 rates, if known

Q: fiste 31 (Macid)
Q: Rate 82 (Mscld)
Q: Aste 33 (Macid)

| @ Futed Gas Injechion Rate [Maci/D)
PO Fosed Inj, Gas Ligwd Hatio [Maci/Sth] |

Figure 5-3. PDI Data Input Window

The PDI Data Input window is divided into 5 blocks. They are:

Well type block

Production rate input block

IPR curve input block

Fluid properties block

Gas lift option block in the lower right corner
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The gas lift option block is dimed because it is inappropriate for a gas well. When the well type
is switched to a solution gas driven oil well, the gas lift option is enabled as shown in Figure 54.

=1 -PARAMETER DATA INPUT [PDI}- [=1s(
Flle

‘Wel Type 1PR Curve
O G Wel IPA Wodel lvmu |:|

®{Schann Gas Driven Dil Wall]

Enter up 1o 3 presswmes below:

I Is produciion 188 know? ——— | Pr: Resorvor pressure 81 [psig) 0.

O Yes @ Mo Pr. Aeservor presswwe 32 (peig) 0.

Pi: Retstvoir prasswne B3 [paig) a.
Enter w18 3 tates, ¥ kavenm Qimas sl voservor pees 81 [BFD) 0.0
Q: Rate 1 1 [BPD) Qimaz »l reservol mes 82 BPT) 0.0
Q: Rate 1 2 (BPD) Qiman ol rassrvom pres £3 [BPD) 0.0

Q: Rate & 3 [BPD)

Equation [~ U/Qrmar1-0. 2 [Pwi/P-0.B1Pwi/PY T“‘lzT

e e Gas Lift Data Input
QAP Brerviy 4 Loave blank if no gas lift)
Water Specafic Graviy . - )

Dutlet Prassure [psig) : tion Gas Specific Gravily

Gas Liquid Ralio (Meci7ath) &.ax Injection Depth (i)

Water Liuid Ratia . @ Fixed Gas Iniection Rale (45cl/D]
Swiace Tempavaiwe [F) O Finod Ini. G Liquid Ratio Mact/St] |

Bottom Holo Tomp. [F)

Figure 54. PDI Window with Gas Lift Option Enabled

5.3.1 Production Rate Block and JPR Curve Block
Only one of either the production rate input block or the IPR curve input block can be
enabled. When production rate is known, rate block is enabled and IPR curve block is disabled. When
the production rate is unknown, then IPR curve needs to be defined and rate block is disabled. The input
fields of the disabled block have a gray background.
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The production rate input is straightforward, and is not described in detail here. The IPR
curve input depends on the well type selected and the IPR model chosen. Figure 5-5 shows the input
requirements for a gas well using Fetkovich's IPR model (note: only one IPR model is available for gas

wells).

PARAMETER DATA INPUT [PDI- B ko
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'Wel Typs IPA Curve
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Outlet Prazswe (psig)
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Water Liuid Ralio © @ Foced Gas Injection Aste (Mscl/D]

Sulaca Tempedaiize ] | © Faod Ini. B Liquid Flokio Macl/Sthl |
Gottom Hole Temp. [F) e e e+

Figure 5-5. IPR Input for Gas Wells

The three reservoir pressures are the pressures of the reservoir at different stages of
production. The user can input 1, 2, or 3 pressures, depending on the data available.

C and n are both constants determined from well testing results when reservoir pressure is
at P,. They are used to predict IPR curves for reservoirs with a different pressure than P;. The
prediction equation is displayed at the bottom of the block.



Click on the <IPR Curve> bution after the relevant data are entered to open a window

with the TPR curves displayed, as sh

own in Figure 5-6.
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Figure 5-6. IPR Curves

The curves can be saved or printed by clicking on the <Save> or <Print> buttons,
respectively. The user can return to the previous window by clicking on the <Go Back> button.

IPR input requirements are different when the reservoir is under solution gas drive.
Selecting solution gas driven oil well under well type displays the IPR input shown in Figure 5-7.

[ )= production raks know?
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Figure 5-7. IPR Curve Input for Oil Wells and Vogel’s IPR Model
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Vogel’s equation requires a current reservoir pressure and the maximum production rate
under the current reservoir pressure. The user can enter up to 3 pairs to evaluate the production at
different stages of reservoir depletion. Again, clicking on the <IPR Curve> button opens a window
displaying the IPR curve, as shown in Figure 5-8.
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Figure 5-8. IPR Curve for Qil Wells with Vogel’s Equation



Another equation that is available for oil wells is the PI equation. It is useful for reservoirs
with pressures above the bubble point pressure. These conditions result in single liquid-phase flow in
the reservoir. To activate the PI equation, click on the down arrow beside the IPR model to pull down
the IPR model selection box, then click on *‘PI equation.”” The input fields for the PI equation are
displayed in the IPR curve block, as shown in Figure 5-9.
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Figure 5-9. IPR Input for Oil Wells with the PI Equation
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The PI equation requires a current reservoir pressure and the corresponding productivity
index at the current pressure. Up to 3 pairs can be entered into the IPR block to evaluate the
performance at the different stages of production. An example of the IPR curves with the PI equation
is shown in Figure 5-10
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Figure 5-10. IPR Curves for Oil Wells with the PI Equation

$.3.2 Fluid Properties Input Block
The following are the input parameters for this block:

Gas specific gravity

Oil API gravity

Water specific gravity
Outlet pressure
Gas/liquid ratio
Water/liquid ratio
Surface temperature
Bottom-hole temperature

e Al

The outlet pressure can be separator or wellhead pressure when no surface line or choke
is present in the production system.



5.3.3 Gas Lift Input Block

This block lists all of the parameters required for a continuous gas lift operation. It is
available only when oil well is selected. The user has to specify the injection depth and the injected gas
specific gravity. There are two options available for specifying gas injection amounts: 1) fixed gas
injection rate, and 2) fixed injection gas/liquid ratio. To select either one, click on the radio button
preceding each option. Note: Injection gas/liquid ratio refers to the amount of gas injected per barrel
of liquid produced. It does not include the formation solution gas, i.e., it does not equal the produced
gas/liquid ratio.
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7. Bug Report or Enhancement Suggestion Form

= Name: Company:
Address: City: State:
Phone No.: Fax No.: Date:
0 Bug/Problem Report U] Enhancement Suggestion
Program Name and Version Number:
Bug/Problem Description or Enhancement Suggestion:
Regarding the Bug Report, please answer the following questions:
Computer System Brand:
Chip: O 286 [ 386 0 486 L] Pentium
Type: O Desktop O Laptop [J Notebook O other
RAM: MB Speed: MHz
Math-Coprocessor Present; O vYes O No 0 Unknown
- Printer Type: (for printing error only)
Plotter: (for plotting error only)
Within Network System: [ Yes 0 No Type:
Video Type:  [J EGA O vGa O svGca [J Mono O Lcp
Video Card Ram: (video problem only)
Operating Svstem
MS-DOS Version No.: MS-Windows Version No.: (for Windows applications)
082 MS-Windows NT Version No.:
Other
Data Causing Bug
O will be mailed on diskette [J will be faxed O Attached (J None
Other Comments:
Please send or fax to: Lee Chu
— MAURER ENGINEERING INC.

2916 West T.C. Jester
Houston, TX 77018-7098
Ph.: 713/683-8227 * Fax: 713/683-6418
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	The PROMODI program was developed as part of the Drilling Engineering Association's DEA- 67 project to "Develop and Evaluate Slim-Hole and Coiled-Tubing Technology." The program calculates oil, water, and gas production rate, as well as pressure drop along the wellbore, based on the wellbore configuration and reservoir properties. It can be used for 1) velocity string design, 2) nodalanalysis, and 3) gas-lift calculations
	MULTIPHASE CORRELATIONS FOR FLOW IN WELLBORE OR SURFACE LINES-As discussed earlier, the modeling of production systems involves a large amount of calculation of multiphase flow in wellbores and surface pipe lines. There is a number of correlations available in-the industry for this purpose. However, none of the multiphase flow correlations works well across the full range of conditions encountered in oil and gas fields. Thus, in order to get a realistic tubing-performance curve, great care should be taken to ensure that the input variables are as realistic as-possible. The correlan'ons described belo~v use SZ units. The pressure drop calculated from these-correlations has to be converted to English units before being used.
	The value of roughness may be very small but eld never becomes smaller than the value for the pipe itself. At the transition zone to slug flow, eld may approach 0.5. Between these limits, eld can be obtained from the following equations which were developed from Figure 2-14.
	The program was compared to 108 sets of well data. The results were found superior to dry-gas well predictions. The Gray correlation can be used to evaluate gas condensate wells by generating tubing performance J curves and comparing them to reservoir performance. Although the above restrictions should be considered, several calculations made with up to 300 bbllMMscf indicated less than a 10% error compared to data
	Gas Well Load-UD IdentificationThe liquid exists in the wellbore in two forms: 1) the liquid film along the wall of the pipe and 2) liquid droplets entrained in the high velocity gas core. Two models were developed by Turner et al., in 1969, to predict the onset of load-up based on two different assumptions
	Chokes are frequently installed in wells to restrict flow rates to desired levels. They normally operate in "Critical" or "Sonic" flow conditions (i.e., the velocity of the fluids through the choke reaches a level identical to the velocity of sound, pressure or compressional wave). Flow then becomes independent of downstream disturbance of pressure, temperature, or density because the disturbance cannot travel in the upstream direction
	In the box directly below File Name, type the name of the project file without the extension. For this example, the file name is TEST and the extension VJl. Click on the [Owbutton to close the dialog box. The project file designator has b



