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AUTOMATED PVT CHARACTERIZATION AND FLOW METERING

BACKGROUND

[0001] This section is intended to introduce the reader to various aspects of art that
may be related to various aspects of the presently described embodiments. This
discussion is believed to be helpful in providing the reader with background
information to facilitate a better understanding of the various aspects of the present
embodiments. Accordingly, it should be understood that these statements are to be

read in this light, and not as admissions of prior art.

[0002] In oil and gas reservoirs, production fluids can have different thermodynamic
and thermophysical properties, densities, viscosity, etc., based on the formulation of
the fluid. Production fluid is generally a mixture of various hydrocarbons and other
materials. An important aspect of oil and gas production operations is creating a
pressure-volume-temperature (PVT) model. A PVT model allows operators and other
users to understand certain behavior or characteristics of the production fluid under
certain conditions and at various stages. For example, a reservoir engineer may use the
PVT model to estimate how much oil/gas may be produced from the reservoir and how
quickly the oil/gas can be produced. A process plant operator may use data from the
PVT to determine treatment processes for processing the fluid or for creating
intermediary products. An allocation engineer may use the PVT model to help

determine allocation of the produced fluid.

[0003] In order to properly model the flow of oil from the reservoir into the well and
through production facilities (production piping, surface pipelines, etc.), it is necessary
to understand the thermodynamic properties of the fluid, and to be able to calculate
them to a certain degree of accuracy. These properties can often vary quite a bit even

within a reservoir depending on the zone or well as well as over time.



WO 2016/204752 PCT/US2015/036270

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Illustrative embodiments of the present disclosure are described in detail below
with reference to the attached drawing figures, which are incorporated by reference

herein and wherein:

[0005] FIG. 1 illustrates a production well system, in accordance with example

embodiments of the present disclosure;

[0006] FIG. 2 is a high level system diagram of a PVT modeling system, in accordance

with example embodiments of the present disclosure;

[0007] FIG. 3 illustrates a multiple well system instrumented with a PVT modeling

system, in accordance with example embodiments of the present disclosure; and

[0008] FIG. 4 is a high level system diagram of a multiple well PVT modeling system,

in accordance with example embodiments of the present disclosure.

[0009] The illustrated figures are only exemplary and are not intended to assert or
imply any limitation with regard to the environment, architecture, design, or process in

which different embodiments may be implemented.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0010] The present disclosure is directed towards novel systems and methods for
creating a pressure-volume-temperature (PVT) model and characterization of
production fluid from fluid measurements obtained directly from the well, including at
the point of influx from the reservoir, throughout the wellbore, and through the
associated surface facilities. Typically, in order to create a PVT model for a particular
reservoir or well system, a sample of production fluid is taken from the reservoir and
brought into a lab facility for analysis. However, it can be difficult to keep the sample

in its downhole condition during transport and analysis. Additionally, the sampled
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production fluid may not be representative of the entire reservoir as different areas of
the reservoir may produce fluid having different properties. The properties of the
production fluid may also change over time, and since there is a significant delay
between obtaining the fluid sample and receiving the PVT model from the lab
analysis, the PVT model may be out of date. To address these challenges, the present
disclosure employs a system of downhole and surface sensors, such as multi-phase
flow meters, pressure sensors, and temperature sensors, to obtain production fluid
characteristics, which are used to generate a PVT model of the fluid on the fly. Thus, a
PVT model is produced with production fluid characteristics taken under the proper
environmental conditions, and which has minimum time delay. Further, the up-to-date-
PVT model can be synchronized across applications and sent to “customers” who use
the model for their needs, such as process plants, allocation engineers, reservoir
engineers, etc. The present techniques can be used to generate black oil PVT models as

well as compositional PVT models.

[0011] Turning now to the figures, FIG. 1 illustrates an example production well
system 100. The well system 100 includes a well 102 formed within a formation 104.
The well 102 may be a vertical wellbore as illustrated or it may be a horizontal or
directional well. The formation 104 may be made up of several zones which may
include oil reservoirs. In certain example embodiments, the well system 100 may
include a production tree 108 and a wellhead 109 located at a well site 106. A
production tubing 112 extends from the wellhead 109 into the well 102. The
production tubing 112 includes a plurality of perforations 126 through which fluids
from the formation 104 can enter the production tubing 112 and flow upward into the
production tree 108. In some embodiments, the subsurface pressure on the fluids is
large enough to push the fluid upward naturally. In some other embodiments, the

production fluid is recovered using artificial lift or enhanced recovery techniques.

[0012] In some embodiments, the wellbore 102 is cased with one or more casing

segments 130. The casing segments 130 help maintain the structure of the well 102
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and prevents the well 102 from collapsing in on itself. In some embodiments, a portion
of the well is not cased and may be referred to as “open hole”. The space between the
production tubing 112 and the casing 130 or wellbore 102 is an annulus 110.
Production fluids enter the annulus 110 from the formation 104 and then enter the
production tubing 112 from the annulus 110. Production fluid enters the production
tree 108 from the production tubing 112. The production fluid is then delivered to

various surface facilities for processing via a surface pipeline 114.

[0013] It should be appreciated that well system 100 is only an example well system

and there are many other well system configurations may also be appropriate for use.

[0014] In some embodiments, the well system 100 includes one or more downhole
sensors 116. The sensors 116 measure one or more conditions of the production fluid
in the downhole environment. This data is used in generating the PVT model. In some
embodiments, the sensors 116 are coupled to the outside of the production tubing 112
near the target formation. In some other embodiments, the sensors 116 can be located
inside the production tubing 112, on the borehole 102 wall, or otherwise disposed
downhole. In some embodiments, the sensors 116 may include a flow meter, a
pressure sensor, a temperature sensor, a fluid composition sensor, or any combination

thereof, among other types of sensors.

[0015] The flow meter measures the rate of fluid flow into the production tubing 112
downhole near the perforations 126. The pressure sensor measures the amount of
production fluid pressure downhole near the perforations 126. The temperature sensor
measures the temperature of the production fluid downhole near the perforations 126.
The fluid composition sensor detects the chemical makeup of the production fluid
downhole near the perforations 126. Depending on the operation and the desired PVT
model, the well system 100 may include any one of these sensors, any combination of

these sensors, or other types of sensors.
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[0016] In some embodiments, the well system 100 includes one or more surface
sensors 118 configured to measure properties of production fluid at the surface. This
data is used in generating the PVT model. In some embodiments, the sensors 118 are
coupled to a surface pipeline 114. In some embodiments, the sensors 118 may include
a multiphase flow meter, a pressure sensor, a temperature sensor, a fluid composition

sensor, or any combination thereof, among other types of sensors.

[0017] The flow meter measures the rate of fluid flow through the pipeline 114. The
pressure sensor measures the amount of fluid pressure in the pipeline 114. The
temperature sensor measures the temperature of the production fluid in the pipeline
114. The fluid composition sensor detects the chemical makeup of the production fluid
in the pipeline 114. Depending on the operation and the desired PVT model, the well
system 100 may include any one of these sensors disposed above ground, any
combination of these sensors, or other types of sensors. In some embodiments, the well
system 100 may only include one or more downhole sensors 116 and no surface
sensors. In some other embodiments, the well system 100 may only include one or

more surface sensors 118.

[0018] FIG. 2 is a high level system diagram of a PVT modeling system 200, in
accordance with example embodiments of the present disclosure. In some
embodiments, a processor 202 receives at least one downhole sensor data 204
collected from the downhole sensors 116 and/or at least one surface sensor data 206
from the surface sensors 118 and generates a PVT model 208 from the data. In some
embodiments, the data 204, 206 is received in real time or quasi-real time. In some
embodiments, the processor 202 receives the data 204, 206 through a direct wired
connection. In some embodiments, the processor 202 receives the data 204, 206
through a wireless communication protocol such as Wi-Fi, Bluetooth, cellular
network, and the like. In some embodiments, the processor 202 is coupled to or
integral with one or more of the sensors 116, 118. The processor 202 may be located

downhole or above ground. In some embodiments the processor 202 is disposed at the
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well site 106 as a computing device or as a part of a control station. In some
embodiments, the sensors 116, 118 are coupled to a transmitter or a transceiver, which
communicates the data from the sensors 116, 118 to the processor 202. In some
embodiments, the processor 202 can be remotely located from the sensors 116, 118 in

a facility such as an office building or laboratory.

[0019] The processor 202 is communicatively coupled to or integrally includes a
memory device. The memory device holds instructions for building a PVT model 208
using the data 204, 206 as inputs. The PVT model 208 can be generated using various
PVT modeling algorithms. The PVT modeling algorithms may be considered a PVT
model builder or a system to which one or more inputs are applied. In some
embodiments, the processor 202 utilizes the sensor data 202, 206 as well as one or

more previously measured or known parameters with the PVT modeling algorithm.

[0020] In some embodiments, the PVT model 208 is a black-oil model, in which the
composition of the production fluid is not taken into account. In one such example
embodiment, the sensor data 202, 206 includes a downhole flow rate, a surface flow
rate, a downhole fluid temperature, a surface fluid temperature, a downhole fluid
pressure, a surface fluid pressure, a gas rate, an oil rate, a water rate, a gas gravity, a
water salinity, or any combination of such. In some embodiments, the PVT modeling

algorithm for a black-oil PVT model includes the following equations:

p

Eq.1: Dy = —
’ Pp

Eq.2: R, = Bs
q' " sr — Rsb
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Eq.5 a; = fZ(leAPllyglpb)
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Eq.é6: as = f3(T:VAP1:Vg:Pb)
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Eq. 20: Vv, = 2.4 —0.2x,
Eq.21:  x, =35 +2240.01MW,
Eq22 Pr= pbh/pb

[0021] In certain example embodiments, the processor 202 runs these equations as a
system of equations and solves for the following variables:

R, = Solution Gas 0il Ratio
pp, = Bubble point pressure
B, = 0il Formation Volume Factor
U, = Oil Viscosity
Ug = GasViscosity
[0022] Such variables are the PVT model parameters and thus define the PVT model.

All other variables are either known in advance or calculated explicitly as a part of the

process.

[0023] In some embodiments, the PVT model is a compositional model, which takes
into account the composition of the production fluid. In one such example
embodiment, the sensor data 202, 206 includes a downhole fluid pressure, a downhole
fluid temperature, a surface fluid pressure, and a surface fluid temperature. The values
of p, (oil density) and p, (gas density) will be measured by surface sensors. The
overall composition (z; for each component 1) of the fluid at bottom hole conditions is
measured by the fluid composition sensor. In some embodiments, the PVT modeling

algorithm for a compositional PVT model includes the following equations:

[0024] In some embodiments, the approximate equilibrium ratio for each component

1s measured using a correlation, for example:

Eq. 23 K; = %exp [5.37(1 + w;) ( - %)]
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In some embodiments, an initial value for the number of moles in the gas phase, n,, is
found using the following equations.

a

Eq. 24 n, = ——

a—p
Eq 25 a = Zi Zi(Ki — 1)
Eq. 26 B = Zi_Zi(II((ii_l)

In some embodiments, a nonlinear root finding algorithm, such as Newton-Raphson, is
used to converge to a final value. In some embodiments, the following system of
equations is solved for the phase compositions (gas composition y; for each component

1 and liquid composition x; for each component 1).

Eq. 27 Zinvz(ig—i_l)lil -
Eq. 28 n=1-n,
Eq. 29 X = nle;Ki

Eq. 30 yi = xK;

In some embodiments, an equation of state is used to compute the liquid and vapor

phase densities.

Eq. 31 F(Z)=73-72+(A-B-B)Z—-AB =0
Am,peD
Eq. 32 A=
_ bm,(pp
Eq. 33 B = et
Eq. 34 p=g,l

Eq. 35 g =[S vida]
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Eq. 36 bm,g = 2. YVib;

Eq. 37 Ay = [Ziximz

Eq. 38 by, = i Xib;
272

Eq. 39 a =0, Rp—T
RZTci

Eq 40 bi = Qb p_

The largest root of f(Z) will be the liquid phase compressibility factor, Z;, and the
smallest root will be the gas phase compressibility factor, Z,. The individual phase

densities is calculated using:

2 XMW,

Eq 41 P = %
_ pXyiMW;

Eq. 42 Py =5

The calculated densities are compared with those measured using the multiphase flow
meters. If the densities differ by more than a specified tolerance, a; and b; can be tuned
by adjusting the factors €, and Q. This can be done using a nonlinear root finding

algorithm on functions of the form:

Eq. 43 Pomeas ~ Py,caic = 0

Viscosities may be calculated using the following equations once the densities are

known.
Eq. 45 Y = 1029924-0.11027y 4p; T —0.9863
— —4 p_g Yo
Bgd6  ng=10"keexp (v, (Z)7)

10
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_ (9.4+0.02MW,)T1>

Eq. 47 ey 209+19MWy+T
Eq. 48 y, = 2.4 —0.2x,
986
Eq. 49 x, =35+ - + 0.01MWg

[0025] All other variables may be considered to be either known in advance, or else to
be parameters that are calculated explicitly as part of the process. The solved variables
are the PVT model parameters and define the PVT model. The equations and
algorithms used in the examples above are purely illustrative and are not limiting. In
practice, the data 204, 206 received from the downhole sensors 116 and surface
sensors 118 can be manipulated and applied in various different ways to generate a
PVT model 208. However, by utilizing such data directly from the well system 100,
the parameters of the PVT model 208 calculated therefrom are more accurate. Thus,

the generated PVT model 208 is more accurate as well.

[0026] In some embodiments, the PVT model 208 is generated by the processor 202
and published or sent to various receiving parties. In some embodiments, the
parameters of the PVT model 208 are generated by the processor 202 and sent to
another data processing means which generates the PVT model 208 from the
parameters. In some embodiments, the PVT model parameters or the PVT model 208
can be directly sent to one or more recipients. In some embodiments, the PVT model
208 can be updated in real time or quasi-real time with up-to-date data 204, 206
measured by the sensors 116, 118. In some embodiments, the PVT model 208 is
updated when one or more of the sensed measurements changes by a predetermined

amount.

[0027] FIG. 3 illustrates a multiple well system 300, in accordance with example
embodiments of the present disclosure. The multiple well system 300 includes a

plurality of individual production well systems 302 such as a first well system 302a, a

11
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second well system 302b, and a third well system 302c. Each of the well systems 302
is similar to the well system 100 of FIG. 1, and includes a wellbore 304, a production
tubing 312, a production tree 308, a wellhead 309, and a surface pipeline 314 coupled
to a main pipeline 320. In some embodiments, production fluid recovered from each of
the wells 304 flows into the main pipeline 320 which delivers the combined

production fluid to a facility.

[0028] In some embodiments, one or more of the well systems 302a, 302b, 302c is
instrumented with one or more downhole sensors 316. The one or more downhole
sensors 316 may be coupled to a portion of the production tubing, the wellbore, or
elsewhere near the production formation. In some embodiments, the downhole sensors
316 may include a multiphase flow meter, a pressure sensor, a temperature sensor, a

fluid composition sensor, or any combination thereof, among other types of sensors.

[0029] In some embodiments, one or more of the well systems 302 is instrumented
with one or more surface sensors 318. In some embodiments, the surface sensors 318
can be coupled to the respective surface pipelines 314, production trees 308, or other
surface portion of the well system 302 through which production fluid flows. In some
embodiments, the surface sensors 318 may include a multiphase flow meter, a pressure
sensor, a temperature sensor, a fluid composition sensor, or any combination thereof,
among other types of sensors. In some embodiments, one or more of the well systems
302 may include a fluid composition sensor. The downhole and/or surface
temperature, pressure, flow rates, composition, and other fluid characteristic of each

well can be measured.

[0030] In some embodiments, one or more main line sensors 322 are coupled to the
main pipeline 320. The one or more main line sensors 322 may include a multiphase
flow meter, a pressure sensor, a temperature sensor, a fluid composition sensor, or any

combination thereof, among other types of sensors. The one or more main line sensors

12
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322 can measure the combined production fluid temperature, pressure, flow rate,

composition, or any combination thereof.

[0031] It should be appreciated that multiple well system 300 is only an example well
system and there are many other well system configurations may also be appropriate

for use.

[0032] FIG. 4 is a high level system diagram of a multiple well PVT modeling system
400, in accordance with example embodiments of the present disclosure. In some
embodiments, one or more pieces of data collected from each well system 402, such as
flow rate 404 is transmitted to a processor 410. In some embodiments, each well
system 402 generates an individual PVT model 406, such as in the fashion illustrated
and described above with reference to FIGS. 1 and 2. In certain such embodiments, the
generated individual well PVT model 406 is transmitted to the processor 410. In
certain example embodiments, one or more measured data from the main line sensor
322, such as flow rate 408, is transmitted to the processor 410. In some embodiments,
data transmission is via wired or wireless communication protocols, such as Bluetooth,

cellular networks, Wi-Fi, and the like.

[0033] The processor 410 utilizes the data from each individual well 302 as well as
the main pipeline sensor 322 to generate a mixture PVT model 412. The mixture PVT
model 412 models the combined production fluid. The mixture PVT model 412 can be
a black oil model or a compositional model. In some embodiments, the individual
wells 302 do not generate individual PVT models. In certain such embodiments, the
data collected from the downhole and/or surface sensors are transmitted to the
processor to generate the mixture PVT model 412. The mixture PVT model 412 can
then be transmitted to or accessed by one or more users. In some embodiments, the
mixture PVT model 412 can be updated on the fly, based on a predetermined time

interval, upon a certain condition, or on demand.

13
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[0034] In addition to the embodiments described above, many examples of specific

combinations are within the scope of the disclosure, some of which are detailed below:

Example 1: A pressure-volume-temperature (PVT) modeling system for modeling

production fluid from a well system, comprising;:

a sensing device configured to obtain a measurement of a condition of the
production fluid in a downhole portion or in a surface portion of the well
system; and

a processor configured to receive the measurement from the sensing device,
apply the fluid measurement as an input into a PVT model builder, and

generate a PVT model.

Example 2: The PVT modeling system of example 1, wherein the measurement of a
condition of the fluid includes at least one of downhole flow rate, surface flow rate,
downhole fluid temperature, surface fluid temperature, downhole fluid pressure,
surface fluid pressure, gas rate, oil rate, water rate, gas gravity, water salinity, or any

combination of such.

Example 3: The PVT modeling system of example 1, wherein the PVT model builder
includes a system of equations configured to use the fluid measurement and known

parameters of the well system to solve for a set of PVT model parameters.

Example 4: The PVT modeling system of example 3, wherein the PVT model is
defined by the PVT parameters.

Example 5: The PVT modeling system of example 3, wherein the PVT parameters

include a solution gas ratio, a bubble point pressure, an oil formation volume factor, an

oil viscosity, a gas viscosity, or any combination of such.

14
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Example 6: The PVT modeling system of example 1, wherein the PVT model is a
black-oil PVT model.

Example 7: The PVT modeling system of example 1, wherein the PVT model is a

compositional PVT model.

Example 8: The PVT modeling system of example 1, wherein the PVT model is

updated when the fluid measurement changes.

Example 9: A method of generating a PVT model for a production fluid from a well
system, comprising:

receiving, from a sensing device, a measurement of a condition of the
production fluid in a downhole portion or a surface portion of the well system; and

generating a PVT model from the measurement.

Example 10: The method of example 9, further comprising:

inputting the measurement into a PVT model builder.
Example 11: The method of example 10, further comprising:
determining a set of PVT parameters from the measurement; and

generating the PVT model of the production fluid using the PVT parameters.

Example 12: The method of example 9, wherein the PVT model is a black-oil PVT

model.

Example 13: The method of example 9, wherein the PVT model is a compositional

PVT model.

15
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Example 14: The method of example 9, wherein the measurement includes a downhole
flow rate, a downhole fluid temperature, a downhole fluid pressure, or any

combination of such received from a first sensing device disposed within the well.

Example 15: The method of example 9, wherein the measurement includes at least one
of surface flow rate, surface fluid temperature, surface fluid pressure, or any
combination of such received from a second sensing device coupled to a surface

pipeline.

Example 16: The method of example 10, further comprising:
inputting the measurement into a system of equations; and

solving the system of equations for the PVT parameters.

Example 17: The method of example 9, wherein the PVT model is generated in quasi-

real time upon receiving the measurement.

Example 18: The method of example 9, comprising:
updating the PVT model when the measurement changes, at predetermined

times, or upon receiving a command.

Example 19: The method of example 11, further comprising determining the set of
PVT parameters from the measurements and at least one known parameter of the well

system.

Example 20: The method of example 9, wherein the measurement of a condition of the
production fluid includes at least one of downhole flow rate, surface flow rate,
downhole fluid temperature, surface fluid temperature, downhole fluid pressure,
surface fluid pressure, gas rate, oil rate, water rate, gas gravity, water salinity, or any

combination of such.

16
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[0035] This discussion is directed to various embodiments of the invention. The
drawing figures are not necessarily to scale. Certain features of the embodiments may
be shown exaggerated in scale or in somewhat schematic form and some details of
conventional elements may not be shown in the interest of clarity and conciseness.
Although one or more of these embodiments may be preferred, the embodiments
disclosed should not be interpreted, or otherwise used, as limiting the scope of the
disclosure, including the claims. It is to be fully recognized that the different teachings
of the embodiments discussed may be employed separately or in any suitable
combination to produce desired results. In addition, one skilled in the art will
understand that the description has broad application, and the discussion of any
embodiment is meant only to be exemplary of that embodiment, and not intended to
intimate that the scope of the disclosure, including the claims, is limited to that

embodiment.

[0036] Certain terms are used throughout the description and claims to refer to
particular features or components. As one skilled in the art will appreciate, different
persons may refer to the same feature or component by different names. This
document does not intend to distinguish between components or features that differ in
name but not function, unless specifically stated. In the discussion and in the claims,
the terms “including” and “comprising” are used in an open-ended fashion, and thus
should be interpreted to mean “including, but not limited to... .” Also, the term
“couple” or “couples” is intended to mean either an indirect or direct connection. The

99 ¢

use of “top,” “bottom,” “above,” “below,” and variations of these terms is made for

convenience, but does not require any particular orientation of the components.

[0037] Reference throughout this specification to “one embodiment,” “an
embodiment,” or similar language means that a particular feature, structure, or
characteristic described in connection with the embodiment may be included in at least

one embodiment of the present disclosure. Thus, appearances of the phrases “in one

17
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99 66

embodiment,” “in an embodiment,” and similar language throughout this specification

may, but do not necessarily, all refer to the same embodiment.

[0038] Although the present invention has been described with respect to specific
details, it is not intended that such details should be regarded as limitations on the
scope of the invention, except to the extent that they are included in the accompanying

claims.

18
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CLAIMS

We claim:

1. A pressure-volume-temperature (PVT) modeling system for modeling production
fluid from a well system, comprising:

a sensing device configured to obtain a measurement of a condition of the
production fluid in a downhole portion or in a surface portion of the well
system; and

a processor configured to receive the measurement from the sensing device,
apply the fluid measurement as an input into a PVT model builder, and

generate a PVT model.

2. The PVT modeling system of claim 1, wherein the measurement of a condition of
the fluid includes at least one of downhole flow rate, surface flow rate, downhole fluid
temperature, surface fluid temperature, downhole fluid pressure, surface fluid pressure,

gas rate, oil rate, water rate, gas gravity, water salinity, or any combination of such.

3. The PVT modeling system of claim 1, wherein the PVT model builder includes a
system of equations configured to use the fluid measurement and known parameters of

the well system to solve for a set of PVT model parameters.

4. The PVT modeling system of claim 3, wherein the PVT model is defined by the
PVT parameters.

5. The PVT modeling system of claim 3, wherein the PVT parameters include a

solution gas ratio, a bubble point pressure, an oil formation volume factor, an oil

viscosity, a gas viscosity, or any combination of such.
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6. The PVT modeling system of claim 1, wherein the PVT model is a black-o0il PVT

model.

7. The PVT modeling system of claim 1, wherein the PVT model is a compositional

PVT model.

8. The PVT modeling system of claim 1, wherein the PVT model is updated when the

fluid measurement changes.

9. A method of generating a PVT model for a production fluid from a well system,
comprising:

receiving, from a sensing device, a measurement of a condition of the
production fluid in a downhole portion or a surface portion of the well system; and

generating a PVT model from the measurement.

10. The method of claim 9, further comprising:

inputting the measurement into a PVT model builder;
11. The method of claim 10, further comprising:

determining a set of PVT parameters from the measurement; and

generating the PVT model of the production fluid using the PVT parameters.
12. The method of claim 9, wherein the PVT model is a black-oil PVT model.
13. The method of claim 9, wherein the PVT model is a compositional PVT model.
14. The method of claim 9, wherein the measurement includes a downhole flow rate, a

downhole fluid temperature, a downhole fluid pressure, or any combination of such

received from a first sensing device disposed within the well.
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15. The method of claim 9, wherein the measurement includes at least one of surface
flow rate, surface fluid temperature, surface fluid pressure, or any combination of such

received from a second sensing device coupled to a surface pipeline.

16. The method of claim 10, further comprising:
inputting the measurement into a system of equations; and

solving the system of equations for the PVT parameters.

17. The method of claim 9, wherein the PVT model is generated in quasi-real time

upon receiving the measurement.

18. The method of claim 9, comprising:
updating the PVT model when the measurement changes, at predetermined

times, or upon receiving a command.

19. The method of claim 11, further comprising determining the set of PVT parameters

from the measurements and at least one known parameter of the well system.

20. The method of claim 9, wherein the measurement of a condition of the production
fluid includes at least one of downhole flow rate, surface flow rate, downhole fluid
temperature, surface fluid temperature, downhole fluid pressure, surface fluid pressure,

gas rate, oil rate, water rate, gas gravity, water salinity, or any combination of such.
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