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Abstract

The Blowout simulation is employed to estimate the potential blowout rates from reservoirs through
designated wellbores to the surface.

Input

The first necessary input for the inflow model is the description of the reservoir, containing fluid type,
reservoir fluid properties, and temperature profile. And more details in the reservoir zone are required, such
as top pressure, oil/gas gravity distribution, top depth. In the blowout inflow model, either the productivity
indices are provided, or other key parameters, such as permeability and the skin factor are important for
the simulations. Additionally, a temperature gradient model is used as input to the flow rate simulations.
Other required inputs are formation temperatures for the minimum two points.

The outflow model depends on the geometry of the flowing well. The geometry includes well trajectory,
drill string, casing, and open hole, technically speaking, inclinations, depths, inner and outer diameters of
each section in wellbores.

Inflow performance relationship

Five different inflow models are implemented, which are Oil Basic (oil/gas), Oil Fractured (oil/gas), Oil
Explicit (oil/gas), Gas Deliverability (Gas/Condensate) and Gas Explicit (gas/condensate) to calculate flow
rates under the different penetration (100%, 50% and 5m), where the scenario of 100% penetration is
necessary within the calculation of inflow performance relationship (IPR). [1]

The IPR curve is the relation between the flowing bottom-hole pressure P,,; and liquid production rate
g. Undersaturated oil reservoirs exist as single-phase reservoirs where pressures are above the bubble point
pressure. The linear IPR model is given as,

q:J(Pres_ow) (1)

where J is the productivity index to describe the trends of the IPR curve and P, represents the reservoir
pressure.

The solution gas escapes from the oil and becomes free gas when the flowing bottom-hole pressure P, ¢
is below the bubble point pressure Py, [1]. Therefore, Vogel established an empirical equation for two-phase
reservoirs in 1968 [2], and it is still widely used in the industry.

If the reservoir pressure Pjos < Pp,
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As the productivity index J is an unknown variable, it can be estimated according to different flow
types. For transient flow around a vertical/horizontal well.

Oil Basic

Productivity index for vertical and deviated wells in rectangular drainage areas with constant pressure
boundaries.
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Gas deliverability

Transient productivity index (i.e. productivity index of a well which has not yet seen any of the boundaries
(radial flow) is used in this part. Most DST/WFT fall into this category) which can be used to determine
the infinite-acting period.
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Forcheimer model

High velocity flow in porous media and fractures is modeled by the Forchheimer equation in gas reservoir
when the reservoir pressure exceeds a cut-off value numerically.

PWf:Pres_a'q_b'qz (9)
The parameters a and b are estimated based on pseudo pressure correlations:
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Forchheimer equation can be performed for the gas systems, where the nonlinear flow is much more
significant, due to the lower gas viscosity which will give high Re numbers for the same velocity as in
liquid systems.

Vertical lift performance relationship

The Vertical lift performance (VLP), known as the outflow model, decribes the relationship between the
bottom-hole pressure and the flow rate. Widely used multiphase flow models are implemented to describe
the VLP relationship. The analyzation of different flow regimes is important in the empirical models, which
are bubble flow, slug flow, transition flow, mist flow, segregated flow, intermittent, distributed flow, plug
flow, and froth flow.



Hagedorn-Brown Correlation

The Hagedorn-Brown Correlation applies only to vertical wells. It is a combination of two correlations:
Hagedorn-Brown correlation for slug flow and Griffith correlation for bubble flow. Thus, it is necessary to
determine the flow pattern before we proceed to the next.
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If B— A > 0, continue with the Hagedorn-Brown correlation, or else the Griffith correlation is under con-
sideration.

Griffith correlation

Liquid holdup
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Hagedorn-Brown Correlation

Calculate liquid viscosity number and coefficient
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Calculate liquid holdup
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At last, the frictional pressure gradient is
[d”} _ Hbrs¥n s 23)
dx], d Ps



Beggs & Brill Correlation

The Beggs & Brill model is developed for tubing strings in inclined wells and pipelines for hilly terrain.
This model was developed from experiments using air and water as test fluids over a wide range of param-
eters. Beggs & Brill uses the no-slip friction factor to calculate frictional pressure losses.

Calculate total flux rate

Vin = Vsg + Vg 24)
Calculate no-slip holdup o
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Calculate the Froude number 5
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Calculate liquid velocity number Nz, (17)

In the following calculation, we use the no-slip holdup and the Froude number to determine the flow
patterns, such as segregated, transition, intermittent, and distributed.

Calculate the horizontal holdup
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Calculate the inclination correction factor coefficient
C = (1= Aps)ln(daS NS N5, (28)

where the values of parameters a, b, c, d, e, f, and g are dependent of flow patterns and flow conditions
(uphill or downbhill).
Calculate the liquid holdup inclination correction factor

¢ = 1+ c[sin(1.80) — 0.333sin>(1.86)] (29)

where 6 is the deviation from horisontal axis.
Calculate the liquid holdup
A=A, (30)

and more correlations can be added for different flow patterns and conditions.
Calculate the friction factor ratio
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where S is a fucntion of A5/ 2.
Calculate no-slip Reynolds number
(NRe)m' = pnsvmde/ﬂns (32)
The two-phase friction factor is
fip=Tus- & (33)

where f,; is the fanning friction factor.
At last, the frictional pressure gradient is
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Orkiszewski

The Orkiszewski correlation is applicable for two-phase pressure drops in vertical wells for different flow
regimes (bubble, slug, transition, annular mist). The correlation has been proven accurate in the estimation
of high-velocity flow in both gas condensate wells and oil wells.

In this correlation, the superficial velocity for each phase has been estimated to find out the flow
regimes. The liquid holdup corresponding to different flow regimes can be obtained, such as Griffith
correlation for bubble flow, Duns & Ros correlation for transition/mist flow and Chierici et. al. (1974)’s
work for slug flow. And then, the Reynolds number and friction factor are yielded in each flow regime,
thus the frictional pressure loss can be calculated out.

Gray correlation

A vertical flow correlation for gas condensate wells was developed by H. E. Gray. It is an empirical model,
which employs a pressure balance equation with the gas volume fraction &.
The pressure balance equation
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Gray modified

Gray modified is developed based on the Gray model combined with the hydrostatic pressure loss calcu-
lated using no slip density.

Duns & Ros correlation

The Duns & Ros correlation is developed for slip velocity and friction factor for each of the three flow
regimes.
Calculate liquid viscosity number Ny, in equation (15), liquid velocity number Ny, (17), gas velocity
number Ng, using equaiton (18), and pipe dimeter number Ny (19).
Calculate dimensionless quantities
Ly =50+436Np, (38)

Ly =754 84N%7 (39)

By comparison of Ng, and the above two values combining Ny, the flow regimes can be determined. Then,
slip factor S is obtained corresponding to different flow regimes.
Calculate slip velocity
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Calculate Reynolds number
d
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At last, the frictional pressure gradient for bubble and slug flow
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The frictional pressure gradient for mist flow
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In the transition zone, a linear interpolation between the flow regime boundaries is applied to obtain the
frictional pressure gradient.

PVT model

The pressure-volume-temperature (PVT) handling of fluids in many fluid flow simulations describes the
phase behavior of gas, oil, and water at different conditions. A mixture with known composition consists
of defined number of phases, phase amounts, phase compositions, phase properties (molecular weight,
density, and viscosity), and the interfacial tension between phases. In addition, it is important to define
the phase behavior of mixtures at a specific pressure and acquire the derivatives of all phase properties
corresponding to pressure and composition.

Vasquez-Beggs oil

Vasquez-Beggs is a generally applicable correlation containing equations for solution gas oil ratio Ry,
oil formation volume factor (FVF) B,, and oil compressibility c,. The correlation was developed based
on experimental data collected from fields all over the world. The data used in the development of the
correlation covers a wide range of pressures, temperatures, and oil properties.

The bubble point pressure

Pb= A
Crygexp (Cs (75655))
where the parameters C1, Cy, and C3 have two groups of values when the oil gravity v, is at a critical value
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Oil compressibility at gas saturated condition
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Oil FVF - Undersaturated
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Oil compressibility at undersaturated condition

—1433 +5R; 4+ 17.2T — 1180y, +12.61
o = e, (50)




Standing oil

The Standing correlation contains equations for estimating bubble point pressure, solution gas oil ratio, and
oil formation volume factor for California oils.
The bubble point pressure
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Oil FVF - Undersaturated applies equation (49)
The oil compressibility used in this equation is obtained from the Vasquez-Beggs correlation.

De Ghetto oil

The De Ghetto et al. correlation contains modified PVT correlations for estimating bubble point pressure,
solution gas oil ratio, oil formation volume factor (FVF), oil compressibility for heavy and extra-heavy
oils.

Heavy oil

The bubble point pressure
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Oil compressibility - Saturated
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Extra heavy oil
The bubble point pressure
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Solution Gas Oil Ratio
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Oil FVF uses equation (47) and (49).
Oil compressibility - Saturated
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Glasg oil

The Glasg correlation contains equations for estimating bubble point pressure, solution gas oil ratio, and
oil formation volume factor for North Sea oils.
The bubble point pressure

log(pp) = 1.7669 + 1.74471og(x1) — 0.30218log (x1)? (62)
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Oil FVF at undersaturated condition uses equation (49).
The oil compressibility used the equation obtained from the Vasquez-Beggs correlation.

Qil viscosity models

The oil viscosity models are presented in this section.

Vasquez-Beggs

Vasquez-Beggs correlation from 1978 was based on a large database, and is therefore applicable to a wide
range of oils.
First, Beggs and Robinson developed an empirical correlation for determining the viscosity of dead oil.

Mod = 10x —1 (65)
Second, the visocity at saturated condition
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Third, the visocity at Undersaturated condition
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Standing

This model, often referred to as either Beal or Standing, was developed by Beal and fitted by Standing.
Viscosity - Dead oil

(10043+833/70)
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Egbogah

The Egbogah correlation contains two methods for calculating dead oil viscosity using a modified Beggs
and Robinson viscosity correlation and a correlation that uses the pour point temperature 7'p),.
Viscosity - Dead oil

10g(ftoq + 1) = — 1.7095 — 0.0087917T ,, +2.7523y,
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Viscosity - Staurated use equation (66).
Viscosity - Undersaturated
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De Ghetto
The De Ghetto et al. correlation estimates the oil viscosity for both heavy and extra-heavy oils.
Heavy oil Viscosity - Dead oil
log(toq + 1) =2.06429 — 0.0179y4p; — 0.7022610g(T) (73)
Viscosity - Staurated
Hos = 0.6311 4 1.078x — 0.003653 x (74)
Visocity - Undersaturated
to = 0.988641,5 +0.002763(p — pp)(—0.01153u17933 +0.03164.7°%) (75)
Extra heavy oil Viscosity - Dead oil
log(toq+1) = 1.090296 — 0.021619y4p; — 0.6178410g(T) (76)
Viscosity - Staurated
Uos = 2.3945 +0.8927x +0.001576x> (77)
Visocity - Undersaturated
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Gas PVT model

The Gas PVT model contains the calculation of gas viscosity estimation, gas pseudo critical model, and
gas compressibility Z-factor model with known composition. Z-factor in the PVT property always needs
accurate determination in a gas condensate reservoir.

Gas viscosity models

The gas viscosity models employ Lee and Lee modified.

Lee ( e
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where M is the molar weight and X = 3.5+ 986/T +0.01 M.
Lee modified
ki +koM)TX
_ ( 1+K2 ) 3 (80)
ks +ksM+T
X = xi+x/T+xM 81
Y = y—»X (82)
pe = 107*Kexp(Xpy) (83)
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