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Abstract

The absorption kinetics of an influx of hydrocarbon gas into
a nonaqueous base fluid was experimentally investigated under
various conditions. The gas influx was simulated by
continuously injecting methane at different pressures
and superficial gas velocities into an experimental column
filled with nonaqueous base fluids. The concentration of gas
dissolved into the base fluids was measured at various time
steps until complete saturation was reached. A model
containing an absorption coefficient, k; a, was used to describe
the process. The time dependent absorption mass transfer
coefficient can be determined for each set of experimental
conditions to develop a relationship between k;a and the input
parameters. The effects of pressure, superficial gas velocity and
base fluid on the mass transfer absorption coefficient were
examined in the study. The impact of the time-dependent gas
absorption process on gas migration behaviors during a riser gas
handling event, were simulated using a simplified two-phase
model along with a kinetic mass transfer sub-model based on
the experimental study performed in this work. The results of
this experimental study and numerical simulations provide
better understanding of time dependent absorption of gas influx
into uncontaminated muds while migrating and its effects on
unloading behaviors with different backpressures, and therefore
can be used to optimize and guide operations in such events.

Introduction

When the hydrostatic pressure of the drilling fluid drops
below the formation pressure, an influx of natural gas trapped
in the pores can enter the wellbore (Neff et al. 2000). When
using aqueous drilling fluids, the natural gas will stay in the
gaseous phase without dissolving into the fluid as it travels to
the surface. On the other hand, when drilling with non-aqueous
drilling fluids, severe problems can arise as the gas kick has the
potential to be absorbed into the drilling fluids. The reason that
these problems arise is due to the gas's potential to be hidden
due to gas absorption. There will be little to no absorption while
using water based drilling fluids that will generate a large pit
gain at the surface (O’bryan 1983). At high bottom-hole

pressures in the wellbore, a large volume of hydrocarbon gas
can be absorbed into nonaqueous-based drilling fluids and go
undetected as the drilling fluid is circulated up the wellbore. As
the dissolved gas is circulated up the wellbore, severe problems
can occur once gas desorbs from solution and expands rapidly
as the wellbore pressure decreases.

A unique scenario of gas absorption and one that is
becoming important to well control operations is when
dissolved or free gas passes the subsea blowout preventer
(SSBOP), enters the riser and begins to evolve from solution.
As free gas migrates to the surface, the free gas will be absorbed
into the uncontaminated drilling mud due to the slippage
between the gas and liquid phase during riser gas handling.
With new drilling techniques and technology, like managed
pressure drilling (MPD), riser gas migration can be better
controlled and managed because of their ability to quickly
change the equivalent circulating density (ECD) of the fluid
within the well. During MPD, a choke can be used at the surface
to adjust the flow rate of drilling fluid and subsequently
increase the pressure within the riser. Once the pressure is
increased using the MPD choke or a backpressure pump, the
expansion of free gas that has desorbed from the drilling fluid
could potentially dissolve back into solution (Malloy et al.
2009). It is important to understand the behavior of gas with
changing pressure and superficial gas velocity on different
types of drilling fluids to control and prevent significant
problems during well control in such events.

Gas Absorption Mass Transfer

Gas absorption is a process that requires mass transfer of
soluble components from the gas stream to the liquid phase
when the gas flows through the liquid (Elhajj et al. 2013). Due
to greater solubility of gas in oil-based muds, an influx of gas
can easily be absorbed into the drilling fluid and go undetected
at the surface. Better understanding the absorption kinetics
during a gas influx will help with earlier kick detection and
prevent the influx from going undetected. To better understand
this mass transfer between the influx of natural gas and non-
aqueous drilling fluid, experimental tests were conducted to
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determine the absorption mass transfer coefficient (k;a). For
mass transfer, it is expected that the amount transferred is
proportional to the concentration difference and the interfacial
area. Because the interfacial area between the gas and liquid
face is unknown during an absorption experiment, the product
of the mass transfer coefficient and area is experimentally
determined together. Current industrial software assumes
instantaneous gas absorption when an influx of gas enters the
well at elevated pressure conditions. Because this can poorly
represent absorption and gas migration, it is critical to more
thoroughly understand mass transfer of gas influxes in oil-based
fluids.

Most of the previous literature that exists on absorption
mass transfer coefficients are experiments that were conducted
with CO, and water. Investigations into the mass transfer of
CO, into water have been conducted for nearly a century and
relied on models focusing on applications of Henry’s Law. In
all absorption studies, investigations relied on injecting gas
using a bubble column and then using a carrier gas to remove
the absorbed gas through a gas stripping process before
measuring the absorbed gas. Authors studying mass transfer
kinetics have stated that the absorption and desorption mass
transfer coefficients are equivalent, but only the absorption k; a
value are determined in these experiments. Numerous
experiments have been carried out in bubble column reactors to
determine k; a values and several empirical correlations were
proposed in gas-liquid systems (Ghandi et al. 2009)

According to Ghandi et al. (2009) there are several key
factors that can affect the absorption mass transfer coefficient.
Due to limitations in the bubble column, the factors
experimentally tested to observe the effect on k; a were the
pressure, superficial gas velocity and fluid type within the
system. Table 1 shows all the key parameters affecting gas-
liquid mass transfer, but only 3 of the 13 parameters provided
by Ghandi et al. (2009) will be investigating in this
experimental study. Once the effect on the mass transfer
coefficient from these 3 parameters are evaluated and
determined, the bubble column can be improved to test factors
such as bubble size (using different sparger types), temperature
of the system, column diameter and different liquid and gas
physical properties.

Table 1: Parameters affecting absorption coefficient

Key Parameters Affecting Absorption Mass Transfer Coefficient

Diameter

Column Dimensions Height

Hole Diameter (Bubble Diameter)

Sparger Type Number of Holes
Temperature
System Properties P
Pressure
Gas
Superficial Velocit
? V Liquid
Density
Liquid Properties Viscosity
Surface Tension
. Density
Gas Properties Viscosity

In a gas-liquid mass transfer experimental study conducted
by Lau et al. 2004, using oxygen and Paratherm Non-Fouling
(NF) heat-transfer fluid, the effects of system pressure, gas and
liquid velocities, column size and liquid properties on the mass
transfer coefficient was investigated. As system pressure
increases, bubble size decreases due to bubble breakup from
higher gas density. As bubbles collapse, the bubble’s size
becomes smaller. The interfacial area will then increase
between liquid and gas significantly resulting in an increase of
k; a at higher pressures. k;a also increases with an increase in
superficial gas velocity for similar reasons. At higher gas
velocities, there is high gas holdup and an increase in turbulence
furthermore resulting in an increased interfacial area. This
increase in the interfacial area results in a higher k; a value even
though there is a decrease in contact time between liquid and
gas at high gas velocities. (Lau et al. 2004).

Lau et al (2004) proposed a correlation to predict k;a
values for mass transfer between oxygen, water and Paratherm
NF heat-transfer fluid. Equation 1 shows the empirical
correlation proposed following the experimental investigation
of several parameters on the mass transfer coefficient:

kLa — 1.770'_0'2281'65Ul_65'3“163'2 (1)

In the proposed correlation, the mass transfer coefficient can
be calculated based on liquid surface tension, liquid velocity,
liquid viscosity and gas holdup which has a significant impact
on the interfacial area between liquid and gas. As this is a
correlation for oxygen and water mass transfer, further
investigation and experimental results would need to be
generated to derive a correlation to accurately predict the k; a
value for mass transfer between methane and non-aqueous
fluids.

Ozturk et al. (1987) proposed the following correlation to
determine the absorption mass transfer coefficient for the
absorption of CO2 into an organic solution:
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In this model, several factors including gas and liquid
densities and bubble diameter were considered. In the
experiments conducted, a sparger was used in the bubble
column to effectively determine consistent bubble diameters
and to know the exact number of bubbles in the column. To
consider all 17 factors that could have a significant impact on
the mass transfer coefficient, a complex model is needed to
accurately represent the absorption phenomenon. Modeling the
mass transfer of gas absorption becomes very complex when
including all the parameters and factors that were considered in
the Ozturk correlation.

Akita and Yoshida (1973) proposed the following model
which takes into consideration gas holdup ( €; ) when
calculating k; a from experiments of absorption of oxygen into
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various liquids:

kya =" n (i> 3)

C*—Cf

A gas holdup correlation was determined from experimental
data to calculate the mass transfer coefficient. The experimental
data showed that gas holdup was a function of multiple
parameters including column diameter, superficial gas velocity,
kinematic viscosity and density of liquid, surface tension and
gravity. The following equation shows the correlation between
these parameters and the gas holdup term for oxygen into
various liquids:

€ _ o2 (ﬂ)o.lzs (g_D3>0.833 (£> @
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Although gas holdup may influence the mass transfer
coefficient, there is not a reliable method of measuring this term
in our current experimental setup to determine its effects on the
k;a for methane in non-aqueous drilling fluids. Alvarez et al.
(2000) proposed a very similar model that also simplifies the
problem by including several influencing parameters into an
equation to measure the mass transfer coefficient as a function
of time and the concentrations of gas in solution. This model
allows for the calculation of k;a without accounting for gas
holdup like in the previous model from Akita and Yoshida
(1973). In the experimental setup, the effects of superficial gas
velocity and physical properties of the absorbent liquid on the
mass transfer coefficient were determined (Alvarez et at. 2000).

d *
== Jyax ("= 0) )
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In (C*_CL) =kaxt (6)
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kya =3+ In (C*_CL) 7)

Equations 4-6 show the model proposed by Alvarez et al.
(2000) in which experiments with CO, and an aqueous solution
of sucrose and surfactants in a bubble column were performed
to determine k;a. Similarly, the same model used in the CO,
experiment can be applied to describe mass transfer in
absorption experiments with methane and non-aqueous drilling
fluids.

Methodology

Experimental Design

With the current experimental apparatus, the 3 parameters
in Table 2 were tested to determine the effects on the k; a using
the following test matrix:

Table 2: Experimental Test Matrix

Pressure Flow Rate  Corrected Flow  Superficial Gas

Test (psig) (In/min) Rate (L/min) Velocity (cm/s) Base Fluid
1 100 1.069 0.1369 0.45 Diesel
2 100 2.137 0.2738 0.90 Diesel
3 200 2 0.1369 0.45 Diesel
4 200 4 0.2738 0.90 Diesel
5 100 1.069 0.1369 0.45 10
6 100 2.137 0.2738 0.90 10
7 200 2 0.1369 0.45 10
8 200 4 0.2738 0.90 10

The effects that pressure, methane’s superficial gas velocity,
and the type of base fluid have on the absorption mass transfer
coefficient are determined within the experimental scope of
work of this paper. 8 experimental tests were conducted and
parameters of each test are listed in Table 2. 100 and 200 psig
to calculate the mass transfer coefficient at a pressure of 100
and 200 psi, superficial gas velocities of 0.448 and .895 cm/s
and base fluid of diesel and internal olefins. Once the mass
transfer coefficient was calculated for these 8 experiments, the
effects of increasing the experimental pressure, gas velocity or
changing base fluid type on the k;a value while holding the
other factors constant could be determined.

Materials and Experimental Apparatus

Table 3 shows the experimental conditions and materials
used during the investigation of the absorption coefficient for
methane in nonaqueous fluids. The experimental apparatus
shown in Figure 1, where methane was injected into the column
filled with either diesel or internal olefin fluid. The experiments
were performed at various operating pressures, superficial gas
velocities and at an operaturing temperature of 295 K. The
effects of the materials and experimental conditions on the k; a
value were determined during this investigation.

Table 3: Experimental Conditions

Experimental Materials and Conditions

Column Diameter 0.0254 m
Static Liquid Height 0.7112m
Gas Phase Pure Methane (CHz)
Lo Diesel
Liquid Phase Internal Olefins

0.45 cm/s, 0.90 cm/s,

Superficial Gas Velocity (Uy) 1,68 cm/s 2nd 2.51 cm/s

Operating Pressure 100-200 psi

Operating Temperature 295K
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Figure 1: Low-pressure apparatus in the absorption
configuration A) Picture of the experimental lab apparatus B)
P&ID of the experimental lab apparatus

Experimental Procedure

Initially, the column in Figure 1 is empty and the vacuum
pump is used to develop a vacuum within the experimental
apparatus. Once a sufficient vacuum is generated, diesel or
internal olefins are siphoned into TS1 and TS2 to fill both test
sections completely. A nitrogen supply line connected at the top
of the column is used to pressurize the column up to the desired
experimental pressure (100 or 200 psi) before each test. Upon
reaching the desired experimental pressure, the absorption
experiment is ready to be conducted.

Using a regulator on the methane tank, the inlet at the
bottom of TS1 is charged with methane to the same pressure as
within the column before flowing methane through the fluid.
The inlet and outlet valves are opened to allow the flow of
methane through the diesel and absorption experiments are
conducted for different durations of time from 30 seconds to 20
minutes. The inlet flow rate (1-6 In/min) can be controlled using
the outlet valves on the column. The totalized volume of gas
influx and the flow rate is recorded on the inlet flow meter.

The methane flows through the test section for the
designated amount of time before the amount of gas absorbed
into the diesel is recorded. After each time interval, TS1 and
TS2 that contain the fluid are isolated stopping the flow of gas
through the column. While the TS1 and TS2 remained isolated,
the vacuum pump is used on the column to remove any methane
in the column to ensure the only measured methane flowing
through the outlet flow meter is methane that was absorbed into
the testing fluid. Once the column has a vacuum, the vacuum
pump is used to pull the absorbed gas out of solution and
through the outlet flow meter. The amount of gas that was
absorbed in solution at each time interval is recorded until the
maximum concentration for complete saturation of methane in

the experimental fluid is reached. This procedure is repeated at
each time step in the concentration vs time graph at each
experimental pressure and flow rate of methane.

Calculations

For each set of experimental tests to determine the
absorption mass transfer coefficient at specific conditions,
several sets of data were recorded and the results are shown in
Appendix Table A.1. As methane flows through the testing
fluid, diesel, and internal olefin, the methane is absorbed into
the fluid at various rates until complete saturation is reached.
Figure 2 shows the total amount of methane (L) absorbed into
the internal olefins at 100 psi and a range of superficial gas
velocities. 1.6 liters of total gas was absorbed to reach complete
saturation at 100 psi. Once the pressure was increased to 200
psi, the internal olefin fluid can hold twice as much dissolved
methane at 3.3 liters. The amount of gas absorbed into the
experimental fluid was determined from the outlet flowmeter
following the flow of gas through the fluid for different
amounts of time. Several tests ranging from 30 seconds to 20
minutes were conducted until complete saturation was reached
at each gas velocity.
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Figure 2: Total gas absorbed (L) of methane in internal olefin
Sfluid at 100 psi and superficial gas velocities ranging from
0.45 cm/s to 2.51 cm/s

After the total amount of absorbed gas (L) is determined in
Figure 2, the concentration of methane dissolved into 0.5 liters
of internal olefins was calculated. Figure 3 shows that as the gas
begins to flow through the pure fluid, the concentration of gas
dissolved into liquid increases rapidly within the first 2 minutes
at each gas velocity. At high gas velocities, complete saturation
is reached within 3 minutes, while at low gas velocities it takes
several minutes before saturation is reached. The difference
between the maximum concentration and the concentration of
gas in liquid at a specific time becomes less as complete
saturation is approached. As the saturation limit is approached,
the rate of absorption slows as less gas can be dissolved into the
liquid at that point.
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olefin fluid overtime at superficial gas velocities ranging from
0.45 cm/s to 2.51 cm/s

In the experimental data in Appendix Table A.1, the

calculation of ln( ) at each time interval from 0.5-20

c*—CL
minutes for each superficial gas, velocity is shown. The
concentration (Cp) at each time interval is recorded until the
maximum concentration (C") or complete saturation is reached.
In Figures 4 and 5, the absorption mass transfer coefficient can

. . c*
be obtained from the linear slope on the graph of In (c* c ) Vs
—GL
time. At higher superficial gas velocities, the slope of the graph
c* o L
of In (W) vs time increases because complete saturation is
—GL

reached in a short amount of time. As a result, k; a increases
with an increase in superficial gas velocities at constant
pressure.
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—LL

methane in internal olefin fluid at 100 psi and superficial gas
velocities ranging from 0.45 cm/s to 2.51 cm/s

methane in diesel at 100 psi and superficial gas velocities
ranging from 0.45 cm/s to 2.51 cm/s

Experimental Results and Analysis

The effects of pressure and superficial gas velocity on the
absorption mass transfer coefficient with H,, CO, and CO, in
liquid paraffin were experimentally discovered (Jin et al. 2014).
The experiments were conducted at similar pressure conditions,
1.0-3.0 MPa (145 psi-435 psi), and higher superficial gas
velocities, 2.5-9.0 cm/s, than the absorption experiments for
methane in nonaqueous base fluids. In Figure 6, for all three
gases absorbing into (liquid), the k;a value increases with
increasing pressure. As the pressure is increased, higher gas
density results in bubble breakup leading to a larger interfacial
area between the smaller gas bubbles and the liquid during
absorption processes. As the interfacial area increases at each
increased pressure interval, the k;a value increases as the
superficial gas velocity is held constant.

T=298K
0.06

>POEOeO

0.04

k, ars”
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0.00 L s L s s
0.5 1.0 1.5 20 25 3.0 35

PMPa
Figure 6: Influence of pressure on mass transfer coefficient

(Jinetal 2014)

The effects of gas velocity for Hy, CO, and CO, in liquid
paraffin on the k;a value were determined by conducting
experiments at a constant pressure of 1.0 MPa with gas
velocities from 2.5-9.0 cm/s (Jin et al. 2014). Like the effect of
increased pressure, the k;a value increases with increasing
superficial gas velocity. Gas-holdup and the liquid side mass
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transfer coefficient (k;) is known to increases with gas
velocity leading to an increase in gas-liquid interfacial area (Jin
et al. 2014). As k; and interfacial area increases, there is an
increase in the k;a value with superficial gas velocity.
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Figure 7: Influence of superficial velocity on mass transfer
coefficient (Jin et al. 2014)

The effects of superficial gas velocity, system pressure and
base fluid type on the k;a value were determined from the
experimental test matrix. A full factorial design of 8
experimental tests was conducted and the resulting k; a values
are shown in Figure 8. At constant pressures of 100 and 200
psig, the k;a value increases as the superficial gas velocity
increases from 0.45 to 0.9 cm/s. Like with increasing gas
velocity, the k;a value also increases with increasing system
pressure as the superficial gas velocity is held constant. The
effects of these 2 parameters on the absorption coefficient is the
same for methane in both diesel and internal olefin fluids. For
all experimental conditions, the k; a value is larger for methane
in diesel than the k; a value for methane in internal olefins.

0.007
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go.om .
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0
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Figure 8: Effects of superficial gas velocity and system
pressure on absorption coefficient for methane absorption in
nonaqueous fluids

Once each parameter was investigated to determine the
effect on the k; a value, a sensitivity analysis was conducted to

determine which parameter has the greatest impact on the k; a.
In Minitab, the full factorial design results were analyzed and
Figure 9 shows that superficial gas velocity is the most
important parameter affecting the k;a value. Although fluid
type and pressure impact the k;a value, the superficial gas
velocity has the greatest influence on the absorption coefficient.
Following this parameter analysis, additional experiments were
performed at 1.68 and 2.51 cm/s for both diesel and internal
olefin fluids at 100 and 200 psig.
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Figure 9: Minitab analysis of the full factorial design of
experiments to determine parameter effects on the k;a value

After determining which paramter has the most significant
impact on the k;a value, additional experimental tests were
performed at higher superficial gas velocities. For both diesel
and internal olefin fluids at 100 psig, tests were performed at
gas velocities of 1.68 and 2.51 cm/s. The k;a value continued
to increase with increasing superficial gas velocity, but it
increased significantly once the velocity was increased to 2.51
cm/s. Compared to the experimental results from Jin et al. 2014,
the k;a value for methane in nonaqueous fluids was in the same
magnitude at similar superficial gas velocities and system
pressure.
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Figure 10: Influence of superficial gas velocity on the
absorption coefficient for methane in nonaqueous fluids



AADE-20-FTCE-031

Absorption Kinetics of Gas Influxes into Nonaqueous Fluids During Riser Gas Handling Events 7

Sensitivity Analysis of k;a for Riser Gas Handling
Events

To analyze the impact of the time-dependent gas absorption
into uncontaminated muds on the unloading behaviors in riser
gas management events, we simulated the process of gas
migration using a simplified two-phase model that is recently
developed. The time-dependent gas absorption is calculated
using a kinetic sub-model developed based on the experimental
study in this work.

The drilling fluid in this case is assumed to be non-aqueous
mud and a section of contaminated mud (containing both free
and dissolved gas) has entered the riser above the SSBOP when
the influx is detected. The total mass of gas influx is assumed
to be 70 kg. The riser length is assumed to be 1500 m. The outer
diameter of the riser annulus is 19-1/4 in, and the inner diameter
is 5 in. The initial in-flow rate of gas influx is assumed as 150
scf/s. A constant temperature gradient of 20.4 - 0.025-Ah C is
assumed along the riser length. The gas is reservoir gas with a
specific gravity of 0.65. Interfacial tension of 27 mN/m is
assumed between the two phases. Mud density is 898 kg/m3
and plastic viscosity is 49 mPa-s. The time step is 0.1 s and the
number of cells is 1500 for all cases to eliminate the effect of
numerical dissipation. Both the entire riser and the
contaminated mud section are discretized in this case.

The initial condition of the case studies are established in
the way that after the influx is detected and SSBOP closed,
(either with or without the assistance of mud circulation through
the booster line) the main body of the gas influx has been
circulated to a depth where there is a considerable slip between
the gas and liquid phase, and any circulation is then ceased to
allow the gas influx to migrate and expand and being absorbed
into overlying uncontaminated muds while migrating under
different back pressures. The contaminated mud is assumed to
be saturated with gas before backpressure is applied. One
dimensional flow without heat transfer between the gas and
liquid phases is assumed along the riser. Sensitivity analyses are
conducted in this section to study the effect of k;a on SSBOP
pressure and surface flow rates with different backpressures.

Figure 11 presents the change of pressure at the subsea
SSBOP level over time with different values of k;a. A
backpressure of 500 psig was applied from the surface in this
case. During the process of gas migration, increased values of
k; a results in increased pressure-drop at the SSBOP level and
a later occurrence of rapid riser unloading. In the case without
gas absorption (k; a = 0), by the time gas influx reaches the
surface, the pressure at SSBOP level dropped 1060 psi and
rapid unloading occurs at approximately 55 minutes after shut-
in. However, for the case of k;a = 0.2, BOP pressure dropped
665 psi and rapid unloading occurs at 79 minutes. This effect is
observed to be even more significant when gas absorption is
considered as an instantaneous process (k;a = o). Figure 11
indicates that the severity of riser unloading can be
overestimated without the consideration of the time-dependent
gas absorption process, and the value of the absorption
coefficient, k;a, can significantly affect the riser unloading
behavior.
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‘2 1800 |- &
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g 1400 - | | 5
—— Without absorption ‘l |. 19 A
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—-=ka=0.02 ; 18
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Figure 11: The Pressure at the subsea BOP level with
different values of the absorption coefficient (at 500 psig /
3.45 MPa of backpressure)

Figure 12 shows the change of liquid flow rate over time at
the surface level with different k;a values and at different
backpressures (0 to 1000 psig). In agreement with the previous
results, at the same backpressure, riser rapid unloading occurs
later and the maximum liquid flow rate at the surface decreases
when k; a value increases. The application of backpressure can
effectively delay the occurrence of the rapid riser unloading and
decrease the maximum liquid velocities in all cases with
different k; a values. However, the effect of gas absorption is
observed to be more significant under higher backpressures. For
the case of k;a = 0.2, the maximum velocity at the surface is
predicted to be 17.2 m/s with no backpressure, while the
maximum surface velocity is 7.1 m/s at the backpressure of
1000 psig. Such decrease is not as apparent when gas absorption
is not considered. For the case of instantaneous absorption
(kpa = o), at a backpressure of 1000 psig, gas influx can
maintain near completely dissolved until the contaminated mud
section reaches the surface.
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Figure 12— The liquid flow rate at the surface with different values of the absorption coefficient
(at backpressures of (a) 0 psig, (b) 100 psig, (c) 500 psig, and (d) 1000 psig)

Conclusions

The absorption mass transfer coefficient was
experimentally investigated in a bubble column to determine
the k;a value for methane gas in nonaqueous base fluids at
high-pressure conditions. The study analyzes the effect of
system pressure up to 200 psi and superficial gas velocities
between 0.45 and 2.51 cm/s on the mass transfer coefficient.
Two commonly used nonaqueous base fluids in drilling
processes, diesel and internal olefins, were used in the
experimental study to better understand the mass transfer of a
gas influx in oil base fluids. All three parameters had a
significant impact on k;, as the absorption coefficient increased
with increased superficial gas velocity, increased system
pressure, and the resulting k; a value was higher for diesel than
internal olefins. An increased understanding of absorption mass
transfer and k;a between methane and nonaqueous drilling
fluids can lead to early detection of gas influxes and to optimize
well control in such events.

Sensitivity analyses based on numerical simulations were
conducted to study the effect of k; a on the gas migration
behaviors at different backpressures. Results show that the
severity of riser unloading was overestimated without out the
consideration gas desorption, and the value of the absorption
coefficient can significantly affect the riser unloading

behavior. Increased values of k; a results in increased pressure-
drop at the SSBOP level and lower maximum liquid velocities
at the surface. The impact of time-dependent gas absorption
process on riser unloading is more significant at higher
backpressures.
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Nomenclature

c* = Maximum gas concentration [mol/L]

C; = Initial concentration of gas in liquid [mol/L]
C = Concentration of gas in liquid [mol/L]

Cr = Final concentration of gas in liquid [mol/L]
dg =  Bubble diameter [m]

D = Column diameter [cm]

D, = Diffusivity of solute gas into liquid [m?/s]

g = Acceleration due to gravity [m/s’]
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kya = Volumetric mass-transfer coefficient [1/s]
t = Time [s]
U, Liquid velocity [cm/s]
Ug = Superficial gas velocity [cm/s]
Greek Letters
y = Surface Tension [M/T?]
€ = Gas holdup
I = Liquid viscosity [Pa*s]
D¢ = Gas density [kg/m’]
oL = Liquid density [kg/m’]
o = Liquid surface tension [dyn/cm]
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Appendix A
Table A.1: Experimental data used to calculate the k;a value

Flow Rate  Time Total n Concentration In ( [ )
Test  (In/min) (min) Absorbed (L) (mol) (mol/L) c—-C,
1 1 0.5 0.2 0.056191086 0.112382171 0.140088793
2 1 1 0.4 0.112382171 0.224764343 0.303050103
3 1 2 0.6 0.168573257 0.337146514 0.497838428
4 1 5 1 0.280955428 0.561910857 1.060146008
5 1 10 13 0.365242057 0.730484114 1.894943705
6 1 15 14 0.3933376 0.7866752 2.465488564
7 1 20 1.53 0.429861806 0.859723611
Flow Rate Time Total n Concentration cr
Test | (In/min) (min) Absorbed (L) (mol) (mol/L) n (C' — CL)
1 2 0.5 03 0.084286629 0.168573257  0.218253566
2 2 1 0.5 0.140477714 0.280955428 0.395708933
3 2 2 0.7 0.1966688 0.3933376 0.611597314
4 2 5 12 0337146514  0.674293028 1.53393036
5 2 10 14 0.3933376 0.7866752 2.465488564
6 2 15 1.53 0.429861806  0.859723611
Flow Rate Time Total n Concentration 1 ( c” )
Test | (In/min) (min) Absorbed (L) (mol) (mol/L) c-C.
1 4 0.5 0.5 0.140477714 0.280955428 0.395708933
2 4 1 0.7 0.1966688 0.3933376 0.611597314
3 4 2 1.1 0.309050971 0.618101943 1.269237806
4 4 5 14 0.3933376 0.7866752 2.465488564
5 4 10 1.5 0.421433143 0.842866285 3.931825633
6 4 15 1.53 0.429861806 0.859723611
Flow Rate  Time Total n Concentration In ( [ )
Test | (In/min) (min) Absorbed (L) (mol) (mol/L) c'—C,
1 6 0.5 0.6 0.168573257 0.337146514 0.470003629
2 6 1 1.1 0.309050971 0.618101943 1.16315081
3 6 2 1.5 0.421433143 0.842866285 2.772588722
4 6 5 1.6 0.449528686 0.899057371




