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Abstract: The TRU-Vision system, developed by Baker Hughes, analyzes the gas extracted from drilling mud to estimate the

hydrocarbons composition in drilled rock formations. Several separation processes had been surveyed in order to enhance the gas

extraction at the gas trap, namely, mechanical stirring, vacuum, air sparging, membrane separation processes, ultrasounds, and

cyclones. Mechanical stirring devices (one propeller, one flat-blade turbine, and two baffles sets), a vacuum generator, and an air

bubble generator were designed and assembled to increase the efficiency and the response stability of TRU-Vision system.
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Nomenclature
Csr Baffle clearance [mm];
Ci Impeller clearance [mm];
Di Impeller diameter [mm];
Dr Gas trap diameter [mmy];
Hi Mud height [mm];
Lp Impeller blade length [mm];
P P Bubble internal pressures [bar];
Vi V2 Bubble volumes [m’];
We Impeller blade width [mm];
Wsr Baffle width [mm].
Abbreviations
CVD Constant volume degasser (gas trap);
3D Three dimension.

1. Introduction

The TRU-Vision apparatus (Fig. 1), developed and
manufactured by Baker Hughes, analyzes the gas
estimate the
drilled rock
formations. For example, the ratios CH4/C,Hs,

extracted from drilling mud to

hydrocarbons composition in the
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CH4/C3Hs, and CH4/C4H o enable the identification of
rock formation variations and the estimation of
reservoir productivities [1, 2], according to Table 1.
Gas chromatography is an extremely useful tool to
identify and quantify the light-hydrocarbons extracted
from a drilling mud.

The TRU-Vision consists of a compact device that
continuously collects drilling mud samples, heats the
mud, extracts the gases from the mud in a gas trap,
conditions and analyzes the gases in a gas
chromatograph. It is of paramount importance to
enhance the gas extraction at the gas trap, and thereby
augment the efficiency and response stability of
TRU-Vision. Although TRU-Vision already yields
high quality data, the following features may be
further improved: higher and more stable efficiency of
the gas extraction from the drilling mud, less
maintenance and utilities required, lower weight and
costs.

The major physical mechanisms underlying the gas
extraction (from liquids and/or solids) are the outgassing,
degassing and desorption. Outgassing consists in the
gas spontaneous release from a material. Degassing
designates gas forced extraction. Desorption denominates

the release of adsorbed chemicals from a material
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Fig.1 TRU-Vision apparatus.

Table 1 Ratios of light-hydrocarbons concentrations and corresponding reservoirs productivities [3].

Ratio Oil Gas Unproductive
CH4/C2He 2to0 10 10 to 35 <2and>35
CHa4/CsHs 2to 14 14 to 82 <2and> 82
CH4/C4H10 2to21 21 t0 200 <2 and > 200

surface [4]. As for the gas extraction from a drilling
fluid, only the outgassing and degassing methods may
be applied, because the gas is present in the drilling
mud mainly in the form of dissolved microbubbles.
The most common techniques for degassing the gas
present in a drilling mud are mechanical stirring,
vacuum, air sparging, heating, membrane separation
processes, ultrasounds, and cyclones.

1.1 Mechanical Stirring

The mechanical stirring in the gas trap aims at
inducing a high turbulence to the mixture gas/mud to

promote the release of the entrained gas in the mud [5],
and the increase of the contact surface area between
the gas and the mud, yielding a fast mixing of the gas
with fresh air such that the ditch line composition is
representative of the gas/mud concentration, and
maintaining a constant gas release regardless mud
level fluctuations inside the gas trap [6, 7].

A high stirring velocity (Reynolds number ~10°) is
required throughout degassing, to strongly promote
the gas rise through the mud, analogously to von Karman
swirling flow [8]. High turbulence may be induced by
given stirrer types, depending on the fluid viscosity [9].
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1.2 Vacuum

The gas dissolved in a liquid under reduced pressure
becomes less soluble, depending on the liquid area
exposed to vacuum [10]. Furthermore, a less soluble

gas separates more easily from the liquid [11].
1.3 Air Sparging

According to Boyle’s law, the volume and pressure
of a bubble are inversely proportional at constant
temperature [12]:

PixVi=P:x V> D

The continuous injection of air at the gas trap
bottom forces the air bubbles to collide with the
methane microbubbles [13]. The air bubbles volume is
higher than the methane microbubbles volume,
because the lower internal pressure of the air bubbles
promotes the Ostwald ripening effect. The methane
microbubbles collide and easily coalesce with the air
bubbles to equilibrate both bubbles pressures. The
merged bubble volume increases and it rises faster to
the surface, due to the buoyancy force, where the
methane is finally released [14]. A higher amount of
methane will be released in the presence of a turbulent

air sparging.
1.4 Membrane Separation Processes

Certain selective membranes are only permeable to
gases [15]. In such a case, by flowing the drilling mud
as the membrane feed and maintaining the membrane
permeate under vacuum, the gases dissolved in the mud

selective
membrane

permeate through the membrane [16, 17]. This membrane
operation is known as Gas Separation (Fig. 2).

1.5 Ultrasounds

Ultrasounds are commonly applied to remove small
bubbles and dissolved gases from liquids [18]. The
sound waves, while propagating through a liquid,
alternate  between cycles of high pressure
(compression) and low pressure (rarefaction). In
rarefaction, if many near-vacuum bubbles are created,
a large contact surface area with the liquid is obtained.
The dissolved methane may migrate to these low
volume and

pressure bubbles, increasing their

inducing their fast rise. Ultrasounds show the
advantage of reduced gas redissolution, as the fast rise

of bubbles diminishes the contact time [19, 20].
1.6 Cyclones

In cyclone separators, the centrifugal force splits
fluid components with distinct phases and/or densities.
In a cyclone, the fluid and a carrier gas enter into a
conical vessel, being projected tangentially to the wall
[21]. The heavier compounds (higher densities) flow
downwards along the wall and leave the vessel
the lighter
compounds (lower densities) exit the vessel through
the top outlet [22, 23] (Fig. 3). As the drilling mud
and the air are projected against the wall, small

through the bottom outlet whereas

droplets are created, yielding a large contact surface
area between the mud and the air, thereby facilitating
the transfer of methane to the air [24, 25].

Fig.2 Separation of gas (pink circles) from drilling mud (blue circles).
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Mechanical stirring and vacuum were previously
but both

methods may be further enhanced. In this work,

Fig.3 Multiphase cyclones.

2. Materials and Methods

optimized in TRU-Vision gas trap [26],

various improved devices for mechanical stirring,
vacuum generation and air sparging had been
designed, manufactured and assembled to intensify the
gas extraction from the drilling mud in the gas trap,
and thereby augment the efficiency and response
stability of TRU-Vision.

2.1 Mechanical Stirring

Bearing in mind that the drilling mud viscosity was
about 10% cP [27], the impeller types selected were the
propeller (applicable to fluids with viscosities in the
range 1-10* cP) and the flat-blade turbine (applicable
to fluids with viscosities in the range 1-3.2x10* cP).

A three-blade propeller generates an axial flow and
it is commonly used at high rotational velocities
(1,750 rpm) corresponding to Reynolds numbers
higher than 200. The flat-blade turbine is usually
applied for gas-liquid dispersions at low flow rates of

gas in small vessels [28].

inlet of mixed
components

The impellers selected (propeller and flat-blade
turbine) had been designed based on thumb rules and
[9, 28] (Fig. 4). Both
impellers had been printed in stainless steel in a 3D
printer (Table 2 and Fig. 5).

Baffles
throughout the stirring of viscous fluids and/or fluids

geometric  specifications

prevent settling and stagnant zones
containing-particles, such as drilling muds. The
current CVD (Constant Volume Degasser) gas trap
has three straight baffles adjacent to the wall. As the
mud viscosity, ca. 10> ¢cP [27], is low to moderate, a
three-baffle set apart and perpendicular to the gas trap
wall and a four-baffle set adjacent and perpendicular
to the gas trap wall were designed based on thumb
rules. Both baffle sets had been printed in titanium in

a 3D printer (Fig. 6).
2.2 Vacuum

A set of devices was assembled to generate vacuum
in the gas trap (Fig. 7). A needle valve (Parker Series
9) was located at the air inlet hose of the gas trap, and
electrically connected to a wave generator (Agilent
33210A) and a power supplier (TDL-Lambda X600).
The wave generator controlled the valve opening time.
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Fig. 4 Scheme of stirred gas trap.
Table 2 Geometric specifications of stirred gas trap.
Impeller Di/Dr Ci/Dr
Propeller 0.33 0.25
Flat-blade turbine 0.33 0.25

Fig. 5 3D printed impellers in stainless steel. On the left-hand side: propeller (blades assembled on the shaft adaptor) and

on the right-hand side: flat-blade turbine (only the blades).

33
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N A
Fig. 6 3D printed baffles in titanium. On the left-hand side: three baffles set apart from the gas trap wall and on the
right-hand side: four baffles set adjacent to the gas trap wall.

Fig. 7 Gas trap vacuum generator: a) power supply, b) wave generator, c) needle valve.

Fig. 8 In-line pressure sensor.
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Fig. 9 Bubble generator prototype (empty). The red and blue arrows indicate the mud path and the gas injection into the

mud through the porous material, respectively.

The valve restriction and the continuous suction of air
into the ditch line resulted in a pressure drop inside the
gas trap. A pressure sensor (Keller PR-23Ed, Fig. 8)
was assembled in-line at the beginning of the ditch
line to measure the pressure therein and estimate the
gas trap pressure. It was connected to a media logger
(Graphtec medi LOGGER GL220), in which the
pressure data were displayed and recorded.

2.3 Air Sparging

To enhance the air sparging process (Fig. 9), a
bubble generator had been inserted with the air flow
rate controlled by a needle valve, connected to the
pressurized air facility [29].

Throughout this work, previously built bubble
generators were used but failed after a while, i.e. they
did not produce microbubbles any longer (only
macrobubbles). Their failure might have been due to
the erosion of the porous material by the high flow
rates of the drilling mud.

3. Results and Discussion

Although the current design of TRU-Vision gas trap

is simple, robust, and stable as previously

demonstrated in Ref. [26], potential improvements of

the gas extraction at the gas trap were assessed in the
present work.

The current mechanical stirring of the gas trap may
be further enhanced concerning the gas extraction
efficiency and stability, the weight and utilities (e.g.
air) relief. The gas extraction delays for small contact
surface areas, thus a vortex would be beneficial,
likewise for the application of vacuum and/or air
sparging.

The major handicap of vacuum creation is the mud
aspiration into the ditch line at pressures below the
atmospheric ~ pressure, damaging downstream
equipment. However, vacuum may be applied together
with other processes proposed herein.

The application of air sparging in TRU-Vision is
unpractical. A bubble generator or another air bubble
injector located at the gas trap bottom or mud inlet
would be ruined by the drilling cuttings. A better
option would be the application of air sparging
through the impeller rod but it would imply the gas
trap redesign.

Although a gas permeable membrane would prevent
gas redissolution, it would require the gas trap redesign
and vacuum implementation, as well. Moreover,

membranes cannot handle the drilling cuttings contained



36 Gas-Liquid Separation Processes for Mud Logging Systems

Gas extraction
Techniques

S g2

5 ESE3 ¢

2| >|<|2|D|0
Strong relationship O Efficiency 00000
Slight relationship A « | Stability 000 O
Strong Positive @ g g Maintenance A A AA
Positive + ‘Ué § 00 444
Negative - < | Weight 00 A4
Strong Negative (@ Utilities 00 1404

Fig. 10 House of Quality diagram including customer requirements and gas extraction techniques.

in the mud, and their frequent replacement and
maintenance would be prohibitive. Even though
ultrasounds apparatus are efficient and fast, the gas
trap redesign would be required, besides the apparatus
maintenance and cost. As cyclones rely on centrifugal
forces, the gas trap redesign and high flow rates of the
drilling mud would be required. The processes that
would demand the redesign of TRU-Vision gas trap
have been dropped since the project determined to
maintain the current gas trap dimensions.

The coupling of the potential processes that would
enhance the gas extraction in the gas trap is depicted
in Fig. 10. Clearly, mechanical stirring and vacuum
are more advantageous than the other processes. Still,
it is worth remarking that only experimental tests
would absolutely rank the processes efficiency and
stability.

4. Conclusions

The TRU-Vision is a mud logging system to extract
and analyze the gas extracted from drilling muds, in
order to estimate the hydrocarbons composition in
drilled rock formations. A TRU-Vision prototype
comprised a methane bubble generator and a gas trap,
the operating conditions of which were previously
optimized [26].

In this work, various processes were surveyed to
enhance the gas extraction efficiency in the CVD gas
trap, namely, mechanical stirring, vacuum, air
sparging, membrane separation processes, ultrasounds,
and cyclones. As mechanical stirring, vacuum, and air
sparging would not require the gas trap redesign, these
alternatives had extra devices designed and assembled,
viz. one propeller, one flat-blade turbine, two sets of
baffles, a vaccum generator, and an air bubble
generator, which have not been tested in the lab yet.
From the surveyed methods, vacuum is the easiest to
implement and surely will increase the gas extraction
efficiency in the next TRU-Vision model. The bubble
generator requires enhancements to augment its
lifespan. The monitoring and control of the bubbles
sizes is relevant, as well. It is also pertinent to
determine the mud composition ranges in which the

gas microbubbles are entrapped.
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