Gas Hydrates, Flow Assurance & PVT

HERIOT

HydrafactKinetic Rigs (up to 400 bars)

Each rig consists of a 290 Hastelloy Stainless Steel pressure vessel with a magnetic motor and
central stirrer. The cell temperature is controlled by circulating coolant through a cooling jacket.
Temperature is measured using a PRT @1 °C whilst pressure is recorded via a strgiauge
transducer to withirf 1.0 psi. The stirrer rpm is adjustable with a variety of stirrer blades available
for fluid agitation depending on the application/system. Power applied to the stirrer to maintain
constant rpm provides a measurement of fluid transportability (torque measurements: voltage and
power at constant rpm).

Operatingconditions
Pressure: Up to 6,00sia(400 bars)
Temperature: Fror40 to 50°C

Main applications

1. Evaluating the performance of Kinetic Hydrate Inhibitors (KHIs) by measuring induction time
and rate of hydrate formation.

2. Investigating kinetics of gas hydrate formation and dissociation.

3. Measuring the hydrate stability zone for various fluid systems
(e.g. gas, gas/condensate and oil systems).

4. Determining the effect on the hydrate stability zone of various hydrate inhibitors.
(e.g. salts and/or organic inhibitors).

5. Determining the effect of ardagglomerant®n the transportability of hydrate slurry.
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Hydrafact kinetic Rigs (up to 200 bars)

The rig consists of a 500 ml Hastelle® @ pressure vessel with magnetic motor and central stirrer.
The cell is immersed in a cooling bath and therefore the temperature of the cell is controlled by the
temperature of the coolant té 0.1°C, whilst pressure is recorded via a strgauge transducer to
within © 1.0 psi. The stirrer rpm is adjustable with a variety of stirrer blades available for fluid
agitation depending on the application/system.

Operating conditions:
Pressure: Up to 6,000 psia (400 bars)
Temperature: From-30 to +50°C

Main applications:

‘ 1. Evaluating the performance of Kinetic Hydrate Inhibitors (KHIs) by measuring induction time
i and rate of hydrate formation.

2. Investigating kinetics of gas hydrate formation and dissociation.

3. Measuring hydrate stability zone for various fluid systems
(e.g. gas, gas/condensate oil systems and drilling fluid with and without solid).

4. Determining the effect on hydrate stability zone of various hydrate inhibitors
(e.g. salts and/or organic inhibitors).

5. Determining the effect of anigglomerants on the transportability of hydrate slurry.
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Gas Hydrates, Flow Assurance & PVT

Hydrafact Kinetic Rigs (up to 700 bars)

Each rig consists of a 125 ml HastelleB76 pressure vessel with magnetic motor and central stirrer.
The cell is immersed in a cooling bath and therefore the temperature of the cell is controlled by the
temperature of the coolant té 0.1°C, whilst pressure is recorded via a strgauge transducer to
within ° 1.0 psi. Stirrer rpm can be controlled by the operator, with a variety of stirrer blades
available for fluid agitation depending on the application/system.

Operating conditions:
Pressure: Up to 10,000 psia (700 bars)

Temperature: From-50 to 40°C

Main applications:

1. Evaluating the performance of Kinetic Hydrate Inhibitors (KHIs) by measuring induction time
and rate of hydrate formation.

2. Investigating kinetics of gas hydrate formation and dissociation.

3. Measuring the hydrate stability zone for various fluid systems
(e.g. gas, gas/condensate and oil systems).

4. Determining the effect of various hydrate inhibitors (e.g., salts and/or organic inhibitors) on th
hydrate stability zone.

5. Determining the effect of anthgglomerants on the transportability of hydrate slurry.
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Hydrafact High Pressure Kinetic Rig (up to 2,000 bars)

bath and therefore the temperature of the cell is controlled by the temperature of the coolght to
0.1°C, whilst pressure is recorded via a strguge transducer to withih 0.2 psi.

T g I | The rig consists of a 12ml hastelloy pressure cell with mixing ball. The cell is immersed in a cooling
Operating conditions:

Pressure: Up to 30,000 psia (2,000 bars)

Temperature: From-30 to 40°C

Main applications:
1. Investigating the kinetics of gas hydrate formation and dissociation.
2. Measuring the hydrate stability zone for various fluid systems
(e.g. gas, gas/condensate and oil systems).

3. Determining the effect of various hydrate inhibitors (e.g. salts and/or organic inhibitors) on the
hydrate stability zone.
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HydrafactVisual Rigs (up t@75bars)

Each rig consists of a higihessure 500 ml Titanium vessel, magnetic motor with central stirrer and tw
opposing soddime glass windows. The cell temperature is controlled by circulating coolant through
cooling jacket. Temperature is measured using a PRDt®b°C whilst pressure is recorded via a
strainrgauge transducer to withit 1.0 psi. The stirrer rpm is adjustable with a variety of stirrer blades
available for fluid agitation depending on the application/system. Power applied to the stirrer to
maintain constant rpm provides a measurement of fluid transportability (torque measurements:
voltage and power at constant rpm). Still images or digital video can be recorded during experimen
means of a digital magnifying camera and PC interface.

Operating conditions:
Pressure: Up t4,000psia(275bars)

Temperature:  Fror20 to +50°C

Main applications:

1. Evaluating the performance of Kinetic Hydrate Inhibitors (KHIs) by measuring induction time «
rate of hydrate formation.

2. Investigating kinetics of gas hydrate formation and dissociation.

3. Measuring the hydrate stability zone for various fluid systems
(e.g. gas, gas/condensate and oil systems).

4. Determining the effect on the hydrate stability zone of various hydrate inhibitors
(e.g. salts and/or organic inhibitors).

5. Determining the effect of anigglomerant®n the transportability of hydrate slurry.

6. Visual observations of gas hydrdtemation/dissociation.
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HydrafactRocking Cells (up to 700 bars)

Each rig consists of a 290 ml piston type pressure cell with mixing ball. The cell temperature is
controlled by circulating coolant through a cooling jacket. Temperature is measured using a°PRT to
0.1°C whilst pressure is recorded via a strgiauge transducer to withih 1.0 psi). The cell is

mounted on pneumatic rocking frame to enable mixing of contents.

Operating conditions:
Pressure: Up to 10,0@8ia(700 bars)
Temperature: From-15 to 40°C

Main applications:

1. Investigating the kinetics of gas hydrate formation and dissociation.

LSS

2. Measuring the hydrate stability zone for various fluid systems
(e.g. gas, gas/condensate and oil systems).

3. Determining the effect of various hydrate inhibitors (e.g., salts and/or organic inhibitors) on thi
hydrate stability zone.

4. Various other phasequilibriatests where a constant pressure and/or constant mass is
required.
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VLE Ebulliometer (up to 30 bars)

Stainless steel Rogaldialanowski type refluxing Ebulliometer. Liquid and vapour phases are
separated at equilibrium boiling temperature (isobaric conditions) for sampling and compositional
analysis (e.g. by GC, gravimetric, densitometry). VLE cell thermocouple measures temperature tc
within £ 0.1°C, while pressure is determined by a precision strain gauge transducer to aiilia

psia. A nitrogen pressure buffer vessel (50 litres) provides pressure stability during boiling/reflux.

Main application:

Measurement of VLE for single and multicomponent systems atsubspheric to moderate
pressures.

Operating conditions:

Pressure: Up to 450 psia (30 bars)

Temperature: Up to 350°C
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Differential Temperature Analysis (DTA) setup

Consists of 20 x 2 ml stainless steel sample tubes with vittngesealed caps immersed in a
temperature-controlled ¢ 0.01°C, max ramp rate®®/min) cryostat bath. Either one or two of the
tubes act as a reference, with the remainder available for samples. Sample and reference
temperatures are determined by platinum resistance thermometers (PRT), with data being collect
by PC via an Agilent multiport interface unit. Provides endothermic/exothermic transition
temperatures with an accuracy of aroutid.2°C.

Operating conditions:
Pressure: Atmospheric
Temperature: -90 to +100°C

Main application:

For measurement of soliiquid equilibria (e.g. freezing/melting points, clathrate dissociation
conditions) of pure and multicomponent liquids at atmospheric pressure.
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High Pressure Rheometer (up to 400 bars)

The Physica MCR Rheometer (Anton Paar) is equipped with two sets of chambers:

1. The coneplate and parallel plate system with Peltier temperature control allows rapid and
precise temperature control of the small volume sample (high heating and coolingupti®
60 K/min). The configuration is suitable for fluids with awide range of the viscosities.

2. The second chamber consists of a 50 ml titanium pressure cell. The cell temperature is
controlled by circulating coolant through a cooling jacket. Temperature is measured by PRTs
1 0.1°C, whilst pressure is recorded by Quartzdyne pressure transducer to Withihpsi. The
main advantage of the pressure cell is its capability to run the tests not only at constant
temperature but with different cooling and heating rates. The configuration is suitable for fluid
with medium and high viscosities.

For both configurations the rotational and oscillatory mode tests are possible.

Operating conditions:
Pressure: Up to 6,000 psia (400 bars)
Temperature: -40 to +200°C

Main application:
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multicomponent fluid at atmospheric and high pressure.
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