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High-Pressure Autoclave Cells — Hydrate Measurements

We have a total of 17 high-pressure autoclave
cells dedicated to addressing hydrate
management and other flow assurance issues.
We have recently expanded our capacity for
testing sour gas systems by extending our
purpose-built H,S laboratory. Our high-pressure
autoclaves can be used for the following
applications:

1. Measuring hydrate phase boundaries
Evaluating the effect of various hydrate
inhibitors (e.g. salts and/or organic inhibitors).

3. Evaluating the performance of Kinetic Hydrate
Inhibitors (KHIs)

4. Testing the performance of anti-agglomerate
hydrate inhibitors.

5. Visual observation of hydrate formation with
still image and video capture.

6. Variable volume cells for maintaining constant
pressure or constant mass.
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Phase Equilibria Measurements

Quartz Crystal Microbalance (QCM)

We use QCM technology to measure wax appearance/disappearance temperatures and also
for asphaltene onset points. The apparatus is sensitive to small changes in the resonant
frequency that is applied to the metal disc when particulate matter is deposited on its
surface. We have an atmospheric set-up to measure wax appearance/disappearance
temperature as a function of temperature, but also have a QCM integrated into a high-
pressure cell for tests at elevated pressures.

Operating conditions:

Max Pressure = 3,000 bar; Max Temperature = 200 °C

Laser-Based Cloud Point Detection

We have developed in-house an automated set-up for measuring cloud points of solutions,
primarily KHI solutions where the cloud point is of particular interest to operators. The
sample is contained in a jacketed flask, which is temperature-controlled by a circulator bath.
A laser diode producing 630 nm light is directed through the sample to a photodiode
detector mounted on the opposite side. We measure the transmission as a function of
temperature. The transmission sharply reduces as the cloud point is reached.

Operating conditions:

Pressure = Ambient; Temperature = -80 to +90 °C
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Bubble Point Measurements

A temperature-controlled, variable-volume autoclave (rocking cell) allows the measurement of the
bubble point of a composition. The system is loaded into the cell and the pressure raised by injecting
fluid into the non-process side of the cell to drive a floating piston. The pressure is originally raised
well above the expected bubble point. Pressure is recorded as the volume expands by incremental
draining of the piston-side fluid. The bubble point is measured by observation of a phase change in
the plot of pressure vs. volume.

Operating conditions: Pressure < 10,000 psia (690 bar); Temperature = -30 to +100 °C.

Differential Temperature Analysis (DTA) setup

An array of 2 ml sealed, stainless steel sample tubes are immersed in a temperature-controlled bath.
Samples and references are then cooled and heated at a well controlled rate and comparison
between sample and reference yields endothermic/exothermic transition temperatures, e.g.
freezing/melting points temperatures.

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

VLE Ebulliometer (up to 30 bar)

Stainless steel Rogalski-Malanowski 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). A nitrogen pressure buffer vessel (50 L) provides
pressure stability during boiling/reflux. Measurement of VLE for single and multi-component
systems at sub-atmospheric to moderate pressures.

Operating conditions: Pressure < 450 psia (30 bar); Max. Temperature = 350 °C.
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Rheology

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

1. The cone-plate and parallel plate system with Peltier temperature control allows rapid and
precise temperature control of a small volume sample (high heating and cooling rates, i.e., up
to 60 K/min). The configuration is suitable for fluids with a wide range of 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 to
+ 0.1 °C, whilst pressure is recorded by Quartzdyne pressure transducer to within £ 0.2 psi. 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 fluids
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: -40to +200°C

Main application:

For measurement of rheological properties (e.g., viscosity, gel point G’ and G”) of pure and
multicomponent fluid at atmospheric and high pressure.
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BTDP-Series BENCHTOP DUAL SYRINGE PUMP

The versatile BTDP-series are designed for applications requiring
accurate pulseless flow and pressure control of both inorganic (brine,
solvent...) and organic fluids (hydrocarbons, microbial solutions...).

These pumps deliver specified pressure, flow rate, and volume at both
ambient and reservoir conditions, and can operate at either constant
pressure or constant flow rate.

In the former mode, a pre-defined specific volume can accurately be
transferred. Pressurization is obtained via a motor-driven piston. The
pump is delivered with two accurate pressure sensors, four hand
valves for tank feeding and outlet delivery, a control panel, and a
reservoir.

Features:

Working pressure 10,000 psi
Volume 2x250 cc

Max flow rate 0.0001 to 80 cc/min

Tel: +44 (0)131 449 7472 | Email: info@hydrafact.com | Web: www.hydrafact.com



Agilent 8860 GC System
|
F ' ‘ . The 8860 Gas Chromatograph (GC) System
sets the standard for routine GC analysis with
| - reliability and robustness.

Two inlets, three valves.
TCD and FID detectors

v . Built-in intelligence, intuitive touch screen
interface, and cost-effective options such as
DA Express and electronic pneumatic
regulation (EPR) make the 8860 an attractive
option, elevating routine GC analysis to new
levels of performance, reliability, and cost-
effectiveness.
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Water Content Measurement

Karl Fischer Titration

A coulometric titration is performed using our Karl Fischer instrument
(Metrohm, 899 Coulometer). This instrument allows the detection of 10 L —
200 mg of absolute water content. This is used to detect low levels of water in
a range of samples, including crude oil, condensate, and diesel to mention a
few.

Operating conditions:

Pressure = Ambient; Temperature = Ambient

Hygrometer

A high-pressure 300 cm? cell is combined with a hygrometer set-up for
measuring water content. Temperature and pressure are monitored and
recorded by PRT and strain gauge pressure transducer, respectively. The
Dewhiester. | hygrometer is an EdgeTech DewMaster, pictured, and can measure dew/frost
point at temperatures from -75 to 100 °C, pressures up to 20 bar, with a
resolution of 0.1 °C and stated accuracy of £ 0.2 °C.

Operating conditions:

Pressure: £ 15,000 psia (1,000 bar); Temperature: -80 to +90 °C
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Compositional / Structural Analysis

At Hydrafact we use a range of analytical techniques to support consultancy
and internal R&D projects. Provided below is a brief summary of each:

Gas Chromatography

We use GC to provide compositional analysis of various systems. This analytical
service provides the capacity to analyse the composition of gas mixtures
prepared gravimetrically in-house, the composition of synthetic fluids and
oil/condensate samples provided by customers, and trace species detection of
components in a range of samples, e.g., ppm-level detection of methanol in
crude oil.

Fourier-transform infrared spectroscopy

FT-IR is used as an analytical tool for the identification of functional groups and
structural features that are IR-active. This can be used to measure the
concentration of molecules in a sample when compared to a prepared
calibration series, and also for compositional-change analysis for
developmental R&D work.

UV-Vis Spectroscopy

Similar to FT-IR, the UV-Vis spectrometer is used for concentration analysis
and evidence for structural change when the target species have transitions in
the UV or visible section of the electromagnetic spectrum.
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U- Atmospheric Quartz Crystal Mirobalance (QCM)

— For measuring WAT and WDT and effect inhibitors
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e High pressure QCM cell with temperature gradient & shear (10,000
psi, -20 up to 250 °C)

* Moving piston for pressure control and jacket for temperature
control. Magnetic mixer for mixing and shear control.
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U * High Pressure Rocking Cell with QCM

ARF Test Sample - ARF Base

o)

15000 |
- 15C 02 , . 7. '
—-15C 03 . Y \. g
10000 {-| =B~15C06 e ] . " A o<l = | =2
5000 o/
/E‘-E
ol /Z/‘?
-5000
0 50 100 150 200 250 300

ppm inhibitor (active)

Example of data comparing different wax
inhibitors at different concentrations.

It seems 100-125 ppm is the best dose rate, and
no improvement at higher dose rates.
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 Visual autoclave and rocking cell
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Wax condensate surface

Wax condensate surface
Wax condensate level
Wax condensate level

Wax condensate level

High pressure (300 bar) visual cell used in
recent wax investigation
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* Mini flowloop, atmospheric and high pressure
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* High pressure micromodel (Heriot-Watt lab)

Visual observation of
wax formed in a North
Sea dead crude at

ambient pressure using |
a micromodel

Tel: +44 (0)131 449 7472 | Email: info@hydrafact.com | Web: www.hydrafact.com



\CT

@ Gas Hydrates, Flow Assurance & PVT

« Autoclave with 10 removable segments for investigating the
effect surface chemistry (e.g., coating) and shear on solid
deposition

Test Ring cut into sections
any combination of the ten
segments can be test pieces

~-

Test ring
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High pressure cell for simulating gas injection,
e.g., asphaltene precipitation

-

Tel: +44 (0)131 449 7472 | Email: info@hydrafact.com | Web: www.hydrafact.com



.‘-

ACT
« High pressure autoclave with helical mixer for investigating

transportability and apparent viscosity, e.g., hydrate slurries
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={ 1 PC interface

Magnetic motor
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— Pressure
Transducer

?—- Inlet / oulet
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Other test facilities: '!.
« Gas Chromograph

« High Pressure Pumps Capillary Sampler
* Rosli High Pressure Moving l } T
Cooling Fluid in/out
Sampler v
== Equilibrium Cell

Cooling Jacket

Temperature Probe
Window

Pressure Transduce

2-way valve

Magnetic Motor

Schematic of the VLLE cell.
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« Slim Tube for EOR, e.g., Minimum Miscibility Pressure

Back Pressure
Regulator

Down Stream
Transducer
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Dioxide _ 8 '
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Online HydraCHEK®
440 kg analyzer (840 kg with
packing), 255x135x255 cm (WxDxH
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Working Principles

Measuring electrical conductivity & speed of sound on a 100 ml produced water sample, HydraCHEK®
determines the actual concentration of salt & hydrate inhibitors in produced water in seconds.

Knowing the actual inhibitor concentration protects the system against factors such as equipment

malfunctioning, human error, changes in the water cut, off-spec inhibitor, partition in hydrocarbon
phases, etc.

Determining the Hydrate Safety Margin

Using hydrocarbon and aqueous phases compositions, the hydrate stability zone can be calculated.
Hydrate safety margin can be defined as the AT shown in the figure above.

Inhibitor injection rate can be optimised to achieve the desired safety margin. If the system is over-
inhibited, the dose rate can be reduced, reducing inhibitor costs as well as reducing product
contamination and environmental impact. Perhaps more importantly, HydraCHEK® makes sure the
system is never under-inhibited, giving extra safety measures to hydrate prevention strategy.

HydraCHEK played a major role in HWU winning the Queen Anniversary Awards in 2015.
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Working Principles -Initial Detection

Hydrates prefer certain molecules (e.g., large and round molecules like i-C,). Therefore hydrates
formation reduces the concentration of these compounds (i.e., strong hydrate formers) in the gas
phase. Monitoring the concentration of a strong hydrate former or the ratio between a weak hydrate
former (e.g., C;) and a strong hydrate former (e.g., i-C,;) can be used for detecting early signs of
hydrate formation

Working Principles -Additional Capabilities

On the other hand, hydrates travel with the aqueous phase. As they dissociate, they release gas high
in strong hydrate formers. Monitoring the amount and composition of the gas released from de-
gasser can be used as additional detection. Knowing the slip-velocity between gas and water, it
would be possible to determine the location of hydrate formation.

HydraSENS can be integrated with HydraCHEK, providing extra safety, reliability and
inhibitor optimisation.
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Kinetic Hydrate Inhibitor Removal, Recovery and Reuse

Background

Kinetic Hydrate Inhibitors (KHIs) affect gas hydrate nucleation and/or growth. The dose
rate required is very low, i.e., 1 to 5 vol% of the aqueous phase. They offer significant
savings, in particular with respect to CAPEX.

However, there are concerns with respect to water handling and disposal, as the high
molecular weight polymers can come out of solution due to an increase in temperature
and/or salinity. There are also environmental concerns due to the presence of polymers

New Discoveries

New testing techniques based on Crystal Growth Inhibition (CGI) can provide reliable and
repeatable results. KHIs provide well-defined and repeatable regions, identified as
Complete Inhibition Region (CIR), Slow Growth Region (SGR), Rapid Formation Region
(RFR), and Slow Dissociation Region (SDR). KHIs in effect work as thermodynamic
inhibitors in the CIR

For existing commercial KHIs (PVCap), the CIR can be defined from sl hydrate phase
boundary. It is now possible to say if KHI is a possibility for a certain field development
prior to any experimental work. There is no risk of hydrate blockage during long shut-in if
the system is inside the CIR. It is possible to have higher shut-in pressures and/or faster
start-up.

Hydrafact has developed a technique for Removing, Recovering, and Reusing KHI from
produced water, improving the economy, and reducing environmental impact.
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e/ Basic guide on how to use HydraFLASH:

%@

1. Go to the “Setting" tab on the ribbon bar and save the default unit preferences

&

S

3. On the "Fluid Management" section, click the "Create Fluid" button,

S

4. In the "Create Fluid" window, make a new fluid by double clicking the desired components.

2. Go to the "Database Management” tab on the ribbon bar and create, import or select a database.

HydraFLASHT"’I (Hydrafact Commercial Software)
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HydracLasy®

Compatible with OGLA

For further details, comparative studies,
price list, 1 month trial please contact
us on:

HydraFLASH@hydrafact.com

HydraFLASH is Hydrafact commercial thermodynamic software for “PVT, Flow
Assurance (Hydrate, Wax and Asphaltene)”, resulting from more than 33 years
of research/consultancy in related topics both at Heriot-Watt University and
Hydrafact. Potentially the most accurate models for hydrate and water-

hydrocarbon calculations, due to access to several well-equipped laboratories.

Due to its access to a huge database and excellent lab facilities, it is very
accurate. In general, most software packages are good for conventional
calculations. But calculations in the presence of high concentrations
thermodynamic inhibitors and/or salt(s), high H,/H,S/CO, concentrations, low
water (ppm) content, etc. are challenging for many software packages.
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A Heriot-Watt University spin-out company

The above list is intended to provide an indication of the capabilities of
the experimental capacities available at Hydrafact. However, these
capabilities could be used for other applications where required. In
most cases the temperature limitations mentioned for each rig can be
AS "‘EL%;&W\ X il extended by minor modifications to the setup and/or cooling/heating

o Al systems. Likewise, the technology listed in this brochure may not be
limited to the specific uses identified here and we strive to address
customer specific queries/challenges.

Furthermore, Hydrafact has access to extensive laboratory
/experimental facilities available at Institute of Petroleum Engineering,
Heriot-Watt University.

For further information please contact us:
Hydrafact Limited

Quantum Court

Research Avenue South
Heriot-Watt University Research Park
Edinburgh EH14 4AP, UK.
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