MultiScale Simulation Software




Simulation software for
prediction of mineral scaling




Multiscale simulation software

Over the years, oilfields will experience an increase in mineral scale
production due to increased water production and possible sea water
breakthrough.

As new reservoir developments become deeper and hotter, with related higher pressures and higher
salinity, the problems associated with scaling also increase. These problems present continuously higher
costs for the operator, with potentially increased downtime, as well as personnel and material resources
required to solve the problems in existing top side facilities and subsea platforms.

Prediction-based knowledge on what kind of scaling problem may occur, will aid in the design and
development of equipment to facilitate clean up and prevention of scaling in the production system.

The MultiScale Simulation Software has been available on the market since 1993. The software is
continuously being upgraded with new features and data when made available.

The software is extensively used worldwide for scale simulations by major operating companies, research
centres (Universities) and chemical producers.

An optimal scale simulation result depends on accurate data and the correct type of samples. Erroneous simulation
may be due to poor sampling technique, loss of sample integrity and incorrect analysis methodology. If accurate,
essential data is not already available, Expro can offer all the sampling and analysis services needed for your well fluids.

Expro has been involved in the oil service industry for over 35 years and has extensive knowledge and experience in dealing

with reservoir fluids. Our services are available worldwide.

EXPRO



What our technology offers

MultiScale™

MultiScale is a simulation software developed to help with calculations on the mineral scaling
potential all the way through the production system, from reservoir to top side. It is possible to
run simulations up to 1000 bar and 300 deg C in salt-saturated systems due to MultiScale's
powerful underlying thermodynamic model.

e Accurate model for water equilibria
e Complete PVT-model which can calculate bubble point and phase distribution

e Especially developed to meet the challenges related to the pH dependent carbonate scaling
(HPHT wells, injection of produce water, reinjection of CO»)

e \ery accurate model for calculating evaporation of water at various conditions

Output variables:

Salt precipitation, pH, chemical equilibria, phase equilibria, water condensation rates, HxS
scavenger simulation , process simulations, dynamic simulations and more.



MultiScale model @ exPro
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MEG module

Prediction of scale formation in wet gas condensate pipelines and in MEG regeneration plants.

The MultiScale MEG module is a powerful tool for calculating water chemistry data, solubility and precipitation kinetics for water/glycol mixtures.

Multiscale with MEG module gives reliable scale predictions for water - co solvent systems up to 90 wt% co-solvent.

e The glycol regeneration process, the carryover of formation water, unit. The problem will increase in the future as subsea production
the onset of scale formation in pipelines, separators and boilers, makes it even more difficult to control corrosion and scaling.
and the selection of corrosion rate control methods are strongly
interrelated phenomena. Changes in one part of the system will
affect the whole process and the results can be increased scale
and corrosion problems as well as problems in the regeneration

e The control of corrosion, scale/salt precipitation and hydrate
formation is essential for effective gas and condensate
production.



HQS module @ exPro

The MultiScale HoS Module allows the user to see what happens to the scaling potential when injecting a triazine-based
scavenger into the process system.

Due to the high pH of scavengers, serious scaling and corrosion problems may occur where this liquid comes into contact with
produced water. The MultiScale HoS Module enables simulation and monitoring of the pH increase caused by the scavenger
amine and hence the change in the scale potential.

The influence of different rates of scavenger may be logged when combined with the MultiScale process module.

HO/\ Buhaug, J., Investigation of the Chemistry of Liquid

N H2S Scavengers, PH.D. Thesis, NTNU, 2002.
OH ( \ OH
N N (1) 1,3,5-Tris(2-hydroxyethl)-1,3,5-triazinane
(3) 5-(2-hydroxyethl) 1,3,5-ditriazinane
1 (5) 2-aminoethanol
H2S

* (2) not included in model
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MultiScale with process simulation module

Time-efficient process simulation

Calculating the scaling potential for a total process setup has previously been very time consuming, if not practically impossible, with
regards to recirculation within the system, or to see how varying parameters influence the process (P, T, rates, different fluids, etc.).

The MultiScale Process Simulation module uses an Excel interface and lets the user set up a full process and run through all of it in
one simulation, recording all data for all the units in separate Excel sheets.

Automatically logged:

o pH

* SR

e flow rates

e jon concentrations in aqueous phase

e hydrocarbon composition for oil and gas

Optional:

e user defined logging of trends (e.g. P, T, flow rates,
calculation convergence, etc.)

e user defined scenarios

e a “virtual process regulator”



MultiScale software O expro

The MultiScale software is owned by Statoil, but Expro Fluids (by Petrotech AS, Norway) has been licensed to sell
and further develop the program.

Overview of the MultiScale Applications and Benefits
e Scale potential from reservoir through to topside can be determined
e Scale potential in water/ MEG systems can be determined

e The effect of scavenger addition on the scaling potential for the system can be determined, as well as change
in pH (corrosion)

e Suggestions for optimisation with respect to process parameters that are easy to vary can be given; small
changes may result in considerable improvements

e Less time spent modelling a given process set up with the Process Simulator module, reducing cost



MultiScale software

Expro offers:
e Professional engineers for sampling and analysis
e Knowledge of what data is needed for optimal scale studies

e State of the art equipment for bottom-hole, well-head and separator sampling

Expro performs scale related analysis on site or in lab:
e Water ion composition

o Alkalinity

e pH at reservoir conditions (HPHT)

e GWR

e HC compositional analysis

For additional services:

http://www.exprogroup.com/fluids

High Pressure Laboratory pH-measurements

® pH range:

e Pressure (max):

e Temperature (max):

e Sample volume:

e Sample re-usable

10

3-11
0-650 barg
150°C

350ccm



Expro’s business is well flow technologies and specialised services, and our mission is to:

®* measure
e improve
e control and

® process

flow from high-value oil and gas wells.

Our expertise is marketed through five segments:
Well Testing & Commissioning, Production Systems, Wireline Intervention,
Connectors & Measurements and Deepwater Intervention.

Expro offers a fully integrated package of hydrocarbon reservoir and process fluid flow
measurement, sampling and analysis services. This data is essential for our customers to
enable them to accurately assess reservoir size and production profile, and to optimise
design of their process facilities.
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