SmartMix® PLUS Sampling System

“Save and earn more with better than 97% mixing efficiency”
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Introduction
Sampling and Flow Metering of unrefined or refined petroleum fluids are the two key components of
measurement in custody transfer (CT) applications. CT typically refers to a transaction at the point of
sale where there is exchange in ownership (or custody) of the product. The point of sale could be at
(a) on-shore pipelines, (b) off-shore floating, production, storage and offloading (FPSO) facilities or, (c)
inlets of refineries.
Flow Metering is concerned with quantifying the total amount (or Quantity) of liquid in transaction while
Sampling is concerned in quantifying the composition (or Quality) of the product. In this document
the petroleum fluids considered are liquids – including condensate.
In general, CT measurements serve as the “Cash Register” of the Oil & Gas industry and how well
measurements are done have significant financial and economic implications. For example, in
“Quality Measurement” or automatic pipeline sampling, a 1% or 2% error in water cut could result in
revenue loss in the range of hundreds of thousands to millions of dollars annually. Therefore, sampling
is not only a key component of the custody transfer process; it is the heart and soul of the profit figure
and it must start with an efficient mixing system for the whole process to work correctly.

Automatic Pipeline Sampling
Sampling is critical to custody transfer measurement. It is vital to correct the Flow Metering for its
water-cut. In addition, sample collection allows analysis of the fluid composition to monitor the quality
of the product in the pipeline, which also allows the monitoring of the integrity and flow assurances of
the infrastructure.
Automatic Pipeline Sampling, invariably, has five stages as stipulated in major industry and
international standards such as ISO 3171, API 8.2, IP/EI 6.2 as well as national standards such as GOST
2517 and SV/T5317.

Sampling Stages
The central tenet in all standards relating to automatic pipeline sampling is to ensure that the process
stages are done with as low as practicable uncertainty levels. These stages are:
I.

Stream Conditioning – Mixing

This is the first and comparatively speaking the most critical of all the sampling stages. Mixing must
ensure that the fluid at the point of extraction is homogeneously mixed with the dispersed phase
water droplets are distributed as evenly as possible, both in size and throughout the cross-section of
the pipeline.
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Mixing is the most critical stage because failure to ensure homogeneous mixture in the first
instance will reduce accuracy, increase uncertainty and hamper the goal of achieving
representative sampling and accurate system reporting. Accurate laboratory analysis of a sample
stands for nothing if the sample is not representative of the process flow from which it was taken.
While it is possible to have
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Figure 1: Sampling Stages and the resulting Chain of Increasing Uncertainty
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II. Isokinetic Sample Extraction
While mixing is the most critical factor in sampling, the extraction of samples in an isokinetic
manner through a scoop or quill is also extremely important. After creating a homogeneous mixture
with a good level of uniform water droplet size and dispersion, the velocity at the sample extraction
point must be equal or isokinetic to the main process flow velocity. If these velocities do not match, the
droplet dispersion trajectory will be affected significantly and may cause separation and/or collision and
coalescence, thus destroying droplet size uniformity, homogeneity and therefore the representativity
of the extracted sample.
To that end, sample extraction can be carried out in two ways - namely:
a. In-line Sample Extraction: - In this case an Insertion Sampler (ES50 or MCS 70, respectively
depicted by Figures 10 and 11, see under Samplers and Sample Accessories section below) is
installed directly into the main pipeline. In operation, it transfers extracted samples directly to a
sample collection system or receiver. Usually, this type of sampler is designed to extract a small
sample volume (typically 1cc or so) through a small opening and this may have limitations in
providing a representative sample while achieving a 90% mixing homogeneity.

www.oilandgasmeasurement.com

b. Fast Loop Sample Extraction: - In this case a fast loop system, similar to that shown in Figure 3,
is used, first to extract a representative sample from the pipeline using a scoop and then, using a
pump to circulate fluid in the fast loop. A Cell Sampler (ES11 or MCS 31, respectively, as depicted
by Figures 8 and 9, see under Samplers and Sample Accessories section below) is used to extract a
representative sample.
With both insertion and fast loop sample extraction, the sampler can be either electric motor or
pneumatically driven. All samplers are designed to extract equal volumes (sample grab) with a
repeatability of better than ±5% irrespective of the fluid and process conditions.
All samplers operate on a time interval arrangement (pacing), the time set between each activation
of a sampler is based on one of the following methods of operation.
a. Flow Proportional Sampling:- In this case the pacing of the sampler is varied according to
changes in the process dynamic condition (i.e. pacing varies with flow rate).
b. Time Proportional Sampling: In this case a constant rate of sampling (grab rate) is set for a fixed
duration of time (i.e. transferring a known volume of fluid through the process line) irrespective of
changes in the flow rate under transaction.
III. Sample Collection
Samples taken in either a flow or time proportional manner are collected in a sample receiver
(such as depicted by Figures 12 as constant volume/atmospheric type; see Samplers and Sample
Accessories section below), or in a constant pressure type sample cylinder whichever is suitable for the
duty in question. Constant pressure receivers are normal for high vapour pressure or un-stabilised fluids
and constant volume/atmospheric receivers for stabilised crude oil or condensate. Receiver sizes are
selected, based on the collection period, usually gauged as hourly, daily, weekly or monthly etc.
IV. Sample Handling & Remixing
Great care is required in the handling of collected samples. Receivers must have no dead-pockets or
fluid-traps and have connections to enable external mixing to avoid the loss of ‘light-ends’ before final
analysis of the sample. The properties and composition of the sample must be maintained during
transportation / transition to the laboratory. Once the sample receiver is in the laboratory, it must be
thoroughly re-mixed to re-create homogeneous mixture so that a further smaller sample can be taken
for analysis.
V. Sample Analysis
A final representative sample is taken from the receiver after thorough re-mixing. Analysis is used to
establish the water content, usually using Karl-Fischer methods. This concludes the sampling process
by determining the total amount of water in that transaction thereby allowing to correct the flow
metering for its oil-cut.
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While emphasising that homogenous mixing and isokinetic sample extraction are the most critical
steps for accurate sampling, it should also be noted that adopting best practice in the remaining
stages of the sampling process are also crucial to achieve accurate and repeatable results from the
overall sampling process.

Why Sampling is Challenging
Under normal conditions, oil and water do not like to mix. During sampling, the challenge is to
keep the oil and water in a homogenously mixed state for a sufficient amount of time to allow a
representative sample to be extracted from the system. Moreover, the resulting mixture should be
free from emulsion and stratification. Too small a size of water droplet will lead to the formation
of an emulsion and too large a droplet size may create collisions and coalescences that result in
separation and stratification.
Achieving a truly homogenous mixture and extracting an accurately representative sample from a
pipeline is essential in “Quality Measurement” or sampling but it is complex and very challenging. It is
therefore no wonder that the Custody Transfer community has traditionally looked away from “Quality
Measurement” and focused on “Quantity Measurement” – making Sampling the “Elephant in the Room”.
This is despite a plethora of evidence that uncertainties during sampling result in significant financial
exposure.
It can also be considered that current Sampling standards that govern the industry are too wide
when it comes to uncertainty levels, where “Grade A” mixing is said to be achieved with only a 90%
homogeneous mixing level. This implies that very expensive water is being bought and sold. To
overcome these difficulties, OGM has developed the SmartMix® PLUS Sampling System (patent
pending), which has many unparalleled efficiencies compared to current systems in the market.

Figure 2: OGM’s Oil-Water Multiphase Loop used to conduct validation and proving for SmartMix® PLUS Sampling System
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The SmartMix® PLUS Sampling System
The SmartMix® PLUS design concept brings a paradigm shift in almost all stages of the
sampling (or Quality Measurement) process. In particular, its liquid-jet in cross flow (LJICF)
mixing technology is based on a deeper understanding of multi-phase flow turbulence to attain
homogeneous mixture with optimal efficiency.
A SmartMix® PLUS Sampling System is typically depicted by Figure 3 below. In this system, fluid is
extracted by the pump from the process via the SmartMix® PLUS Scoop; and just a few diameters
downstream from the discharge of the pump, the flow splits into inner and outer streams.

Figure 3: The SmartMix® PLUS Sampling System with its “SmartMix® PLUS Twin Nozzle™ and Scoop”; the “Sampling and Analysis
Module” as well as the “Advanced Control System Module” – providing efficient on-demand mixing and intelligent
sampling.
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These inner and outer streams are fundamental to the mixing efficiency of the SmartMix®
PLUS system. By using a twin stream jet mixing concept (the centrepiece of this technology), the resulting
complex but efficient interaction of fluid flows creates the required level of turbulence and energy
dissipation rate to achieve homogenous mixture. The Inner Stream travels through flow meter (FT 2)
and the Sampling & Analysis Module. This section usually consists of one or more Densitometers and
Water Cut Meters; a Viscometer and a Salinity Probe may be included for optimal performance. One
or more Cell Samplers are also installed that are accompanied by a sample collection system.
When the Inner Stream leaves the Sampling & Analysis Module, it is regulated by an
automatic flow control valve (Control Valve -2) and then forms the Inner jet stream of the concentric flow
configuration of the SmartMix® PLUS Nozzle. The Outer Stream travels through flow meter (FT-1) and is
regulated by an automatic flow control valve (Control Valve -1) before forming the Outer Jet on the
concentric configuration of the SmartMix® PLUS Nozzle. The innovative design of the twin jet mixing
nozzle ensures that 100% of the extracted pump flow is returned to the process for flow mixing duty
without any possibility of recirculation in the fast loop.

The SmartMix® PLUS Sampling System Operation
In operation, the SmartMix® PLUS Advanced Control System (ACS) uses flow rate and
pressure readings from the main pipeline, (preferably taken from an upstream position close to the
SmartMix® PLUS Nozzle), to send instructions to the pump to extract representative fluid isokinetically via
the SmartMix® PLUS Scoop. The ACS does this while simultaneously setting the proportion of the flow in
the Inner and Outer Streams to create a Weak Jet and Strong Jet interaction in the main pipeline via
the SmartMix® PLUS Nozzle.
The ACS uses automatic control and dynamic optimisation approach, where an algorithm utilises
the stream dynamic conditions as well as readings from the analytical instruments to control the flow
through each of the inner and outer mixing nozzle streams. The interaction between the inner and
the outer jet creates turbulent vortices. This turbulent vortex structure as depicted by Figure 4, creates
an “Entrainment Atomization” process, which allows the break-up of the water into small droplets and
then control droplet size distribution by maintaining a turbulent shear flow with sufficient dissipation
rate. This Jet-Jet interaction and the resulting turbulent dissipation rate disperses the water droplets
across the pipe diameter to provide homogeneous mixing. This is the cornerstone of the exceptional
mixing efficiency of the SmartMix® PLUS Sampling System LJICF Mixing Technology.

Figure 4: CFD Simulation of SmartMix® PLUS Twin Nozzle™ Technology with “Weak Jet-Strong Jet” interaction breaking a
stratified (water) flow and mixing it homogeneously.
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SmartMix® PLUS is Mixing on Demand
Current Sampling systems in the market are equipped with jet mixing technologies using
fixed injection rates for the entire service life, regardless of the variability of the flow in the pipeline.
Usually, the injection rate is set based on the worst process conditions and hence at the maximum
injection rate. For systems that have an expected 15-20 year service life, the operational cost can be
significant. In addition, these jet mixing systems are designed so that the injection rate and the
nozzle-scoop distance are coupled parameters and a change, for example in the initial maximum
flow rate will require a new system design as the droplet residence (mixing) time will become short and
the mixture at the extraction point will not be well mixed .

Nozzle

MPP

Scoop

Figure 5: SmartMix® PLUS Nozzle – Scoop Distance arrangement with its Multiport Profile Proving (MPP) device for Water
Injection testing

As a result, end users can be forced to order a new system or a significantly modified one when their
process conditions change as their old Sampling System will not be compliant. In addition, current
sampling systems (including the ISO and API standards) suggest up to a 10D nozzle-scoop installation
distance. This is only a guideline yet most system providers literally take this as a rule of thumb and use
it in most applications. This however has significant consequences in the amount of energy used for
mixing. This impacts the environment and such a long Nozzle-Scoop distance may not be possible
where space is at a premium, particularly in off-shore installations.
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The SmartMix® PLUS Sampling System has a proven and unparalleled mixing efficiency and
homogeneity thereby delivering the best investment for Quality Measurement with a shorter payback
time. The technology is engineered to avoid repeated recirculation of the sample flow using a
single pass and accurate sampling within the fast loop by splitting the flow into two streams. More
crucially, its ACS, based on flow rate and pressure readings from the pipeline, together with the
composition and fluid property measurements, from the ‘Sampling and Analysis
Module”
®
provides real-time parameters making SmartMix PLUS a mixing on-demand Sampling System. This
reduces the uncertainty of both Quality and Quantity Measurement. In addition, the on-demand
mixing means it can maintain a relatively constant Nozzle – Scoop distance, which is ~80% less than
most jet mixing technologies. The pumping power can also be up to ~50% lower than other systems.
The SmartMix® PLUS Sampling System not only brings significant saving in the OpEx of the system but
also reduces the burden on the environment by using lower power.

The SmartMix® PLUS Sampling System Benefits
The standards for Automatic Pipeline Sampling of petroleum fluids require stream conditioning-mixing
to achieve better than 90% “Grade A” mixture homogeneity (usually referred to as C1/C2 >0.9) across
the pipe diameter to ensure representative sampling.
However, not all sampling and mixing systems have the same performance. The annual loss in
revenue and the additional financial exposure due to even the smallest margins of mixing
inefficiencies and uncertainties could run into tens of millions of dollars per sampling station. Therefore,
the key benefits of the SmartMix® PLUS Sampling System are:
• Greater than 97% mixing efficiency can be achieved, potentially saving millions of dollars in lost
revenue.
• Efficient horizontal mixing at all flow conditions without resorting to vertical installations thus
avoiding significant pressure drops due to bends while also eliminating the potential significant
cost impact of pipeline rework.
• Efficient mixing even at the worst flow conditions (low velocities, low densities and/or low viscosities).
• Up to 80% shorter Nozzle-Scoop distance (compared to current systems in the market), allowing
very compact design where space is at a premium, particularly offshore.
• No pressure drop in the pipeline due to the presence of the Nozzle and Scoop assemblies.
• No emulsification of product due to efficient control of droplet size and distribution.
• Up to 50% lower pump power requirement compared to other system suppliers, with significant
savings in OPEX while benefiting environmental conditions.
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Why choose the SmartMix® PLUS Sampling System?
All elements of the system interact to guarantee that the flow through the fast loop into the mixing
section will be based on real time flowing conditions and achieve optimum mixing.
Rather than setting the Fast Loop flowrate at one fixed injection rate condition for its lifetime (15-25
years), the SmartMix® PLUS ACS adjusts the flowrates through the mixing nozzle to ensure that the
correct mixing is achieved based on the following parameters:
• Pipeline flowrate • Operating pressure

• Operating temperature

• Fluid density

• Fluid Viscosity

• Fluid Water cut		

As the SmartMix® PLUS Sampling System provides optimum mixing based on real time flow conditions
and composition, the accuracy of the sampling system is greatly improved.

Figure 6: SmartMix® Sampling System’s “Sampling and
Analysis Module or Cabinet” Panel

Figure 7: SmartMix® PLUS Sampling and Analysis Module

The SmartMix® PLUS Sampling System Applications
The SmartMix® PLUS Sampling System is available for use in a variety of mixing applications including:
• Crude oil sampling

• Refined petroleum products

• Refinery Applications

• Natural gas condensate

• Oil blending
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The SmartMix® PLUS Sampling System Scope of Supply
To satisfy our customer’s needs, OGM’s tailored SmartMix® PLUS Sampling Systems can be delivered in
two different scopes of supply.
1. Upgrades and Retrofitting
For upgrades of existing systems, where much of the quality and sampling equipment may already
exist, OGM can supply key elements from the SmartMix® PLUS Technology comprising:
• Twin Jet Mixing Nozzle 			

• Sample Scoop

• Advanced Control System (ACS)

• System Design and Solution Engineering

2. New Sampling Systems
For all general sampling and new installations including LACT type applications, a bespoke SmartMix®
PLUS Sampling System as typically shown in Figures 6 & 7, can be provided to suit individual customer
requirements.
If required, the pump, analytical and sampling elements of a system can be designed in modular
form to give greater flexibility when faced with a limited installation footprint or other space constraints.
A Lighter variant of our system is also available in some instances where process conditions do not
require full implementation of the automated technologies and is called the SmartMix®.

Figure 8 - Large Liquid Metering Skid delivered to Major End User
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Samplers and Sampler Accessories
The ES11 sampler is essentially an electrically driven metering pump. The
sampling mechanism is a tubular stem with an inner concentric capture
tube and a piston.
Applications:

Figure 9 - ES11 Electric Cell
Sampler

• Fiscal Metering / Custody Transfer
• Refined Products
• Condensate Sampling
• LPG Sampling
• Crude Oil Sampling

The MCS31 sampler is essentially a pneumatically driven metering pump, the
sampling mechanism is a tubular stem with an inner concentric capture tube
and a piston.
Applications:
• Fiscal Metering / Custody Transfer
• Refined Products
• Condensate Sampling
• LPG Sampling
• Crude Oil Sampling

Figure 10 - MCS31
Pneumatic Cell Sampler

The ES50 sampler is an electrically driven metering pump designed for
directly connecting to a 2” NB pipe nozzle flange or to fit through 2” full
bore flanged isolation valve on the main pipeline.
Applications:
• Fiscal Metering / Custody Transfer
• Refined Products
• Condensate Sampling
Figure 11 - ES50 Electric • LPG Sampling
• Crude Oil Sampling
Insertion Sampler
The MCS70 sampler is a pneumatically driven metering pump design for
directly connecting to a 2” NB pipe nozzle flange or to fit through 2” full
bore flanged isolation valve on the main pipeline.
Figure 12 - MCS70 Pneumatic
Insertion Sampler
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Samplers and Sampler Accessories
Equipped with coded industry standard quick release fluid inlet and outlet
connectors, to allow for a ‘mixing loop’ to be set up. Pressure indication and
relief is also supplied as standard.
Application:
Figure 13 - Atmospheric
Sample Receiver

Atmospheric sample collection receivers for collecting and transporting
stabilised crude and other hydrocarbon liquids. These sample receivers allow
fluids of interest to be moved to a laboratory for analysis.

Samplers can come with bite checkers which verify that grabs
are actually being taken by the sampler when signalled by the
controller. For portable receiver monitoring, a weight system with a tare
function is available.
Application: ES11, ES50, MCS31 and MCS70

Figure 14 - Weighing Scales

Electrical control box for the electric driven sampler ES11 and ES50
Specification:
Motor Controller: Installed in ATEX EExd Enclosure
Contents: Inverter, Transformer , Relay, Relay Base
Input Power: 200/240 Volts, Single Phase, 50/60 Hz
Figure 15 - Control Box

Output to Motor: 220/240 Volts, 3 Phase, (50Hz)

The hydraulic extraction unit is designed for the safe insertion and removal
of the inline samplers into pressurrised pipelines. The hydraulic extraction
unit is designed for use with the electrically operated 2” ES50 300 and the
pneumatic 2” MCS70 300/600 insertion samplers.
The extraction unit is to be used in conjunction with the Maurer seal
chamber; the unit connects directly on to the stem spool of the sampler
and the seal chamber, enabling safe controlled insertion or removal of the
sampler.
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Figure 16 - Hydraulic
Extraction Unit

Services
Commissioning
Commissioning can be a challenging time. Integrating and
testing complicated instrumentation into your plant is difficult
at the best of times. Our detailed knowkedge of instruments,
mechanical completion and process helps make sure the
start-up phase runs as smoothly as possible.

Repair
OGM offers a quality after sales service supplying spares,
technical support and repair services. Samplers and
other equipment can be returned for repair and service to our
facility in Ely where they will be restored
Alternatively, our trained service personnel can travel to your
site to assess problems with equipment and perform repairs.

Training
We have planned training programs with a sole objective saving customers time and money. We offer a comprehensive
rang of training courses including operating and maintaining
equipment, hands-on servicing and diagnosis of potential
on site problems. Customers can choose instruction either at
their site or at our Ely facility, led by engineers, technicians and
other service specialists.
Audit
Are you having problems with mis-measurement of your
process streams? This can be due to equipment failure, poor
methodology during sample collection and analysis or even
original package non-compliance to standards like API 14.3
and ISO 1371. We can help you audit your current systems
and recommend improvements and upgrades so your
systems are compliant and operating as expected.
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SmartMix® Sampling System

Questionnaire

General Information
Company (Customer Reference)
Office Location
Contact Name
Telephone No.
E-mail address
End User
Project Name
Enquiry Date
Expected Delivery Date

Process Conditions Data
Application Type / End Use

Custody Transfer

Refinery Process

Onshore

Offshore

Import

Export

Additional Information
Plant/Site Name
Plant/Site Location (Country)
Plant/Site Type
Product to Sample
Minimum

Nominal

Maximum

Unit

Minimum

Nominal

Maximum

Unit

Maximum

Unit

Fluid Viscosity
Fluid Density
Water Content
Wax Content
Salinity
PH
Solids Content

Process Data
Pipe Diameter I Schedule I Class
Pipe Material
Operating Pressure
Operating Temperature
Flow Rate
Velocity
Vapour Pressure @ Op. Condition

Design Data
Minimum
Design Pressure
Design Temperature

Sampling and Analysis Module
Densitometer

Type

QTY

Series

Parallel

Water in Oil Meter

Type

QTY

Series

Parallel

Salinity Probe

Type

QTY

Series

Parallel

Viscometer

Type

QTY

Series

Parallel

Temperature Transmitter

Type

QTY

Series

Parallel

Pressure Transmitter

Type

QTY

Sample Extractor Type

Fast Loop

In-Line

QTY

Receiver Type

Atmospheric

Constant Pressure (CP)

QTY

Environment Data
Minimum

Nominal

Maximum

Ambient Temperature
Cabinet Temperature
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Unit

Sample Extractor Data
Sample Extractor Drive

Electric

Pneumatic

Grab Size

1 cc

Other

Grab Rate

15 per minute

20 per minute

Grab Accuracy

± 5 %

Other

Pacing Source

Custody Meter

Other

Interface Flange Size

1"

1.5"

Sampler Tubing

Swagelock

Other

Sampler Tubing Material

304

316

Other

3.8L

7.6L

11.4L

30 per minute

2"

Other

Sample Receiver Data
Atmospheric Receiver Size

19L

151L

CP Receiver Size
Receiver Style / Installation

Portable

Vessel Material

304

Accessories (Atmospheric)

Level Gauge

Pressure Gauge

Accessories (Constant Pressure)

Level Switch

Level Transmitter

Stationary
316

Other

Quick Release Coupling

Receiver Change Over Valve

Solenoid

Collection Period

Hr

Weight Scale

Pressure Gauge

Bursting Disc

Other
Other
Day

Week

Month

Batch Size

Sample Requirement

Relief Valve

Min Sample/Batch

Spare Receivers?

Utility & Equipment Data
Air Supply (3 - 7 bar)

Yes

No

230 Volts

Other

Other

Air Pressure Dew Point

Unit

General Power Supply
Instrument Power Supply
Strainer

Type

QTY

Pump

Type

Load

QTY

Cabinet Data
Cabinet Material

Stainless Steel

Cabinet Heating

Yes

No

Trace Heating

Yes

No

Cabinet Light

Yes

No

Ventilation

Yes

No

Ventilation Type

Natural

Forced Air

Glass Reinforced Plastic

Painted Carbon Steel

QTY
HVAC

Standard & Classification Required
API 8.2

IEC Ex

ISO 3171

Flame Proof

ASTM D4177

Intrinsically Safe

EI/IP 6.2

Zone Code

SV/T5317

PED

GOST 2517

ATEX

EMC

Notes
Any other information which is relevant
to the SmartMix sampling system
application

Authorisation
Name
Signature I Data
Signing this form confirms correct information has been supplied. Oil & Gas Measurement Limited is subject to UK
Import Export laws. We may be unable to process your enquiry or order accurately unless this form is completed fully.
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Denmark House, St. Thomas Place, Ely, Cambridgeshire, CB7 4EX, UK
Email: info@oghl.co.uk | Tel: +44 1353 666640

www.oilandgasmeasurement.com

