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What does Custody (Ownership) Transfer involve?
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Meter Linearity: %0.15%
5% WC

Repeatability: 0.05% (5 runs)

Uncertainty : (overall ??)

Target: By consensus, the overall uncertainty is £0.25% (UK)




The FIVE Stages of Sampling : 1SO 3171, API 8.2
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1¥ stage: Stream 27 Stage: Sample 3% Stage: Sample
Conditioning [Mixing) Extraction and Grab Collection and Handling

5" Stage: Karl-Fischer

4" Stage: Shear Miking (Titration)

What is really at the heart of Sampling?

MiXxing
The aim is to achieve homogeneity for representativ. e sampling
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Mixing of Two fluids that don'’t like to mix i .
oil and water > Two fluids that naturally co-exist Challenging

Key Factors in Mixing

 Turbulence =» Mixing (chaos)

« Small droplet =» Emulsification ( delicate )

e Large droplet = Stratification ( balance)

o« Grab Size = low uncertainty ( consistency )

« Sample handling =» Evaporation ( delicate )

. Sample Analysis = 1:300,000,000 (delicate ) | M
I\’IL | S.

It may be easier to keep a man and a woman in a perfect relationship
rather than keeping Oil and Water mixed homogeneously.




Presentation Outline

If | managed to convince you that this is a difficu It job, I will now take you
through the efforts we made to achieve ~97% mixing efficiency and hence

superior sampling .

2. OGM’s Approach to Automatic Pipeline Sampling

— Development of OGM'’s Flow Testing & Calibration Facilities (FTCF)

— Development of the SmartMix® Sampling System Concept

3. Testing and Validation of the SmartMix® Sampling System

— Mixing quantification using Magnetic Resonance Imaging (MRI)
— Mixing quantification and Proving by Water Injection (PWI) using the MPP™ device

— Mixing quantification using Multiphase Computational Fluid Dynamics (MCFD) Model

4. Conclusion
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OGM'’s approach to Automatic Pipeline Sampling

Limitations of Current Best in Class

Mixing or Sampling systems:

» Repeated Sampling because
sample re-circulation

» High Power Requirement due
Agitation Mixing

Our Design Improvements

»  Twin-Nozzle (no repeat sampling )

» Jet-Jet Vortex Interaction
(Entrainment-Atomisation Mixing )
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OGM Flow Testing & Calibration Facllities (FTCF)

» Extensive Investment on facilities
» Government R&D funding and collaboration with the University of Cambridge
» Synergy between Physical Experiment (Loops) and Numerical Experiment (HPC)
» Validated MCFD Model to scale up design for Large Pipe Mixing/Sampling
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Results: Mixing Quantification using MRI on the SMPFL

WC=4%
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Mixing Quantification using PWI on the LMPFL
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SmartMix® Sampling System SKID

Panel

MPP Prover

Nozzle

~+ Nozzle : mixing via Twin Jet-Jet Interaction ~*  MPP : Multiport Profile Proving via
« Scoop: Iso-Kinetic Sample Extraction Water Injection



Result: Isokinetic Sampling using MPP™ Device

« MPP = Multiport Profile Proving  for water injection testing

« Two stage “Mix and Measure” approach versus Current 5-stages

MPP Structure
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MPP spool M55 Coriolis Meter (Bronkhorst UK)

e Aims to capture mixing distribution across
the pipe diameter using 6-probes,

* One probe is placed directly at the pipe
base and one at the pipe axis/centre while
the other four probes are positioned
symmetrically according to ISO 3171

e True ISOKINETIC Sampling was
achieved
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Mixing Homogeneity at Challenging Conditions
ISO 3171 and API 8.2 both recommend the C1/C2 ratio to lie within 0.9 < C1/C2< 1

 Where C1 is the mixture component concentration measured from upper half of the pipe while
C2 is from the lower half of the pipe

Challeng | ng conditions: Homogeneity of Oil-Water Mixture
e Low density 1,04
e Low flow rates
« Horizontal orientation 1,02 *R1
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Mixing Homogeneity at Challenging Conditions

SmartMix® Sampling System High Water Cut Mixing Test Matrix & Results

* Results from high water cut (3% < X < 75%) mixing test results show exceptional mixing
efficiency of > 96.7%
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CFD Simulation of High Water Cut Test (R4)

2D View of mixing evolution
» Top Profile

 Front Profile

 Bottom Profile

2D view of the mixing evolution
* Front Profile

e Slice of Axial Profile
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" Sampling isthe elephantin the room in Oil-Water
COﬂClUSIOn flow measurement mainly due to poor mixing

Current 5-Stages of Sampling Approach:
» Chain of Increased Uncertainty

e Could be Laborious

 Could be Expensive

*  Physical Sampling useful (composition/evidence)

Proposed “Mix and Measure” Approach:
* Achieves quoted measurement Uncertainty

e  Competitive cost

e  Automatic operation

* No physical evidence (so does other meters)

How bad is the financial Exposure?

e Consider Half a Million BBL/day Capacity Station (0.5% water cut)
> 61% (G>2) Mixing Efficiency = Loss of ~$ 18 Million/year

» 90% (G>10 or Grade A) Mixing Efficiency =» Loss of ~$4.8 Million/year
> 95% Mixing Efficiency =» Loss of ~$ 2.4 Million/year
» 97% Mixing Efficiency =» Loss of ~$ 1.43 Million/year ($2.37M =» 70% gain)

> 99.8% Mixing Efficiency = Loss of ~$ 95K/year



Select ed Publications on SmartMix®  Technology Development
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OGH

Oil & Gas Holdings

Welcome to Oil & Gas Holdings

Oil & Gas Holdings is the recently formed group holding company to unify ifs related group
companies and fo facilitate growth in new arencs.

For mare than 25 years, Oil & Gas Systems Limited (OGS) has specialised in the design and
supply of high quality bespoke engineered systerns for the Cil, Gos and Power industries. OGS
confinues to provide highly fechnical and innovative solutions 1o ffs global client base
maintaining its reputafion for unparalieled quality and service.

With the aim of providing world class products associated with fts core technologies, OGH has
launched a new product company, "Oil & Gas Meosurement Limifed” (OGM). Along with
producing the highes qualify of components, OGM offers front-end consultaney, profefyping.
in-house testing and accompanies these services with cutting-edge scientific research. Staffed
by a-wholly independent feam of engineers and scientists, OGM provides products fo meet
both the current and future needs of the petio-chemical indusries.

PLEASE SELECT ONE OF OUR GROUP MEMBERS FOR MORE INFORMATION

M ocm

Oil & Gas Systems Limited i O & Gas Measurement Limited
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SmartMix® Sampling System

Benefits
» Greater than 97% mixing efficiency, typically saving ~US $1.4M/year

« Efficient horizontal mixing even at very low velocities

» Efficient mixing at the worst flow conditions (low velocities, low
densities and/or low viscosities)

 Up to 80% shorter nozzle-scoop distance resulting in compact
design

» Significantly (up to 50%) lower pump power requirement
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Conclusions

« SmartMix ® Sampling System heralds a new paradigm shift on-
demand continuous mixing, in-line analysis, and automatically
controlled high efficient mixing even at challenging conditions

» Better than ~ 97% mixing efficiency, saving millions of dollars in
financial exposure and/or lost revenue

 MPP provided a highly resolved spectrum indicating the presence of
water droplet or globules in the pipe. It is a highly accurate quality
measurement system to correct the Flow Metering (or quantity
measurement) for its Oil-Cut

 The results are scalable for larger pipes using CFD Modelling
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Advanced
Control System

SmartMix®
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Paradigm Shift: On-demand Mixing using Advanced Control System (ACS)



Multiport Probe Profiling (MPP) Device for

SmartMix @

Composition Measurement

Water Ccut [ %])

Water Cut Profile ( U=0.2 m/s, watercut =2%)
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MPP profiling using density
very
effective to detect even small
globules of water at the base =sew-
of the pipe, which would have ==
undetected otherwise

measurement proved

been
using water cut meters.
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MPP Profile (U=0.2 m/s, water cut = 2%)
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Multiport Probe Profiling (MPP) Device for

SmartMix ©
Composition Measurement

Isokinetic Velocity (U=0.2 m/s, watercut=2%)
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 We have achieved TRUE Isokinetic representative sample extraction
* Smartmix matching velocity is ~ 1:1 (100%)
 This ensures correct physical sampling and the continuous in-line
measurement of flow rate and density profiles
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Development of SmartMix ® Sampling System
 [|nitial Product Development
> G t R&D fundi
overnmen unaing OGHI . E%%ﬁ

> Research Facilities (MRI/HPC/Flow Loop) ey
» Best Academics in Multiple subjects UCs»
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 Product Verification & Validation

» LMPFL designed and constructed for industrial
mixing and sampling applications
» LMPFL used in SmartMix® Validation

* North Sea Commissioning

» SmartMix® Sampling Systems installation
» Challenging high water cut mixing/sampling



SmartMix® Sampling System SKID
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