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Why multiphase flow measurement?

 Makes space consuming  More and better reservoir
test separators redundant information
 No moving parts * Improved reservoir management

* Remote operation

 Smaller fields require
unmanned platforms
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Superficial liquid velocity (m/s)

Reproduced with permission: HANDBOOK OF MULTIPHASE FLOW METERING, 2nd edition, NFOGM/ Tekna, 2005

Generic gas/liquid flow maps
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e Superficial velocities are used along the axes
 These maps will differ from one pipe diameter

to another

Annular

100

Superficial liquid velocity (m/s)

100

~
Q

1.0

©
s

0.01

Horizontal flow

|

Stratified

0.01 0.1 1.0 10 100
Superficial gas velocity (m/s)




Multiphase flow metering and tomography

* Top side and subsea meters can be installed for vertical flow
with semi-empirical models to determine a,, @, and a,,

— Tomography used for flow model development
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 Fordownhole metering the flow inclination
varies

— Tomograpic methods are required




Multiphase flow measurement challenges

* Flow regime errors caused by temporal variations in the
cross sectional flow pattern

* Variations in the salinity of the water component

* Reduce flow rate measurement uncertainty from typical
+10-15% (AR) to 5% (AR).
* Take into account:
— Minimal pressure drop across the meter
— Possible slip between liquid and gas phases
— Scaling and wax
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Measurement geometries

A: Conflicting requirements:  B: 3™ gen. CT scanning: C: Instant, non-scanning: D: Electronic scanning:

Time

Space Matter

* High speed instantimaging requires non-
scanning systems ICARST 2017

* Drawbacks of instant systems are high cost
and less flexibility with respect to object
geometry, e.g. diameter




The high-speed y-ray tomograph
at University of Bergen
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The high-speed y-ray tomograph
at University of Bergen emtonivcamcos | ®

(each 10x10 mm? area)

e 5 241Am low energy (60 keV -
500 mCi) sources each facing

17 CdZnTe detectors, i.e. 85 A\
VieWS in total Fan-beam collimated - - f}' ;

Measurement volume
{80 mm diameter,
=10 mm depth §

T

Fn::u:: ssed

gamma-ray d 5k source
{500 mCi 41Am]

e Low dose rate to the
surroundings, (0.1 uSv/hr @
1m,

i.e. < background)

e Sensor image rate capability: ICARST 2017
~ 300 frames/s (data it
streaming to disk)



High speed y-tomography reference
imaging of MPFMs in CMR*’s flow loop
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* Christian Michelsen Research, Bergen
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Correction of models in MPFM computer

!

NaAD©OONO A WN =
\-m
1 1
N -
|
I
|| II||IFI||'

2.5 s slug flow sequence, more
complexthan the model used to
compensate for non-homogenously

mixed flow
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Tomographic imaging
of sampling system

venturi

59 mm —p

inlet

100 mm iﬂﬁ%ﬂff Ly

outlet

flow— |
ener \
T—bend | ‘ >
alt, —1 |

air
Subsea online fluid sampler and analyzer,
patented by Christian Michelsen Research
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Temporal flow
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Tomographic
MPFM strategy:

Homogeneous  Stratified¢

/ bubble 1. Split flow into short

temporal segments
where the flow
pattern is identified

2. Make corrections in
MPFM computer.

Key:
Gas Water (high attenuation)
Fan-beam collimated Array of 9 CZT detectors
241 Am y-source with focussed collimation ICA RST 2017 g
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Measured gas fraction [%]

Tomometry for multiphase flow

measurement
: : A e The Roxar downhole
6o 1t R three-beam gamma

N e P sensor launched in
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Conclusions

* High speed tomography is now frequently used to
provide experimental reference data

— Gamma-ray methods

— X-ray methods

— Electrical and electromagnetic methods
 Tomographic methods are applied to down-hole

meters

— One source and a few detectors

— Simple and rugged AR ZO%ZM

— Improved measurement accuracy s
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