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Measurements are never 100% Correct

e Sensor precision

* Installation induced bias @
* Fluctuation of the physical phenomenon
* Drift or accuracy bias of the sensor

* Corrections (e.g. flow meters)
* Accuracy of the acquisition system "

* Fluid sampling issues S

* Losses and Leaks b
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Why Information Redundancy Matters?

* Measurements Random and Systematic errors are related

* Measurements are guilty until proven correct — True Value(?)
* Raw measurements can lead to wrong costly decisions

* Most systems contain redundancy - but often ignored

 DVR uses Redundancy to unlock:
e Accuracy Assurance (remove bias) | Meas. Value

* Precision Improvement (reduce uncertainty)
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Make Redundancy Your Friend CCiD—
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Redundancy and Reconciliation

e 3 variables and One Equation A-B-C=0 SR NS o 017
e Need 2 measured variables to determine 3™ SEOM SR | soa2
e Raw Measurements  35-21-10=4 %0 e e
* 3 measured variables results in 1 redundancy o o oo e oS [ rag | Meas. | weas. | Mess | une
SEP_DRY GASN-C5 1.66 Value Unit Une. | Tvee
DRY_GAS_ CO2  0.75 . SEP_DRY GAS C6 0.
DRY_GAS N2  1.00 Thermodyn amic SEL PRV EAS €7 E_sz B 21.00 t/h 1.0 | Abs.
DRY_GAS_C1 65.97 . SEP_DRY GAS_C8 0.02
DRY.GASC2 1016 Constraints SEP_DRY_GAS.C9  0.00 B
giz’gﬁ’% gif SEP_DRY_GAS_C10 0,00
honne: oo Increase Redundancy
DRY_GAS_IC5 1.90
DRY_GAS_NC5 2.32
DRY_GAS C6 053 TEL Ve | o | e | e
DRY_GAS_C7 0.19 o . . . .
DRY.GAS.CE 0.8 Al 3500 wh| 210] Abs. Constrained Minimization
DRY_GAS_C9 0.02 )
DRY—GAS—C10 0.01 SEP_UQ_COZ 0.28 ;I' Of Non-LInear SyStem
age . SEP_LIQ_N2 0.06
Data Reconciliation to seek True Value SEPLQC 870
. . . SEP_LIQ_C2 .
* build process model (15t principles) SEPLIQCI 105
. ) SEP_LIQICA 633
e iteratively correct measurements SEP_LIQNCA 2418 [ © e
. SEP_LIQICS  12.85
* as little as necessary SPLANG 1643 v B — T
~ X 6.33 a; eas. ea?. eas. nc.
e using redundancy and uncertainty SEPLUQCT 313 D | b |  one | Tvee
. - géﬁt:&gz 171 c| 1000 tn 0.8 | Abs.
* so that all process constraints are satisfied - 0.46

SEP_LIQCI0 o024

Produces a single set of coherent data representing the most probable process state
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Process Data Integration & Surveillance - Field Casi?‘

&

e Location: North Sea
e First oil: August 2014

e Gravity based structure

e 4 oil wells, 1 water injection well
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: Production Platform — Q13A
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Loading, Testing & Water knock Out
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Q13 - Production Platform P15 - Separation Platform
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Implementation: Virtual Flow Metering

e Use of downhole measurements and equations to compute flow rate estimates
e Reconcile all these estimates into one single validated flow rate

Test Data / Sample Data Flowrate Estimates
Choke: Qm=f(Cv,Cd,AP) Estimate 1
A
Tubing: heat transfer Estimate 2
VLP
o2
‘ * Reconciled
_ B Flowrate
Pump: Efficiency curve Estimate 3
Head curve 0 (Unc.)
' o3
Perf: Qv=f(IP, Pres-BHP) Estimate 4
g4
. /I
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Implementation: Process Modeling

e The whole process is modeled, from the production platform to the separation

platform

e Mass and energy and compounds balances are maintained through the whole

process, therefore linking the well production to process facilities

Q13 - Production Platform P15 - Separation Platform
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Virtual Flow Metering Applications

e VALl proved able to fill the gap between the test periods,
leading to better allocation of the total production

ql13-vi101-01

A1l Oil allocation (BPD)
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Downhole Survelllance

e Two of the wells presented a lot of o
penalty around their electrical
submersible pumps (ESP)

A1l ESP Head Curve (ft vs. m¥%d)
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Surface Facility Surveillance

* DVR calculations are able to spot inconsistent measurements
through their penalty indicator

Name Measured value Reconciled value Engineering unit
Q13A_P15_FQPH_2901A_A 2648.00 2976.40 Nm3/h
Q13A_P15_FQPH_2901B A 0.00 0.00 Nm3/h
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Summary

e DVR is Core Modeling Engine for many upstream applications

e Examples: production monitoring, system health check, well-process

integration, multiphase validation, allocation, predictive maintenance....

O

O O O 0O O O

Uses ALL measurable variables to improve process accuracy and precision (DP,
P&T, flow, phase fractions, composition..)

Integrates ALL data from VFM, MPFM, Subsea, Surface Process
Integrates thermodynamic models (fluid properties, constraints)
Effective in localizing bias/leaks (results resilient to errors)

Enables Condition-based Maintenance (CBM reduces Opex)

Widely used in downstream, petrochemical and power/nuclear plants
Governed by German Engineering Standard VDI-2048

O Enables the use of ALL measurement data with CONFIDENCE

v"
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DVR White Paper
Theory and Case Studies

A FIRST by SPE

SPE Multiphase and Wet Gas Metering in Conventional and
Unconventional Data Driven Environment
Workshop - Galveston Texas, 28-29 Jan 2020
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THANK YOU
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