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ÅWell Life-cycle Demands on MPMs: (Permean Basin)

ÅTwo Core Problems Addressed: (Calibration & Proving) 

Å Introduce DD-MPM:  (Differential Dielectric MPM)

ÅCalibration Self-Discovery: ό²Ƙȅ /ŀƴΩǘ aŜǘŜǊǎ /ŀƭƛōǊŀǘŜ 
Themselves: Technical / 
Business?)

ÅProving? (Three Port MPM)

ÅNew Downstream Applications of MPM

ÅConclusions

DoMPM(s) Have Value in Unconventional Well 
Production ?

YES
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Heuristics,  Beliefs, Patterns, Learning
Our Basic Premise is that Unconventional Well Multiphase Flow is Too Complex and/or Devices are Too Expensive for 

Traditional Calibration  Methods: 
Especially Over the Life of Unconventional Wells Producing from Fractured Shales

Heuristics ςAre Derived from 
Mechanistic Models 

Å Mechanistic Models Are From 
Literature & TUSTP

Å Heuristic:
ï a technique designed for solving a 

problem when classical methods are 
too slow, or for approximate solutions 
when classical methods fail. 

ï This is achieved by trading optimality, 
completeness, accuracy, or precision 
for speed

ï A heuristic has no proof of 
correctness, 
Å often involves random elements, and 

may not yield optimal results

Beliefs & Patterns & Learning
Assumptions

Å Flow is Governed by Laws of 
Physics & Chemistry

Å Beliefs Result from Cascaded 
Heuristics

Å Beliefs Predict Patterns Which 
Might Be Invisable

Å Patterns Can Be Discoveredif the 
Beliefs Represents Reality

Å Patterns are Quantified by Curve 
Fitting and Standard Err

Å Learning  Over Well-Life 
ï Data Features Can Be Correlated with 

Most Effective Discovery Methods
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The Key insight to Self Calibration Lies in Understanding Scattering Effects:
For Wave Propagation in Multiphase Flow:

Both Electromagnetic / Ultrasonic (Ref. Lit.)

Å Microwave Scattering Depends on Emulsion Drop/Bubble Size Relative to 

Wavelength ˂ : where scaling factor  [ a=2*̄ *d32]/ :˂ ǿ˂ŀǘŜǊ ϤҐ ƻΦпƻέƎ˂ŀǎ     ϤҐ пΦпέ 

Å Rayleigh (Very Small;d32 <<a)

Å MIE (Medium;            d32 ~~a)

Å Fraunhofer (Optical ; d32>=a
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Micro
wave 
LOSS

Microwave SPEED in Mixture 
Relative to Reference Fluid

oil

gas

Line Calibrated in Fluid 
Fractions(Wcut)

Å Calibration Requires
Pure Fluid End Points  
d_mean_d32 as funct water/oil ratio & 

velocity
Electromagnetic Model (Hui Li)

ÅCLAIM:End Points & d_mean & EM 
model

Can be determined From Streaming Data by 
Belief/AI Methods

water(salt1) 

New 
Water 
Salinity
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ÅCalibration Problem Statement: Incorrect Calibrations 
Å Because Drop Distributions are Critically Important to Wave LOSS and VELOCITY in EM Systems
Å Because Bulk Flow Velocity Determines Mean Drop Size Distributions
Å Because Pulsating Flow Generates Continuously Varying Drop Size Distributions
Å Because End Points (Pure water, oil, gas properties) May Change Continuously During 

Operation Due to Multi-zone Production etc. 
Å Labs can not Simulate or Anticipate Mean-Drop-Size Distributions Found in Field

ÅTherefore MPMs can not be Pre-Calibrated for Permian Basin 
Operations

ÅSolution: Artificial Intelligence ςPattern Discovery by Recursively Using 

Cascaded Heuristic  Filters
Å AI Capability Enabled By Massive Increases in Memory Size and Processing 

Speed and Low Costs

ÅAI Process - Belief that Invisible Patterns Do Exist ! 
Å use real-time data to find sections of patterns  
Å use pattern sections to find end points ςValid at that time
Å use end points & heuristic models to generate the effective calibration curve 
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Reference #4: Partial Separation Multiphase Metering With Differential Dielectric 
Sensors
Patents 1996-(5,597,961) 
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DD-Multiphase Meter
0-13,000 BLPD
0-500      mcfd

0-100% Water
0-100% Oil
0-100% Gas

Å AutoCalibrating for Salinity
Å ~ 130 PPM resolution oil-water 

Basic Measures:
SPEEDof Electromagnetic Wave 

Relative to a Reference
Energy LOSS of Electromagnetic Wave 

Relative to a Reference
Net 16 Measures @>5,000 times / second 
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The Myth of Homogeneity
Note: Numerous Water Fractions Distributed in Time Even @High Velocity

Heuristic: Width (Slugs/Fractions)  & Thickness Above Rayleigh Line =Mean Drop Size)   
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Speed of Microwave Relative to Reference

Rayleigh Line:  Drop 
Size Lower Limit

Mie Line: Drop 
Size Upper Limit



Speed of Microwave Relative to Reference
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Superimposing a Heuristic Model onto Lab Data & Field Data: 
Re-inforces  Understanding of Dynamic Processes:

(Role of Water Fraction, Velocity & Drop Size, Salinity, Oil Density ,Temperature in EM Wave Loss & SPEED)

wŜŦŜǊŜƴŎŜΥ άaƻŘŜƭƛƴƎ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴǎ ƻŦ 5ƛŦŦŜǊŜƴǘƛŀƭ 5ƛŜƭŜŎǘǊƛŎ {ŜƴǎƻǊ ό55{ύ ŦƻǊ aǳƭǘƛǇƘŀǎŜ aŜŀǎǳǊŜƳŜƴǘέΣ όtƘ5 ¢ƘŜǎƛǎύΣ  
University of Tulsa,Hui Li:  2010

Model/Lab
Field



Mie Upper 
Bound

Rayleigh Lower 
Bound Line

Pure liquid Point 

Pure oil Point 

Loss (db)

% SPEED OF LIGHT(m/s)

Vmax ~co Vmin ~co/9

Field Data Cloud - ESP Lift:

Pure Gas Point 

Pure water Point ς
by projection of 
features

Familes of Similar -
drop Distributions

Superimposing a Heuristic Model onto Field Data
Objective: Extract Calibration Information From Streaming Data

Constant Pressure; 
Constant Flow Rate 
(13,000 BLPD@~80% Wcut)



Pattern Discovery- Due to Natural Dillution
Objective: Find Calibration Points  

Note: Assumes Rayleigh Condition Only (Red/Green) & Factory Cal for Temp, Salinity
US Pat 5,107,219Marrelli
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Microwave
LOSS

Microwave SPEED Relative to Reference

Optimization Process:
If a processing step based 
on a heuristic belief 
achieves a relatively low 
standard deviation. The 
heuristic is believed

Given:
Å Temperature 
Å Salinity

Fit & Extrapolated (Green)
through Data Pts Assumed to be 
Rayleigh Points 

S3

T1
T2

S1

S2

S4

S5

pure gas 
point

Predicted 
water point 
@T2,S3

pure 
oil line

G1

T2
T1

Predicted
Oil point 
@T2,G4

G3G4
G2


