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Outline

What is Dynamic Imaging Particle
Analysis?

History of Particle Imaging So Far With
Produced Water

Limitations Found for Oil Agglomerates
Proposed Methods
Next Steps for the Technology




" What is Dynamic Imaging
Particle Analysis?

“Automated Microscopy”

Sample is Moved Through Optical Path
“Dynamically” & Imaged in Real-Time

Large Number of Measurements Enables

Differentiation by Shape

“Shape Filters” Automatically “Bin” Particles
nto Different Types

High Quantity of Particles Measured Yields
Higher Statistical Confidence




Narrow Depth Flow Cell Restricts
Location of Particles Perpendicular

to the Optical Axis \

Digital Microscope

Camera Objective Optical

AXxis
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|E|E)WCA|\/| Overview

Collects size, shape, and count data
upwards of thousands of particles/second
at 20 frames/second

Allows query and examination of
iIndividual particle images and associated
morphology

Wide particle size range 2um -2mm
Low sample volume (~ 35 ul)
Total Magnification from 20x to 200x




Models

Benchtop Portable
FLUID IMAGING‘

TECHNOLOGIES
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How It Works

Size Distribution View

A

Diameter (ESD]I | Diameter (ESD]I

Count 4885 of 4885| Start Time 2014-04-10 19:10:00§ Droplet mg/fL
Particles / ml 15626 | Sampling Time 2 min 55 sec| Solids mafL

Log Frequency
Vaolume %

Summary Stats | Fiters | Cumulative Stats

Volume % Less Than Diameter
10 8.50
25 13.85
S0 20.26
73 29.67
g0 41.62




How It Works
Filtered View by Particle Type
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Log Frequency
Yolume %
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Diameter (ESD) | Dlameter (ESD)

Count 48385 of 4885 | Start Time 2014-04-10 19:10:00| {Droplet magfL
Particles f ml 15626 | Sampling Time 2 min 55 sec| |Solids mgfL

Summary Stats | Fiters | Cumulative Stats

Filter Count Volume % PfML Droplet {(magfL) Solids {(mgfL)
Droplets 1006 B7.92 32148 ;.57 14.30
Mon-Droplets 3879 32.08 12408 0.00 21.84




How It Works

Particle Collage View
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Non-Oil Droplets
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Early History Summary

 Particle Imaging Can Easily
Distinguish Oil Droplets From

Other Particulates Merely by Shape
e OIl Droplets Perfectly Round
e Other Particulates Varying Degrees
Less Round

* Fine for Cleanly Dispersed Single
Droplets




" But What About
Agglomerated OIl Droplets?

« Can Have Same Aspect Ratio As Other

Particulates:
ol
.8 @

13690
47084

e OIl Droplets Can Also Adhere to Solids:




Agglomerated OIll Droplets
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Agglomerated OIll Droplets

- . D - ‘.I‘E"‘L.
292
I 4 =y ¥

|_ -




— =
.

Agglomerated OIll Droplets

e In Some Produced Water Samples, the
Volume of OIl Represented by
Agglomerates May Be Very Significant

« S0, HOW do we Measure Aggregated

Oll Droplets in Those Samples?
— Need to Isolate Droplets First
— Then Count Them Individually

— Add Count to Original Isolated Oill
(Singlets)

— Total Volume for ALL
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Agglomerated OIll Droplets

 Methodology Used:
1. Detect Full Particle Image
. Detect Edges on Image
dentify Circular Arcs

2
3.
4. Fit Circles to Arcs
5

. Calculate Spherical Volume of Each
Circle




origina arcsidentified circles
image identified
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NL Particle Properties

Particle IDx 6578
Diameter (ESD) 71.48
Edge Gradient 73.59

u Elongation 14.43
Feret &ngle Max -10.00

! . S

77 1851 3344 -80.00

5747 3056 5035 e Feret Angle Min
Fiber Curl

122? Fiber Straightness

Filter Score .00
Geodesic Aspect Ratio 0.07
12‘1[][] 210}'0 22[]8? Geodesic Length 180.01

?EBQ
o 15811 Geodesic Thickness 12.47

Image File ven_[0
Intensity 130.00
3‘1.:33

25263 26455 Length 93.94
Particles Per Chain 1

Perimeter 384.97
Roughness 2.33
Sigma Intensity g

Sphere Count, Volumes

15

as added particle

Symmetry 0.64

properties

nIumPI 1) f5375
Wolume {(ESD) 191216
Width 3740 T




Example: Single Droplet

Sphere Complement 0.00
Sphere Count 1

Sphere Volume 4200.11




Sphere Complement

Sphere Count

Sphere Volume
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Set Droplet & Solids Densities

Droplet Density

Specific Gravity
Droplet:

Solids:

Calibration

Percent Cell Depth Imaged:

Cancel




Agglomerate Droplet Analysis

Use droplet count, oll volume, solids
volume

Calculate average droplets per
particle, average droplet size, and
average solids size over the range of
particle sizes

See trends of particle size over time




Average of Droplet Count Average of Solid (ESD) Awverage of Droplet (ESD)
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Values

Average of Droplet Count

n w— pverage of Solid (ESD)
Average of Droplet (ESD)
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Limitations of Method

Look at droplets down to 4 um
Works best on suspended oll
droplets rather than on globs of free
oll where sample Is not so saturated
that oil droplets are clearly visible

Can be used for oil In water or water
N ol




Questions?

Thank You!

Steve Bowen
281-639-5758

steve.bowen@fluidimaging.com
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