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Sustaining Water Supply
= Meeting Water Needs

— Conserving use
— Recycling waste water
— Desalination of seawater

= PARC Clean Water Technology

= Low power

= Small footprint

= Scalable

»= Continuous flow

= L ow maintenance

» Rapid process

= Versatile — generic capability parc
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PARC Clean Water Technology

» Hydrodynamic Separation without a physical
barrier

= Modular, configurable, continuous flow
= Scalable from mL/min to 100s L/min

» Designed size cut-off separation of neutrally buoyant
particles down to 1-3 um and to desired efficiency

= Spiral Mixer
» Effective turbulent mixing
= Custom shear rate = dense, uniform-sized floc

* In-line Coagulation, Flocculation, & Separation
= Address sub-micron particles
» Reduce coagulant dosage by 50%
Rapid aggregation of pin floc
Replace sedimentation with pin floc separation
» Rapid process time: hours down to minutes pa rc

alo Alto Research Center

MH Lean, January 2009



Scalable from Microscale to Macroscale
— Many Other Potential Applications

m PRIMARY FOCUS:
Municipal Water Treatment

m  Other Water Applications

m Industrial water purification
— CMP slurry reclaim, ....

m  Waste water remediation

— In-line, low dosage, coagulant
and spiral separation for
removal of dissolved materials

m  Power plant cooling tower
— Minimize chemical scaling
m  Pre-treatment for RO

— Lighten organic loading for RO
membranes

m Petroleum refining

— Separation of immiscible fluids
m  Produced waters

— Perior to reinjection
m Ballast Water

m Agricultural water
MH Lean, January 2009

Generic capability: platform

technology for separation of
particles from a moving fluid

Other Application Areas

Bio medical

— Plasma separation and lab-on-chip
devices

Auto & jet fuel refinement
— Particle (grit) removal

Chemical (colloid) industry
— Particle screening

Food & Beverage Industry

— Pathogen screening, water
purification

Mineral processing

High Throughout Screening (HTS)
for waterborne pathogens

Algae Dewatering for bio fuels
— Increase harvest

parc
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Conventional Water Treatment Plant

Lamella
Gravity Settler
Sedimentation
Carbon
Reactor
Flocculation
Coagulation
Sand Filter

parc

alo Alto Research Center

MH Lean, Januaf 2009

Santa Cruz, Ca Facility



S

"

Sedimentation

Reduce CapEx by $ 2-3 million §
for 20 MGD plant

Flocculation

Eliminate flocculation &
sedimentation:
Reduce time from hrs to mins
Reduce area reqts up to 70%
Estimated $300,000-$400,000

annual savings
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Municipal Water Treatment
Application Concept

Coagulator

@-»

Spiral Buffer Tank

Flocculator

Separator

Input Source Mixer =
Water Effluent
Hydrodynamic Filter
Separator (GMF, Membrane, RO)
P Particles
Waste Stream (> 1-5pm)
m Replace flocculation and sedimentation steps
— Decrease flocculation & sedimentation processing time
from hours to minutes
— Reduce flocculation & sedimentation area requirements
by up to 70%
= Reduce coagulant dosage by 50% parc t
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Spiral Mixer: Rapid Mixing & Accelerated [

Aggregation Kinetics

Floc after 30
min coagulatiohs

NTU

Turbidity Reduction Comparison of Spiral Device with Conventional Jar Test
JarTest: 2 min rapid mix, 28 mins slow mix
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1)

2)

3)

Single inlet, 2 outlet spiral mixer
Faster and more complete coagulation with spiral channel
for improved mixing

Custom shear rate produces dense and uniform-sized floc
which are more amenable to rapid aggregation

Chemical dosage may be reduced by 50% to attain same
turbidity (NTU) reading

I Palo Alto Research Center



10 LPM Vertical Orientation Operation

Video

Insensitive to sedimentation

Effluen
t
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In-Line Coagulation, Flocculation,
and Separation

SPIRAL pH
SEPARATOR ADJUSTME
NT
Centrifugal \A Spiral Mixer: [ PERISTAL
pump to feed E 1,‘ uni?;r?:-:irz]e q TIC PUMP
pin floc to spiral oin floc A
separator f v generation O
Separator ,
s / Coagulator
OUTLET JAR  OUTLET JAR Buffer JAR: Slow mixing
# 1 #2 for 4 to 30 min to allow
for floc maturation INPUT JAR
Effluent Floc collection

collection
Flocculator
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Concept for PARC 20 MGD Layout
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- 1 MGD Unit on Skid
88 88 88 88 88 — 4 closely spaced 11 ft
tall towers w/ 6-7/stack of
100 LPM modules
- — 6’ x 6’ footprint
Side Hydraulic head in lieu of pumps? — 2" x 2" tower footprint
View — 4’ spacing between units
@‘ ’@‘ ’@‘ @‘ ’@‘ — 10" between left and

right gallery
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Performance & Cost

= Specs
= Low power, low pressure
AP = 2 psi
Power = 150W

Q =1000 L/min
Energy cost = $200/yr

= Cost comparison
= w/ conventional and membrane pre-treatments

34% capital cost saving Up to 74%
30% maintenance cost savings >40%
58% space savings 67-77%

Based on cost estimates from Marin Municipal W ater District, Seawater Desalination Pilot Program - Engineering Report
Kennedy/Jenks Consultants, CH2MHIill, January 26, 2007. Land cost notincluded.

Water company consultant p a rc
P
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Summary

* Described merits of novel Hydrodynamic
Separation method

= Customizable size cut-off separation of neutrally
buoyant particles down to 1-3 um and to desired
efficiency

= Described merits of Spiral Mixer
= Custom shear rate = dense, uniform-sized floc

* Demonstrated gravity-fed In-line Coagulation,
Flocculation, & Separation
= Rapid process = reduction from hours to mins

= Lab R&D prototypes in operation

= From mL/min to 100 L/min
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