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1924 . LLeopold Estanlis es Company

1022 = @) lic o)V oVEsiCompanyAlc _e:rrr S
colmpany seld Y/ Leepold family/ i L1972

2004 — eopold celebrated 80" Anniversary

Jne 2 96 I'TT" Acquires Leopold

Nove ﬁra 2 2011, ITT changes name to Xylem

E A_go sz Headquarters Zelienople, PA, USA
ufacturlng Zelienople, PA — Products

_f‘—‘:_-- = Ontario, Canada - Products
- Watsontown, PA — Anthracite

= Sales Offices: Zelienople, PA — Americas
—— United Kingdom — EU
: Dubai, UAE — Middle East
Singapore — Asia Pacific
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Extensive Experience
Over 9,000 installations worldwide
_Full ineering Design Services
- Computational Fluid Dynamics (CFD) Analysis
Research & Development (PDC)
Field Services -
Variety of Pilot Facilities g

DAF, Filtration, Denitrification, Desalination PT
Gold Tag Service
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Ultrafiltration anofiltratin Reverse Osmosis
0.1-0.01um 0.01-0.001um <0.001um
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— Osmosis

Concentrated
Solution

B Membrane M Dilute Solution
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[_m_plg RO System §
:

Permeate, (P)

\4

Cconcentrate

Salt Rejection = 1-(P tds/F tds)
- - Pressure Drop = F pressure- C pressure
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f} = Pore Size of 0,0005 micron
= s Removes Salt & Soluble ions
| * Low Flux rate: 10-30 GFD
~ ° Concentrate multiplies problem
_ _ _ " Permeate usually not degraded by poor feed water
e * Low Recovery Rate: 30-40%
_— e * High pressure: 55-76 bar
= : _ * Fails due to inadequate pretreatment
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l\/ émOchf ENEE

"osits/entrapped particles on surface and
embrane pores

-

—— Colonies which grow into slime deposits in
~  feed spacer
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OWEITRECOVErY IRALE

Higher waste volumes to handle
LLess finished water to provide customer

Lower Flux Rates

Higher capital costs for additional membranes
Larger foot print for treatment facility

Increased Operational Cost
Increased pressure - higher energy cost

Requires more cleaning — more chemicals
Reduces membrane life — capital replacement
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Membrane Water Treatment Scheme

|deal

sSource =S Membrane
water

— Reject Contact
_"'E'_-T'_—J_: = Handling Tank
MWE PRESENTATION System
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Acnd/scale Inhibitor
Media filtration
— Clarification/filtration

= Cartridge filter
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l\/l afflofeifla Praireciingan)
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-

E\ ery faw water Is different

@ ) | mbination of factors can cause
= = 1-?'-'-‘- failures

_ = 'Must be reliable and consistent
--;;'”‘::.*7" * Need to solve problem early
' ~ * Multi-Barrier Approach

* Insurance Policy
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d f_o,r Istent water guality to the membranes
- = Removal of potential foulants

mSolids that are easily processed

— Would Like to have:
- : * Minimize footprint — high m/hr loading rate
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Clan DAF™ System

by ~==3
A "
14

__ tes Consistent Water Quality

.:-£o1|ds
- *High loading — m/hr
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IMPECROINE CIIEIDAERSYSTEIINEY

SHOENAECOuality. Solids Handling
. rJu'rer rtb Rate * Less volume of sludge
2 ReJL, eCIeanlng * Less time to dewater

—
_.__

s=Highe Recovery Rate * Lower chemical cost
;_‘FT" tect Membrane * Higher cake solids
Uses NO POLYMER °* Lower disposal cost

-u-—"

=__

—-—-_ =
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ViEmisiceNEEaunERiNEolaNeNNAPPIICANONS

-Algae Iade
-Red tlde B

= = e s - Organics

—— = + Colloidal and Suspended Solids
S et -Soluble Metals — Fe, Mn, Al

-Free Oil & Grease

MWE PRESENTATION *Cold water
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_G(P1- P2

e :
e e :TF =
: 24,
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'=J\/,eloc;|ty -Time to s |
 Settle/Float * P2 = Liquid Density

,__, ~ *G = Gravity * D = Diameter of the Particle
-P1 = Particle Density ~ ° U = Viscosity of the Liquid
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Buoyancy Flotation

Particle Size Difference %
@)
@)

-~ Gravity Settling Bubble Addition

SIZ=: Flundreds of Microns

m—
R
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knowledae with regard to red tide / Harmful
[ expert in red t|e algae to
)| nrum Polykrikoids, a prevalent red tlde speC|es to
__ﬂ- of 0.5M, 1M, and 5M cells/L. :

rc‘ F® process achieved excellent
-j._:'-. .1 es(>90%) at all feed concentrations.

2_;: 0 d ‘developed a matrix of chemical dosing .
ot mes that form the basis of sound process " "
- gue rantees for our customers along with —

- = *gn_tlupated chemical consumption rates. * _ .

MOVoco 20PO0I0 O 20 ¢

R T

~ —  Based on these experiments, Leopold -l peesngl
- optimized the Clari-DAF mechanical design to 8 \
minimize capital costs while maximizing algae &
removal efficiencies.
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How do_es_it Work ?

B 5-20 mins floCytiilEn—
Bl . A .

RAWWATER .
=" R Nozzles/

Lateral Draw-off pipes

— +Coagulant % aives 10 % Flow
. - @ Air
— . = ~ Compressor Recyels
- e
— Pump
e : Saturator N
<

Compressed Air dissolved in water at 5.5 bar
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Flocculators
Saturator
Air Nozzle Header
Reaction Zone
Skimmer

Effluent Draw-0ff
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Leopold
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LL;.., ﬂLLLu .J'J-,, J;J_.lel,.LJ.J.n_n.l.J dres with _L.LALLLJ_L};J rapidly
‘mixing the raw water with an ¢ m or Iron-be od

?Inmganlc:onguant much like conven Iomf“dlme itation
However, lower doses than sedimentation are used because

a pin floc is desired instead of a sweep floc.

>

Chemical "f—

ﬁuopom
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P =

- Flocculators

_""""5 Good coagulaﬂon is one of the most important factors affectlrlg flotatic Two-stage
_l:"'_'_
__...-F". tapered flocculation is standard. G values of 30 to 100 sec ' are typical for full-scale
| operations. Low tip speeds prevent the fragile floc from being sheared. Flocculation time
~ ~ is5to 20 minutes depending on the source water quality.

= e
= i —

=
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§
Saturator i
The saturation process is accomplished !
by taking a fraction of the throughput, l ' l l,
typically 10% of design flow, and L ' .'* %_t g |

recycling it back to a pressure vessel. I
VFDs control the recycle pumps so as to

maintain a balance in the saturator. A

compressor provides 80-psi oil-free air )
at a constant pressure to the saturator.

The saturator, a packed tower for water 2

or unpacked tower for wastewater e
system applications, collects the =
aerated water.
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Air Nozzle Header

The aerated water is delivered to a
distribution header that spans the
width of the DAF cell. This distribution
header has a series of specially
designed orifices or nozzles. As the
pressurized water exits the nozzles, the
pressure drop produces a cloud of
microbubbles that are 20 to 100
microns in size.
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Reaction Zone

After a pin flocis formed, the raw water
stream is injected with water that has
been saturated with air. The contact
zone is given a milky appearance like
that of a whitewater blanket. The tiny
air bubbles rise through the coagulated
water, capturing floc as they ascend to
the surface. The tiny, spherical bubbles
rise under laminar flow at a rate
following a modified Stokes Equation
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' Ablanket of sludge forms on the surface of the Clari-DAF cell. The blanket
is supported from beneath by the tiny air bubbles and a mechanical
scraper removes the sludge blanket periodically.
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Hydratiic be=s|udying

: “‘f"“ Procedure
& |« Effluent gate

g ) | closed
Water level rises
Spray water starts

Sludge flows to
collection trough

D - 1% sludge

—— April, 2013
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" Effluent Draw-Off Laterals

_ The clarified effluent water is drawn off the bottom 6’?’

the tank by a series of |lateral draw-off pipes that
allow for uniform distribution along the bottom of
the DAF cell.
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Commissioned in April of 2011
In Commercial Operation since October 2011
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a xylem brand — _l____g . p— 4 1"

ign Flow 105 MGD (16,900 m3/hr)

dir Rate 9gpm/sf (22m/hr) (collector area rate)
ulation time of 13 Minutes

Plant Intake/Screening Structure in Foreground, Clari-DAF Building in Background
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nfluent turBWg 5
Irsions as high 40 Xperlenced

artup

;;:"'3 is currently being utilized for preconditioning of
JF r ’ iembrane influent.

pical -Eremlcal Dose to Clari-DAF System:

- Excellent UF Permeability and Recovery to Date
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" ©
2, 300 él
AN Wi m M m"m N ) Iy r*f\"/ﬂ M,
|‘\/<n|\ffh%ﬁj\/¢\f " H,’* ||,.'/‘|,.f|.\,l V \\VV f'lf\J y\f\JI \/\/Jl \Jll."n'v' ||iqF W hﬂl"/ R ' 'I \)MMPVJ'J\J l/-\J\JI'M"\J “\/\l\" =)
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Hour of Timestamp [2012]
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Id rece sompleted extensive pilot testing in O
alination pretreatment pilot units, which inclu

AF® system

/orx ™ em — sin __.-'. r 2-stage @Tavfty'_mediaf

iItration.___

— e — —

pre-chlerinated before the pilot units.
sInfluent turbidities ranging from 1-3 NTU and TSS <20mg/L.
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Desalination Pretreatment — Algae

) LEOPOLD
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5""' 1M, and 5M cells/L.

J.—

-process achieved excellent
. 15 (>90%) at all feed concentrations.

-_ d de veloped a matrlx of chemical dosing

= _r_, — }_mn"tee&for our customers along with ‘
_'__.lli__ -~ : da Py
....afntlupated chemical consumption rates. - L S e

_-.—

—
— — i

—— —-~‘Based on these experiments, Leopold
optimized the Clari-DAF mechanical design to

 minimize capital costs while maximizing algae
removal efficiencies.
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= a—

Pilot Stuady

“ S ith Leopold® Desalination
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Zlfelggleh ;j_. Averag | Min | Max
| e . :
aw Water Quality Scenarios Tested and Results
= N 1.40 0.28 |6.93
Parameter Avg.
— '_ : SDI
— ==tpH. 8.11 7.69 |8.37 :
— 1 Stage DMF (Direct <4
Temperature | 31.4 28.4 | 33.8 Filtration)
(°C) DAF + 1 Stage DMF <35
Salinity (%0) | 36.85 35.46 | 39.8 DAF + 2 Stage DMF <2.5
3
TSS (mg/L) UDL UbL |15 MWE PRESENTATION
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W|th Leopold® Desalination
Pretreatment Systems
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Breireatment dlechnologies Jar‘i'&'ng for Algae

The catastrop

observation ion and phylo 7 Q
achloe TP X PR

dinoflagellét odinium polykrikoides

IVind A SsRYCHICH ™" =St IE-Viorton'® b _LJ; IhimrAS I ameElircARbIahrREjan &

?-_“'-"L_;fr?}' Woods Hole, MA 02543, USA
gram, 381 Ft. Johnson, Charleston, SC 29415, USA

Centre Mlms.try ofi Envirenment and Water, P.O. Box-21, Umm Al Quwain, United Arab Emirates

Blocliversity VeneldemdnlVelieisldeie 'i'ﬁpwronment Agency: Abul Dhabi, P.O. Box-45553, Abu Dhabi, United Arab Emirates

!

i) Uk quent recurrence of C. polykrikoides bleoms following an initial

1-.--=.

e observed in other parts of the world, suggesting that this species may
_ e?ﬂstﬁnt HAB! problem in this region. As Arabian Gulf countries rely on
= __‘_d‘;\i'f' ation ;plants as the primary source of freshwater, the disruption of plant

| “ope ,r.atﬁrTs ‘by‘recurring Cochlodinium blooms poses a serious threat to the drinking
__';_T‘- ~Water supply’in the region, and represents an unprecedented HAB impact.”

e

=

=
—

> Source:
it/ aeaqricentimoew. gov.ae/redtige/Richlen et al_Cochlodinium_in_the Arabian._ Gull
09%65B1%05D. paf

MWE PRESENTATION
April, 2013



http://uaeagricent.moew.gov.ae/redtide/Richlen_et_al_Cochlodinium_in_the_Arabian_Gulf_09%5B1%5D.pdf
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http://uaeagricent.moew.gov.ae/redtide/Richlen_et_al_Cochlodinium_in_the_Arabian_Gulf_09%5B1%5D.pdf

® Phaeocystis globosa ® Prorocentrum minimusm

4-6 18-20
— L r w;?)
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Effect ofiRecycle Rate =

10% recycle

Turbidity (NTU)

Algae Removal

Algae Cell Count (cells/mL)
Turbidity Removal

Recycle %
Recycle %

—&—RawCell Count/mL  —lll—DAF Cell Count/mL  —A— Algae Removal — Raw Turbidity #—DAF Turbidity A—Turbidity Removal

MWE PRESENTATION
April, 2013



- L
LEOPOLD —

a xylem brand -
Effect ofr Saturation Pressure

. 0.48 MPa or 70 PSI

" TN

~

=
o

Algae Removal

)
£
2
©
2
e
=
>
o
(&
]
(&)
Q
©
0
<

- = —

0.4 0.5
Saturation Pressure (MPa)

—&— Raw Cell Count/mL —il— DAF Cell Count/mL —— Algae Removal
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Effect of Flocculatioh Time

12-13 minutes

Turbidity (NTU)

©
>
o
£
]
[~
&
00
<

Algae Cell Count (cells/mL)

Turbidity Removal

Floc Time @ 90 RPM (min) Floc Time @ 90 RPM (min)

—&—Raw Cell Count/mL  ——DAF Cell Count/mL  —A— Algae Removal —o— Raw Turbidity —B— DAF Turbidity —A—Turbidity Removal
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.;M Correlation Between Algae Counts
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. i Chlorohll Concentrations

—

9000

8000

7000 -

6000 -

5000 -

N
()
o
o

LL- I-:
Algae (cells/mL)

..I - l!ﬁlq fll W
!

200 300
Chlorophyll (ug/L)
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8 'J iceptual Model forditfect of pH'on Coagulatmn
_/—X_J_P-)_' igiliso-electric oint

small agglomerate ;
influences
= particle ... cellular
= double layer viability

zeta potential =+ Iarge agglomerate

small agglomerate
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JEidiest on a HAB in Buzzards Bay;, MAYin the USA
(2

NI 2011

S —

Removal of Cochlodinium polykrikoides
using Dissolved Air Flotation

16,000,000
14,000,000 - (1€ L | m [
12,000,000 -
10,000,000 -

8,000,000 - 97.2 - 99.4% removal
6,000,000 -

4,000,000
2,000,000 -

Algae (cells/L)

Sample (#)
m Raw Water @ DAF Effluent
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Karenia brevis °
).1-0.4 Million CQ” ==

e
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=

~

oo p—
= ©
=2 [
= o
= £
o [
o oc
S RS
=

(&)

40.0

Ferric Chloride Dose (mg/L)
—&—Raw Chlorophyll —#—DAF Chlorophyll —#&—% Removal Loading Rate (m/h)

Bench Scale Test Pilot Scale Test (Gt
(Gt 80160) 80160) (loading based
on total flotation basin)
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Pre reatm:t:%‘m

logles 011 Remoyal

—_— —

. .h hold’s process knowledge base, oil removal studies have
“ n med

- of free oil was obtained at concentrations of 100

= ;-_—-:-_ﬂ ,_:_T stlng indicated that mechanical design parameter for optimum
- algae removal are also ideal oil removal.
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'Lﬁp Study on a HAB at Port Aransas TX (

a xylem brand

& - v
- L - L=
e 3
p—— — o
T
-

— g

:"’—-* Bench é' ﬁA:F and pilot scale DAF achieved comparable removal efficiency indicating
ss scaling up was feasible

=
e e
= =" i

' With pH adjustment the coagulant dosage was reduced by half while achieving the same
‘removal efficiency.

e

i

- Even though the depth of the flotation cell was only 5 feet deep (1.5 m), a hydraulic loading
rate as high as 24 m/h (based on Collector Area) was proved feasible for algae removal.
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