Coagulation,
Flocculation,
Sedimentation,
and Filtration

Maryland Center for Environmental Training
301-934-7500
info@mcet.org
www.mcet.org




Coagulation, Flocculation,
Sedimentation, and Filtration

Presented by

Eddie Cope, CET
Mcel

Maryland Center for Environmental Training
College of Southern Maryland
La Plata, MD

ENVIRONMENTAL, HEALTH,
AND SAFETY TRAINING

2/8/2022

Process Training Session

Before class starts, please sign in on 7
the attendance sheet

* During class, please:
— Asks questions as we discuss
water treatment processes
— Feel free to get up and leave the
classroom at any time (i.e., rest
rooms, make phone calls, etc.)

* After class, please fill out a class
evaluation form

Ice Breaker

» Before we start, let’s introduce
ourselves.

— Name,
— What do you do, and
— What are your training needs?




Water Treatment - Overview
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All Surface Water Treatment Plants:

+/ Are subject to Surface Water Treatment Rule (SDWA,
Subpart H) requirements for:
> Filtration
> Disinfection

+/ Are dependent on coagulation, flocculation,

(sedimentation) and filtration techniques to meet
drinking water standards

/ Are subject to Enhanced Surface Water Treatment Rule
requirements for Cryptosporidium removals

Introduction

Definitions

DEFINITIONS
— COAGULANTS

* Chemicals used to produce unstable particles and to
react with turbidity to form larger particles. One can
use more than one coagulant e.g., metal (Al or Fe) salts
and high charge density polymers. Both are coagulants
or dual coagulants.

— FLOCCULANT AIDS

* High Molecular Weight Organic Polymers

* Role is to Bridge Particles Together into Larger Floc
Particles; May Also Strengthen Floc

— FILTER AIDS
* High Molecular Weight Organic Polymers

* Role is to Bridge Particles to Filter Grains or to
Previously Retained Particles within Filter Bed




Regulations

Safe Drinking Water Act (SDWA)
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Federal Drinking Water Program
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SDWA Contaminants

Microbial Risks

* Turbidity (Water quality indicator)

« Coliform Bacteria (Total, Fecal & E. coli)
* Viruses

* Protozoa (Giardia, Cryptosporidium)

* Bacterial Pathogens (Legionella)

Chemical & Radiological Risks

* Inorganic chemicals (10Cs)

* Volatile organic chemicals (VOCs)

« Synthetic organic compounds (SOCs)

« Disinfectants & Disinfection by products (DBPs)
* Radionuclides (Radium 226/228, Uranium)
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Continuing pressure also exists for
regulatory change on several fronts.

Emerging Contaminants | &l
from Industrial and
Municipal Waste

* Endocrine Disruptors
* Pharmaceuticals
* Personal Care Products
* Flame Retardants
* Dioxins

&) Springer

Federal Rules

¢ Surface Water Treatment Rule (SWTR - 1989)

> Surface water sources must receive filtration and
disinfection

> Finished water turbidity standard of < 0.5 NTU

> Concentration and time (C x T) requirements for
disinfection

* Enhanced Surface Water Treatment Rules
(ESWTR — 1998 - 2006)

> Finished water turbidity standard of < 0.3 NTU
» Benchmarking / profiling for Cryptosporidium removal

http://www.epa.gov/safewater/
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Water Treatment

Overview




WATER TREATMENT

“The water treatment plant is the primary barrier
against unsafe water...any malfunction in the
treatment process could result in water quality
problems.”
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Multiple Barriers

“Barriers” prevent the passage of
microorganisms into the distribution
system...

Cryptosporidium Giardia

Multiple Barriers
In Water Protection

* Sources
» Watershed management
programs
> Intake and wellhead protection
¢ Treatment
» Coagulation, flocculation,
sedimentation
> Filtration
> Disinfection
* Storage
> Disinfectant contact time
> Screens
 Distribution
> Pressure
> Disinfection

Source Protectiol




Conventional Water Treatment

Additional
Treatment

Finished
- Water
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Enhanced Solids Removal

Turbidity




Bench-top Turbidimeter

* Measurement of “cloudiness”
in the water

e Expressed in NTU
(Nephelometric Turbidity
Units)

e Basis for regulatory compliance
and process control

¢ Turbidimeters must be
calibrated to maintain accuracy
Bench-top Turbidimeter &
Primary Standards
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ON-LINE TURBIDIMETERS

Classes of Microorganisms:
The Microbial World

Viruses: smallest (0.02-0.3 pm diameter); simplest:
nucleic acid + protein coat (+ lipoprotein envelope)

Bacteria: 0.5-2.0 ym diameter; prokaryotes; cellular;
simple internal org.; binary fission.

Protozoa: most >2 um - 2 mm; eucaryotic; uni-cellular;
non-photosynthetic; flexible cell membrane.; wide range
~of sizes and shapes; hardy cysts and oocysts; flagellates
(Giardia sp.), amoebae, ciliates, sporozoans
(Cryptosporidium  sp.) and microsporidia.
Cryptosporidium |
parvum oocyst




Settling Rate for Small Particles

TABLE4-1 Natural settling rates for small particles
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Particle Representative Time Required to Settle
Diameter, mm Particle in 1-ft (0.3-m) Depth
Settleable
10 Gravel 0.3 seconds
1 Coarse sand 3 secunds
01 Fine sand 38 seconds
0.01 Silt 33 minutes
Considered Nonsettleable

0.001 Bacteria 55 hours

0.0001 Color 230 days

0.00001 Colloidal particles 6.3 years

0.000001 Colloidal particles 63-year minimum

Source: Water Quality and Treatment. 3rd ed. 1971

Particles in raw water resist settling due

L (o TOUPR

1) Particle Size

« Suspended Solids
> non-settleable solids
> settleable solids

* Colloidal Solids
* Dissolved Solids

2) Natural Forces

* Zeta Potential
* Van der Waals Force

Types of particles

Inorganic

— Clays

— Metal oxides and hydroxides
* Al(OH); floc in coagulation

* Fe(OH), floc from oxidation of Fell & coagulation

* MnO, from oxidation of Mnll
* SiO, (silica)

— Carbonates
* CaCO; and CaMgCO,
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Types of particles

* Organic particles:
—Microoganisms
* Virus

* Bacteria

* Algae

* Protozoa (Giardia & Cryptosporidium)
—Organic debris
—Humic substances

Water Treatment

Coagulation

Coagulation — Process Description

* Adding and rapid mixing of chemical
coagulants into the raw water.

* The process of adding a chemical or
combination of chemicals to neutralize the
electrostatic charges on suspended
particles in raw water so that they will
attract to form larger particles.
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COLLOIDAL SYSTEM
, Stabilized

COLLOIDAL SYSTEM

10



Polyelectrolytes
Destabilize by
Coagulation
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Primary Coagulants

TABLE 4-2 Common coagulation chemicals

Common Name Chemical Formula Comments

Aluminum sulfate Alz(SOq)3 * 14(H20) Most common coagulant in the
United States; often used with
cationic polymers

Ferric chloride FeCls May be more effective than alum
in some applications

Ferric sulfate Fea(SOa)3 Often used with lime softening

Ferrous sulfate Fea(S0q)z - 7H20 Less pH dependent than alum

Aluminum polymers — Include polyaluminum chloride
and polyaluminum sulfates

Cationic polymers — Synthetic polyelectrolytes; large
molecules

Sodium aluminate NazALOg Used with alum to improve
coagulation

Sodium silicate Naz0 - (SiO2)x x can range from 0.5 to 4.0;
ingredient of activated silica
coagulant aids

Source: Adapted from Water Treatment Plant Design. 19953.2

Jar Test

» Simulates C/ F /S processes

* Used to evaluate.....

> coagulant chemicals type, combination, order
of application and optimum dose

> flash mix intensity and detention time
> flocculator speed and detention time

> Settling velocity (for sedimentation basin)

11



Jar Test

* Should be conducted....
> using raw water as sample

> whenever there are changes in raw water
quality (turbidity, color, pH, alkalinity,
temperature)

> at least once per day

» Modified version of of jar test should be
conducted in-plant to verify results

2/8/2022

pH and Alkalinity
Tests

* Should be conducted on raw water
and in conjunction with jar test

+ Indicates if pH / alkalinity needs to
be adjusted for improved coagulation

* Requires pH meter, burette, and
H,SO,

Effects of pH & Alkalinity on Coagulation

Aluminum and Ferric based coagulants.....
* react better in waters within a certain pH range and
alkalinity range.

»Alum: 55-7.5
> Ferric: 5.0-8.5

* require adequate alkalinity for optimum coagulation
» Alum: 1 mg/L converts 0.5 mg/L of CaCO,
> Ferric: 1 mg/L converts 0.75 mg/L of CaCO,

« are very acidic and will reduce pH / alkalinity

12



Effects of Water Temperature on Coagulation

. Warm Water = Improved Coagulation

. Cold Water = Reduced Coagulation

Effects of Turbidity on Coagulation

* Low turbidity

> Sometimes difficult to form a proper floc

> More coagulant may be needed

> Coagulant aid / weighting agent may need to be applied
* Fluctuating turbidity

> coagulant dose must be adjusted

Coagulation — Chemical Feed Systems

* Liquid Chemical Feeders |
> diaphragm pumps

> perastaltic (hose)
pumps

¢ Dry Chemical Feeders
> volumetric feeders

> gravimetric feeders

2/8/2022

13



Diaphragm-Type Metering
Pump

Speed Control
Manual / Flow

Pace Selector

Stroke Control

2/8/2022

Flow Paced Control

P Feced Rate Controller

P

H | o*

i
' Chemical
i Feeder
|
i
i
i
i
™~
] F1ow Transmitter (4-20 ma)
1
d:,l Bl Trcatcd Water Flow

g —
Flow Meter

Chemical Solution

Degree of coagulation with different zeta potential

ranges
Average Zeta Potential | Degree of Coagulation
+3to0 Maximum
-1to-4 Excellent
-5to-10 Fair
-11 t0 -20 Poor
-21 10 -30 Virtually none

14



Streaming Current Monitor
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COAGULANT ADDITION IN RAPID MIXING

PIPE STATIC MIXERS | [ RoPDMIXTANK |
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« Initial coagulant chemical reactions are rapid occurring in
or less. Thus, pr have short detention times
of ~ 1 min or less.

+ For some coagulants, precipitation reactions occur that take
minutes. These begin in Rapid Mixing and continue in
Flocculation 44

Factors Affecting Rapid Mix

» Adequate mixing
intensity is critical
immediately upon
addition of coagulant
chemical

Detention time
typically 1 — 30
seconds

Good process
control begins with
regular monitoring of
the raw and settled
water quality

Poor mixing intensity
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Safety Factors —
Chemical Feed Systems

Hazard Communication Program & MSDS
Alum and Ferric based chemicals have a very low pH (acidic)
Sodium hydroxide has a very high pH (basic)

Incompatible chemicals if mixed together in concentrated form can
generate tremendous heat and cause an explosion.

> Examples: dry alum and quicklime
Liquid polymers spilled on floor presents falling hazard

Proper storage and handling of chemicals is critical
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Safety Factors —
Chemical Feed Systems

* Chemical storage areas:
* Keptdry
* Well ventilated
* Heated (where liquid chemicals are stored)
* Used only for the storage of chemicals
« Secondary containment provided

* “Incompatible chemicals” stored separately
* No cross-connections

Water Treatment

Flocculation

16



Flocculation —
Process Description

* Gentle stirring of the water (after coagulation has been
accomplished) to bring suspended particles together so that
they will form larger, more settleable clumps called floc.

* Detention time typically 10 — 30 minutes

* Flow through velocity typically 0.5 — 1.5 ft/sec

2/8/2022

Factors Affecting Flocculation

Coagulation Efficiency
Detention Time

Flocculator Speed

Flocculation Equipment

l:lJ OOAGLLATION ::.’

seeeo=rorvu | seecn-sneu | seeen-zren
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FLOC GROWTH

Mechanical Flocculators

Paddle-Wheel Flocculators

Horizontal Vertical

i I\H\mﬂ 1]

IIMI
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Flocculation —
Operational Considerations

* Floc building in size / density through the process
> Paddle speed adjusted to prevent shearing or settling
of the floc
> All paddles intact and all flocculators operating
> Look for indicators of short circuiting
> Speed adjusted as temperature (water density) changes

> Adequate number of units in service

Water Treatment

Sedimentation

2/8/2022

Conventional Basin Designs -
Rectangular

: PRERERI gos g

uuuuu

* Flow Distribution

19
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Sedimentation / Clarification — Process
Description

* Reducing the velocity of water in basins so that
suspended material (floc) can settle out by gravity.

> Detention time typically 1.5 — 3.0 hours
> Flow through velocity typically 2 — 4 ft/min
> Surface loading rate 500 — 1,200 GPD/ft?

« Sludge, the residue of solids and water, accumulates
at the bottom of the basin and must then be
pumped out of the basin for disposal.

Sedimentation / Clarification — Equipment
Reclilingar Flow
M— Flow Patterns in
Effvent Launcer Wl ~ Sedimentation
A. Ractanguiar Settiing Tank, Rectiinasr Fiow Basins
/Lm Lo ‘an\uml
M e Efuent  D. Peripherak-Feed Settling Tank, Spiral Flow
... .
o oo oo somang Tank, s row || —"——T =
']
1 infuent
C. Peripheral-Feed Senling Tank, Radial Flow E. Square Sentling Tank, Radial Flow
59
Circular

Sedimentation Basin

Skimming Blade
Waor Lovel Drive on One Tuss Ettort
Bndge Only Scum  Weir
- 8 \ o
—— j\w
ORI R ra el I I =
I Temell] t
Jjcese Soum
Tl S0e ~_shige ||l =l] By
FIGURESS A 4 Bk -
Iypical crcular toent ==/
sedimentation
Ibasin

Courtesy of FMC Corporation, MHS Diwision
60
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Rectangular Sedimentation Basin

With continuous chain collector sludge removal system

2/8/2022

Counter Current Flow Tube
Settlers

i

o,

Rectanguiar Clariber

Coutesy of Wixeiobvotor Engineered Sysroms - Microfoe

Clarification: Plate Sedimentation
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Super Pulsator®

2/8/2022

How Does Solids Contact
Clarification Work?

« Particles in Water are Pulsed Into Contact with
Floc in the Sludge Blanket
— Agglomeration of particles
— Can intercept particles

» Key is to Balance Floc Size and Density with the

Upflow Velocity
— Controlled in multiple stages

Performance Goals - Sedimentation

* Turbidity £ 2 NTU 95% time when source turbidity >
10 NTU

¢ Turbidity £ 1 NTU 95% time when source turbidity <
10 NTU
 Factors affecting sedimentation
* Efficiency of C/F Processes
¢ Detention Time
« Surface Loading Rate
* Weir Overflow
* Temperature
* Density Currents
* Wind
* Sludge Build-up

22



Water Treatment

Filtration
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Filtration

Process Description
> Removal of suspended matter by passing the water through a granular
porous medium such as sand, anthracite coal, or a membrane.

Overall Goals:
« Surface Water Treatment Rule (SWTR)
> Surface sources must receive filtration and disinfection
> Finished water turbidity standard of 0.5 NTU

« Interim Enhanced Surface Water Treatment Rule (IESWTR)
> Finished water turbidity standard of 0.3 NTU
» Benchmarking / profiling for Cryptosporidium removal

Approaches to Filtration

* Filtration by Granular Media
> Conventional Treatment
> Direct Filtration
> Slow Sand Filtration
» Diatomaceous Earth Filtration
* Bag and Cartridge Filtration
* Membrane Filtration
* Reverse Osmosis (RO)

23



Filtration Process Variables

* Filter media
— Grain size
— Shape
— Density
— Composition
— Porosity
* Filtration Rate
* Allowable Head Loss
* Liquid Characteristics (e.g., temperature)

2/8/2022

Filtration Process Variables (cont)

Influent Characteristics
Suspended solids concentration
Particle size

Particle charge

Water Filtration

Media

24
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Filter Efficiency

* Filter media qualities
— Effective size

— Uniformity coefficient
— Specific gravity

Filter Media

A sand filter bed with a relatively uniform
grain size can provide effective filtration

* Dual media filter beds usually use anthracite
and sand

Multimedia filter beds generally use
anthracite, sand, and garnet

* Advantages of dual and multimedia filters are:
— Higher filtration rates

— Ability to filter a water with higher turbidity

— Possibly longer filtration runs

Filter Profile —
Good Performance
Turbidity
(NTU) 0.4
0.3
0.2
Peaks: < 0.3 N_TU
01 <15 minutes —k
e
0 12am 6am 12pm 6pm 12am 6am 12pm
Time

25



Conventional Treatment

Disinfection
Chemicals
Filters oo
-
- - = Detiution
-}
H
Basin H
H Clearwell
B Shudge Wikl s Backwash Pumps
Water
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Direct Filtration

Coagulants and
Coagulant Aids

To
= Distribution

Clearwell
Backwash Pumps

Applicable to raw water with turbidity typically below 25 NTU
and Color below 25 color units.

Gravity Filters

|
e | UNDERDRAINS

Gravity Operated Filter

26



The Filtration Process

Mechanical Straining Adsorption
Rm wgu Raw Water

e

Large particles become lodged and cannot Particles stick to the media and cannot con-
continue downward through the media. tinue downward through the media.

2/8/2022

24" to 36"

Single and Dual Media Filters

Influent

|

Anthracite
Fine

Coarse

Support

Underdrain Sy stem Underdrain Sy stem

Multi Media and
Deep Bed Filters

Influent

Coarse

Silica Sand | Finer

Garnet Sand Finast

Suppert Support

—Effluent r Effluent

Underdrain System Underdrain System —

27



Comparison of Gravity Filter Characteristics

Deep-Bed High-Rate Media
_ Monomedium ~ RapidSand ~ Dual-Media Mutimedia

181n. C“a'f_ﬁ Coal, g 1. Coarse Coal

Medium Sand
s Modum Sond_|

f 4

Coarse Sand

48-T210:0r Anthracite
WA

| aRuE
b ¥ ?W_
& 18003 Gravel %
Bezuppalh
b Fine Sand Fine Gamet

spgr=286 spgr=4.0

A £=i
*sp gr = specific gravity
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Comparison of
Gravity Filter Characteristics

I | Conventional Rapid

Characteristic | Slow Sand Filters Sand Filters ‘ High-Rate Filters
Filtration Rate: | oosgme | 2 gpnft’ 3-8 gpvf’

; [ [ SmimdCer
Media: Sand Sand

or
| Sand, Coal, & Gamet |

Media Distribution: Un-stratified Stratified Stratified
Filter Runs: 20-60 days 12-36 hours 12-36 hours
i | 02feetinial | 1 foot initial T 1 foo initial
Loss of Head: o o to
4 foet final | BorOfeetfinal |  SorOfectfinal

Amount of Backwash |
Water Used: No Backwash 2-4% of water filtered | 6% of water filtered

Filter Flow Control Equipment

* Loss-of-Head Indicator
* Rate-of-Flow Controller
* On-line Turbidimeter

28



Loss-of-Head Indicator

Gauge

Loss of Head w— Rate of Flow
= 2 x - Rate Satter
Filter. =Ml
Operating Table D [:I
-
I

1
: I
- — Sediment
Filter u b
_— — -
; Air Lines Rate-ol-Fiow Controller
10 Gauge "y, |
Air Set

7

Praumatic ] I - 4]
Loss-olHead — [ /] Supply
Transmitter O
rain
’ ail

X

Air Supply Rate-of-Flow Diaphragm Pendulum Pilot
Valve Control Unit With Pneumatic Transmitter
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Rate-of-Flow
Controller

Constant Rate

Utilizes Rate-of-Flow Controller

* Declining Rate

> Does not use Rate of Flow Controller

Declining Rate Filtration

Rate Increase Caused as Filter Picks Up Flow From a Filter
Being Taken Out of Service for Backwashing

/ Constant Rate

Filtration Rate
(Flow of Water Through Filter)

Declining Rate

Clean Filter Length of Filter Run — Dirty Filter
(Start of Run) (Time) (Time to Backwash)

29



Typical Filter Run

Filter Run, Hours

2
=
§ =
: [
g K]
<
% T
& Filter
t— Should Be
Filter
Placed —= 0
into Service
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FILTER HEAD LOSS

K

‘/| L)
rT ¥ ¥ 3 ﬂ =

Backwash Water

Waste
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Filter Bed Expansion

Wash Water Trough

Expanded

Unexpanded | Media

Media

Gravel Bed

Backwash
Influent

¥
= > To Waste

Filter Backwash Evaluation

* Watch the backwash
> Boils (uneven flow distribution)

> Media carryover
> Clarity of wash water (turbidity)

* Observe filter media following backwash
> Cracks and evenness

31
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N

Backwash Water Turbidity (NTU)
o o888388358888

[
=

Acceptable Backwash Waste
Turbidity Profile

Backwash Water Turbidity (NTU)
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e Apprasimate  NTO
/ )
i AN \
Z ~ \
/ S \
7 o
7 Lo
5 75 10

Time of Backwash (Minutes)

Water Filtration

Operational Issues

Visual Inspection of Filter

Media in wash water Troughs

32



Visual Inspection of Filter

Sand boil in filter bed

2/8/2022

Results of Improper Backwashing

* Turbidity Breakthrough
* Short filter runs

* Air binding

* Mudball formation

* Filter bed shrinkage

* Gravel displacement

» Damage to underdrains

e Media loss

Results of Ineffective Backwashing

EFFICIENT BACKW/

33



Water Filtration

2/8/2022

Filter Profiling

SDWA Individual Rules

* Filter Backwash Recycling Rule (FBRR)
— Reduces risks from recycling contaminants
removed during filtration
— Affects systems that recycle spent filter
backwash water, thickener supernatant, or
liquids from dewatering

Membrane Filter Technology

* A membrane is a thin material that has pores
(holes) of a specific size

* Membranes trap larger particles that won’t fit
through the pores of the membrane, letting water
and other smaller substances through to the other
side

Y *. o *1\ : *\\
o * *S '-.. l. %
R i
1R

o ° o
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MEMBRANE

Dirty
Water
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Principle of Reverse Osmosis
(RO)

Pressure

OSMOTIC
PRESSURE

NG

Reverse
Osmosis

Raw Water

OSMOTIC PRESSURE

osm pres = 1 psi /100 mg/L OF TDS (divalant rich
waters)

osm pres = 1.2 psi /100 mg/L OF TDS (salt NaCl
waters)

35
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DEFINITIONS & TERMINOLOGY

RECOVERY: (PERMEATE FLOW / FEED FLOW )*100

FLUX: PERMEATE FLOW / MEMBRANE SURFACE AREA
GALLONS PER SQUARE FOOT PER DAY (GFD)

CONCENTRATION POLARIZATION: CONCENTRATION
INCREASE AT THE IMMEDIATE SURFACE OF
MEMBRANE

SIMPLIFIED SCHEMATIC

@ Feed

Membrane Module

REJECT %PERMEATE
OVER FEED:

RECOVERY

There are five basic
membrane systems.

4
Ultrafiltration

36



PORE SIZES
um
Pore
\ Size
<0.0001 Decreases
<0.001

<0.05

<0.5

2/8/2022

How do they compare?

Operational

\

15 - 35 PSI

Costs Pressure

\

SEPARATION PROCESSES

RI|ELAT|IVE SI‘ZE

37



TYPE

MF
UF
NF
BWRO
SWRO

MEMBRANE COSTS

PRESSURES EQUIPMENT
psi COST $M/MGD
10- 30 05-1
20-75 0.5-1.1
80 - 150 0.8-1.2
200 - 700 09-15
700 - 1200 2.0-6.0

O&M COST  WATER COST

$/KGAL

0.3-04
0.3-0.6
0.4-0.7
0.8-1.5

2.0-4.0

$/KGAL

0.4-0.6
0.4-0.7
0.6-0.9
1.0-2.0

2.0-4.0

2/8/2022

PACKAGED IN DIFFERENT

CONFIGURATIONS

SPIRAL WOUND

HOLLOW FIBER

CLOSE - UP VIEW

HOLLOW FIBER

SPIRAL WOUND

38



Membrane Materials

/

Cellulose Acetate (CA) ’
Poly(ether)sulphone (PS or PES) ;

Polypropylene (PP)
Polyamide (PA)
Polyvinylidienefloride (PVDF)
Combinations
» Thin film composites (TFC) e.g. PA on PS
» Mixtures as solutions or matrices e.g. PVDF +CA

2/8/2022

SPIRAL WOUND SYSTEM

SPIRAL WOUND

I_) CONCENTRATE

CONCENTRATE
T~ ONEENVI
> ONE ENVELOFE
FEED CCONCENTRATE

RO/NF Equipment

h.—ﬁ
Membrane elements : =
Pressure vessels B
RO Skids
Feed pumps .
Piping ﬁ:

Instrumentation

Pre/Post treatment

39



SUBMERGED MEMBRANES ARE
THE ANSWER FOR TOUGHER RAW
WATERS

2/8/2022

TWO DIFFERENT MODES OF
OPERATION

DEAD END WITH FREQUENT BACKWASH

Membrane Module

—J PERMEAT
E
100%

FEED

PUMP
BACKWASH

‘WASTE

TWO DIFFERENT MODES OF
OPERATION

CONTINUOUS CROSS FLOW

Membrane Module

PERMEAT
E
75-90%

REJECT
10-25%

40



PRE/POST TREATMENT
MF / UF

Membrane Module

Permeate

DISINFECTION
Pump

50-200 u
SCREEN

2/8/2022

PRE/POST TREATMENT
RO

Membrane Module

Permeate Product
(ormeare

Pretreatment

Post treatment

Pump CAUSTIC
DEGASIFICATION
ACID (LOWER PH) CHLORINATION
ANTISCALANT (REDUCE SCALING)
PARTICULATE REMOVAL
CARTRIDGE FILTERS
STAGES & PASSES
2 STAGE ARRANGEMENT
TO CONCENTRATE
MORE & INCREASE
FECOWATTR _ Vst SIAGE PERMEATC

e RECOVERY

N\ At PERMEATT
_ wesmer | N (s

T
| concenirare

2 PASS ARRANGEMENT WITH RECYCLE

‘\I:! Pass
FEEOWATER S ist PASS PFRMCATE il
=y J

|__coneenmmare

PASS.

2nd PASS PEAMEATC
— -

—

“wass  TO INCREASE
{ 2ng PASS CONCENTRATE SECYCLE | PURITY OF

] B PERMEATE
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First RO plant (Plains, Texas)
Dramatic Increase

|
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REASONS FOR DRAMATIC
INDUSTRY GROWT,

|

1977 $1000/elem
2020 $380/elem

AVAILABILITY &

MANUFACTURES

IMPROVEMENTS &
TREATMENT EFFECTIVENESS

COST
—

& REDUCTION IN FRESH WATER

>~
=
=
=
=
<
=
-
=
&~

STRINGENT WATER QUALITY REQ.

@ water factory 21
1977 400 psi 15 gpd flux 94% salt rej
2020 225 psi 20 gpd flux 99% salt rej

OTHER REASONS FOR GROWTH

(22 COUNTRIES DEPEND ON OTHERS FOR WATER)

(50% POP. INCREASE IN FL/TX/CA IN NEXT 20 YEARS)
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CURRITUCK, NORTH CAROLINA

0.2 MGD

EXPAND TO 0.5

NF SOFTENING

W/ CONV TO BW RO
90% RECOVERY

155 PSI

KILL DEVIL HILL PLANT, NC

3.0 MGD
EXPANDABLE TO 8
<&¢ FEED TDS: 3,800

adid

3 TRAINS

FORT MYERS, FLORIDA

12 MGD
EXPAND TO 20

3-4 MGD SKIDS
NF SOFTENING
90% RECOVERY
155 PSI, W/IBWRO
CONVERSION
PLANNED

2/8/2022
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PITTSBURGH

MANDATE “Cover all finished water reservoirs”

2/8/2022

SURFACE WATER
RUNOFF

ANIMAL DROPPINGS =,
& CARCASSES %

ALGAE GROWTH

PITTSBURGH 25 MGD POST
TREATMENT

HOLLOW FIBER, 8 RACKS
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VERO BEACH, FLORIDA

6 MGD

EXPAND TO 10

3-2 MGD SKIDS

LOW PRES. BWRO

85% RECOVERY

175 PSI

2/8/2022

GE Zenon Membrane Systems

ZW 500 Series ZW 1000 Series
High Solids / TOC Low Solids / TOC
= Coagulation = Surface water filtration
= Conventional plant = Settled/floated water
residuals treatment polishing
= Second stage/high = Sea water pretreatment
recovery applications to RO
= MBR membrane = Secondary effluent
ocoverz0n4 - DiOreactor 1

UNIQUE FEATURES OF
MEMBRANES
® |TIS A BARRIER
® |TIS MODULAR

® EASY TO OPERATE
® CAN BE MADE ATTRACTIVE
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CHALLENGE TESTS IN MF & UF PILOT
TRIALS HAVE SHOWN SUCCESS

BEYOND PENDING REGULATIONS
N " .

Giardia Cysts Cryptosporidium Oocysts

2/8/2022

CONVENTIONAL FILTRATION MEMBRANE PROCESS

PARTICLE
¢ ATTACHMENT

PROBABILITY OF CAPTURE BARRIER BY MECHANICAL
RETENTION
99.6% CREDIT 99.99% CREDIT

Q uestions?
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