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A Few Notes Before We Start...

« Ask a Question

» Today’s webcast will be 60 minutes.

» There is one (1) Professional Development Hour
(PDH) available for this webcast.

» A PDF of today’'s presentation can be downloaded
when you complete the survey at the conclusion of
this webcast.

» If you have questions for the presenters please send
a message by typing it into the chat box located on
the panel on the left side of your screen.

Chat with presenter

[Type your question Send
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Today’s Presenter

« carofla

Engineers...Working Wonders With Water®

Dan Hugaboom
Chief Technologist,
MF/UF Membranes
Carollo Engineers, Inc.
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Agenda

* Microfiltration/Ultrafiltration Membranes & Applications
* Membrane Bioreactor applications & Applications

* Desalting Membrane applications & Applications
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Membrane Separation Processe

MICROFILTRATION (MFE) 10-30 psi

LILTRAFILTRATION (LUF)

MAMNMOFILTRATION (NF) 80-150 psi

F—] = ¥ i
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ELECTRODIALYSIS REVERSAL (EDR) BO-100 psi
BRACKISH REVERSE O5MOS5IS (BRO) 150-300 psi

SEAWATER REVERSE O5SMOSIS (SWRO) 500-900 psi

Credit: AMTA
https://www.amtaorg.com/wp-content/uploads/01_Application_of_Membrane_Technologies.pdf
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Micro and Ultra filtration (MF/UF) Work on Size
Exclusion Principal

* Membrane Filtration

* Pressure driven, liquid phase, separation process based on size exclusion utilizing a thin layer of semi-
permeable material

* MF/UF Membranes have distinct pores

Membrane Separation Processes

MICROFILTRATION (MF) 10-30 psi

ULTRAFILTRATION (UF)

SN42FPreClean, Interior, 1500xeq ™"

CEl image (1500x) of the filtrate side of a pre clean fiber
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MF/UF Membranes have many Forms, but the
Most Common is Polymeric Hollow Fiber (HF)
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MF/UF Membrane Rack, 1.5 mgd Capacity
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Membrane Feed Water

Particle
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Membrane Pore

Filtrate
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Solids Removal is nearly Complete as long as the
membrane is intact

1000
100 —,&'\ . :
" .t . \ j
o “d . : “
=) : :
[ :
=
= 1 .
~ e
s « Feed Water Turbidity
a Y . Filtered Water Turbidity
0.01 4t
0001 T 1 1 1 1 Ll T T L Ll Ll Ll L L Ll Ll Ll r Ll L T T T T L T T T
0 5 10 15 20 25 30 35

Run Time (Days)

€) WATEREUSE




MF/UF Membranes are also classified in water
reatment by rejection characteristics

California Surface Water Treatment Rule
Alternative Filtration Technology - Membrane Filtration

California Surface Water Treatment Rule
Alternative Filtration EY - Fil
SWRCB-DDW Water Treatment Committee - June 2018

N F I (log credit) Idity Standards Ci During Demaonst
Madel Type Virus Glardia Crypto 95% of time Max Max Flux Lph/m2 (gfd) | Max TMP (psi)
e Advent UF 4,* 4 4 0.1 NTU 0.5 NTU 136 (80) 29
BASF Inge 05000 3 35, * 4 4 0.1 NTU 0.5 NTU 156 (92) 29
Dow UF SFX2860 UF 2.5, " 4 4 0.1 NTU 0.5 NTU 102 {60} 30
Memcor PVdF
(s10, L10V, L20V) UF 15,* 4 4 0.1 NTU 0.5 NTU 88 (52) 22
Evoqua (formerly PVdF MF 0.5, " 3.5 4 0.1 NTU 0.5 NTU 25 (50) 29
Siemens, who 22 (L10N, L2ON)
acquired US Filter) L10N, L20N, S10N UF 1,* 4 4 0.1 NTU 0.5 NTU 263 (155) 12.3 (S10N)
Paolypropylene MF 0.5, * 4 4 0.1 NTU 0.5 NTU 110 (66.9) 15
(M10B, M10C, 510T) MF 0, * 4 4 0.1 NTU 0.5 NTU 160 (93.6) 17
Homespring UF211 UF 35, * 4 4 0.1 NTU 0.5 NTU 93.4 (55) 20
ZeeWeed 500 series UF 2,* 4 4 0.1 NTU 0.5 NTU 85 (49.8) 11.8
ZeeWeed 1000 V2 & V3 UF 35 * 4 4 0.1 NTU 0.5 NTU 93.4 (55) 12 (vac)
GE Zenon ZeeWeed 1000 v4 UF 1,* 4 4 0.1 NTU 0.5 NTU 102 (60} 13
ZeeWeed 1500 .
ZeeWeed 1500-600 CPX UF 1, 4 4 0.1NTU 0.5 NTU 170 (100) 45
Hydranautics HYDRAcap UF 4,* 4 4 0.1 NTU 0.5 NTU 119 (69.3) 18
Koch PMPW UF 4, 4 4 0.1 NTU 0.5 NTU 173 (102} 35
METAWATER (NGK) 431011 UF * 4 4 0.1 NTU 0.5 NTU (175) 55
5225 UF * 4 4 0.1 NTU 0.5 NTU 127.3 (75) 31
Norit X-Flow
SXL-225 UF - 4 4 0.1 NTU 0.5 NTU 127.3 (75) 31
Microza USV 6203
pall Microza USV 5203 MF 0s* 4 4 0.1 NTU 0.5 NTU 203.7 (120) 43.5
Microza UNA 6204
UNA 62041 UF 4, 4 4 0.1 NTU 0.5 NTU 102 {60} 51
Seccua SeccuMem Pro 1000 UF 1,* 4 4 0.1 NTU 0.5 NTU 90 (53) 36
HFS-2020 UF 15, % 4 4 0.1 NTU 0.5 NTU 202 (120) 29
Toray (Torayfil)
L5U-1515 UF 1.5 " 4 4 0.1 NTU 0.5 NTU 23 (49) 10
Tayobo wpr naDsL:,a:;: — 15, 4 4 oinTu | oswTu 119 (70) 35
WesTech Polymem 12052 UF * 4 4 0.1 NTU 0.5 NTU 45 (27) 21
Note *: Although virus removal may have been Fully d and by DDW in the past, each plant is required to provide a minimum of 0.5-log Giardia and 4-log virus

inactivation through disinfection. Credit for virus removal cannot be demanstrated an a daily basis currently via pressure decay testing per the USEPA Membrane Filtration Guidance manual.
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The Operational Challenge is Not Water Quality its
Production
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Process Flow Diagram

Cleaning System Supply
AN
Chemical Cleaning [ < CIP1 |
o2 —
< CIP3 ] v
*Chemical C:} ‘ }
Wastes Y
—~
| I | Z | ; ? ﬂ ﬂ ﬂ ﬂ
4 L@)-I ‘L o Y »To Disinfection
Pretreatment Filtration
Backwash
o Wastes*
C? O) } Coagulant |
Backwash
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Process Flow Diagram - Filtration
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Flow of Water in an Qutside to Inside Flow Membrane
Fiber
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Process Flow Diagram - Backwash
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Some Causes of Irreversible Fouling -
NOM Adsorption
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Some Causes of Irreversible Fouling -
Pore Penetration
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Some Causes of Irreversible Fouling -
Cake Formation
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Process Flow Diagram - Chemical Cleaning

v Y ;
i L@) < CIP1
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Low Flux & Properly Matched Membrane System
= Balance with Minimal Cost

Z Foulants

Low Flux Regular Backwashes
and Monthly CIPs
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Feed Water Quality Upsets Can put you out of
Balance

[
e
=

Low Intensity Cleans
to Right the Balance
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Pilot Testing Reduces Uncertainty by Defining the
Right Balance

10— +—— 7 +m + + +

" Baseline Contract Permeability = 7.5 gfd/psi @ 20C
g B .
- fL— — = Y -
® | [ —— v 7] Rate of Fouling = 0.345 gfd/psi | «
~ N\ 1l - ; g Rate of Fouling = 0.221gfd/psi @ .| @68 F/MG of e .
! i M‘ Iﬁg‘ \ ; LS .. B8EMGoffiltrate e .
ol ' [I i g . . i'_-_-“_ _rq,_-..-h—“- = _Q
; n\"m"‘ LT LA | § . i-a*ﬁ" - F-
= = g 1 . . . Min. Post CIP Contract Permeability = 5.6 gld/psi @ 20C
g 3_----_.---;_.-__-.-__--.._'--_%7__.}_'____<_
7 1 . CIF Trigger Permeability = ~ 3 gfd/ps| @ 20C
4
Minimum Membrane —
Permeability Action Level Fouling Rate Action Level 61252012 6i20/202
1 1 rmeability Detail
02 INE 2012 DATA REVIEW
1 - PCMC
6.3 gfd/psi gfdipsiMG'
1 1
4.7 gfd/psi’ 08
7 ofdlpsi gfdipsiMG?
2 2
3 gfdipsi® 08
gidipst ofdlpsiiMG®
3 3
1 gfd/psi®
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MF/UF Applications in Drinking Water

Surface Water Filtration Surface Water Treatment Rule <0.3 NTU
Cryptosporidium LT?2 2.5t0 5.5 log removal
GWUDI Filtration <0.3 NTU

G Cl Ta}‘co 1

Microfiltration 0.1 pm
-L >00.0099% Removal of Crpprosporsdism

l Ultrafiltration 0.01 pm
Virus

Up to 99.9999% Removal of

o e

Membrane  CT Basin Distribution
Filtration
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MF/UF Membranes Can be Combined with Pretreatment
Chemicals to Target Specific Contaminants
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Compatible Pretreatment Chemicals
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Key Considerations - Integrity Testing as Required
by the USEPA MFGM

* Direct Integrity Testing - A direct integrity test is defined as a physical test
applied to a membrane unit in order to identify and isolate integrity breaches.

* Indirect Integrity Testing - indirect integrity monitoring is defined as
monitoring some filtrate water parameter that is indicative of the removal of

particulate matter
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Direct Integrity Test Example -
Pressure Decay Tests

| —
Filtrate

) OOOOOOO!*

.

.

Break >

7 Membrane

Feed
Water

%}F’DJI 0-30 psi

Compressed
Air




Pressure Decay Test Results Tell us about the
condition of the membrane

16.0
0 psi/min
g 15.0
(5]
2 0.16 psi/min
o 140
a 0.24 psi/min
(6]
5 13.0
% ' ; @ 0.40 psi/min
= —#&— Background Air Loss (all valves closed) .. -
& 120 —e— No Fibers Broken "'ﬂ'---g___ﬂ
= - - % - - 1 Fiber Broken B 66 psi/min
—— 3 Fibers Broken
110 - - & - - 10 Fibers Broken
100 T T T T T T
0 50 100 150 200 250 300 350
Time (sec)
Figure 5.13

PRESSURE DECAY TESTS - PERIOD 3
CDHS CERTIFICATION STUDY - POLYMEM UF120S2
WESTECH/POLYMEM
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The PDT Result (psi/min) is Used in an Equation to
Estimate the Amount of water Bypass Treatment and
Log Removal - Pencils Down... Its done in the Control
System

QO *ALCReP .

LRV, =logl == - ] Equation 4.9

hPI"-!‘.'I'J' . "J:H: . VCF
Where: LRVprr = direct integrity test sensitivity in terms of LRV
(dimensionless)

Qp = membrane unit design capacity filtrate flow (L/min)

ALCR = air-liquid conversion ratio (dimensionless)

P = atmospheric pressure (psia)

AP\es: = smallest rate of pressure decay that can be reliably
measured and associated with a known integrity breach
during the integrity test (psi/min)

Viys =  volume of pressurized air in the system during the test (L)

VCF =  volumetric concentration factor (dimensionless)
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Indirect Integrity Testing Methods

e Turbidity monitoring

 Particle counting

 Particle monitoring
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Membranes in Tertiary Applications -

Key Considerations

* Water Quality

* Seasonal variations in secondary effluent quality
* TSS
* TOC
* BOD
* Phosphorus Concentrations and Speciation
* WWTP characteristics, especially SRT

* FOG pretreatment

€) WATEREUSE




Key Considerations in WW Applications - Solids
Residence Time and Flux

May need pretreatment to control fouling.

Examples:

Coagulation

Ozone

Biological filtration

Ozone/Biological Filtration q

30

P
&

Flux {gfd)
s
S
|

b
LN

10 -
5 = J — l_!_
D [

0 5 14 15 20 25 20
WWTP Solids Residence Time {Days)
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MF/UF Membranes are Used in Tertiary Filtration
Applications

Non — Potable Reuse

Typical Filtration Goal:

Filtrate Turbidity <0.2 NTU
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MF/UF Membranes are Used in Tertiary Filtration
Applications

Low Phosphorus Discharges

Typical Filtration Goals:

0.1 mg/L without coagulant
0.02 mg/L to 0.05 mg/L with coagulant
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MF/UF Membranes are Used in Tertiary Filtration
Applications

Potable Reuse

Secondary effluent MF/UF RO Membranes UV/AOP
Membrane Filtration

Typical MF/UF Filtration Goals:

RO pretreatment - SDI<3
Cryptosporidium Removal — 4 Log
Giardia Removal — 4 log
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The Membrane Bioreactor (MBR) Process

 Membrane bioreactor process - An activated sludge biological
treatment process that uses membrane filtration rather than
secondary clarification for solids separation and conventional
filtration

Permeate
Pump

o—

Screened Sewage

MLSS Recycle

WAS
Air Scour

Process Air J
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embrane Separation ’rocesses
Membrane Separation Pro S

MICROFILTRATION (MF) 10-30 psi

ULTRAFILTRATION (LIF)
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MF and UF Membranes are used in MBR
Applications, in Hollow Fiber and Flat Sheet Forms
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Groups of modules are connected to Filtrate
Piping by Small Diameter Pipe and/or Hoses
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MBR Schematic - A Little More Detail

Anoxic RAS Flow Permeate Flow
Mixers

[ oy |

> - L
L i )
v = _ l _ O .
o 0/0 ! o0 o o
Bio Process Membrane
€ WATEREUSE Aeration Aeration

Courtesy of Zenon



Key Elements of an MBR

* Use of membrane filtration to separate biomass from effluent
* Higher MLSS concentrations in aeration basins

* High solids recycle rate from membrane tank to aeration basin
* Membranes scoured with air

* Biological elements remain essentially the same
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MBRs Provide Reliably Low Effluent TSS

Filtrate Raw water Backwash
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MBR Applications: Long SRTs and Low Effluent
Ammonia Concentrations

—Umax = 0.13 days -1 (5 0C)
— Umax = 0.65 days -1 (20 oC)

=
(@)}
S
Z
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T
Z
c
)
>
=
[

15 20 25 30 35 40 45 50
SRT, days
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MBR Applications: Low effluent Phosphorus Due to
Solids Separation Capabilities
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Example Effluent Phosphorus

Concentrations at Operating Full-Scale
MBR Plants

)

Permit Limit. |+ Typical Effluent TP
(mg/L) (mg/L)
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MBRs in Potable Reuse, the Next Frontier?

UV/Peroxide GAC for H,O, Engineered
AOP Quenching Storage

MF/UF  NF/RO

0 j\‘ Iﬁ
Secondary Effluent Backwash Concentrate ChI;rine
Groundwater
Injection
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A pressure based Direct Integrity test would say
No.

_

System System 1 System Type 1

Test End Pressure 3.2 psi 11 psi

Breach Size Resolution® 10 micron 3 micron

30 psi/ min
Pressure Decay Rate 0.186 psi/min
(over 15 sec)

Calculated Log Removal per
MFGM Equations

<1.8 log 4log
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Pathogen Rejection in MBR is a Complex
Phenomena Not Defined by the Membrane Alone

1. Biological predation in sludge 2. Entrainment within, and size

exclusion by the loosely bound cake
* \ * / and irreversible fouling layers

¥
\*‘Vi:us. * Permeate

Protozoa
>
i Size Exclusion by the Membrane

| Pore (Typical @ 0.04 - 0.4 um)
3. Entrainment within f!n{:sé

and removal as waste
activated sludge

Credit: Branch et al., 2016
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MBR are Being Considered for Log Removal Credits in Potable

Reuse Trains

 No adequate data set was available to
correlate influencing factors on LRV through
MBR. “MBR removal mechanisms are complex
and synergistic, leading to difficulties when
applying simplistic modelling approaches”.

e Likelyhood that poor LRV correlates with low
HRT, high flux, high permeability, low TMP,
high turbidity, low MLSS and high DO,
resulting in an “operational envelope”.

-
Australian Water Recycling -
Centre of Excellence fiyr"

Project Report

National Validation Guidelines for Water
Recycling: Membrane Bioreactors

A report of a study funded by the Australian Water
Recycling Centre of Excellence




Pathogen credit for MF and UF is well understood

Pathogens Removal Primary/ MF RO UV/H,0, Subsurface Total

Goal Secondary Travel Time  Credits
log viruses 12 1.9 0.0 15 6 6 15.4
log 10 0.8 4.0 1.5 6 0 12.3
Giardia
log Crypto 10 1.2 4.0 1.5 6 0 12.7

T

Credits based upon DIT results
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MBR-based potable reuse treatment provides
insufficient credit for IPR GW injection

Pathogens Removal paBgR RO uUv/ H,0, Subsurface Total
Goal Travel Time Credits
log 12 ?2? 1.5 6 6 13.5+
viruses
log 10 ?2? 1.5 6 0 7.5+
Giardia
log Crypto 10 2? 1.5 6 0 7.5+

Additional 2.5 LRV needed for protozoa
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Experimental Evidence (SCVWD, Carollo 2017)
shows MBR can achieve Virus & Protozoa
Removal

Removal Goal e e T AT Subsurface Total Credit
(CDPH, 2014) Travel Time otal LTEEs
12 3.0 1.5 6 6 16.5
10 3.2 1.5 6 0 10.7
0 10.7




Membrane Desalting

Membrane Separation Processe

MICROFILTRATION (ME) 10-30 psi

LILTRAFILTRATION (LIF)

80-150 psi Form: Sp|ra| Wound, thin film

polyamide composite or nanocomposite
El rcTFeE:DJAl‘KW (EDR) BO-100 psi
BRACKISH REVERSE O5MOS5IS (BRO) 150-300 psi
SEAWATER REVERSE O5SMOSIS (SWRO) S00-900 psi
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WATEREUSE (less/no brine waste)

NF vs. RO: What's the Difference? 3

TR 4

- Both are membrane processes
™
- With a similar setup (spiral-wound modules) ™.

— -\-.K

high,

Typical equi Thiathy
ypical equipment cost may be less than RO 1g
-'
50-80 i l i 5,
Typical operating pressure (lower powerpci:man d) 200+ psi DA :
25-75%
Typical salt rejection ’ 99%+




NF/RO Membranes Do Not Have Pores -
Salt Rejection is Based Upon Diffusion
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Pressure

Concentrate
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Flat Sheets of Membrane Material and Spacers
are Combined into a “Spiral Wound” Membrane
Element for Commercial Use

Anti-Telescoping
Device

B e
aaaaa
- ey

L

«— Feed Channel Spacer

A X -
w
e \DOENEEE 2 TR <— Membrane
PE““BE = I :" - 0'.‘!“‘0:.:0:0:‘:.’-‘ <

L L )
-

Feed Channel Spacer

Outer Wrap

Diagram by Osmonics, Inc.
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A Primary Desalting RO System has Several Components
(Example: Groundwater Desalting)

Post-Treatment

Primary reatl
Cartridge Desalting Co_n_dltlon_lng/
Pretreatment Filters Step (RO) Disinfection

oL 7L e

—\ /— Permeate flow
_ —> 50%-90% of feed flow
Feed Pressure: T Very low TDS

For Reuse: 80-120 psi
For Brackish Water: 100-200 psi
For Seawater 800-1200 psi

Concentrate Flow
Groundwater 19%-50% of the feed
Well Highly concentrated salts




Concentrate Handling Must be a Primary
Consideration in the Design of Any RO System

« Disposal options
— Discharge to Sewer?
— Ocean Discharge?
— Surface water discharge ?
- Injection wells ?

— Or concentrate reduction......
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Concentrate reduction can be simple or complex

T
]

# I"i?i‘i"il

L) K
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Product Recovery Measures the Percentage of the
Feed Stream that Becomes Product

RO Membranes

Feed _> Product or Permeate
100 gpm 80 gpm

20 gpm

Brine

_ Product or Permeate Flowrate
Recovery (%) = X 100

Feed Flowrate

= 80 v 100 = 80%

€) WATEREUSE 100




As Recovery Increases the Concentrate Salt
Concentration Increases Exponentially

T | Recovery Controls the

Mineral Scaling (Fouling)
Concentrate Salt Potential
Concentration
Factor

5

50 80

€) WATEREUSE Recovery




Types of Fouling

&WaTeREUSE - Bjological Foulant Particle (Silt) Foulant




How is are process parameters determined?

. Starts with water quality * Projection software is used
analysis to select products,
determine recovery and

other design parameters
> . << s @

Feed Concenrate Permeate RO Summary Repart
Stge|  Elements #pv |#Els | Feed | Mecirc | Feed | Boost | cone [come | press | perm [avgriux| perm | perm RO Systar Flow Diagram
per | Flow | Flow | Prems | Press | Flow | Prems | Drop | Flow Press | TOS " . .
Y
PV | lgpm) | (gem) | [psi) lpsil | lgpen] | (esi) fpsi) | fgpm) | fefd) | (esi] | imefl) 1
1| swiouesoo |78 | 6 | 3761 | oco | 2113 | oo | 1sm2 | wes | 246 | em | 1as | 150 | 207 2
2 | swiouesoo |39 | 6 | 1mm2 | 000 | 2291 | ar0 | sazo | 2oas | 245 | san2 | 145 | 150 | e B4 - .
RO Solute Concentrations - Pass 1 -
Contentrations (mg/L as lan) ;
. eseription Thow TS| Prewes
Concantrat Permeate s | imeny | |
Feed Stagel Staged Stagel Staged Total 1 |RawFeed 10 Pums 2764 Lz [
3 [somt e o Pass 1 e | un 42
L 000 000 000 .00 000 .00 4 [Virtat Coneentrsne frem P 1 sa10 12454 045
e 200 399 793 001 003 002 & [Totad Permeate trom Pans 1 e | am 150
N | 7w 1450 288 L 009 008 RO System Overview
L a0 4339 BEAS 013 o2s 017 Total 0 of Traisn. ! 1 |Seandey = L] |'9MM
ot | sao 1164 2338 P Py o8 | Sranem P Rt e [Nt feed « e L 2
s 13.40 1679 5351 o.om ooz2 om Pass Pl
Bt 0.00 001 002 0.00 .00 000 it b
ot | 06 229 757 000 0.00 0.00 i Tive 2 ool o]
Nomber of Hlements o
HCOy | 74.00 158 849 03s 054 041 Erer— rery o
Noy | 0.0 0.00 0.00 000 0.00 000 eepr—— pry e
o 1200 1358 a7 88 .02 ooa 003 Feed T0A* Imefth a1
F EN ] 138 1469 .02 oos 003 Feed Preawre. L 4z
soct | 2200 4399 8,785 116 233 155 o - ” e
- Permaate Flow per Pass Tepem) @
sicy | 830 1653 32.47 007 015 0.10 B o 3
Boron | 002 003 0.06 000 001 0.01 ermasta ToS" v Fr
€0, | 165 23 39 166 259 197 Pass Recovery 0%
o | 3120 6238 | 12458 217 118 284 Average NOP o) [
BH 1 .7 1 58 58 58 Swdfic trargy Rorrhiw’) o7
Temgerature o 20
Footnotes: - 2.7 A Adpustment]
“Total Dissctved S0kds includes knd, 50y and B{OHy. It does not indiude NH, and 00y ey IF";R"H-"M!”‘"I
TSON
TSN
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Desalting Membrane Applications are vast in their

SCope
 Brackish groundwater desalting

Groundwater and surface water softening applications

Desalination

Industrial applications (semiconductor, food, oil & gas, etc)

Non — Potable Reuse (sodium, boron rejection for irrigation)

Potable Reuse Applications
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Potable Reuse AWT

Pre

Secondary
Effluent

ﬁ

-Treatment EQ/storage

Treated Water
Storage

Concentrate
Treatment

* Reverse Osmosis (RO) plays a critical role in this process
* Removes TDS (salt)
* Removes TOC (0.5 mg/L)
* Removes Nitrogen (<2 mg/L as NO,)
* Removes UV/AOP scavengers (eg alkalinity)
* Removes most TOrCs
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TOrCs Come From Many Sources
(a. ka PPCPs, EDCs, COCs, Microconstituents, etc.)

Antibacterial hand soap Birth control pill Coffee
triclosan ethinvl estradiol (E2) caffeine

Polycarbonate plastic Fire extinguisher Insect repellent
bisphenol-a (BPA) TDCPP, TCEP, TCPP DEET

»
» WATEREUSE Compounds shown represent only a small portion of all compounds analyzed



http://upload.wikimedia.org/wikipedia/commons/4/45/A_small_cup_of_coffee.JPG

NF Removal of Various TOrCs
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i REUS Experiments with Dow/FilmTec NF270 (a “loose” NF membrane) at only 50 psi feed pressure.




Questions?

Membrane Separation Processes

MICROFILTRATION (MF)

LILTRAFILTRATION (UF)

80-150 psi

BO-100 psi
BRACKISH REVERSE O5SMOSIS (BRO) 150-300 psi

SEAWATER REVERSE O5MOSIS (SWRO) 500-900 psi
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Upcoming Webcasts & Events

Enhanced Source Control for Direct Potable Reuse (Webcast)

October 2, 2019
11am PT |2 pm ET

Effective Strategies to Mitigate Post Treatment Challenges in
Potable Reuse Systems (Webcast)

October 10, 2019

11am PT |2 pm ET

ey

2020 WateReuse California Annual Conference
Hyatt Regency San Francisco

San Francisco, California

March 15 - 17, 2020
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