ilter PFAS

Introducing
The StormF

2©|OCEAN

Michael Wicks & Brad Dalrymple

!

Ocean Protectwebinar by Blake Allingham

15t June 2023
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Per & poly-fluoroalkyl substances
(PFAS)

Manufactured ‘forever chemicals’
Produced since 1940's

Used in various products
Persistent

Toxic

Bio-accumulative

Everywhere

®© ©®© © ©» © © © ©

High priority for environmental regulators

©

OCEAN
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In the media (& courts)

MINEWS

THE TRUTH HAS A MAN ON THE INSIDE

oy

POISONED WATER CORPORATE GREED Politics  World  Business  Analysis  Sport Science ll Justin  Watchlive  VoicoReferendum  Politics  World  Business  Analysis  Spor

ONE LAWYER'S TWENTY-YEAR

$212m PFAS payout for property value loss and
distress, but residents' contamination fears
linger

Leaseholders impacted by toxic PFAS foamn
out in $132.7 million compensation payout

BATTLE AGAINST DUPONT

PFAS
PAYOUT

nature

Explore content v

thejapantimes

About the journal ¥ Publish with us v Subscribe

Japan slowly wakes up to health risks of PFAS
‘forever chemicals’

> news > article

NEWS

News Opinion Sport Culture Lifestyle

How the US will remove ‘forever
chemicals’ from its drinking water

The EPA has proposed a strict PFAS limit, but it will take money and innovative
technologies toimplement the plan.

Brisban:
Q G locaton

MINEWS

Justin  Watchlive VoiceReferendum  Politics World  Business  Analysis Sport  Sciend]

PFAS
Alarming levels of PFAS in Norwegian Arctic
ice pose new risk to wildlife

Launceston Airport sues Airservices Australia
over PFAS chemical clean-up

f PFAS compounds in ice around

Svalbard, threatening dow

'Forever chemicals' persist through wastewater
treatment, may enter crops

by

PROTECT

Just one meal of caught fish per year is a
significant dose of PFAS

“These fish are incredibly contaminated.”

Q Bisbane
Chang

Top US chemical firms to pay $1.2bn to ol

settle water contamination lawsuits

Justin  Watchlive VoiceReferendum  Politics ~World  Business  Analysis  Sport

PFAS firefighting chemical found in drinking

Dupont, Chemours and Corteva agree deal and 3M also reported} : s
5 4 sl water at Avalon Airport fire station

considering $10bn settlement to avoid trial due to start on Monday

2‘ FIRE RESCUE l ‘i;‘l o ialba u-l—‘
! - i A

>

onmental Health News

INEWS - 1B

Justin  Watchlive VoicoReferondum  Politics  World  Business  Analysis  Sport S

Defence says 30 kilograms of toxic PFAS is still
flowing into creeks in Darwin each year

@®CBS NEWS

Australian

Story

chool uniforms: Are your
clothes dripping in "forever chemicals"?

Raincoats, undie:
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LA

PFAS INVESTIGATION AND MANAGEMENT PROGRAM SNAPSHOT - JULY 2022

Program financials (AUD)

(= ]w)
o=

®
Spent to Date (Since 2016)
$580 million

Ale)
0oo

As of July 22

(@

FY22/23 budget allocation
$117.5 million

PFAS environmental investigations
are complete at 27 of 28 sites in
Defence's PFAS investigation and
management program.

* Emerging science that may inform the risk
profile of current levels of contamination.

Emerging policy and regulatory
frameworks and guidance.

The 27 sites have now transitioned
to remediation and/or management.

The investigation at RAAF Williams
(Laverton) is expected to conclude
during the second half of 2022.

Rate of development of technology and
options improving the efficiency and
effectiveness of remedial actions.

Unseasonal or extreme weather events
may delay the conduct of remedial works
or impact the effectiveness of works or
technology trials underway.

Community & stakeholder concerns / risks

* Results from Defence's Ongoing Monitoring Program may
demonstrate changes in PFAS contamination levels or locations,
and leading to additional Defence responses.

Remedial activities may not deliver timely changes to PFAS
contamination profiles, or remediate to the extent desired.

Uncertainty over the human health and ecological impacts of
PFAS exposure.

Delivery of town water infrastructure to the West Bullsbrook
community.

Concern over the impact of PFAS contamination on property
values.

Harold Holt B - 4
Harold Halt A - 4
RAAF Learmonth - 4 v

Gin Gin -3
HMAS Stirling - &
RAAF Pearce - 13

Key:
® Investigations
@® Ongoing Monitoring Program only
@ Delivery of remedial and management actions
# Number of community engagement sessions

Robertson Barracks - 4

RAAF Darwin - 8

RAAF Tindal - 12 ®
(]

L J [ ] HMAS Caims - 4
RAAF Townsville - 7
o Lavarack Barracks - 6
L
‘Wide Bay - 2
RAAF Amberley - &
L
[ J
e AAC Oakey - 14
Singleton - 4 P RAAF Williamtown - 10
RAAF Richmond - 7 o
RAAF Wagga - 6 o °
Kapooka - 3 L e
[ ® ® Holsworthy Barracks - 5
® HMAS Albatross - 6
™ Jervis Bay/HMAS Creswell - 7
o

RAAF Edinburgh - 7
Bandiana - 4

RAAF Willlams / Laverton - 3

RAAF East Sale -6
HMAS Cerberus - &

Remedial actions

Treated over 8 billion litres of water.

Treated and/or removed over 54,000 tonnes of contaminated
soil.

Provided 115 rainwater tanks to 80 properties in affected areas.
Connected 378 properties to town water.

Provided funding of approximately $24 million for 13 research
activities in support of PFAS investigation and remediation
activities.

Remediation using water treatment plants are currently
operating at Edinburgh (1), Tindal (2), Katherine (1), Williamtown
(2), and Oakey (1). Resin media regeneration facilities are
operating at both Williamtown and Tindal.

Remediation works targeting soil and other materials have taken
place or commenced at RAAF Base Williamtown, Army Aviation
Centre Oakey, RAAF Base Edinburgh, HMAS Cerberus, RAAF
Base Tindal, RAAF Base Pearce, and RAAF Base Townsville.

Works are due to begin at RAAF Base Richmond, HMAS
Creswell, and RAAF Base Darwin in the second half of 2022.

To support affected communities and Defence capability by managing PFAS contamination on and around Defence bases, using the best science and practicable remedial approaches.
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ewg

Drinking Water
ABOVE PROPOSED LIMIT

Drinking Water

BELOW PROPOSED LIMIT
@ Military Sites
@ Other Known Sites

https://www.ewg.org/interactive-maps/pfas_contamination/map/

PFAS Contamination in the U.S. (June 8, 2022)

°
Vancouver

Mexico

Gulf of
Mexico

Bahamas

1
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uidelines & Regulations

. BUILDING
AwrilasGornnest A HEALTHY
 National Health and Medical Research Counci AUSTRALIA

Guidance on Per and
Polyfluoroalkyl substances (PFAS)
in Recreational Water

o]

R

O

T

E

C

T

Australian Government
National lealth and Medical Research Council
Natural Resource Management Ministerial Council

National Water Quality Management Strategy

Australian Drinking Water Guidelines 6
2011

Version 3.6 Updated March 2021

i=Viess

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

.
L i)
2 WASHINGTON, D.C 20460

OFFICE OF WATER

N agenct

Va1 ppo®
December 5, 2022
MEMORANDUM

SUBJECT: Addressing PFAS Discharges in NPDES Permits and Through the Pretreatment Program
and Monitoring Programs

FROM: Radhika Fox
Assistant Administrator

TO: EPA Regional Water Division Directors, Regions 1-10

The National Pollutant Discharge Elimination System (NPDES) program is an important tool
established by the Clean Water Act (CWA) to help address water pollution by regulating point sources
that discharge pollutants to waters of the United States. Collectively, the U.S. Environmental Protection
Agency (EPA) and states issue thousands of permits annually. establishing important monitoring and
pollution reduction requirements for Publicly Owned Treatment Works (POTWs), industrial facilities,
and stormwater discharges nationwide. The NPDES program interfaces with many pathways by which
per-and polyfluoroalkyl substances (PFAS) travel and are released into the environment, and ultimately
mmpact water quality and the health of people and ecosystems, Consistent with the Agency’s
commitments in the October 2021 PFAS Strategic Roadmap: EPA's Commitments to Actior
(PFAS Strategic Roadmap), EPA will work in ion with our stat th d
authorities to leverage the NPDES program to restrict the discharge of PFAS at their sources. In addition
to reducing PFAS discharges, this program will enable EPA and the states to obtamn comprehensive
mformation on the sources and quantitics of PFAS discharges. which can be used to inform appropriate
next steps to limit the discharges of PFAS.

024

This memorandum provides EPA’s guidance to states and updates the April 28, 2022 guidance' to EPA
Regions for add PFAS disch: when they are auth dto the NPDES

program and/or program. These reflect the Agency’s commitments in the
PFAS Strategic Roadmap, which directs the Office of Water to leverage NPDES permits to reduce
PFAS discharges to waterways “af the source and obtain more comprehensive information through
monitoring on the sources of PFAS and quantity of PFAS discharged by these sources.” While the
Office of Water works to revise Effluent Limitation Guidelines (ELGs) and develop water quality
criteria to support y-based and water quality-based effluent limits for PFAS in NPDES
permits, this memorandum describes steps permit writers can implement under existing authorities to
reduce the discharge of PFAS.

! Addressing PFAS Discharges in EPA-Issued NPDES Permits and Where EPA is the Control
Authority, hitps://www.epa.gov/systeny 2022-04/npdes_pfas-memo pdf.
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What is StormFilter ?

© ®© ®© © ©

©

Radial treatment technology
Flexible configurations
Multiple media options
Self-cleaning functionality

Accessible & rechargeable cartridges

OCEAN

PROTECT



../Master_2023.pptx#10. PowerPoint Presentation
../Master_2023.pptx#9. PowerPoint Presentation

Application

© Commercial, industrial & residential areas
© Other projects (e.g. roads, airports)
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Configuration

Precast concrete pits & tanks

Custom above ground HDPE/aluminium tanks
Integrated within on-site detention structures
On-line or off-line

® ®© ®© © ©°

3 x cartridge heights

—520—

Y=

r .
- 520~ =520 —
| =
=
< STORMFILTER CARTRIDGE € < STORMFILTER CARTRIDGE = < STORMFILTER CARTRIDGE
\\\\\\\\\\\\\\ ) ( FLTRATIONUNIT (g l L ILTRATION UNI
‘ J \ [
-l ; = S - 7 - ﬁi%}
*'p | i J+ = FALSEFLOOR *g T i J» =+ FALSEFLOOR 0 i i g
C ' ’ PIT b., " e T f Pl T g
> v BASE S £
TALL (690 STANDARD !460& SHORT 310TE
STORMFILTER STORMFILTE STORMFILTER
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Performance

© 4 x 'real world’, published studies

© 2 x peer review reports

© 1 x longevity study

© Council approved performance values

OCEAN

PROTECT

©

vvvvvvv

A review of the application of
StormFilter® in Australia

Date: August 2021
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Case studies

© QOver 27,000 installed in Australia
© QOver 220,000 installed overseas
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LIFTING TAB

AIR LOCK CAP WITH CHECK VALVE

FLOAT VALVE

FILTER MEDIA

HOOD

CENTER TUBE

SCRUBBING REGULATOR

CONCRETE FALSE FLOOR

OUTER MESH

CHAMBER FLOOR

UNDER-DRAIN MANIFOLD
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Solution development &
testing

© Lab-scale testing of potential media
options

© Field-scale testing
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PROTECT
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Lab-sale testing

# UNSW

THE UNIVERSITY OF NEW SOUTH WALES

Per and Polyfluoroalkyl Substance Removal in

Stormwater by Radial Flow Treatment Technology

Homnours Research Thesis submitted as a requirement of Bachelor Degree in Civil

Engineering

The School of Civil and Environmental Engineering

University of New South Wales

By
Blake Allingham

August 2021

15* International Conference on Urban Drainage, Mefourne, October, 2021

Per and Polyfluoroalkyl Substance Removal in Stormwater by Radial
Flow Treatment Technology

B. Allingham™*", 1. McDonald®

#0caan Pratect, Unit 1 Huntley 5¢, Alexandria, New South Wales, 2015, Australia
" of Civil and Envir ing, Univarsity of New South Wales, Sydnay, New South Wales, 2052, Australia
“C author email: aur

Abstract

The use of per and polyfluoroalkyl substances (PFAS) has been common in aqueous film forming foams for
use in fire-fighting and associated training. The Australian government has had a ban on these substances
since April 2021. However, due to their strong Carbon-Fluorine bond they are still found in high
concentrations where historic use has occurred and low concentrations in surrounding areas [NSW
Environment Protection Authority 2021a).

The suspension and transportation of PFAS occurs in stormwater runoff originating from contaminated areas.
The focus of this study is the treatment of this runoff using existing radial flow treatment technology with
selected granular activated carbons and an ion-exchange resin.

The first stage was to identify appropriate media that is capable of treating PFAS to meet the Australion
Drinking Water Guidelines [Sum of PFOS and PFHxS to 0.07pg/litre and PFOA to 0.56ug/litre), (Australian
Government 2011). This was completed using a bench scale radial flow horizontal column representing a
1/24" scale of the radial treatment technology. Two media identified as “ACS’ and ‘X1’ were capable of
reducing the sum of conc ions of per ic acid and p tanc ranging
0.717 pg/litre - 0.830 pg/litre down to 0.001 pg/litre - 0.004 pg/litre.

The reduction in perflucrooctancic acid in ‘ACS’ and’ IX1' ranged from 0.018 pg/litrs - 0.020 pg/litre down to

below the limit of reporting {LOR] of the ultra-high-p e liquid ct combined with mass
spectrometry method (0.002 pg/flitre). During this initial testing, three flow rates were trialled at 11.43
litres /mil fm?, 26.7% litres/mi jm?® and 4464 litres/minute/m® with no significant difference in
performance.

A controlled field study of radial treatment technology using ACS was commenced to determine the amount
of volume of contaminated water that can be treated before the media needs to be replaced, which is defined
as the ‘breakthrough volume’. The controlled field study was conducted at a flow rate of 4464
litres/minute/m®. Results to date are up to 3600 bed volumes of treated water and show no signs of
breakthrough volume being reached. Over the 3600 bed volumes of water treated, the total PFAS, sum of
PFHxS and PFOS and PFOA influent concentrations ranged from 0.783 - 2.684 pg/litre, 0.3%6 - 2,065 pg/litre
and 0.008 - 0.054 pg/litre respectively. The removal efficiency of total PFAS, sum of PFHxS and PFOS and
PFOA ranged from 75.2% - 88.8%, 74.8% - 92.1% and 31.5% - 87.5% respectively. At this stage no definite

gh can be i and ¢ bed volumes will be treated to provide an appropriate
analysis on the longevity of the ACS media.

Keywords

Perand P o5 (PFAS); -

PROTECT

Peristaltic Pump

Constant Head Device

Wedge
Influent Sample Point
Effluent Spigot
Effluent Sample Point
Table 1. Summary of removal efficiency for selected media and flow rate.
Average Average Australian
y . Flow Rate Influent Effluent Remaval Drinking Water
Media Contaminant {Litres/minute/m2) Conc. Conc. Efficiency Guidelines
(ne/litre) (ng/litre) (e/nc)*
ACS Sum of PFHxS and PFOS 1143 0.717 0.001 99.86% [
PFOA 0.019 0.001 94 64% C
Sum of PFHxS and PFOS 2679 0.718 0.002 99.72% C
FFOA 0.018 0.001 94.83% [
Sum of PFHxS and PFOS 44 64 0.719 0.004 99.44% [
PFOA 0.018 0.001 94 74% C
X1 Sum of PFHxS and PFOS 1143 0.810 0.001 99.88% [
PFOA 0.019 0.001 94.59% [
Sum of PFHxS and PFOS 2679 0.769 0.001 99.87% C
PFOA 0.018 0.001 94 64% C
Sum of PFHxS and PFOS 44 54 0.830 0.001 99.88% [
PFOA 0.020 0.001 95.08% C

*: ¢ = Compliant;
nc = non-Compliant

Italicised vales are values recorded as below the laboratory level of reporting (LOR) and are presented as being equal to half of the

Limit of Reporting.
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What is Jellyfish ?

Membrane cartridge filtration
Up-flow hydraulics
Selt cleaning functionality

Flexible configurations

© ®© ®© © ©

Accessible & replaceable cartridges

Jellyfish’ Filter

OCEAN

PROTECT
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Application

© Commercial, industrial & residential areas
© Special projects (e.g. highways, airports)
© Popular for sites with low driving head

OCEAN

PROTECT
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Configuration

© Precast concrete pits & tanks
© Custom chambers
© On-line or off-line

UPSTREAM DIVERSION PIT WITH WEIR
(altemnatively, lift outlet bypass pipe accordingly) JUNCTION STRUCTURE

PLAN OF TYPICAL OFFLINE LAYOUT

PROTECT

JF1200-1-1

JF1200-2-1

JF2250-3-1

JF2250-4-1

JF2250-5-1

JF2250-6-1

JF2250-7-2

JF2250-8-2

JF2250-9-2

JF2250-10-2

JF3250-11-2

JF3250-12-2

JF3250-13-3

JF3250-14-3

JF3250-15-3

JF3250-16-3

JF3250-17-3

JF3250-18-3

JF3250-19-4

JF3250-20-4

JF3250-21-4
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Performance

© 2 x'real world’, published studies
© 2 x peer review reports
© Council approved performance values

©

alluvium
MES AUSTRALIA ——
EVALUATION OF TREATMENT PERFORMANCE. o
. .
NJCAT TECHNOLOGY VERIFICATION CRL ey = brinerr
IPSWICH oz
JELLYFISH" FILTER R
Imbrium Systems Corporation PORTONTHE FIELD MONITORING
PROGRAM o
AT ot AN BATAMIA VMATEN OF TRATIENT PTCHIANC O T AU
e s o s 4o
Fovneais ~
ik dagd
P

......

@ OCEAN

PROTECT

OGEAN

PRO <

A review of the application of
Jellyfish® in Australia

Date: September 2021
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Case studies

© QOver 1300 installed in Australia since 2017

PROTECT
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Jellyfish

INTLET PIPE

MAINTENANCE ACCESS WALL

DRAINDOWN CARTRIGE

CARTRIDGE DECK

HI-FLOW CARTRIDGES

OUTLET PIPE

BACKWASH POOL WELL

MEMBRANE FILTRATION TENTACLES

SEPARATION SKIRT
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Overview of Field Scale Study
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Field-scale testing

'‘Bed volume’ defined by StormFilter (70L of media)
41790 litres of water (597 bed volumes) treated
Operated & monitored in November & December 2022
Auto-samplers sampled every 25 minutes

59 sampling events collected & preserved

A total of 17 events analysed by ALS

©® ® ®» ©®© © ©® ©

"Treatment train’ approach

OCEAN

PROTECT
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Drinking Water Guidelines

© Maximum Sum of PFOS and PFHXS conc. = 0.07ug/L
© Maximum PFOA conc. = 0.56ug/L

*
“ Australian Government
" Nautional Health and Medical Research Council
Natural Respurce Management Ministerial Council

National Water Quality Management Strategy

Australian Drinking Water Guidelines 6
2011

Version 3.6 Updated March 2021
I - [
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Results - Sum of PFAS

200 100%
180 g 90%
160 80%

—®— Untreated/ MCS Influent
140 — 70%
—®— MCS Effluent/ RFCS Infuent

=
&
1 —
s g
o —@— RFCS Effluent -
2120 60% 8
= —@—% Reduction g
5 A o
2 100 50% o
:
w)
= 80 40% ©
a £
Y =}
o w
E 60 ———o /:\\\‘ 30%
a

40 20%

” W -

0 T T T T T 0%

0 100 200 300 400 500 600

Bed Volumes

OCEAN

PROTECT


../Master_2023.pptx#10. PowerPoint Presentation
../Master_2023.pptx#9. PowerPoint Presentation

Results - Sum of PFOS & PFHxS
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Results - PFOA
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Results - Long-chained PFSAs & PFCAs
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Results - Short-chained PFSAs & PFCAs
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Results - Summa YV (for ‘peak performance period’, 467 bed volumes)

Mean Mean
concentration in concentration in Total load % removal
untreated water RCFS effluent removal (ug) >
(Mg/L) (Mg/L)
Sum of PFAS 66.64 518 2010375 93%
Sum of PFHxS and PFOS 48.53 3.35 1477938 94%
Sum of PFOA 1.14 0.11 33857 91%
Sum of long-chained PFSAs & PFCAs 51.46 3.57 1566485 94%
Sum of short-chained PFSAs & PFCAs 14.77 2.26 409352 83%
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Likely applications

© Treatment of PFAS-contaminated
surface waters
* Military bases
* Airports
* Fire-training facilities
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Key considerations

© Incoming flow characteristics
« PFAS concentrations/ loads & types
* Solids concentrations/ loads
 pH, fluoride, organic carbon, nitrogen
* Flow rates, volumes

© Site hydraulics
© Water quality objectives
© Operation & maintenance

©
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Key advantages

Turn-key solution

Passive

Underground

Multiple ‘pass’ possible
Remote monitoring

Independently authored O&M
guidance & SWMS's

Easy integration

® ©®© © © © ©

@

© Lower costs
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