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ABSTRACT

AquaManage Group was established in 2009, specialising in Projects, Service and Technical
Support to the Water Industry. Our Employees each have 20-30+ years Water Industry experience
in Microfiltration, Ultrafiltration, Reverse Osmosis, Coagulation/Flocculation, Demineralisation,
Disinfection and Chemical conditioning. With the recent development in adaptive membrane
technologies from Original Equipment Manufacturers (OEM’s) around the world, AquaManage
has focused on offering our customers with options for future membrane replacement and upgrade
opportunities.

A couple of recent projects include the replacement of the now obsolete KOCH Targa II
membranes by retrofitting the DuPont MEMCOR® L40AM Mk2 Type 2 modules. The retrofit
works required the modification of pipework and manifolds to convert from inside-outside
filtration path to outside-inside as well as pipework and structural support changes to
accommodate the new housings and associated interconnections. Benefits include up to 72%
reduction in power costs, reduced washwater and chemical cleaning waste volumes, 25% increased
effective filtration surface area, resulting in reduced fluxrate or increased production. The new
membranes no longer require Sodium Hydroxide solution (Caustic) as an alkaline cleaning
additive thereby removing the need for another dangerous goods storage, dosing and handling
equipment.

1.0 INTRODUCTION

Hollow fibre membranes have been in circulation around the world for the past 30+ years.
In recent years many membrane OEMs are now able to offer retrofit options to their
competitors’ products. This often allows us to provide alternatives to our clients for both
current and obsolete products when membrane replacements are due.

AquaManage has recently completed retrofit projects at both Whyanbeel and Mossman
Water Treatment Plants near Port Douglas in North Queensland on behalf of Douglas Shire
Council (DSC). These plants were built in the late 1990°s and were fitted with Targa II
8072-35 (8 inch) membranes that are now discontinued.

Several options were available for retrofit with varying degrees of difficulty. We chose to
incorporate the DuPont MEMCOR L40AM Type 2 modules for the following reasons:-

- Australian Made

- Increased Membrane Surface Area per module by 25%

- Dead end, Outside = Inside filtration path

- Improved efficiencies in every respect



2.0

| a \ ]
e |
Py T

"\.\ \\,—\

A = 1

Figure 1 — Mossman WTP — UF Membrane Retrofit elevation view of 5x racks

Tropical Cyclone (TC) Jasper struck the area in December 2023, midway through our
Contract and fortunately, three out of five skids at the Mossman WTP had already been
upgraded. However, the WTP in the nearby township of Whyanbeel utilised the same
technology albeit only one rack of 36 Targa Il membranes that were also near the end of
their effective working life. This being the case DSC engaged us to expedite the same
upgrade to this plant ahead of the final two racks at the Mossman WTP.

DISCUSSION

2.1 Staged approach

The project was split into three separable portions commencing in 2022 and concluding
abruptly in 2024 as a result of TC Jasper recovery effort. The Mossman WTP involved the
retrofit to five (5) UF racks each fitted with 52 membranes and the Whyanbeel WTP was
one (1) rack with 36 membranes. The timeline of the Mossman WTP at-a-glance was as
follows:-

== [ =
UF2400 UF2200
INITIATION DESIGN UF2100
UF2500 UF2300
Defining the project Detailed project plans Phase 1 - Installation and Phase 2 - Installation and Phase 3 - Installation and
scope, objectives, and created, including design, Commissioning of UF Commissioning of UF Commissioning of UF
deliverables. quality, safety, HAZOP retrofit upgrade to retrofit upgrade to retrofit upgrade to
and implementation UF2100 UF2400 and UF2500 UF2200 and UF2300
review.
% %
A A A
2024
Aug Nov Mar Aug May

= Cyclone e .G
= Jasper £0
B =

Dec 2023



2.2  Design review

In close consultation with DuPont MEMCOR a design package was developed
incorporating our experience from similar previous projects. Whilst the product at this
scale was relatively new; our knowledge and experience with membrane systems generally
was paramount to the deployment of a suitable design.

Soon after the submission of the design package a HAZOP and design review meeting was
held with DSC projects and operations personnel as well as key sub-contractors and
consultants to interrogate the control philosophy, projected outcomes, construction-ability
and integration methodology to ensure that their objectives were being met and water
supply was to be maintained during the construction and commissioning activities.

23 Challenges

The Contract brief was to utilise as much of the existing infrastructure as possible. The
main challenges were to re-configure the pipework and valve arrangement to change the
flow path from inside—>outside to outside—>inside and to incorporate an air scour feature
by either using Compressed Air or with dedicated Air Blowers into the backwash cycle.
Another challenge we encountered was facilitating the 24 pneumatically actuated valves
that were existing on each rack and to ensure that the timing of the open-close cycles of
these and the reliability and performance thereof did not adversely affect the new plant
cycles. Therefore, some urgent maintenance was often required and careful adjustment of
position limit switches and speed controllers to ensure the valve position feedback and
prevention of water hammer. This was particularly important because the feed pressure
into the plant was sometimes greater than 600kPa on a DN600 supply line with an
acceptable upper limit of 300kPa branching off into the five racks in DN200.

We had to reconfigure the bottom permeate manifold to become the new air scour
manifold. We only needed to provide pipework and valves to remove the interconnection
and distribute the air scour across each rack. The retentate pipework and valving was no
longer required and contributed to the majority of wastewater efficiency improvements.
The most affective change from a power efficiency perspective was the removal of the
recirculation pump from the Filtration cycle and largely from the cleaning cycle. This was
the main reason for improved power and waste efficiency.

We utilised much of the Victaulic coupling connections and complimented this by custom
building Schedule 80 PVC interconnectors with a small section of clear pipe in the
permeate line for visual effect. We found after a few months of operations following Phase
1 of the project that the proprietary PVC reducing bushes was a weak point in the system.
During Phase 2 we therefore pre-fabricated reducing bushes from solid PVC bar to
strengthen the solvent welded joint. It was also found that the proprietary membrane
housing nuts were sometimes working loose. These too had to be replaced with new nuts
during Phases 2 and 3 of the project under OEM Warranty.

An extensive effort was made to carefully commission all the new plant cycles on the first
rack in Phase 1. Once all the electro-pneumatic “bugs” were identified, tested and retested
we were confident that the same philosophy could be applied to the rest of the plant. Also
having six months of operation between Phase 1 and Phase 2 provided us with reasonable
operational data to confidently deploy the same approach going forward.



The aftermath from TC Jasper and further inspection, confirmed the numerous landsides
throughout the pristine catchment area adversely affecting the feed water quality,
particularly during follow-up rain events. Along with the cleanup effort and numerous
mains breaks the demand on the WTP was inconsistent and often unprecedented. During
this time the pre-filters had to be bypassed to maintain reasonable throughput adding extra
demand on the membrane plant and emphasised the urgent need to finish off the Mossman
WTP upgrade, but not before Whyanbeel WTP within a 24 hour period.

24  Result

The response effort from TC Jasper meant we had to arrange for an emergency supply of
replacement membranes during the Christmas period of 2023, whereby we manage to
arrange delivery within 3 working days from DuPont MEMCOR in Sydney direct to site.
DCS Operations team carefully nursed the plant through this uncertain time to maintain
water supply and preserve the membranes. This being the case we were engaged by DSC
to prioritise the replacement and upgrade of membranes at the Whyanbeel WTP ahead of
Phase 3 for Mossman WTP. Given the similarities we managed to completely upgrade the
Whyanbeel WTP within a 24 hour period and increase the plant throughput by 60%
overnight. We then moved onto Phase 3 of the Mossman WTP upgrade to conclude the
project 6 months ahead of schedule.

2.4.1 Energy Efficiency
Whilst the 25% increase in surface area meant throughput was improved or fluxrate was
reduced, the main component for improved efficiency relates to power usage and waste
volumes. Power usage was dropped by 72% at Mossman and 28% at Whyanbeel, mostly
because the recirculation pump/s is now only used during the new CEB cycle and
potentially this could be removed altogether.

Mossman WTP - Power usage kWh

4000
3500

3000

1500
1000

500

= = c c c s e = e = =3 = =3 = = = = = > > > > = [ = [ =4
T T ] T o o a o a = = = =
1] o L] [ w L) w o =
T2 3 8 8 ¢ pf P P s s 2 s €€ 9 < 94 5 5 2 02 2232
B < T T < > L S U - D T : O - T =T
— o ™ — — o~ — — ol A o ™ @ 2 8 R - -

—D (22 e—D024

Figure 2 — Mossman WTP - Power Usage 2022 compared with 2024

2.4.2 Cleaning efficiency
The backwash interval is based on an algorithm dependant on target plant flow and with
the 25% increase in surface area we can confidently increase the backwash interval
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accordingly. The backwash interval will typically be every 120 minutes, therefore
increasing the uptime and overall daily throughput. We have however put performance
measures in place to trigger an early backwash if the TMP and/or permeability deteriorate
too rapidly. Also, the removal of cross-flow or retentate resulting in significant waste
volume reduction.

Whyanbeel WTP - Waste Volume

Pre-upgrade = 87% recovery
Post-upgrade =93% recovery
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Figure 3 — Whyanbeel WTP - Monthly Waste Volume Mar vs Apr 2024

The cleaning cycle of the new system is predominantly performed every 120 minutes with
air scour and filtrate backwash (BW) cycle, and 1 or 2 daily Chemically Enhanced
Backwash (CEB) cycles with sodium hypochlorite (Chlorine) solution. The benefit of the
new system is that Sodium Hydroxide (Caustic) additive is no longer required. Therefore,
the Caustic storage and dosing system has been decommissioned and removed from the
WTP. Due to the reduced fluxrate and expected feed water quality the Clean-In-Place
(CIP) cycles are expected to be infrequent using Citric Acid and/or Chlorine solution.

CONCLUSION

Retrofitting membrane plants is being considered more often now that technology has
evolved. Whilst the idea of converting the flow path of an ultrafiltration process into an
existing system may be daunting, the staged approach made this process much easier and
proved a more efficient outcome. Staging the project such that the concept design could be
applied to one out of a total of six UF racks, meant that an extensive effort and time could
be applied to optimising the installation methodology, serviceability and fine-tuning the
control system before rolling it out to the other racks. A few lessons-learnt during the early
part of the project were easily applied throughout to conclusion.

TC Jasper caused extensive damage to the environment, catchment area and infrastructure
in North Queensland coastal region. DSC were presented with many challenges in the
aftermath and fortunately the majority of the UF racks had been upgraded prior, improving
water production security during the cleanup effort. It did however bring forward Phase 3
of the project and expedite the upgrade of the Whyanbeel WTP. With extensive planning,
pre-fabricating and adopting lessons learnt we managed to completely upgrade this sole
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UF rack within a 24 hour shutdown period; much to the amazement of many, even
ourselves.

With a staggering 72% reduction in power usage, 93% product recovery rate and improved
fluxrate due to an increase in effective membrane surface area the overall operational cost
as well as reliability and water security will benefit DSC budget and the community.

™

Figure 4 — Mossman WTP — UF Rack — Before and After

Having the options and ability to consider alternative solutions for future hollow fibre
membrane replacement without completely replacing the entire hardware provides an
excellent opportunity for Councils, Water Authorities and other Asset owners to seek
operational efficiencies and reliability.

ACKOWLEDGEMENTS

A huge thank you to:-

Leigh Heath — AquaManage Group — Project Manager

Cathy Heath — AquaManage Group — Project / Service Coordinator

Kevin Ooi — DuPont MEMCOR - Project Manager

Huw Lazaredes — DuPont MEMCOR - Applications Development Manager

Luke Tenisons — DuPont MEMCOR — Senior Applications Engineer

Josh Ribbons — Welcon Technologies — Electrical Engineer / Control Systems integrator
Edan Hollis — RAM Metalworks — Structural St/St and Pipe fabricator and welding
Kevin Bellero — Bellero Electrical — Electrical and Instrumentation installation
Alice Kelly — Kelly Cranes — Crane Hire and Logistics

We’d collectively all like to thank the Operations, Projects and Engineering staff of
Douglas Shire Council for their business, support, flexibility and assistance.



