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Abstract

In recent years, the technology industry has been actively investing, leading
to an increasing demand of water. Furthermore, influenced by extreme weather,
the challenge of water resource supply in southern Taiwan has exacerbated.
Therefore, it’s necessary to promote and develop diverse water resources to cope
with this situation. In 2022, the Southern Region Water Resources Branch
completed the "Feasibility Planning for the Development of Emerging Water
Sources in Tidal River Segments in the Southern Region." Preliminary
assessments indicate that the tidal segment of the Zengwen River is a potential
candidate. Therefore, pilot tests for modular plants were conducted to further
evaluate the quality of permeate water and benefits.

The tidal segment of the Zengwen River is affected by tidal fluctuations and
river flow, resulting in significant variation of total dissolved solids and turbidity
in raw water. Additionally, with the contain of algae, fine particles, and organic
matter, the pretreated water quality in commissioning stage didn’t satisfy the inlet
requirement for RO desalination systems. After multiple adjustments and tests for
pretreatment process, the modular plant finally adopted media filtration and UF
systems as the pretreatment. The pretreated water then undergoes the first stage
of desalination treatment by the RO system, producing desalinated water that
meets drinking water quality standards (and internal control values of Taiwan
Water Corporation). Then, the product water was further treated through boron
resin and urea removal process by chemical dosing, producing desalinated water
that meets the quality standards for Yongkang recycled water.

The significant variation of raw water quality enhance operational difficulty
of the modular plant. Changes in TDS can be managed by adjusting the operating
pressure of RO high-pressure pumps and recovery rate. However, high turbidity
levels affect the lifespan of RO membranes. Restricted by the project schedule
and space limitations, there is no coagulation and sedimentation facility installed.
Therefore, under high turbidity conditions, the pilot plant will stop operation to
prevent equipment from being damaged.
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Algae in raw water undergoes decomposition in the sand filtration and UF
systems, leading to the generation of ammonia nitrogen. This often results in
ammonia nitrogen concentrations in the produced water exceeding the limit in the
first stage. This study suggests the full-scale brackish water desalination plant
consider to set up flotation facilities in the pretreatment process to remove algae.
Additionally, for organic matter in the raw water, it is recommended to include
biological pretreatment in subsequent modular plant tests for evaluation.

During pilot tests in these four seasons, approximately 36,700 cubic meters
of water meets drinking water quality standards (and internal control values of
Taiwan Water Corporation). The water volume satisfies Yongkang recycled water
quality standards is about 3,700 metric tons. The unit electricity consumption for
water production was approximately 2.73 kWh/cubic meter during the 2"
quarter (March to May 2023, with high TDS); during the 4" quarter, unit energy
consumption of water is around 1.70 kWh/cubic meter (October to November
2023, with low TDS). The unit water production costs were approximately 22.11
NTD /cubic meter and 16.30 NTD /cubic meter, respectively (excluding personnel
Costs).

The full-scale brackish water desalination plant aims to provide drinking
water meeting drinking water quality standards. After the intake chamber, a
mixing tank (with a retention time of 24 hours) is installed to cope with seasonal
fluctuations and tidal effects. This study plans the pretreatment process involving
coagulation and sedimentation, flotation, UF, and then the pretreated water will
further treated by a 2 Pass RO (Pass-1: BWRO+SWRO, Pass-2: BWRO) system,
followed by post-treatment with ammonia nitrogen removal resin. The
requirement of boron and urea removal facilities separately depends on the need
of industrial park or the manufacturers. The development scale is 60,000 cubic
meters per day, with a total project cost of approximately $ NTD 10.635 billion.
The water production cost is about 20.01 NTD/cubic meter (including tax). If
boron treatment is included, it becomes 20.44 NTD /cubic meter (including tax),
and if boron and urea treatment are included, it becomes 24.84 NTD /cubic meter
(including tax).
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