
 

 

 

 

 

 

 

 

 

 

Background 

Water Sensitive Cities Australia at Monash University is working with RID to develop strategies that 
combine conventional engineering solutions and nature-based solutions (NbS). The aim is to help 
mitigate flooding risks and create a multifunctional community-based productive and eco-tourism flood 
corridors. Key to the project is strengthening RID’s institutional capacity on inclusive NbS design and 
integration into irrigation infrastructure. The project established a core group of RID trainers through 
Training-of-Trainers (ToT) supported by Australian experts, building in-house expertise to design, 
deliver and scale NbS irrigation and flood management solutions that support GEDSI (Gender 
Equality, Disability and Social Inclusion) transformative and climate-resilient outcomes. 

Overview 

The third RID Training of Trainers aimed to strengthen participants' practical capacity in hybrid NbS 
design, application, and training delivery within RID. The training included a guided site visit to a 
riverside pond near the Chiang Rai dam nominated by RID as the project design site. This direct 
engagement with real site conditions allowed participants to assess project constraints and contextual 
challenges firsthand, providing a stronger foundation for the design work that followed. This site was 
used as an illustrative example only.  

The NbS design work centred on an integrated consideration of water hydrology, water resource 
management, climate resilience and pollutant mitigation, all oriented towards ensuring a reliable 
supply of clean irrigation water, particularly during the dry season when drought risk is most acute. 
Biochar was introduced as a recycled material with strong water purification potential, with guest 
experts from Mae Fah Luang University (MFU) invited to present on its properties and assist 
participants in incorporating it into their designs. Alongside these technical considerations, GEDSI 
principles were explicitly embedded in the design requirements, ensuring that proposed solutions are 
inclusive and accessible to the elderly, people with disabilities, women, and other marginalised 
groups. 

The training ran over 5 days, opening with an afternoon site visit at the RID Chiang Rai office on 
Monday 25 May, with the remaining sessions held at The Legend Chiang Rai Boutique. The training 
was run by Dr Jianbin Wang with support from Dr Miao Wang and Ms Katharine Cross. As the GEDSI 
Advisor, Professor Helen Johnson was not available for the training, her advice and recommendations 
were discussed prior to the sessions and incorporated into the training materials.  

The program combined presentations from WSCA and MFU with iterative group design development, 
with participants divided into 3 groups each supported by at least one landscape architect. Building on 
lessons from ToT2, 3 structured check-in points were introduced throughout the design phase to 
maintain momentum and ensure coherent design progression across all groups. The training 
concluded on Friday morning with group presentations, where each team presented their final design 
and received structured feedback. 



 

 

 

Figure 1. The group photo for all the participants in ToT#3 with the regional RID director. 

RID example project – Chiang Rai weir project 

THE CONCEPTS AND DESIGNS DEVELOPED FOR THIS SITE ARE FOR TRAINING PURPOSES 
AND ARE ILLUSTRATIVE ONLY.  

The project site nominated by RID for the ToT3 NbS design exercise is a riverside area adjacent to 
the RID Chiang Rai office, situated along the Kok River in Chiang Rai Province.  

The site occupies a strategically significant position within the local water system, located upstream of 
the Chiang Rai dam and downstream of the irrigation canal inlet. 

The site features a riverside pond connected to the Kok River mainstream. Over an extended period, 
sediment dredged from the pond bottom has been deposited along the bank, resulting in an 
accumulation of unconsolidated material. The top of this deposited bank sits approximately 3–4 
metres above the normal river water level, presenting both a physical design challenge and an 
opportunity for site remediation and landform reuse. 

A key concern at this location is water quality. Contamination in the Kok River has been shown to 
affect irrigation water drawn from the river, which in turn impacts agricultural produce on nearby 
farmland. The proposed NbS design therefore seeks to treat river water on-site before storing it for 
irrigation use, providing a more reliable and cleaner water supply — particularly during the dry season 
when water availability is most constrained. 

With this treatment and storage function as the central purpose, the proposed NbS design for the site 
aims to achieve the following objectives: 

1. Improve water quality through nature-based treatment processes 

2. Create treated water storage capacity to support irrigation demand, particularly during the dry 
season 

3. Provide alternative routing options for irrigation water conveyance 

4. Redesign and upgrade the existing irrigation canal 

5. Enhance the local environment and improve accessibility for diverse community members, 
including vulnerable and mobility-limited groups 

6. Establish community learning spaces to raise public awareness of ecological restoration and NbS 
approaches. 

 

 



 

 

Training summary  

Day 1 – 25 May 2026 

The first day of training began with a site visit to the RID Chiang Rai local office. Participants 
observed key physical and environmental conditions of the project site: 

● Turbidity was high.  
● The riverside pond sits approximately 3–4 metres below the top of the adjacent bank — an 

elevated feature largely composed of unconsolidated sediment extracted from the pond and 
deposited over an extended period.  

● Approximately 200 m separates the pond from the existing irrigation canal, which contained 
significant sediment accumulation, particularly at the inlet. 

Beyond the observable physical conditions, a previous environmental report revealed a more critical 
concern: upstream mining activities have resulted in heavy metal concentrations in the Kok River that 
significantly exceed standard permissible levels. As this river water is currently used for agricultural 
irrigation, crops in the surrounding farmland face a substantial risk of toxic heavy metal uptake, with 
serious implications for food safety and public health. These findings reinforced the urgency of 
developing an effective NbS design that prioritises water treatment prior to any irrigation application. 

 

Figure 2．Site visit to the Kok river side pond near the local RID office, (a). group photo at the local RID office, 

(b). on the bank of the river side pond, the soil on the bank is unconsolidated, (c). inlet of the irrigation canal, with 

a lot of sediments and mud. 

Following the site visit, a local RID officer provided an overview of the hydrological considerations 
underpinning the construction of the Chiang Rai dam and the broader context of water resource 
distribution across Thailand. The session also included presentations from local water user group 
representatives, who shared their concerns and expectations about water management. 

Water users raised two interconnected priorities.  



 

 

● First, they were very concerned about pollutant contamination in the Kok River, particularly its 
potential impacts on crop safety and public health — consistent with the heavy metal findings 
identified in the prior environmental report.  

● Second, because responsibility for maintaining local irrigation channels falls largely on the 
water user communities, they highlighted the financial burden this entails. They suggested the 
NbS design could incorporate elements that can generate economic co-benefits — such as 
eco-tourism — with revenue used to offset the ongoing costs of canal maintenance. 

 

Figure 3. Introduction speech by the RID local officer and the water user delegates. 

Day 2 – 26 May 2026 

Four guest experts from MFU were invited to contribute: Assistant Professor Apisom Intralawan from 
the School of Management, and Associate Professor Patcharee Pripdeevech, Assistant Professor 
Somwan Chumphongphan and Assistant Professor Thitipone Suwunwong from the School of 
Science. 

The opening presentation, delivered by Assistant Professor Apisom Intralawan and titled Chiang Rai 
Water Challenges and Community Resilience, provided a comprehensive overview of the region's 
water-related challenges, including recurrent flooding, seasonal water shortages and contamination in 
natural waterways. The presentation framed the urgency of adopting innovative water management 
approaches that address both quantity and quality concerns, establishing the broader local context for 
the NbS design exercise.  

Building on this foundation, trainer Jianbin Wang presented the training logistics and introduced the 
key principles of a water treatment train, contextualising the technical design framework within the 
challenges outlined by Apisom Intralawan. This session also introduced the biochar wetland concept. 
Biochar is a locally sourced material with significant potential for heavy metal removal, particularly 
arsenic, and therefore directly applicable to addressing irrigation water contamination. 

Jianbin also outlined the structured design progression for the remainder of the training. Beyond the 
final group presentations, 2 intermediate check-in points were incorporated to ensure the feasibility 
and coherence of each group's design development: 

● The first check-in (Tuesday morning) required each group to deliver a preliminary design 
debrief.  

● The second (Wednesday afternoon) required more developed presentations covering 
hydrology, water treatment, water storage, landscape design and GEDSI considerations.  

All participants were organised into 3 design groups, each supported by a dedicated landscape 
architect to assist with spatial and landscape design elements. 



 

 

 

 

Figure 4. Activities in Day 2, 26 May 2026. Top two pictures show the presentation for Apisom (left) and Jianbin 
(right) respectively, the bottom three pictures show the brief presentations the three groups did at the first check-
in point. 

At the first check-in, all 3 groups presented their preliminary design concepts. The presentations 
demonstrated well-considered initial design directions, reflecting a solid early understanding of site 
conditions and project objectives. Following each presentation, targeted feedback was provided to 
guide groups in refining their ideas ahead of the subsequent design sessions. 

Day 3 – 27 May 2026 

Day 3 focused on deepening and detailing each group's design concepts. The day opened with a 
short presentation introducing NbS design ideas suited to compact land areas, emphasising 
approaches that also address urban heat and climate change adaptation. These examples were 
intended to broaden participants' design thinking and offer additional strategies that could be 
integrated into the RID site designs. 

The afternoon session featured a Lab to Land video showcase, presenting the design, construction 
and real-world implementation of prototypes developed by WSCA — specifically the wicking planter 
and the portable green wall. These examples provided participants with tangible precedents for 
practical NbS implementation and expanded the range of design options available to each group. 

The day concluded with the second check-in, with all 3 groups presenting their mid-term design 
concepts and receiving structured feedback. The presentations demonstrated meaningful progress 
from the preliminary concepts shared on Day 2, with each group showing a clearer understanding of 
site constraints, treatment objectives and design integration. Detailed summaries of each group's mid-
term presentation and the feedback received are provided below. 



 

 

Group 1 Green Chem 

Group 1 proposed a multi-zone treatment system 
targeting heavy metal removal from Kok River 
water, focusing on mercury and arsenic 
contamination. Their concept centred on a 
sequential treatment train progressing from 
coarse sedimentation through fine sediment 
removal to a biochar adsorption zone, followed by 
a clean water storage pond. A floating boom at 
the river intake would intercept surface debris and 
coarse material before water entered the system. 
They noted the importance of protecting the biochar zone from sediment clogging, as reduced 
porosity would diminish heavy metal adsorption efficiency. They proposed a meandering flow path to 
increase hydraulic retention time. Community elements including a boardwalk, playground and market 
vendor area were incorporated, alongside gender-inclusive and disability-accessible design features. 

Key feedback: Suggestions included redesigning the floating boom as a hanging basket wall filled 
with biochar or similar media, forcing river water through the material rather than simply blocking 
surface debris. Natural coagulants (moringa or cassava starch) were recommended as a substitute 
for chemical dosing — both are food-safe, positively charged and locally recognised. The connection 
between treatment zones and the storage pond needed further development, and earthen berm 
construction was flagged as potentially avoidable through inflatable or temporary dam alternatives. 

Group 2 Better than Nothing 

Group 2 presented a 5-objective system built 
around a sequential treatment chain: a weir 
and sedimentation pond, a constructed 
wetland with aeration, a biochar wetland and 
a 48,000 m³ storage pond delivering water at 
0.5 m³/s to the Right Main Canal. A key 
feature of their concept was a recirculation 
scheme allowing treated water to be pumped 
back through the system for additional 
treatment passes if quality targets were not 
met, using the same pump infrastructure. 
Community elements included a running 
track, market, solar-hybrid pumping system 
and a learning route through the wetland 
zones. 

Key feedback: Recommendations included relocating the coagulation/flocculation step to the 
beginning of the treatment train, upstream of the constructed wetland. Designing the weir inlet to 
create a self-stirring vortex was suggested as a way to achieve flocculation without mechanical 
energy. Venturi aeration was recommended to supplement the waterwheel for oxygen introduction, 
positioned just upstream of the biochar filter where oxygen demand from iron-oxidising bacteria is 
greatest. The recirculation scheme was praised and recommended as a model for all teams. It was 
also suggested the team consider designing the wetland as a multi-species aquatic botanic garden to 
serve as a biodiversity discovery centre for tourism and education. 

Group 3 Mint 

Group 3 proposed a gravity-fed treatment system using existing land and ponds, requiring no 
pumping through the treatment train. Their sequence ran from a retention pond through a constructed 
wetland to a biochar filter before delivery to the irrigation canal. They emphasised using only materials 
and earthworks from the existing site (cut-and-fill), and proposed dual parallel biochar systems (A and 

Figure 5. Group 1 (Chem Green) debriefing in Day 3 
checking in event.  

Figure 6. Group 2 (Better than Nothing) debriefing in Day 3 
checking in event.  



 

 

B) so one could remain operational during maintenance. 
Community elements included a local market, learning 
centre, biochar production facility and a cultural/spiritual 
space. 

Key feedback: All groups were asked to clarify the 
concept of effective retention volume — the active flood 
storage in any pond is only the space between the normal 
water level and the maximum flood level, not the total pond 
volume. Groups needed to calculate and demonstrate that 
their designs did not reduce existing flood buffering 
capacity. Community concerns that modifying the existing 
ponds would increase flood risk were noted, and it was 
recommended that all groups develop clear communication strategies to explain that the shape of 
water bodies was changing but flood storage capacity was preserved or improved. 

Day 4 – 28 May 2026 

Two guest professors from MFU delivered presentations on developing and applying biochar, 
focusing on its potential integration into nature-based water treatment systems for heavy metal 
removal. Detailed summaries of both presentations are provided below. 

Biochar production and properties – Assistant Professor Somwan Chumphongphan 

Biochar is a carbon-rich material produced from 
agricultural waste biomass. Beyond its well-known 
applications in soil improvement and agriculture, 
biochar offers significant environmental co-benefits: 
its production reduces carbon emissions, and 
because the carbon locked within biochar is highly 
stable and resistant to decay, it represents an 
effective form of long-term carbon sequestration — 
keeping carbon out of the atmosphere for potentially 
hundreds to thousands of years. 

A key characteristic that makes biochar suitable for 
water treatment is its highly porous structure, which 
provides extensive surface area to absorb heavy 
metals including lead and arsenic. The presenters 
noted that biochar produced from different biomass 
sources exhibits different physical and chemical 

structures, meaning the choice of feedstock influences treatment performance. 

The production process described involved a double-layer biochar kiln design, which generates little 
smoke, burns efficiently and reduces fuel consumption. The process begins with coarsely chopped 
biomass, which is loaded into the furnace and ignited. As temperature rises to 400–500°C, syngas is 
released from the biomass and combusted. The entire process takes between 4 and 60 minutes, after 
which the combustion rate naturally decreases. The resulting biochar yield is approximately 25–30% 
of the original biomass weight by mass. 

 

Potential application to water treatment and heavy metal removal – Assistant Professor 
Thitipone Suwunwong 

The presentations outlined how biochar can be integrated into a wetland-based treatment system to 
simultaneously address physical, chemical and biological contaminant removal. A wetland prototype 
has been developed incorporating both aquatic plants and microorganisms — specifically endospore-
forming bacteria capable of microbial phytoremediation — to remove heavy metals from Kok River 
water as a research hypothesis. The system operates sequentially: bacteria first oxidise arsenic from 
its more soluble and mobile form (As³⁺) to a less mobile form (As⁵⁺), which can then bind effectively to 

the biochar surface and be removed from the water. The presenters emphasised that this biological 

Figure 7. Group 3 (Mint) debriefing in Day 3 
checking in event. 

Figure 8. Presentation to introduce Biochar 
production and properties by Assistant Professor 
Sowan Chumphongphan. 



 

 

oxidation step requires sufficient hydraulic retention time, so 
flow rate must be carefully designed to ensure remediation 
occurs before water exits the system. 

Iron-modified biochar (biochar with iron amendments) was 
highlighted as a means of further enhancing arsenic adsorption, 
as the iron coating increases both binding affinity and effective 
contact area between the biochar and dissolved metals. 

An important practical point relates to arsenic’s behaviour in 
river systems: a significant proportion is transported bound to 
fine colloidal particles, not in dissolved form. So a dissolved-
phase adsorption system alone cannot achieve effective 
removal. The recommended approach is to inject a natural 
coagulant upstream of the wetland and engineer a vortex or 
turbulent mixing zone to destabilise and aggregate the colloids, 
allowing them to settle or be filtered out before water reaches 
the biochar wetland. The biochar zone then addresses the 
remaining dissolved arsenic fraction. 

The relative merits of bacteria versus fungi for biological treatment were also discussed. Given 
bacteria are more difficult to control in open systems, fungi were proposed as a more manageable 
alternative, and further research into methods for infusing fungal cultures into biochar media was 
identified as a priority area.  

The current hypothesis is that the majority of the arsenic (more toxic form) would be oxidised to 
arsenate (less toxic form) and further immobilised by endorspore-forming bacteria (extremely stable) 
under sun dry and air dry conditions following breakthrough detection. This approach significantly 
reduces the likelihood of immobilised arsenic leaking back to the environment. It generated 
considerable research interest within MFU, with further research is needed to better understand its 
effectiveness to heavy metal immobilisation and possible engagement of bacteria-fungi consortium.  

In the afternoon session, participants applied this new knowledge to their design development. 

Day 5 – 29 May 2026 

Each group presented their fully developed designs, incorporating feedback from the Day 3 mid-term 
review and technical input from the Day 4 biochar presentations. Compared with the mid-term check-
in, final presentations were more detailed, with each group demonstrating clear progress in 
developing engineering parameters, operational scenarios and community integration strategies. 
Detailed summaries of each group's final design and the feedback received are provided below. 

 

Group 1 Green Chem 

Group 1 presented a hybrid NbS for the Kok River site 
framed around 2 goals: restoring water quality through 
heavy metal and sediment removal, and revitalising the 
riverbank as a community space. Their vision was to 
rebuild public confidence in the river by transforming a 
degraded area into a high-quality public amenity while 
maintaining the site's original function as a water retention 
zone. The site was divided into 5 treatment and activity 
zones, with approximately 70% dedicated to water 
treatment and 30% to community use. 

Zone 1 — Coarse sedimentation and river intake. The 
intake structure features a vegetated floating boom — not 
a standard litter trap, but one incorporating aquatic plants 

to enhance pollutant uptake, improve aesthetics, and provide aquatic habitat. A mesh curtain beneath 
the boom extends down through the water column, anchored at the riverbed, to intercept suspended 
solids. Water then enters a stepped sedimentation pond where a series of descending levels slow 

Figure 9. Presentation given by Assistant 
Professor Thitipone Suwunwong for biochar 
application. 



 

 

flow and allow progressively finer particles to settle. Sediment can be mechanically dredged from 
within the pond. A modular interlocking block wall with vegetation planted in the gaps stabilises the 

riverbank as a hybrid bioengineered structure. An IoT-
connected smart gate system controls water levels and 
can be opened during flood events to manage peak flows. 

Zone 2 — Fine sediment removal (constructed wetland). Two wetland types are used in sequence: a 
subsurface flow wetland (velocity approximately 0.05 m/s) followed by a surface flow wetland (velocity 
approximately 0.1 m/s). The subsurface zone stabilises fine colloids and reduces downstream 
contaminant transport, while plant roots trap 
sediment and begin removing heavy metals 
through phytoextraction.  

Zone 3 — Heavy metal treatment (biochar 
wetland). A subsurface biochar filter wetland 
designed as multiple parallel cells with a central 
pump. The pump draws water from the bottom 
of each cell, creating a hydraulic head 
differential that forces water upward through the 
biochar media — simultaneously mixing the 
water column, breaking thermal stratification 
and maximising contact with the biochar. Cell 
capacity is designed for a flow rate of 
approximately 0.45 m³/s, based on laboratory-
derived velocity data from biochar column tests, 
with a feed pipe diameter of 10 cm. Multiple 
cells are arrayed in parallel to achieve the 
required treatment capacity for arsenic removal. Treated water is piped to the storage pond, 
physically separated from untreated inflow. 

Zone 4 — Water storage. A geomembrane-lined storage pond (capacity approximately 40,000 m³, 
usable volume approximately 30,000 m³) 
prevents contamination leaching from 
surrounding soil and groundwater. Water is held 
here before delivery to the irrigation canal. 

Zone 5 — Community activity zone. A community area including a boardwalk and walkway system 
(minimum 1.5 m wide), parking, a pavilion for community gatherings and cultural events (including Loy 
Krathong festival), a playground, and a local market with reserved stalls for elderly and disabled 
vendors. Lighting is provided throughout for safety, particularly for women and children. Universal 
design principles are applied throughout — ramp access, gentle slopes and step-free pathways. 

 

Figure 12. GEDSI consideration from Greem Chem’s design. 

Figure 10. Flow direction from Green Chem’s 
design. 

Figure 11. Different zones from Green Chem’s design.  



 

 

Feedback received 

Rebuild community confidence through transparency and participation. The team's confidence-
building framing for community as a vision was a strong approach, noting the project's core value is in 
creating choice — people currently have no alternative to eating contaminated fish or irrigating with 
polluted water. 

Rebalance zone proportions. The sedimentation pond appeared oversized relative to the storage 
pond. Storage capacity should be increased to provide a larger buffer for irrigation supply continuity. 

Route water through a floating wetland channel before storage. Rather than connecting the 
biochar zone directly to the storage pond, a shallow channel covered by floating wetlands between 
the boardwalk and block wall could provide an additional polishing step before storage. 

Review the sedimentation pond inlet. Most off-river sedimentation ponds use a narrow, controlled 
inlet to prevent river flow turbulence from disrupting particle settling. A large open connection to the 
river represents a performance risk. 

Use a floating skimmer to transfer water between zones. Drawing water from near the bottom of 
the sedimentation pond when transferring to the wetland risks re-suspending settled sediment. A 
floating overflow structure taking only the upper, clearest water layer would prevent this. 

Design multiple progressive curtain layers in the boom system. Rather than a single mesh 
curtain, progressive curtains with decreasing mesh size driven by hydrostatic pressure difference 
could capture sediment in stages without relying on flow current — and without blocking prematurely. 

Use dredged sediment mixed with biochar to make construction blocks. Sediment from the 
pond, mixed with biochar (a carbon sequestration material), could be formed into precast blocks for 
the block wall — creating a carbon-neutral construction material and closing the waste loop on site. 

The biochar cell design has broader application potential. The pump-in-cell design is scalable 
and could be applied to irrigation canals in coastal Thailand affected by saltwater intrusion, where 
floating wetland cells could remove salinity and provide fresh water to farms — a potential future RID 
research project. 

Group 2 Better than Nothing 

Group 2 presented a comprehensive and well-documented 
design structured around 3 problem dimensions: 
physical/environmental (poor water quality, sediment, heavy 
metal contamination), economic/agricultural (toxic 
accumulation risk in irrigation water and crops) and 
social/livelihood (erosion of traditional practices and 
community connection to the river). Their stated vision was: 
"Restoring irrigation water through nature-based solutions 
for safe agriculture, household prosperity, and community 
wellbeing." 

Site layout. A solar farm and office occupy a private zone 
set back from the road. A learning and education centre 
(wetland school), multipurpose community space and 
service facilities are positioned along the main road 
frontage. Amenity features include a running track, a step-
free universal access loop and a learning route connecting 
through the wetland treatment zones to the river frontage, 
where a market and riverside deck provide community 
interaction space. 

Treatment train. River water enters at 0.625 m³/s. It first 
spends 16 hours in the sedimentation pond for heavy 

particle settling, then passes through a 1 km constructed wetland (6 hours retention, acknowledged 
as potentially needing extension to 2 days for effective colloid treatment), before entering a 45 m 
biochar wetland for final heavy metal polishing. Treated water fills a 48,000 m³ storage pond, with 
6,000 m³ held as an emergency reserve. Two pumps run continuously to deliver 0.5 m³/s 

Figure 13. Site layout from Better than 
Nothing group’s design. 



 

 

(approximately 14,000 m³/day) of clean water to the Right Main Canal (RMC), with a third pump on 
standby. A dedicated return line allows water to be pumped back to the river if needed. 

A natural aeration system that combines a waterwheel with the venturi effect passively draws oxygen 
into the water without energy input. The entire pumping system is powered by a hybrid solar system. 

Operational scenarios. Under normal conditions, water flows smoothly through the treatment train 
into storage. During a flood, the system is inundated and paused. After a flood, the team proposed 
isolating retained water, testing its quality, and — if cleaner than river water — delivering it directly to 
the canal. If contaminated, it is recirculated through the treatment train. This recirculation approach 
allows multiple passes (each adding approximately 2 days of wetland retention) without additional 
infrastructure. 

Biochar wetland. Biochar is installed in modular removable baskets within a zigzag channel to 
maximise hydraulic retention time and contact. The modules most likely to become saturated first can 
be sequentially removed, regenerated and reinserted. Different biochar types (bamboo, coconut shell, 
rice husk) are considered for different modules given their varying adsorption properties. Native 
aquatic species are used throughout, with invasive high-uptake species managed within defined 
wetland zones away from banks. 

Risk and resilience. Flood scenarios trigger recirculation or direct discharge depending on 
comparative water quality. Solar system failure triggers automatic grid switchover. Emergency 
equipment and signage plan included. Maintenance access routes are defined for biochar 
replacement, solar panel servicing, and wetland restoration. 

GEDSI and amenity features. Elevated wooden boardwalks, recreation areas, interactive learning 
signage, a local market, cultural infrastructure for Loy Krathong and water spirit worship, a jogging 
track, and a river deck. Disability parking, universal-access toilets, lighting throughout and a fully 
seamless ramp system integrated into all boardwalks and pathways ensure equal access for all users 
at all times. Agrivoltaic solar panels provide partial crop shading while benefiting from crop 
transpiration cooling, improving overall energy efficiency. 

 

Figure 14.GEDSI design and consideration from Better than Nothing group’s design. 

Feedback received 

The problem analysis and objective-strategy framework is exemplary. All teams were 
encouraged to follow Group 2's approach of explicitly mapping strategies against objectives. 

Show daily production capacity upfront. The system's output of 14,000 m³/day should be 
presented alongside objectives and compared directly to peak downstream irrigation demand. 



 

 

The constructed wetland retention time may need extension. Based on the colloid issue raised by 
the biochar expert, a minimum 2-day retention period may be needed. The recirculation design 
addresses this elegantly — each additional pass extends effective retention without new 
infrastructure. 

When recirculating, re-enter the system after the sedimentation pond. The return pump should 
feed water back at the wetland inlet, not at the sedimentation pond inlet, to avoid unnecessary 
remixing with settled sediment. 

Ensure plant roots reach the full water depth. Water depth in the constructed wetland should be 
kept to approximately 1 m to ensure plant roots penetrate to the substrate and maximise water-root 
interaction. 

Create a treatment train within the biochar module sequence. Filling successive modules with 
progressively finer biochar particle sizes, or with different biochar types suited to different 
contaminants, creates a secondary treatment train within the biochar zone to maximise removal 
efficiency. 

Add aquaponic floating farming to the storage pond. Given the treated water quality, the pond 
surface could support floating rice or vegetable production under aquaponic principles. Farmers 
granted access could be required to assist with maintenance in exchange — creating a community-
operated, self-sustaining management model aligned with the group's vision of community-driven 
water security. 

Manage dredged sediment through mycoremediation then upcycle. Arsenic-contaminated 
sediment from the pond base can be treated in situ using selected fungal species during planned 
maintenance shutdowns. Once arsenic levels are confirmed below thresholds, the cleaned sediment 
can be mixed with biochar and used as embankment material or pavement blocks within the park, 
keeping the waste loop entirely on site. 

Maximise floating wetland coverage on the storage pond. Greater surface coverage dissipates 
wave energy, reducing sediment resuspension and maintaining water quality in storage. 

Local market as an opportunity for showcasing inclusion. The market can be designed to support 
local social enterprises e.g. by organisations of people with disabilities, women’s associations, 
women-led businesses and youth associations. In addition, a circular economy approach can be 
taken to recycle waste from the market on site, potentially producing more biochar.  

Establish a community-based biodiversity monitoring program. Inviting school groups to survey 
and photograph wildlife attracted to the wetland builds a community-maintained biodiversity database 
and strengthens the site's identity as an educational and ecotourism destination. Biodiversity credits 
were noted as a potentially emerging income stream as the concept matures. 

Group 3 Mint 

Group 3 presented a 3-zone 
design developed through a 
checklist-driven approach to 
ensure site challenges, community 
needs and long-term sustainability 
requirements were all addressed. 

Vision: To use nature-based 
solutions to improve water quality, 
reduce flood impact, and ensure 
inclusive access to safe, clean 
water for sustainable community 
development and agriculture along 
the Kok River. 

Zone A — Water treatment. This 
zone contains the full treatment 



 

 

sequence, designed to operate entirely by gravity through the treatment train, with pumping only at 
the final delivery step to the 
irrigation canal. 

The retention pond serves as the 
initial buffer, receiving river water through a controlled intake. Water then enters a sedimentation pond 
designed in a mango shape with a staged, single-flow-path layout, including a side canal to 
accommodate overflow during high water events. When water levels drop seasonally, the dry pond 
bed can be used by the community. Aquatic plants are established in the shallow zones to assist with 
early-stage phytoextraction. 

From the sedimentation pond, water flows into the constructed wetland with a maximum head 
difference of 1 m between inlet and outlet, ensuring slow, controlled flow and maximum contact time 
with plant roots and substrate. Universal-access walkways with rest areas and interpretive signage 
are integrated around the wetland perimeter. 

Water then passes through the biochar filter, designed as a series of modular basket units (each 
approximately 1 m × 1 m × 1 m) filled with fresh biochar, forming a filter bed approximately 1.5 m 
deep and 100 m long. A geotextile membrane separates the biochar layer from a 50 cm planting soil 
layer above, in which vegetation is established. Solar-powered water turbines supply oxygen to the 
biochar zone to support aerobic microbial activity. After treatment, water flows into the treated water 
storage pond. 

A solar-powered paddle boat equipped with real-time water quality sensors monitors the storage 
pond, while 3 fixed monitoring points are established at the river inlet, before the biochar filter and at 
the storage pond outlet to track treatment efficiency at each stage. 

Zone B — Irrigation delivery. A simplified bypass treatment train is provided for periods when Kok 
River water quality improves sufficiently that the full treatment chain is not required — a "better-than-
nothing" option that allows the system to continue delivering water to farmers under lower-
contamination conditions. The existing main irrigation canal is retained, with a new intake gate added 
at the river. Solar-powered pumps transfer treated water from the storage pond (capacity 
approximately 36,000 m³, flow rate 0.4 m³/s, approximately 14,000 m³/day) to the canal. A final 
biochar block filter acts as a polishing stage at the last point before canal entry. Hydroponic plant 
matrices (including Egyptian papyrus and other root-zone species) are integrated into the final canal 
section for additional uptake of remaining contaminants. 

Zone C — Recreation and community. Visitors enter via an observation bridge offering panoramic 
views of both the murky river water and the visually clear treated water pond — a deliberate design 
feature to communicate the project's impact at a glance and draw visitors into the learning trail. The 
trail leads through the wetland treatment zones to a local market, learning centre (incorporating Thai 
cultural elements and a biochar production centre) and a general recreation area. The biochar 
production and storage centre creates local employment and maintains the filter media supply chain. 
Parking and an emergency vehicle access road are provided. The festival potential of the bypass 
canal was also noted — during Loy Krathong, water flow through the underground bypass section 
could carry illuminated festival boats, creating a surprise cultural experience that integrates the 
engineering infrastructure into community celebration. 

Figure 15. Site layout and conceptual view of the Mint group’s design. 



 

 

 

Figure 16. GEDSI elements in Group Mint’s design. 

GEDSI features include universal access design, safe and well-lit spaces, equitable participation, 
diverse community representation in the market (including stalls for people with disabilities and 
different ethnic groups), inclusive interpretive information and community capacity-building through 
biochar production training.  

Feedback received 

Add quantitative performance targets. Objectives should specify measurable outcomes — e.g. 
water meeting defined quality standards at least 90% of the time, or daily production sufficient to meet 
peak irrigation demand. Community objectives should similarly be quantified (number of market stalls, 
visitor targets). 

The dirty-versus-clean water contrast at the observation bridge is a powerful design feature. 
Standing between murky river water and visibly clear treated water is a compelling entry point for the 
learning trail narrative and a key opportunity to build public understanding of the project's value. 

Address stratification in the deep storage pond. At over 5 m depth, the pond is likely to develop 
thermal stratification, with surface water circulating while the bottom layer stagnates. Solutions include 
coupling a pump to the paddle boat so paddling draws deep water to the surface; using solar-powered 
vertical mixing pumps; or designing a shallow edge zone (less than 1 m deep) around the perimeter 
that also serves as a safety feature and a habitat for submergible aquatic plants. 

Optimise the sedimentation pond inlet and outlet positions. The mango shape is effective, but 
inlet and outlet positions should be placed at diagonally opposite ends of the pond to maximise the 
water travel path, prevent short-circuiting and extend effective retention time. 

Plant the constructed wetland more densely. Open water without plants allows flow to pass 
through without meaningful treatment interaction. Dense planting forces water into contact with root 
zones and biofilm surfaces where treatment occurs. 

The modular basket biochar design is excellent. Easy removal, sun-drying, regeneration through 
the endospore process and reuse without excavation are all significant practical advantages. Plants 
can also be grown directly in biochar without soil, simplifying the planting layer. 

Prevent short-circuiting in the biochar canal filter. In the final canal biochar block filter, water will 
tend to find the path of least resistance and flow around rather than through the blocks. The final 



 

 

block in the sequence should be designed as a full-width barrier to force interception, while earlier 
blocks guide flow progressively. 

Use fish as biological water quality indicators. Placing fish in the treated water pond provides a 
visible, intuitive assurance of water safety. Regular tissue testing of harvested fish for arsenic 
accumulation provides robust scientific evidence to underpin community confidence in the system. 

Upcycle dredged sediment on site. Rather than sending arsenic-bearing sediment to landfill, it 
should be mixed with biochar and formed into pavement blocks or construction elements for use 
within the park itself, keeping the waste loop entirely within the site boundary. 

Integrate biochar production with the local market through a community barbecue model. The 
double-layer kiln demonstrated during the training produces biochar in 2–3 hours — roughly the same 
duration as a community barbecue event. A combined barbecue and biochar production facility could 
be established in the market area, where visitors bring agricultural waste as their contribution, 
produce biochar using the kiln, and in exchange receive free seedlings or biochar-amended soil. This 
approach creates a self-sustaining, community-operated biochar supply chain without requiring paid 
production staff. The market also presents an opportunity for inclusive economic participation — 
social enterprises, organisations of people with disabilities and different ethnic community groups 
should all be actively invited to operate market stalls. 

ToT3 closing feedback from all the participants 

After the presentations, all participants were invited to express their feedback: 

Training format and structure 

Participants responded positively to focusing training around a single real project site. They 
considered the concentrated format was appropriately paced and the depth of engagement it allowed 
was a key strength. The level of detail demanded by the design task was genuinely challenging, with 
one participant noting it required a truly multi-disciplinary knowledge base. Despite the difficulty, the 
overall sentiment was one of pride and satisfaction on completion. 

Technical learning and disciplinary breadth 

Several participants highlighted the value of working across disciplinary boundaries. The chemistry 
component was unexpectedly enjoyable, with one participant from a landscape architecture 
background observing that integrating chemistry into design practice would enable much richer 
technical detailing in future work. Assistant Professor Apisom Intralawan from MFU was credited for 
advocating including economics alongside chemistry, engineering and environmental science, 
ensuring design solutions are grounded in the real needs and constraints of actual users, not just 
technical performance. 

Institutional development and broader relevance 

Participants observed a meaningful shift within RID, noting the effort to bring in people with more 
diverse professional backgrounds and perspectives. At the same time, the training prompted 
reflection on the scale of the problem: working with a constrained site made it clear that designing for 
a small, isolated area may be insufficient to address contamination at the river-system level. Several 
participants felt this was a valuable "wake-up call," and that tackling issues like Kok River water 
quality comprehensively would ultimately need to be elevated to a national policy agenda. 

Reflections and evaluation 

ToT participants shared their reflections via Mentimeter on Day 1 and 3. Participants: 

● indicated they understood the local water, land, climate and community context, and RID’s 
objectives for the site 

● identified additional information that may be required 
● identified affected groups. 

Participants were: 

● confident their proposals clearly defined the problem, including community needs and barriers 



 

 

● found the design process useful 
● found the pacing appropriate 
● suggested including more information about biochar.  

Participants also provided feedback through a final evaluation on Day 5: 

● Most participants rated the sessions as Good or Very Good.  
● They were confident in applying the design methodology to another RID project. They were 

also confident they could explain the methodology to colleagues.  
● They understand how to create co-benefits through co-design with communities and users, 

including vulnerable groups.  
● They considered their final design responded to the water management and inclusion 

objectives.  

These results reveal improvement across all participants in both NbS awareness and design 
capability. 

Participants’ reflections on the training included the following: 

● Community participation from local residents in sharing their opinions had a significant impact 
on the design concepts.  

● Collaboration among people from multiple disciplines is essential; future work should involve 
thinking and working together with a wider range of stakeholder groups.  

● The knowledge gained can be applied to landscape improvement and design work.  

Suggestions for future training included: 

● more support on NbS design, hydrology and water flows, and operation and maintenance 
● more time for design work 
● guidance material (e.g. manual, guidelines, examples). 
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