	
	
	



Annex A: Challenge Statements for 4th Edition of Global Innovation Challenge

	S/N
	Challenge Statement
	Background

	1
	Condition Assessment of Used Water Pumping Mains
 
[bookmark: _Int_rB1eSruL]How might PUB better assess the condition of our aged Pumping Mains, particularly for pipes with sharp bends and sections filled with water?
	A network of pumping mains (PM) is part of Singapore's used water network conveying used water from pumping stations, via downstream gravity sewers, to PUB’s WRP for treatment. These PMs are buried underground at depths ranging from 3m to 10m and are made of various materials such as ductile iron, cast iron, asbestos cement, and steel.  
 
Leaks from PMs can result in disruption to used water conveyance and potentially impact public health and water resources. Internal structural conditions of the PMs are therefore inspected periodically to detect potential failure points and for rectification to be carried out. Aged PMs are also identified and renewed through pipe rehabilitation to restore their structural condition.
 
The current methodology to assess the condition of PMs involves visual inspection using conventional video surveillance devices, e.g. Closed-Circuit Television (CCTVs). Such devices come with some common limitations such as: 
· Can only travel 100m to 150m as they are limited by the tether cable's length.
· Unable to transverse through sharp bends and/or multiple bends.
· Unable to traverse while submerged in water and obtain visual images of the pipe’s condition if remnant used water is not drained off or removed.
 
PUB is seeking solutions such as robotics systems or inspection tools that can perform condition assessments of PMs. We are open to considering both visual and non-visual inspection methods to collect data for identifying or deriving potential leak spots or failure areas. It will be a plus if the solution is equipped with artificial intelligence and machine learning capabilities to estimate extent and rate of degradation of PMs.








	2
	Condition Assessment of the DTSS Tunnel

How might PUB inspect the DTSS tunnel without the need for man entry, in order to assess the tunnel’s condition?
 
	The DTSS is a mega underground used water superhighway which centralises the collection of used water to PUB’s   WRPs entirely via gravity. The DTSS Phase 1, completed in 2007, was designed and constructed to last for 100 years, with a total length of 48km and depths of 18m to 50m, as well as a tunnel diameter ranging from 3.3m to 6m. 
 
As a preventive measure, PUB is keen to regularly inspect the physical condition of the DTSS’ corrosion protection lining (CPL) and the structural integrity of the main tunnel. Currently, PUB faces challenges in carrying out routine inspection of the DTSS due to the lack of cost-effective technologies locally that can be used to inspect the entire length of DTSS safely (i.e. without man entry into the tunnel). 

Ad-hoc inspections on some of the tunnel stretches have been carried out by civil contractors working near the DTSS to fulfil PUB’s sewer protection requirement. The inspections are carried out using large-sized floating CCTV pontoons, which are costly and resource intensive to deploy. The distance that can be covered by the pontoon is also limited by its tether cable length. On average, up to two ad-hoc inspections are carried out annually. 
 
PUB is seeking remotely operated or autonomous unmanned vehicles that can navigate and inspect the DTSS to provide imagery or recordings of the tunnel interior without requiring human entry. The solution must either be adaptable to the different configurations of the tunnel shaft or travel longer distances. Additionally, it must be easy to launch without the need for deployment of heavy machinery, able to withstand the diverse and harsh conditions in the tunnel such as different water and air flow conditions, as well as corrosive environments, and be intrinsically safe to use.












	3
	Robotics for Process Tank Cleaning
 
How might PUB clean the process tanks at our WRPs without requiring man-entry to improve safety and reduce reliance on manual labour?
	PUB’s WRPs have treatment processes that involve large tanks with restricted access for safety. Currently, these process tanks are cleaned two to three times a year, and workers must endure confined space conditions to carry out tank cleaning works. The current method requires up to six workers to concurrently perform cleaning works by using water jets disposing of dislodged sludge materials. On average, the cleaning of a single tank can take about six days. The cleaned tanks are inspected and repaired before re-commissioning.
 
For sedimentation tanks in Changi WRP, scrappers are used to remove settled sludge by sweeping them into a sludge hopper for disposal. However, over time, hardened sludge, string-like debris, and other wastes accumulate on the tank walls, floors, and scrappers, which cannot be removed by the scrapper. Additionally, the scrappers are unable to sweep the entire breadth of the tank, resulting in some dead zones that accumulate settled sludge. Certain tanks also have blind corners and uneven terrain, which require workers to don additional personal protective equipment, such as safety harness, while carrying out cleaning works. 
 
PUB is interested in robotics systems that can clean the process tanks without requiring man-entry, thus eliminating the need for manual labour and its associated safety risks. 




	
	
	



