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WATER DIRECTORATE ORGANISATIONAL STRUCTURE

Distribution of Drinking 
Water to the property 

boundary

Conveyance of 
Wastewater from the 
property boundary to 

the Wastewater 
Treatment works

RETICULATION BRANCH AIM
Drive data-driven decision-making through accurate and 
reliable data.
Focus on the journey of a signal:
▪ Sensors – the sensory organs of the operation
▪ PLCs – the control/reflex centre



Why Sensing and Control Matter?

The Challenge
Water and wastewater networks demand significant human 
resources to operate:

• Continuous monitoring of pipes and pump stations

• Manual response to operational anomalies

• Round-the-clock staffing requirements

• Slow detection and resolution of faults

How Automation Helps
Sensing and control systems reduce manual effort and improve 
reliability:

• Preventing overflows and protecting infrastructure

• Maintaining consistent water supplies

• Reducing downtime and improving response times

• Supporting data-driven decision-making



Signal Journey



SENSOR
• Measure and converts to 

signal 

PLC
• Receives the signal from 

the sensor and controls 
the operation 

RTU
• Processes the signal from 

the PLC and readies data 
for transmission

TELEMETRY
• Means of data 

transmission

SCADA SERVER
• Receives the data from 

the RTU

OPERATOR SCREEN
• Displays data in a 

meaningful way



Sensors: The Eyes and Ears of the System

• A sensor is like a sense organ for machines or 
equipment

• It detects a change in the environment
• It then converts this change to an electrical 

signal
• That signal is used by other systems

SENSOR TYPE MEASURES TYPICAL APPLICATION

Ultrasonic Level Reservoirs, wet wells

EM Flowmeter Flow Potable water pipelines

Pressure Transmitter Pressure Pump stations

Float Switch Discrete level Overflow protection

Turbidity Sensor Water quality Treatment monitoring

pH Sensor Acidity Wastewater process control



Measuring Water Quantity & Quality

• Measuring water quantity means to measure the 
amount or flow of water

• Measuring water quality means to measure the 
health of the water

• To measure flow an electromagnetic or 
ultrasonic flow meter is used depending on the 
liquid being measured

• To measure the water level use an ultrasonic 
level sensor or a hydrostatic pressure sensor



Choosing the Right Sensor

Sensor Pros Cons

Ultrasonic Sensor
• Non-contact
• Low Maintenance

• Foam/solids affect readings
• Sensitinve to condensation

Electromagnetic Flow Meter
• No moving parts
• High accuracy

• Needs to be inline
• Expensive
• Requires conductive liquid

Float Switches
• Simple
• Reliable backup

• Limited information
• Mechanical wear

Engineering Trade-offs
Selecting the right sensor means balancing competing factors. Engineers weigh 
upfront cost against long-term maintenance, and consider site conditions — 
temperature, chemical exposure, and vibration all play a role.

Fluid type, required accuracy, and power availability further narrow the options. 
Often the best approach combines multiple sensor types for redundancy and 
cross-validation of critical measurements.

Leadership Insight
Good automation design is not about selecting the most advanced technology — 
it is about selecting the most reliable technology for the operating environment.

Guiding principle: Choose sensors that your field teams can maintain, calibrate, 
and replace without specialist contractors.

Expanded on next slide  ▶



Leadership Insight: Designing for Reliability

Good automation design is not about selecting the most advanced technology — it is about selecting the most reliable 
technology for the operating environment.

Guiding Principles

● Maintainability first: Choose sensors that field teams can maintain, 
calibrate, and replace without specialist contractors.

● Environment over specification: A sensor rated for laboratory conditions 
will fail in a harsh pump station. Always match the sensor to the actual site 
conditions.

● Redundancy by design: Pair primary sensors with simple backup devices 
(e.g., float switches alongside ultrasonic sensors) to prevent single points of 
failure.

● Total cost of ownership: A cheaper sensor that fails frequently costs more 
than a robust one that lasts. Factor in downtime, callouts, and lost data.

Practical Examples

● Ultrasonic sensors in wet wells with heavy foam gave false level readings. 
Switching to submersible pressure transmitters resolved the issue at lower 
ongoing cost.

● A remote pump station used a high-spec flow meter that required factory 
calibration. When it drifted, weeks passed before a technician could attend 
— a simpler meter would have been recalibrated on site the same day.

Cautionary Scenario
A municipality installed advanced multi-parameter water quality sensors across 
its network. Within 18 months, 40% were offline — membranes fouled, 
calibration drifted, and no local staff had the training or spares to service them. 
The result: less data than the simpler system it replaced, at three times the cost. 
Reliable technology your team can support will always outperform advanced 
technology they cannot.



PLC Fundamentals

• A PLC is a rugged industrial computer designed to:
– Execute tasks predictably with deterministic 

timing
– Operate autonomously without constant human 

input
– Enforce interlocks that protect equipment
– Run continuously in harsh environments

• Inputs — how the PLC receives information:
– Switches: discrete on/off signals
– Sensors: variable analogue signals

• Outputs — how the PLC acts on its decisions:
– Start, stop, or adjust the speed of pumps
– Open or close valves to control flow
– Trigger alarms when limits are exceeded



PLC Scan Cycle

• In “Run” mode, the PLC scan cycle continuously 
repeats the following four steps:
– Input Processing: All connected field device 

states are captured and stored in internal 
memory.

– Program Execution: The CPU applies 
user-defined logic to the input data and 
determines the required actions.

– Output Processing: Physical output devices are 
energised or de-energised in accordance with 
the logic results.

– Housekeeping: Internal diagnostics are 
performed and communications with external 
devices are managed.

1. Input 
Processing

2. Program 
Execution

3. Output 
Processing

4. 
Housekeeping

Each complete scan cycle typically executes within 1–10 milliseconds, 
enabling the PLC to respond to physical events far faster than human 

perception.



Lessons Learnt and Key Takeaways



Making the System More Reliable

• Operators started to distrust the alarms and data
– Began alarm verification initiative to decrease false alarms 🡪 Increased trust from pump station 

operators
– Began signal verification initiative to increase accuracy of data 🡪 Increased trust from control room 

operators

• Engineers noted that certain data looks unrealistic
– The instrument and HMI has different 🡪 Incorrect scaling on PLC
– Volume being transported not shown on SCADA 🡪 Faulty input on PLC
– Equipment or sensor malfunction

• Takeaways
– Regularly verify that sensors and equipment are functioning as intended
– Monitor trends to determine if data makes sense 



Making the System Give More Meaningful Insights

• Operators make decisions only as fast as they can make meaningful insights
– Initiative started to aggregate data and build trends in a way to allow faster analysis

• Management needs to track KPIs to assist in decision-making regarding future investment and where to 
improve
– Initiative started to build KPIs from available data and historizing the KPIs

• Takeaways
– Always investigate how data can be made to be more efficient
– Do not assume the system provides the necessary insights



Thank You


