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Objective: 
Find the location of contaminant intrusion based on sensor alarms 
 
Challenges: 
•  Inverse Problem: 
     - difficult to solve 
     -  no unique solution 
•  Real-time 
 
Solution approaches: 
•   Particle backtracking  
•   Adjoint method 
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Contamination Scenario 
•  Injection node: „Injection“ 
•  Start Time: 10:10 
•  End Time:  10:20 
•  Four Sensors L1, L2, L3, L4. 
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Injection on main pipe 
•  24 hours duration 
•  1.800 km pipe length 
•  36.000 pipes in model 
•  22.500 valves 
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Time bar in case of an event 
a)  Definition of different points in time of an event 
 
 
 
 
Definitions 
•  ​𝑇↓0 :  scenario start time (begin of observation) 
•  ​𝑇↓𝐶 :  start time of contamination (unknown) 
•  ​𝑇↓𝐷 :  detection time (time of evidence of contamination) 
•  ​𝑇↓𝑅 :  time of reaction (utility is ready to react) 
•  ​∆𝑇↓𝐷 :  time to detection (dependent on sensor network) 
•  ​∆𝑇↓𝑅 :  response time (time interval that utility needs to react) 
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Output: 
List of valves (sorted by  
contamination time): 

Contamination at current time 
Contamination at response time 
(look ahead) 

At every time step, a look ahead  
calculation of the spread of  
contaminant at the earliest 
response time is carried out. 



•  Real-time source identification method has been developed and implemented. 

•  It is integrated in the SIR OPC 9 online framework. 
 
•  Look-ahead simulation of contaminant transport from identified source shows 
     affected area. 

•  For supporting response actions and mitigation the valves to close are identified.  
 
•  In case of no alarm the application shows the current monitoring state  
     of the network. 
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