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Source Identification:
PROBLEM DESCRIPTION

Objective:
Find the location of contaminant intrusion based on sensor alarms

Challenges:
* |nverse Problem:

- difficult to solve
- No unique solution

« Real-time

Solution approaches:

- Particle backtracking
* Adjoint method




Contamination event and source identification

SCENARIO DESCRIPTION

* Injection node: ,Injection”

« Start Time: 10:10

 End Time: 10:20

* Four Sensors L1, L2, L3, L4

SMaRT-Online: Test Network Dresden

signal model

pressurs  Measurement pressure

ZX measurement velocity

Lx (") measurement conductivity
outflow

Results:
calculation
measurement

Conductivity:
L1 0.420 0.420
L2 0.421 0.421
L3 0.421 0.421
L4 0.422 0.422
LS 0.460 0.460

Injection nod:

085 msy )
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0.83 mh e
2 L4 3.41 bar
> 3.41 bar
‘ 508 mis
L2 K 2
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0.15 mis = L2
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030 mis Pressurel
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Contamination event and source identification
FIRST ALARM AT SENSOR L2

¥ SIR 35® Source Identification {71 (5] ‘ﬂh‘
so@aa W

Jv interacuve moae Upen Scenano .
[v] Network Time Settings

[“]BlockTree &
[“]Response 03-17-2015; 10:00:00 =]

[] Look-Ahead Contamination - J———— Date: [17032015 O SO u rCe

[v] Contamination
[#] Source Candidates | st ) Time: o130
[v]Sensors P -t. S
End 03-17-2015; 12:00:00 - OSI |Ve ensor
TimeStep: |5 [s] v SIActive

Contamination event simulation

[~ Setalams | Rp  RunScenario
Utility Response Time:  [3600 =

Source identification

EpsT[s] |180 [ Perfect Sensors

Run SI [ Negative Alarms
Anzeige

W Rohe Il | [V Hydanten || | pape [Schwarz
W Knoten <l | [ schieber || _»| Auswahl |Rohre | =

B TaMa Al Alarm State
eset niviar:
Q Q # Sensoralarms Confirm Alamm

Sensors ‘ Sources | Valves |

Negative Sensor

Sir3SName ProcessID Value TimeStamp Sir3sPk
» -1 -1 48168153789693:
L2 -1 1 17.03.2015 10:11 | 55819192036386!
L3 -1 -1 53705076846713
L4 -1 -1 53066130347744
4 » y

-8,802 18,084

source candidates
spread of contamination based on assumed source location




Contamination event and source identification
NEGATIVE ALARM AT SENSOR L1

T SIR 35® Source Identification . E=le ™™
&oQa @
|V Interacuve moae Upen Scenano ~
[v] Network Time Settings

BlockT
Hgé’;oiz Start:  |03-17-2015; 10:00:00 -
[v] Look-Ahead Contamination — ———— Date: 17032015 Sou rce

[v] Contamination £
[v] Source Candidates ;‘ﬂ—\f ’17[5] T ’7101135

@[] Sensors L
e EEETT ] Positive Sensor

TimeStep: |5 [s] [V SlActive
Contamination event simulation

[~ Setalams | Rp m{ Negatlve Sensor
Utility Response Time: ~ [3600  [s]

Source identification

EpsT[s] 180 [V Perfect Sensors

Run SI [ Negative Alarms

Anzeige

[v" Rohre 1 | [ Hydenten || ]| Farbe: |Schwarz v
W Knoten <l | [ Schieber |l | Auswahl: |Rohre  ~| =

Alarm State

# Confirm Alarm

Reset ‘ UnMarkAll ‘

Sensors | Sources | Valves |

Sir3SName ProcessID Value TimeStamp Sir3sPk
> -1 -1 48168153789693:
L2 -1 1 17.03.2015 10:11 | 55819192036386
L3 -1 -1 53705076846713!
L4 -1 -1 53066130347744
<« » my

-10,498 14,659

source candidates
spread of contamination based on assumed source location




Contamination event and source identification
SECOND POSITIVE ALARM AT SENSOR L3

1 SIR 35® Source Identification

e | B )

&OmEIQQ W

[v] Network
["]BlockTree
[v]Response
[v] Look-Ahead Contamination
[v] Contamination
[#] Source Candidates
[v]Sensors

Anzeige

[ Rohre

Reset ‘ UnMarkAll ‘

|1 | [ Hydranten
W Knoten <l | [ Schieber

Jv Interactve moge
Time Settings

Start:  [03-17-2015: 10:00:00 -
— ——— Date: 17032015

> i st ISl Time: [10:16:45
End:  [0317-2015; 120000 -
TimeStep: [5 5] ¥ SlActive

Contamination event simulation

[~ Setalams | Rp  RunScenario
Utilty Response Time:  [3600 8]

Upen Scenano

Source identification
EpsT[s] |180 [v' Perfect Sensors

Run SI [ Negative Alarms

S0 2l e [ =]
|l | Auswahl: |Rohre  ~|

Alarm State

#

Sensors | Sources | Valves |

Sir3SName ProcessID
> -1

L2 -1

L3 -1

L4 -1

4

Value

-1

1
1

-1

TimeStamp Sir3sPk
48168153789693:

17.03.2015 10:11 | 55819192036386

17.03.2015 10:14 | 53705076846713!
53066130347744

O Source
Positive Sensor

Negative Sensor

-10,172 2,787

source candidates
spread of contamination based on assumed source location



Contamination event and source identification
END OF CONTAMINATION

1 SIR 35® Source Identification

e | B )

&OmEIQQ W

[V Network
[]BlockTree
[v]Response
[v] Look-Ahead Contamination
[7] Contamination
[v]Source Candidates
[]Sensors

Anzeige
[ Rohre

Reset | UnMarial ‘

|1 | [ Hydranten
V knoten <+l | [~ schieber

[ Interactive mode

Time Settings

Start:  [03-17-2015; 10:00:00 -
— |——— Date [17032015

> lifar Il Time: [1020:00
End:  [0317-2015; 120000 -
TimeStep: [5 5] ¥ SlActive

Contamination event simulation

[~ Setalams | Rp m{
Utility Response Time: 3600 [s]
Source identification

EpsT[s] |180 [v' Perfect Sensors

Run S| [v" Negative Alarms

1 20 Fape [Schwarz +]
]| _»| Auswahl: [Rohre |

Alarm State

Sensors | Sources | Valves |

Sir3SName ProcessID
» -1

L2 -1

L3 -1

L4 -1

4

Value TimeStamp Sir3SPk
-1

1

1
1

48168153789693
17.03.2015 10:11 | 55819192036386
17.03.2015 10:14 | 53705076846713!
17.03.2015 10:17 | 53066130347744

O Source
Positive Sensor

Negative Sensor

-9,552 0177

source candidates
spread of contamination based on assumed source location



Contamination event and source identification
CLEAN WATER FRONT REACHED SENSOR L2

1 SIR 35® Source Identification

e | B )

&OmEIQQ W

[V Network
[]BlockTree
[v]Response
[v] Look-Ahead Contamination
[7] Contamination
[v]Source Candidates
[]Sensors

Anzeige
[ Rohre

Reset | UnMarial ‘

|1 | [ Hydranten
V knoten <+l | [~ schieber

[ Interactive mode

Time Settings

Start:  [03-17-2015; 10:00:00 -
— ——— Date [17032015

> ifsr [Tl Time: [1021:30
End:  [0317-2015; 120000 -
TimeStep: [5 5] ¥ SlActive

Contamination event simulation

[~ Setalams | Rp m{
Utility Response Time: 3600 [s]
Source identification

EpsT[s] |180 [v' Perfect Sensors

Run S| [v" Negative Alarms

1 20 Fape [Schwarz +]
]| _»| Auswahl: [Rohre |

Alarm State

Sensors | Sources | Valves |

Sir3SName ProcessID
» -1

L2 -1

L3 -1

L4 -1

4

Value TimeStamp Sir3SPk
-1
-1

1
1

48168153789693
17.03.2015 10:21 | 55819192036386
17.03.2015 10:14 | 53705076846713!
17.03.2015 10:17 | 53066130347744

O Source
Positive Sensor

Negative Sensor

-1,170 28,652

source candidates
spread of contamination based on assumed source location



Real world application example
BWB LARGE NETWORK

24 hours duration
1.800 km pipe length
36.000 pipes in model
22.500 valves



Response to contamination event
TIMING

a) Definition of different points in time of an event

740 7ic 74D TIR
| | | | >

|

Y
1

ATID AT LR

scenario start time (begin of observation)

start time of contamination (unknown)

detection time (time of evidence of contamination)

time of reaction (utility is ready to react)

time to detection (dependent on sensor network)

response time (time interval that utility needs to react)



|dentification of Isolation Valves
RESULTS OUTPUT

At every time step, a look ahead s Isqlahon Valv \
calculation of the spread of
contaminant at the earliest

response time is carried out. \ / \< / \//

List of valves (sorted by
contamination time):

Sensors | Sources Valves

StreetName ArrivalTime X-Coor Y-Coor Sir3SPk 4~ |
Lind: Neg 09.07.201008:49 3167142 3385009 521235025:
09.07.201008:51 3124062 3516992 497010552

Wiltbergstrasse 090720100851 3128519 3418442  490226075¢
Robert-Rossle-Strasse 09.07.201008555 3139268 3345557 4874527267 |
Karower Chaussee 09.07.201008:55 3137763 3349448  570642949(

Robert-Rossle-Strasse 09.07.201008:58 3138338 33490.12 501715409
Schwanebecker Chaussee 09.07.201009:02 31947.74 3429398  484988172¢
Bruno-Apitz-Strasse 09.07.201009:02 3105253 3347009 461330728

Viereckweg wonmowoi 3166956 351??59 566847343 ! Contam|nat|on at CU I’rent tlme
[ Wolfgang-Heinz-Strasse | 09.07.2010 09.07 31127:15 33619.74 smmsce:L Contam|nat|on at response t|me
(look ahead)




Summary and Conclusions

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.



Thank you for your attention
Any questions?

http://SMaRT-OnlineWDN.eu



