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772 cities with 46 million people

The Problem: 
Wet Weather Management



Traditional  
Solutions

Chicago Tunnel and Reservoir Plan
Tunnel: 100 miles, 400 ft. deep, 33 ft. diameter 

$3.5 Billion



Problem Characteristics

▪ Saint Venant 1-D equation
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▪ Highly non-linear dynamics: 

pumps, overflow structures, runoff
▪ Non deterministic dynamics:

manual operation, precipitation
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Blue Infrastructure: 
Control the urban watershed to improve the 
environment while saving ratepayers money



XYLEM CONFIDENTIAL

Blue Infrastructure / Smart Infrastructure

Tier 2: Create Digital Copy
Cognitive Hydraulic Models
Host and run real time models
Compare/contrast sensor and model data

Tier 3: Operate the watershed 
Implement and run Global RTC
Empower operations with RT-DSS
Maximize Performance and Resiliency

Tier 1: Turn On the Lights ™
Data Collection Software
Database & Data Analytics Tools
Full SCADA Integration 



Turn on the Lights
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Name: R.3b.1, Portage and 
Blaine
Node Number: 04643
Gradient: 20
Sensors: NA
Power: N

Name: I.3a.2, TMP 2-1
Node Number: 42041
Gradient: 20
Sensors: 1 pressure
Power: N

Name:  R.3a.1, Kinyon and 
Sherman
Node Number: 19013
Gradient: 10
Sensors: NA
Power: N

Name: I.3b.2, TMP 4-1
Node Number: 33983
Gradient: 30
Sensors: 1 pressure
Power: N

Name: G.3a.1, CSO 3
Node Number: 19892
Gradient: 0
Sensors: 1 existing, A/V 
meter
Power: Y

Name: I.3b.1, for CSO 4
Node Number: 19067
Gradient: 20
Sensors: 1 pressure
Power: N

Name: I.3a.1, for CSO 2
Node Number: 03516
Gradient: 30
Sensors: 1 pressure
Power: N

Name: G.3a.2, CSO 2
Node Number: 32309
Gradient: 20
Sensors: 1 pressure
Power: N

Name: G.3b.1, CSO 4
Node Number: 30514
Gradient: 10
Sensors:1 pressure
Power: N

Turn on the Lights



Turn on the Lights



Turn on the Lights



Predict: Cognitive Hydraulic Response System

real world

digital copy



Predict: Cognitive Hydraulic Response System

CHRS Training Data: 
15 weeks (31 events)



Predict: Cognitive Hydraulic Response System
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Predict: Cognitive Hydraulic Response System



Operate the Urban Watershed

▪ Software Agents
▪ Market-Based Distributed Optimization
▪ Emulate Commodity Exchange Market

Basin 003:
“Increased flows! 
Need to buy capacity.”

Storage Tank 005:
“I’m half full.” $2/lt.

WWTP 1:
“Also experiencing 
high flows.”

$5/lt.

WWTP 2:
“I have plenty 
of capacity.”

$1/lt.



▪ Agent-Based control

▪ Network nodes trade capacity

▪ Downstream nodes are suppliers

▪ Upstream nodes are consumers

▪ Consensus problem
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Local Optimization
Minimize cost
Compete for WWTP

Operate the Urban Watershed

𝑄𝑊𝑊𝑇𝑃 = σ𝑖=0
𝑁 𝑄𝐼𝑖, ത𝑄𝑊𝑊𝑇𝑃 = σ𝑖=0

𝑁 ത𝑄𝐼𝑖

𝑄𝐶𝑆𝑂𝑖 = ൝
0, 𝑄𝑇𝑖 < ത𝑄𝐼𝑖

𝑄𝑇𝑖 − ത𝑄𝐼𝑖 , 𝑂.𝑊.



Consumer Agent:
diversion point (valve)

Supplier Agent 1: 
treatment plant

Supplier Agent 2: 
overflow (river)

𝑄𝑡𝑟𝑢𝑛𝑘

𝑄𝑜𝑣𝑒𝑟𝑓𝑙𝑜𝑤

𝑄𝑑𝑖𝑣𝑒𝑟𝑡𝑒𝑑
𝑄𝑊𝑊𝑇𝑃

𝑚𝑖𝑛 𝑄𝑜𝑣𝑒𝑟𝑓𝑙𝑜𝑤 subject to 𝑄𝑊𝑊𝑇𝑃 ≤ 𝑄𝑊𝑊𝑇𝑃

𝑄𝑜𝑡ℎ𝑒𝑟_𝑡𝑟𝑖𝑏𝑢𝑡𝑎𝑟𝑖𝑒𝑠

Operate the Urban Watershed





Results
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Results

Real Time Monitoring
System Implementation

Real Time Control
System Implementation



55% reduction in E. coli contribution

Results



Revising the Wet Weather Plan: OptiSWMM

Use the cloud to try every possible 

grey, green, and smart infrastructure option.

$713MM

$200MM
Equivalent 
Environmental 
Benefit



Intelligent Urban Watersheds



Thank You!


