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Overview:

MWRD Phase Il Projects

Stormwater Master Plans of
Urbanized Areas

=)
v

*$2.32 billion in documented urban -
flooding damages (2007-2014)

«90% of claims were from outside t:f':’c,,
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Overview:
MWRD Phase |l Projects

Stormwater Master Plans

5 Pilot Study Areas:
-Little Calumet River/Calumet-Sag Channel
*Village of Northbrook
*Roberts Road
*Village of Harwood Heights
*City of Chicago (southeast side)

3 Areas Using Optimizer Software:
*City of Chicago (Geosyntec)
Village of Northbrook (ERA)
Village of Harwood Heights

ENGINEERING
LR AL As2liae by



@ptimatics ~ Traditional Planning

Planner interacts with simulation model using iterative,
trial and error process

Planner inputs simulation data, but is unable to consider
both the life-cycle costs and the hydraulic performance of
alternative designs necessary to identify the best solutions




PLAN SMARTER

@ptimatics Optimization Approach

Planner inputs all allowable improvement options as
well as the required performance standards to be met

Optimizer automates the iterative process by creating
thousands of solutions, simulating each one to evaluate its cost
and performance while converging on lowest cost strategy
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Data Collection

Development and Optimized Decision Support
calibrate hydraulic model .
Replaces Trial and Error Steps

Project loadings and
define criteria

A4

—
—

Perform deficiencies |dentify a wide range of
analysis options to evaluate
v
Develop and test a Develop costs for all
>-10 number of alternatives to options 50,000-
trials address deficiencies 100,000

v
A% Formulate optimization trials
Review and finalize and run scenarios

preferred alternative

Review and refine

preferred alternative

Cost recommendations

l<

Traditional Approach Finalize Recommendations Optimization Approach
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Overview:
Village of Northbrook

g

* Incorporated Village of
Northbrook

* Unincorporated Northfield
Township

e 14 square miles tributary

e Tributary to 4 major
watersheds

ENGINEERING
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Overview:

Village of Northbrook

e 78 sub-watersheds
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Goals of the Project:

Village of Northbrook

Alternative Storm

60

* |dentify public/private, grey/green
infrastructure improvements that will
reduce flooding for the 1% and 50
alternative storm event

40

30

Cost (Millions)
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Level of Protection
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Data Collection

Development and Optimized Decision Support
calibrate hydraulic model .
Replaces Trial and Error Steps

Project loadings and
define criteria

Perform deficiencies |dentify a wide range of

analysis options to evaluate
v
Develop and test a Develop costs for all
5-10 number of alternatives to 50,000-

trials address deficiencies 100,000

v
A% Formulate optimization trials
Review and finalize and run scenarios

preferred alternative

Review and refine

preferred alternative

Cost recommendations

l<

Traditional Approach Finalize Recommendations Optimization Approach
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Optimizer Workflow SR |
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Data Collection
Development and
calibrate hydraulic model

A4
A4

Project loadings and
define criteria

A4

Perform deficiencies
analysis

Develop and test a
5-10 number of alternatives to
trials address deficiencies

\4

Review and finalize
preferred alternative

A4

Cost recommendations

Traditional Approach

Optimized Decision Support
Replaces Trial and Error Steps

Identify a wide range of
options to evaluate

Develop costs for all
options

50,000-
100,000

v
Formulate optimization trials
and run scenarios

Review and refine

preferred alternative

Finalize Recommendations Optimization Approach
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4

calibrate hydraulic model
A4

define criteria

4

Perform deficiencies
analysis

Develop and test a
5-10 number of alternatives to
trials address deficiencies
A4

Review and finalize
preferred alternative

A4

Optimized Decision Support
Replaces Trial and Error Steps

Identify a wide range of
options to evaluate

Develop costs for all
options 50,000-

100,000

Formulate optimization trials
and run scenarios

Review and refine

Cost recommendations preferred alternative

Traditional Approach

Finalize Recommendations Optimization Approach
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4

calibrate hydraulic model
A4

define criteria

4

Perform deficiencies
analysis

Develop and test a
5-10 number of alternatives to
trials address deficiencies
A4

Review and finalize
preferred alternative

A4

Optimized Decision Support
Replaces Trial and Error Steps

Identify a wide range of
options to evaluate

Develop costs for all

options 50,000-
100,000

Formulate optimization trials
and run scenarios

Review and refine

Cost recommendations preferred alternative

Traditional Approach

Finalize Recommendations Optimization Approach
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Optimizer Workflow Formulate Optimization
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4

calibrate hydraulic model
A4

define criteria

4

Perform deficiencies
analysis

Develop and test a
number of alternatives to
address deficiencies
4

Review and finalize
preferred alternative

5-10
trials

A4

Cost recommendations

Optimized Decision Support
Replaces Trial and Error Steps

Identify a wide range of
options to evaluate

v
options
v

Formulate optimization
and run scenarios

' Review and refine

preferred alternative

50,000-
100,000
trials

Traditional Approach

Optimization Approach

Finalize Recommendations ‘
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Optimizer Workflow
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Optimization
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Approach Advantages

*Don’t have to limit design alternatives

Builds public and stakeholder confidence
*Finds costs savings otherwise not discovered
Compares grey vs. green vs. combination

*Provides value to the properties, structures, and easements

EMGINEERING
FLELL AL BRI LY



Geosyntec®

consultants
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Initial Study Area

13 Square Miles

Within Chicago limits &
MWRD service area

/ Wards (7,8,9,10,21, 34, &
19)

Densely urbanized

Prior & ongoing studies

Chronic urban flooding
= Basement backups
= Surface flooding
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Geosyntec®

consultants
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Cikgoynitec™ Land Use

consultants
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Geosyntec® 311 Flooding Calls

consultants (2010-2014)
P
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D .
Ge‘{iﬁ}fﬁﬁ Understanding the Study Area

L - T ——— - ' -

e Sl

= Highly Urbanized Combined Sewer Network
= Basement backups of primary concern (elevated HGL)
* Local & regional sewer capacity issues
= Significant efforts to increase roof disconnection
= |nstalled flow restrictors in catch basins

= Category of Identified Improvements
= Regional — conveyance or storage tunnel (primary focus)
= Connecting — problem areas that rely on regional outlets
» |solated — not directly associated with regional or connecting

Geosyntec.com
gineers | sclentists | imnovators
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consultants

Project Approach

(Geosyntec.com



Geosyntec®

consultants

Project Approach & Work Plan

* Foundation of Project Approach:
Green Stormwater Infrastructure

Strategy
= Holistic Vision by MWRD & City sy
* Progressive evaluation of integrating L CHICAGO

both green and gray solutions

= |dentifies the Need to:
= Quantify costs & benefits of green
= Seek to integrate green & gray
= Evaluate scaling up green solutions

//'
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consultants

Original Target Study Area
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Geosyntec®

consultants

Looking for Solutions

L—

P

* Flooding Solutions are a Balance of:
= Conveyance
= Volume

= Ensure the Question Being Asked is Framed Properly
= Define baseline conditions
= Define target condition
Evaluate level of service ? 0 ?"???7 Y4
|dentify source of problem(s) *
|dentify potential suite of solutions

Geosyntec.com
engineers | sch 5

ineers | sclentists | innovators



Geosyntec”

consultants

Baseline Conditions

Source of problem?

 Conveyance

« Lack of storage
volume

« Topography
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Geosyntec”

consultants

Potential Solutions

What is the solution?
« Conveyance

 \Volume
 Green Infrastructure
 Gray storage

Topographic Data -
s Elevation Wl 575 - 588 1617 - 630 Geosyntec®
NAVD 88 ft B 583 - 602 I 631 - 644 heodaen: l )
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e < . Loy »
659 - 300 | c es L <
5

Profe Gragh Tite e . S E (5]
Surface/Sewer Profile / Surface

Regional Sewers

~

r . : r T : : T : . T . : . . ; . r . . : ; . :
200 1,000 1,500 2,000 2500 3,000 3,500 4,000 4,500 5,000 5,500 6 000 6,500 7000 7500 ,000 G500 9,000 9500 10000 10500 11,000 11,500 12000
Distance {meters) ors

l Note: NOT 10O SCALE




Geosyntec® Re-Defining the Study Areas

consultants (Reframing the question)
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Geosyntec” Refined Approach

consultants

e —

= QOriginal Target Study Area Limited to Location
Experiencing the Worst Flooding
= Hydraulically dependent on areas beyond study area

= Gl performance highly dependent on regional gray solutions
(could not evaluate Gl only scenario)

* Proposed Study Area Expanded to Full Southside
Sewershed
* Modified study area considers downstream influences

= Subdivided sewersheds into hydraulically independent zones
= Able to analyze sewersheds individually
= Evaluate conveyance and volume based solutions

Geosyntec.com
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e

Data Gathering
N

R ——

Opportunity & Scenario

Identification
N
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|4

e R
Gl Tool Box

Work Flow

Implementation Strategy

Scenario Development &

P ™
‘ Scale-Up

Solutions
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Stakeholder Engagement
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Geosyntec®

consultants

Scenario Development & Evaluation

Modeling Approach

Scenario Development &
Evaluation

Geosyntec.com

engineers | sclentists | innovators




Geosyntec® Modeling Approach

consultants

o S B

h _ — — R

» Direct representation of Gl in combined sewer model

= Explicit representation of Gl in Chicago model has never
been done

= Integration with existing model network allows direct
comparison of green vs gray performance

= Leverages power of optimization analysis
= Optimizes 100,000+ combinations (performance & cost)
= Evaluates targeted scenarios (implementation strategies)

Geosyntec.com
gineers | sclentists | imnovators
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Geosyntec Scenario Based Analysis

consultants

e —

= Gl Only
= Quantify performance and cost for levels of Gl Implementation
*= Question: Can planned gray infrastructure projects be
replaced?
= Gl & Reqgional Gray Projects
= Quantify performance and cost for levels of Gl Implementation
= Question: What is the max level of service?

= Gl & Regional Gray Projects with Supplemental
Solutions
= Regional conveyance is maxed (are there local conveyance
ISsues — “connecting projects”?)
= Typical Gl volume is maxed (what larger green/gray volume

can we achieve?)

on




Geosyntec®

consultants

Model Framework Development

Gl Scenario Management

Geosyntec.com




Geosyntec®

consultants

e — . —

PP

= Green Infrastructure Practices

= 5 Unique GI Practices
= 9 Unique GI Applications
= Established Gl Design Basis

Established Practical Implementation
Ranges

= Unit Construction Cost Estimate

= Landuse Categories
= 83 Separate Landuse Categories
= 23 Aggregated Categories

Land Use

Commercial,
Industrial, and
Institutional

Roadway ROW
and Alleys

Roadway ROW

Commercial,
Industrial, and
Institutional

Residential

Commercial,
Industrizal, and
Institutional
Commercial,
Industrial, and
Institutional

Gl Type
Pervious
Pavement

Pervious
Pavement

Bioretention

Bioretention
Above Ground
Cistern

Above Ground

Cistern

Green Roof or
Blue Roof

Geosyntec.com

Gl Scenario Manager Summary

LandUse_GI
Com, Ind, and
Inst_PerPave

Road ROW and
Alleys_PerPave

Road ROW _Bio

Com, Ind, and
Inst_Bio

Residential_Cistern

Com, Ind, and
Inst_Cistern

Com, Ind, and
Inst_Green Roof




Geosyntec®

Optimizer Application to Sub-Areas

consultants
= Optimization of Gl -
infrastructure for all . s +
subcatchments in sub-area Y k L
= Decisions: % Implementation ‘P\ L
WH—Y—HTM
!

of five Gl practices (Cistern,

Green Roof, Permeable /é'@ |
Pavement, and Bioretention) ;
= Design Criteria: Maintain 6ft FEPFEELL
Freeboard
= Objective: Minimize Cost of Gl
Gl in each
subcatchment
i
explicitly i) i i



Geosyntec® Strength of Optimization Protocol:
consultants Sewershed 2 Modeling Stats

= 82 model catchments
»= 9 |land use based Gl types

= 738 Gl implementation decisions per optimization
iteration

= 3 % hour simulation at 2 second time step
~50 seconds per run in real time on laptop

= 40,000 runs would take over 550 hours to complete, but
on cloud is less than 6 hours

= Optimization protocol replaces effort of manual trial &
error set up

Geosyntec.com
gineers | sclentists | imnovators

on



Geosyntec® Strength of Optimization Protocol:
SPRGRLS Sewershed 4 Modeling Stats

L . e — - : _c:_-

_“},,g.-dﬁ*

= 294 model catchments
9 land use based Gl types

= 2646 Gl implementation decisions per optimization
iteration

= 10 % hour simulation at 10 second time step
~10 minutes per run in real time on laptop

= 40,000 runs would take over 6,660 hours to complete,
but on cloud is less than 36 hours

= Optimization protocol replaces effort of manual trial &
error set up

Geosyntec.com
gineers | sclentists | imnovators

on
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Preliminary Sewershed 2 Results

Draft Optimized Gl Simulation Results for Sewershed 2

Geosyntec.com
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40%

Sewershed 2 - Land Use Distribution

consultants

Bioretention or Permeable Pavement
|

35% I \
0 I |
30%
25% Cisterns or Green Roofs
20% { 7\ \
15%
10%
5% -
0% T T T
& > Q- NS © & S Q- N o ) > ) ©
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<&
Buildings Other Land Use Areas Roads
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Sewershed 2 Results

Scenario A: without Regional Gray Solution
5-yr, 2-hr Storm
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Baseline

Max Gl

Results Comparison
5-yr, 2-hr Storm / GI5

Optimized

e O O 0 @

Freeboard Below Rim (ft)

Flooding
0-1ft
1-2 ft
2-4 ft
4-6 ft
=6 ft

Gl
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Geosyntec” Gl Distribution
consultants 5-yr, 2-hr Storm / GI5
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15

Mumber of
Surcharge Modes

3
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1] Baseline-InputhModel

Sewershed 2 Surcharge Results

Scenario A b Year

31.9%

30.6%

28.2%

27 0%

26.0%

26.0%

26.0%

2) G5 MaxGl

Percent Reduction

0.9%

4.1%

2.4%

0.8%

0.0%

0.0%

0.0%

3) GI5 Best

Reduction (% of Baseline)

Node
Surcharge
Summary
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Sewershed 2 Results

Scenario B: with Regional Gray Solution
25-yr, 2-hr Storm

Geosyntec.com
I ¢ -
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Results Comparison
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Freeboard Below Rim (ft)
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Flooding
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=6 ft
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Geosyntec® Gl Distribution
consultants 25-yr, 2-hr Storm / GI25
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Routed to Gl
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Sewershed 2 Surcharge Results
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ac oy
85.9%

T70.9%

43.4%

36.6%

20.2%

26.0%

24.4%

24.4%

24.4%

24.4%

2) GI25 MaxGl

Percent Reduction

100.0%

100.0%

100.0%

100.0%

B7.6%

4.1%

0.8%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

3) G125 Bast

Reduction {% of Basaling)

Node
Surcharge
Summary

ongineers | sclentists | Innovators



Geosyntec®

consultants

Optimized Gl

Additional Storage Needed
25-yr, 2-hr Storm / G125

Optimized GI- with distributed storage

Freeboard Below Rim (ft)

e O O @O @

Flooding
0-1ft
1-2 ft
2-4 f
4-6 ft
>6ft

Manhole Surcharging Results
after 59 ac-ft of Additional
Distributed Storage
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Additional Storage Distribution
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Preliminary Sewershed 4 Results

Draft Optimized G| Simulation Results for Sewershed 4
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Sewershed 4 Results

Scenario A: without Regional Gray Solution
5-yr, 2-hr Storm
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Gl Distribution
5-yr, 2-hr Storm / GI5
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Sewershed 4 Results

Scenario B: with Regional Gray Solution
25-yr, 2-hr Storm
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Max Gl

Gl Distribution
25-yr, 2-hr Storm / G125

e . e b o T
= ) H
5 . rwer 3 3 :
. tmen % : :
:.;.-.. L H E f i.
= 4 B T iy 12
I" LAl o i . f 15 !'
Bl . L3s 3
- ‘. ; )
wewers 3 .
- - < "l - 1'
"o ‘-: ';. 1 :
- -4 } 3
me 8 b s I
'] - -~ :
» ' L e~ :
» S £
* 1 ” {
Ay . T
Wiy N “rre
s “ i
i‘ l ' - Peart
i1 ; i .mu'-: :J- -“E "’,
- - <t L1 4 e
Py 3 :} .1 ! _‘:I
3 =3k i.x".'
: 2y sy 4
o3 ewmil 4 3h g
F $:10 i
i i :
. i G
: s rran
"o i
i
!
LR ) 6
R T PRI
wite s I
3 bos
=
E
-
1 wilom®
i
: | X
i A
| e :
oo G S % R
1 e 53 & 3 - ~a
4 £ 1% il { N
) 1.._.. P — .»-_—g‘- o ane - ' %
0 035 07 1.4 Mies Subsewershed 4 0 035 07 14 Miles Subsewershed 4
R e D D ol Sas Percentage of Watershed Area (T W T Y TR T e TR Percentage of Watershed Area
treated by Green Infrastructure treated by Green Infrastructure

o
Clwexn
Claw»

% of Watershed Area Treated by 01 [__] 2040

Scenano C- Max GI
25-yr Design Storm

o R
. <

Geosyntec®

consultants

Cheage [ 2Fe-2016

% of Watershed Area Treated by Of [ 040
o [«
w0 [ B

=x

Scenario C- Opti GI
25-yr Design Storm

Geosyntec®

comsubtants

Chicap | 2002018

Optimized Gl e
: —_—rl




Geosyntec®

consultants ENGINEERISS

Questions?

Matthew R. Bardol, PE, CFM, CPESC, D.WRE
mbardol@geosyntec.com

630.432.5675

Marty Michalisko, PE, CFM
mmichalisko@eraconsultants.com
630.393.3060

Mike Maslowski, PE, CFM
mmaslowski@eraconsultants.com

Geosyntec.com
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