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Complex wet weather problems 
drive billions of dollars in spending

Major infrastructure challenges
ðCombined Sewer Overflows (CSOs)

ðSanitary Sewer Overflows (SSOs)

ðUrban flooding

ðNew or more stringent WQ standards

Increased focus by regulators
ðEnforcement on the rise

ðBillion $ programs tied to consent decrees

Contributing environmental issues
ðClimate change

ðGreen stormwater infrastructure

ðSustainable solutions
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Traditional master planning approach
is labor intensive and may be inadequate

Build 
inventory and 

models 
to understand 

the system

ÅHydraulic & 
hydrologic  (H&H) 
models

ÅCondition 
assessments

Identify 
options to fix 
the problems

ÅConveyance

ÅInflow reduction

ÅStorage

ÅReal-time control

ÅStructural 
modifications

ÅFloodproofing

Evaluate 
alternatives 
to optimize 

the 
investment

ÅThousands of 
possible 
combinations

ÅLimited evaluation

ÅTrial & error

This step usually gets the least attentioné.

But it can have the greatest impact on the 

cost and effectiveness of improvements!
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Optimization tools reduce time spent 
òplugging and chugging,ó allowing a 
focus on engineering
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What is Optimization?

Optimization
ðProcess of finding the best solution to a 

problem that may have many possible 
solutions

Genetic Algorithm (GA) Optimization
ðDirected evolutionary search routine

ðEvaluates hundreds of thousands of possible 
solutions as it narrows in on the best solution

ðBest hydraulic performance at least cost
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What is the Optimaticsõ Genetic 
Algorithm Application (OGA)?

Optimaticsõ OGA 
ðImitates ònatural selectionó 

ÅConverge on the most fit, or optimal solution.

ðConsiders all possible system 
improvements identified

ðEvaluates system alternatives against 
cost /performance

ðEliminates òunfitó
alternatives and
identifies best
solution
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Optimization Demonstration and 

Case Study



Albany, New Zealand Case Study

Baseline Solution - $63.5 M

Baseline Solution under Design/ 

Construction

used traditional trial-and-error to define 

locations and sizes for:

Ånew gravity and pressure mains

Ånew pumping stations

Åexisting pumping station changes

Design and construction of new sewer main 

running south from PS13B underway.



Albanyôs Optimization Review

Optimization Review  - Added 

Options

Ånew gravity and force main alignments

Ånew pumping station locations

Åexisting pumping station changes

Ånew flow control (storage) facilities

ÅI/I removal levels for 8 sub-basins

enabling thousands of trial solutions to 

be created and evaluated in detail.

Baseline Solution - $63.5 M Added Options

Baseline Solution under Design/ 

Construction

used traditional trial-and-error to define 

locations and sizes for:

Ånew gravity and pressure mains

Ånew pumping stations

Åexisting pumping station changes

Design and construction of new sewer main 

running south from PS13B underway.



Baseline Solution - $63.5 M Added Options

Optimized Solution achieved 26% 

savings in life-cycle cost simply by 

developing a better mix of 

improvement options.

Utility abandoned detailed design and 

construction of the Baseline Solution 

PS13B force main alignment as it was 

not part of the optimized solution.

Optimaticsô Solution - $47.1M

Albany Optimization Results



Baseline Solution - $63.5 M Added Options

Albany Optimization Results

Optimaticsô Solution - $47.1M

Cost Item

Solution Cost ($M)
Cost

Savings
Baseline Optimaticsô

Capital 39.5 25.6 35%

O&M 24.0 21.5 10%

Total 63.5 47.1 26%



New Zealand

North Shore City Council ïCity Wide Optimization

Auckland North Shore CityNorth Shore City

Service Area ï50 mi2

Coastline ï88 mi

Existing Population ï227,000

Population in 2056 ï374,000

Ą Population increase of 65%



NSCC Optimization

Overflows in 

Existing Network

Total Length of Sewer ï840 mi

Total Length of Trunk ï70 mi

Pump Stations ï18

17-Year Long Time Series

Calibrated Hydraulic Model

Reduce SSOs to <1 in 6 months 



Improvement Options

Parallel sewer main ï65 mi

Diversion sewer main ï34 mi

Pump station upgrades ï18

New pump stations ï7

I/I  reduction ï51 sub-catôs

WWTP  Upgrades - 1

Storage locations > 200

Ą Over 109 option configurations

NSCC Optimization ïImprovement Options

Improvement OptionsImprovement Options

Parallel sewer main ï65 mi (dark blue)

Diversion sewer main ï34 mi (blue)

Improvement Options

Parallel sewer main ï65 mi

Diversion sewer main ï34 mi

Pump station upgrades ï18 (purple)

New pump stations ï7 (yellow)

Improvement Options

Parallel sewer main ï65 mi

Diversion sewer main ï34 mi

Pump station upgrades ï18

New pump stations ï7

I/I  reduction ï51 sub-catôs (shaded)

Note: Substantial rehabilitation 

completed by NSCC over past 10 years

Improvement Options

Parallel sewer main ï65 mi

Diversion sewer main ï34 mi

Pump station upgrades ï18

New pump stations ï7

I/I  reduction ï51 sub-catôs

WWTP  Upgrades ï1

Improvement Options

Parallel sewer main ï65 mi

Diversion sewer main ï34 mi

Pump station upgrades ï18

New pump stations ï7

I/I  reduction ï51 sub-catôs

WWTP  Upgrades - 1

Storage locations > 200

ĄOver 109

Possible Configurations

Improvement Options ïRelief Sewers Improvement Options ïPump Stations Improvement Options ïI/I ReductionImprovement Options ïWWTP Upgrade Improvement Options ïStorageImprovement Options ïToo many for trial-and-error



Options Analysis Process



Current Solution ïBeing Processed

Å Processing 1st generation

Å Performing 200 fully dynamic model   

simulations of various trial solutions

Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)

Sewer Main

Pump Station

Storage

I/I Reduction

WWTP Upgrade

TOTAL ($M)

Run Optimization Model



Current Solution ïBeing Processed

Å Processing 1st generation
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Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)
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Pump Station
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Run Optimization Model



Current Solution - $1079 M

Å Best solution in 1st generation

Å Total of 200 trial solutions evaluated

Å Actual processing time: 8 minutes (120 cores) 

Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)

Sewer Main 391 97 489

Pump Station 92 39 131

Storage 165 127 292

I/I Reduction 167 0 167

WWTP Upgrade 0 0 0

TOTAL ($M) 815 263 1079



Current Solution - $1063 M

Å Best solution in 2nd generation

Å Total of 400 trial solutions evaluated

Å Actual processing time: 15 minutes (120 cores) 

Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)

Sewer Main 381 95 476

Pump Station 92 39 131

Storage 145 109 254

I/I Reduction 202 0 202

WWTP Upgrade 0 0 0

TOTAL ($M) 820 243 1063



Current Solution - $968 M

Å Best solution in 10th generation

Å Total of 2,000 trial solutions evaluated

Å Actual processing time: 1.25 hours (120 cores) 

Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)

Sewer Main 355 88 442

Pump Station 96 39 134

Storage 160 123 283

I/I Reduction 108 0 108

WWTP Upgrade 0 0 0

TOTAL ($M) 719 249 968



Current Solution - $907 M

Å Best solution in 18th generation

Å Total of 3,600 trial solutions evaluated

Å Actual processing time: 2.25 hours (120 cores) 

Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)

Sewer Main 359 85 444

Pump Station 90 39 129

Storage 121 98 219

I/I Reduction 106 0 106

WWTP Upgrade 9 0 9

TOTAL ($M) 685 222 907



Current Solution - $831 M

Å Best solution in 32nd generation

Å Total of 6,400 trial solutions evaluated

Å Actual processing time: 4 hours (120 cores) 

Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)

Sewer Main 331 78 409

Pump Station 89 40 128

Storage 107 77 185

I/I Reduction 100 0 100

WWTP Upgrade 9 0 9

TOTAL ($M) 637 195 831



Current Solution - $796 M

Å Best solution in 40th generation

Å Total of 8,000 trial solutions evaluated

Å Actual processing time: 5 hours (120 cores) 

Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)

Sewer Main 315 76 391

Pump Station 85 38 123

Storage 113 87 200

I/I Reduction 72 0 72

WWTP Upgrade 9 0 9

TOTAL ($M) 596 200 796



Current Solution - $735 M

Å Best solution in 60th generation

Å Total of 12,000 trial solutions evaluated

Å Actual processing time: 7.5 hours (120 cores) 

Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)

Sewer Main 290 68 357

Pump Station 83 35 118

Storage 102 82 184

I/I Reduction 67 0 67

WWTP Upgrade 9 0 9

TOTAL ($M) 551 184 735



Current Solution - $681 M

Å Best solution in 80th generation

Å Total of 16,000 trial solutions evaluated

Å Actual processing time: 10 hours (120 cores) 

Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)

Sewer Main 272 62 334

Pump Station 80 35 115

Storage 91 69 160

I/I Reduction 64 0 64

WWTP Upgrade 9 0 9

TOTAL ($M) 516 165 681



Current Solution - $674 M

Å Best solution in 100th generation

Å Total of 20,000 trial solutions evaluated

Å Actual processing time: 12.5 hours (120 cores) 

Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)

Sewer Main 269 61 330

Pump Station 82 34 116

Storage 94 72 166

I/I Reduction 53 0 53

WWTP Upgrade 9 0 9

TOTAL ($M) 507 167 674



Current Solution - $613 M

Å Best solution in 150th generation

Å Total of 30,000 trial solutions evaluated

Å Actual processing time: 19 hours (120 cores) 

Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)

Sewer Main 241 55 296

Pump Station 81 34 115

Storage 80 57 137

I/I Reduction 56 0 56

WWTP Upgrade 9 0 9

TOTAL ($M) 467 147 613



Current Solution - $599 M

Å Best solution in 200th generation

Å Total of 40,000 trial solutions evaluated

Å Actual processing time: 25 hours (120 cores) 

Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)

Sewer Main 235 52 287

Pump Station 82 34 116

Storage 84 61 145

I/I Reduction 43 0 43

WWTP Upgrade 9 0 9

TOTAL ($M) 453 147 599



Current Solution - $578 M

Å Best solution in 250th generation

Å Total of 50,000 trial solutions evaluated

Å Actual processing time: 31 hours (120 cores) 

Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)

Sewer Main 229 52 281

Pump Station 83 35 118

Storage 71 54 125

I/I Reduction 45 0 45

WWTP Upgrade 9 0 9

TOTAL ($M) 438 141 578



Current Solution - $571 M

Å Best solution in 300th generation

Å Total of 60,000 trial solutions evaluated

Å Actual processing time: 38 hours (120 cores) 

Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)

Sewer Main 234 52 286

Pump Station 80 33 113

Storage 68 50 118

I/I Reduction 45 0 45

WWTP Upgrade 9 0 9

TOTAL ($M) 435 136 571



Current Solution - $558 M

Å Best solution in 350th generation

Å Total of 70,000 trial solutions evaluated

Å Actual processing time: 44 hours (120 cores) 

Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)

Sewer Main 230 49 280

Pump Station 77 33 110

Storage 67 51 117

I/I Reduction 42 0 42

WWTP Upgrade 9 0 9

TOTAL ($M) 425 133 558



Current Solution - $555 M

Å Best solution in 400th generation

Å Total of 80,000 trial solutions evaluated

Å Actual processing time: 50 hours (120 cores) 

Cost Item
Capital 

Cost ($M)

O&M     

($M)

Total Cost 

($M)

Sewer Main 223 49 272

Pump Station 78 34 112

Storage 70 52 122

I/I Reduction 40 0 40

WWTP Upgrade 9 0 9

TOTAL ($M) 420 135 555


