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Case for Adaptive Planning



What Is Driving Retooling of Wastewater Infrastructure?

While positioning 
for the future...

Addressing today’s issues… 
 Aging infrastructure

 Service area changes

 Climate stress

 Increased regulation

 Space limitations

 Improved O&M efficiencies

 Water equity and community impacts

 Insufficient funding



WRRF  
Today

WRRF 
Future

The “Traditional” Master Planning Approach Is 
based on Accurately Forecasting “The” (one) Future 
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“The” Future
• Regulations
• Service Area 
• Financial Capacity
• Climate Condition
• Today’s Technologies
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Traditional Alternative Evaluation Approach: Screening, Analysis, 
and Ranking Based on Meeting the Needs of “The” Future 

4

Monitor scenarios 

Universe 
of alternatives

Initial screening
Qualitative 
evaluation to 
eliminate outliers

Technically viable 
alternatives for 

analysis

Alternatives analysis
Capital and life-cycle 
cost & operability 
comparisons

Highest 
performing 
alternatives

Ranking through 
decision science
Triple bottom line & 
client’s evaluation 
criteria

Recommended Master Plan Solutions
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2050: ~ 9.5 Billion, 70% Urban;
Constrained Resources, Changed Climate

1950: ~2 Billion, 70% Rural,
Ample Resources, Predictable Climate
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Will Current Planning Approaches Meet Future Needs?



Future Uncertainty is Our New Reality 
Planning needs to consider a robust set of potential future conditions

©2024 Jacobs

COMMUNITY 
PRIORITIES

Urban Planning Coordination

Social Procurement

Community 
& Social 

Noise, Odor, Light Impacts

TYPE & TIMING 
FOR R/R

Asset Condition 
& Technology

Energy Management

Erosion, Corrosion, & Deterioration

Operability, Obsolescence

TREATMENT 
TECHNOLOGIES

NPDES Permit Limits & River TMDL

PFAS & Biosolids Management

Regulatory 
Compliance

GHG, Odors, Emissions 

CAPACITY & 
WATER QUALITY

Population, Growth & Peak Flows

Industrial Customers

Infiltration & Inflow & Wet Weather

Flows 
& Loads

Timing:  the choice, judgment, or control of when something should be done.  
Source:  Oxford Languages



The Case for Adaptive Planning
For all planning tasks, there is a cone of uncertainty that require assumptions
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Future 

Today

Potential Future 
Variables
• Regulatory 

Requirements
• Financial 

Capacity
• Climate 

Adaptation
• Population 

Dynamics
• Technology 

Innovations
• Politics

TP1

TP2

TP3



Current 
State

Variables Prioritize Monitor Trigger Future State

Confirm the current 
state for each 

planning criteria

Identify variables that 
may change over 

time

Assess which variables 
are significant for the 
future facility/system

Create data-driven 
dashboards and 

checklists to 
monitor variables 

over time

Identify “triggers” to 
reach that would 

initiate an action or 
capital investment

Incorporate flexible 
future remedies into 

the Plan and its 
subsequent updates 

The Adaptive Planning Process



ADAPTIVE PLANNING PROCESS

Data and information 
to monitor, track, & 

trend 

The point at which 
investment is 

warranted  

Information known 
at time of Plan 
development

Current State Transformation Future State

Planning needs to remain flexible to account for future conditions
Evaluate potential adaptive pathways and their potential impact to your plan



Data and information 
to monitor, track, & 

trend 

The point at which 
investment is 

warranted 

Current State Transformation Future State

Example:  Adaptive Planning for Regulatory Mandates

• Participate and monitor rule 
making processes

• Review new permits issued by 
agencies for other utilities

• Conduct pilot testing to evaluate 
compliance strategies

Information known 
at time of Plan 
development

• New requirement or mandate
• Consent Decree, Administrative Order
• Revised permit condition(s)
• Different treatment technology(s)
• Negotiate implementation deadlines

• Draft rule making
• Future requirements (e.g. nutrients) 
• Notice of violations
• Current permit conditions
• Receiving water testing/modeling
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Adaptive Prioritization Pathway

1 Understand how the hazard will vary in the future

2 Define values and objectives to understand future 
risk

3 Identify and evaluate pathway options to 
adaptively manage risk and set triggers 

4 Plan to implement pathways within a robust 
governance structure

5 Monitor drivers and triggers and review 
effectiveness of the Plan

New 
Info
New 
Info

What is 
happening

What 
matters 

most

What can 
we do 

about it

How can we 
implement 

the PlanHow is it 
working
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Decision 
Point

Trigger level when 
action must be 

decided

Lead time for planning
and implementation

Time

Im
pl

em
en

ta
tio

n 
C

rit
er

ia

Monitor change 
indicators

Regular Reviews 

Agree preferred 
action(s)

Timely delivery to avoid 
service interruption

Action has been 
implemented

System limit when 
action must be 
implemented

12

Implementation roadmap includes a “living” process to monitor change indicators 
and adjust/adapt for investment triggers



©Jacobs 202413



©Jacobs 2024

Considering Technology Developments In Planning

 One of the biggest mistakes our industry makes is selecting a specific emerging 
technology to satisfy distant needs.
 Adaptive planning tries to provide capital/space allotment for established 

processes with a road map for how emerging technologies can enhance future 
goals.

Primary
Effluent

To Secondary
Clarifiers

Changi WRP
Bioreactor Design
Flexible, Compact,
Modular

Legend
Aerobic Zones
Anoxic/Anaerobic Zones
Tank Out for Maintenance
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St. Petersburg Florida 
One Water Adaptive 
Roadmap
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Construct New Regional WWTP Conveyance Strategies Alternatives Evaluation

Te
ch

ni
ca

l 
Ev

al
ua

tio
ns

Da
ta

 &
 S

tu
di

es
 

Re
vi

ew
Ad

ap
tiv

e 
Pl

an
ni

ng
 

Co
ns

id
er

at
io

ns

Flow/Load Assessment Expand Existing WWTP

 2020 Census Data 
 Sensitivity Analysis for 

Population Growth Forecast
 Potential Industrial Reuse and 

Domestic Reuse Customers
 Applicable Regulations 
 Review Existing Studies 
 Agreements with Counties, 

Cities, & Organizations

Customer Data

 New Development Areas
 Impact of Infill
 Conservation Impacts on 

Demand and WW Flow
 Growth Forecasts
 Continued Regionalization

Growth Potential

 Dry Weather Flow Projections
 Wet Weather Flow Projections
 Peaking Factors Evaluation
 Organic Loading Potential
 Loading Sensitivity Analysis
 Reuse Potential
 Level(s) of Service

Future Flow/Load Conditions

 Permit Conditions
 Monthly DMRs
 Notice of Violations
 Maintenance Records
 Basis of Design Reports Flow 

Mgmt & Plant Expansion 
Projects

Operating Data & Reports

 Nutrient Reduction
 Emerging  Contaminants
 PFAS (Biosolids)
 Greenhouse Gases
 Wet Weather Management
 River Water Quality Standards
 Monitoring & Reporting
 Private Sources Optimization

Future Regulations

 Capacity Evaluation
 Condition Assessments
 Process Modeling 
 Level of Redundancy by Unit Process
 Odor Assessment
 Ultimate Site Master Plan
 Environmental Impacts
 Electrical & Power Capacity

WWTP Assessment

Locality Based Information

 Site Selection Criteria
 Technology Selection
 Concept Design Criteria
 Plant Siting Locations
 Site Plan Layout(s)
 Environmental Impacts
 Power Strategies

Site & WWTP Considerations

 List of Municipality Owned Sites 
of Sufficient Size
 Water Quality Standards for 

Areas of Potential Discharge
 Jurisdiction Mapping for 

Municipalities & Regulatory 
Agencies

 Interconnection & Balance Flow 
with multiple WTPs/WWTPs
 Treated or Hauled Biosolids 

Strategies
 Wetlands System Coordination
 Septage Receiving Station

System-Wide Considerations

 Potential Alignments & 
Pump Station Siting
 Odor Assessment
 Geotech Concerns
 Gravity Sewers,  Force Main
 System Interconnections
 Environmental Impacts

System Considerations

 Conveyance and Treatment 
Timing Coordination
 Opportunities for 

Coordination with Roadway 
Projects
 Open Cut vs. Micro-

tunneling Construction 

Coordination Opportunities

 Model and GIS Updates
 Pump Station Run Times & 

Maintenance History
 Right-of-Way Availability
 CIP Projects

System Information

 Local Strategic Plan Goals
 Renewable Energy Master Plan
 Long-Range Water Supply 

Master Plan Integration
 Wastewater SCADA Master Plan

Strategic Coordination

 Public Outreach
 Risk Register for Recommended 

Approach 
 Financial Health of All 

Participants 
 Federal Loan/Grant 

Opportunities

Implementation 

 Staffing Considerations
 Lifecycle Cost Analysis
 Land Acquisition Needs
 Utility Operating and Capital 

Budget Impacts
 Social Value Considerations 
 Permits & Agreements Matrix

Financial Impacts Analysis
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# WORKSHOPS

St. Petersburg’s One Water Plan Adaptive Planning Approach
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Medium-Term
Scenarios
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Louisville MSD Adaptive Planning Roadmap

Long-Term
Scenarios

Short-Term
Scenarios



Biosolids

Sewer 
Rehab 

Carbon 
Neutrality

Solar
PFAS

Permit 
Conditions

Odor 
Mitigation

Nutrient 
Reduction 

Nutrient 
Reduction 

Emissions

Flood 
Protection

Solids 
Minimization
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General Timing from 
Adaptive Plan 
Recommendations

Louisville MSD Adaptive Planning Roadmap



Louisville MSD Adaptive Planning Triggers Roadmap

Biosolids

Sewer 
Rehab 

Carbon 
Neutrality

Solar

PFAS

Permit 
Conditions

Odor 
Mitigation

Nutrient 
Reduction 

Nutrient 
Reduction 

Emissions

Flood 
Protection

Solids 
Minimization
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Existing biosolids dryers had 
catastrophic failure $350M interim 
and new biosolids facilities

US Army Corps of Engineers Flood 
Protection Resilience Upgrades 
$60M cost portion

Defer some large sewer rehabs and 
replacements to pay for flood 
protection and biosolids priorities

Defer solar energy projects to pay for 
new priority needs

Unexpected Changed Conditions
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Summary Thoughts

20

 Utilities all over the world face a 
similar challenge: addressing 
todays issues while positioning 
for tomorrow’s needs
 What we did yesterday is unlikely 

to work for future 
needs...including how we 
approach planning!
 Adaptive planning is the 

appropriate methodology to 
address an uncertain future

https://www.water.vic.gov.au/__data/assets/pdf_file/0027/663561/guidelines
-for-the-adaptive-management-of-wastewater-systems-under-climate-
change-in-victoria.pdf
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