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We Work Here…..

� National non-profit 501(c)3 organization 

� 21 staff

� Offices in MD, VA, NY, PA

• Distill research into practical tools

• Provide local watershed services

• Train others to manage watersheds

What we do



Clean Water Optimization Tool
Overview

• Spreadsheet-based Tool

• Developed for the Eastern 

Shore of Maryland

• Pilot areas in 4 Counties in 

this region

• Planning tool designed to 

help communities achieve 

water quality and other 

goals at the lowest cost 

possible.



Clean Water Optimization Tool
Overview

• Tool Can Be Used To:

– Help the user find the least 

expensive way to meet a water 

quality goal.

– Meet multiple goals for the 

lowest price (currently TN and 

TP)

– Incorporate weighting to select 

“favorite” practices.



Clean Water Optimization Tool
Overview

• Elements of the Tool

– Set up the Scenario

– Enter BMP Cost Data

– Optimization Results



Clean Water Optimization Tool
Background and Importance of This Work

Cost for Water Quality Goals are all over the place

Source:  MDE Nutrient Allocation Files (CBP Model 5.3.2.), MDE prepared 2010 Progress MAST loading decks, and the Core Planning Team 

Loading Decks

Urban Sector Bar Graphs Representing TN and TP Loads for 2010 Progress, 

2017 Interim Strategy and Target, and 2025 Final Strategy and Target.



Clean Water Optimization Tool
Background and Importance of This Work

Cost of Achieving Goals with Stormwater 

Practices is Staggering

Wicomico County Cost to Implement Developed 

Lands BMPs (2010 – 2025)[1] derived from King 

and Hagan (2011)

Over $58 Million/year for One 

County (about $580/person)!!



Clean Water Optimization Tool
Background and Importance of This Work

Treatment Costs per acre of impervious 

cover are also extremely variable

Jurisdiction 

Acres of 

Untreated 

Impervious 

Surface 

Acres to be 

Treated in 

Next 5 Year 

MS4 Permit 

Cycle 
Projected Costs 

Annualized 

Average 

Annual Cost 

Per Acre to 

be Treated 

Anne Arundel 14,887 2,714 $80,540,000 $29,676 

Baltimore 23,373 4,953 $45,700,000 $9,227 

Baltimore City 28,983 4,180 $33,400,000 $7,990 

Carroll 6,449 1,644 $6,813,873 $4,145 

Charles 2,607 512 $9,488,120 $18,531 

Frederick 6,725 1,192 $22,400,000 $18,792 

Harford 8,308 1,573 $18,000,000 $11,443 

Howard 11,453 2,179 $42,000,000 $19,275 

Montgomery 21,458 3,835 $66,580,942 $17,361 

Prince George’s 22,020 4,243 $89,800,000 $21,164 
 



Clean Water Optimization Tool
Background and Importance of This Work

Innovative BMPs can substantially reduce costs

Annual cost to remove equivalent annual TN load

The cost-effectiveness of stormwater controls for nitrogen removal.

Practice Type of practice Equivalent Annual cost 

($/lb N/IC1 ac)

Bag filter Structural $691

Bioretention (new, suburban) Structural $335-$6342,3

Wet pond (new) Structural $7334

Street sweeping Non-structural $1655

1 Based practice life expectancy of 10-years. 
2 Costs for other practices based on King and Hagen (2011) over a 20-year period and an urban loading rate of 14.1 lb TN/acre. 
3 Range represents a removal efficiency of 45% and 85% from Simpson and Weammert 2009. 
4 20% removal efficiency for TN from Simpson and Weammert 2009
5 Berretta et al. 2011 expressed as lb N/year



Illicit discharge elimination is a cost effective 
approach to nutrient management

Common sense housekeeping practices can be 

extremely cost effective also



Stormwater BMP Cost-Effectiveness Study
James River Basin, VA

• Evaluation of all urban practices

• Costs and pollutant removal

• Case study in the City of Richmond



Clean Water Optimization Tool
Background and Importance of This Work

Methods: Cost Estimates

• King and Hagan (2011): Costs of Stormwater 
Management Practices in Maryland Counties

• Additional studies, data and assumptions used for 
pet waste programs, illicit discharge elimination, 
stormwater retrofits, and urban growth reduction

• Considered 20-year life cycle costs, including:

– Design and construction

– Land values and financing

– Operations and maintenance



Clean Water Optimization Tool
Cost:  Case Study

Initial estimates for stormwater pollution reduction in the City of Richmond = $305 million



Clean Water Optimization Tool

Key Findings
• Focus on CBP BMP approval is vital but cannot ignore 

alternatives

• Implementation constraints can impact ability to 
meet load reductions

• On the ground assessments needed to further refine 
strategies

• Costs may be lower if focus is placed on private land

• Cost will vary depending on goals (TN vs. TP)



36 Urban Practices:

• Pavement/Impervious Cover

• Rooftop

• Bioretention

• Filtering/Infiltration

• Channels

• Ponds/Wetlands

• Conservation/Enhancement

• Land Use Change

• Social/Programmatic

• Also Includes cross-sector trading and user-defined options

Clean Water Optimization Tool
Cost

BMPs



Clean Water Optimization Tool
Cost

• King and Hagan study: Costs of Stormwater Management 
Practices in Maryland Counties

– Life cycle costs per impervious acre for 24 BMPs in 2011 dollars. 
Developed to be used for estimating the cost of MAST scenarios.

• CWP James River Report: Cost-Effectiveness Study of Urban 
Stormwater BMPs in the James River Basin

– Additional studies used for pet waste, retrofits, IDDE

• CWP Retrofit Manual: Urban Stormwater Retrofit Practices 
(Urban Subwatershed Restoration Manual Series)

– Used to fill in the cost estimate gaps for stormwater planters, 
green roofs, vegetated filter strips, soil augmentation, rainwater 
harvesting, and stormwater tree pits/structural soils.

Cost Estimate Resources



Clean Water Optimization Tool
Cost

Cost Components

• Initial Costs - design, construction, land costs

• Operation and Maintenance – annual routine maintenance, 

intermittent maintenance, county implementation cost 

(inspection and enforcement)

• Annualized life cycle costs are estimated as the annual bond 

payment required to finance the initial cost of the BMP (20-

year bond at 3%) plus average annual routine and intermittent 

maintenance costs.



Clean Water Optimization Tool
Cost

Process for Estimating Cost

1. Used the King and Hagan study as the initial framework.

2. Converted unit costs for tree planting, forest buffers, and 

urban nutrient management from impervious to pervious 

acres based on the approach in the James River Report. Also 

converted the unit cost for stream restoration to linear feet.

3. Added pet waste, retrofits, and IDDE cost estimates from the 

James River Report.

4. Filled in the gaps in cost data using the Retrofit Manual.

5. Applied a 4% cost adjustment for inflation to convert $2011 

to $2014.



Clean Water Optimization Tool
Cost

Cost Data



Clean Water Optimization Tool
Cost

User-Adjusted Values: Land/ Financing Costs



Clean Water Optimization Tool
Cost

User-Adjusted Values: Unit Costs



Clean Water Optimization Tool
Cost

Example
A 500 foot stream restoration project will be installed in Wicomico County. 

Assume a 20 year life-cycle cost and 0.97 county adjustment factor.

Initial Costs

Pre-Construction Costs $223.60

Construction Costs (in 2014 dollars) $447.20

Land Costs $0.00

Total Initial Costs $670.80

Annualized Initial Costs $45.09

Operation and 

Maintenance

Annual Routine Maintenance $0.00

Average Annual Intermittent Maintenance $8.94

Total Annual Maintenance Costs $8.94

Average Annual County Implementation Costs $0.31

Total  (Over Selected Timeframe) $185.08

Average Annual $9.25

Total Cost per 

Unit Treated

Costs (Over Selected Timeframe) $1086.85

Average Annual Cost $54.34

All costs are per linear foot.

500 ft x $1086.85/ft x 0.97 = $527,122 over 20 years

500 ft x $54.34/ft x 0.97 = $26,355 average annual cost 



Clean Water Optimization Tool
Cost

• Additional BMP Benefits should be quantified:

– Public Health/ Safety

– Public Education

– Recreation

– Neighborhood Beautification

– Urban Heat Island 

– Carbon Footprint

– Wildlife Habitat

– Stream Habitat

– Flood Control



Clean Water Optimization Tool
Research – Pollutant Load and BMP effectiveness

• BMP Effectiveness

– Structural practices and Land Use Changes based on 

Chesapeake Bay Program measures of performance.

– Programmatic practices are based on various sources

• IDDE Expert Panel (Chesapeake Bay Program)

• Watershed Treatment Model (WTM)

• Previous CWP publications, research, and experience



Clean Water Optimization Tool
Steps to Use the Tool

• Step 1: Desktop Assessment/Informative Exercise

– Use local knowledge

– Accepted data sources

• National

• State

• County

• Town Field work in the South Prong, Wicomico 

County



Clean Water Optimization Tool
Steps to Use the Tool

• Step 2: Entering Practical Estimates

– Apply information gathered to selected/accepted BMPs

• This will allow practical maximums to be set

– Practical maximum amount of permeable pavement to be installed, 

for example

– Apply local knowledge and practical experience

• For example, sand filters may not be readily accepted by the 

community

– This would limit installation of this particular practice



Clean Water Optimization Tool
Steps to Use the Tool

• Step 3: Override Default Cost Values & Specify 

Programmatic Information

– Enter information about local costs, if available

• Important for realistic scenario development

– Modify land cost, and length of time to project costs

– Estimate parameters for programs

• Quantity of Promotional and education materials for a pet 

waste program, for example



Clean Water Optimization Tool
Steps to Use the Tool

• Step 4a: Account for Practices that Have Already 

Been Implemented

– These entries will count toward goals before optimization

• These practices can be entered individually or estimated as 

groups of a given practice

– For example, over an entire county there may be 20 acres treated by 

a bioretention, these can be aggregated and entered as one

– Costs associated with the installation of these practices are 

ignored



Clean Water Optimization Tool
Steps to Use the Tool

• Step 4b: Enter High Priority Practices

– Enter information about high priority practices

• Practices that are publicly accepted

• Practices proven to be effective

• High comfort level with installation/maintenance

– These practices will be weighted heavier during 

optimization

• Estimated costs will not be changed

Outfall net in Talbot County



Clean Water Optimization Tool
Steps to Use the Tool

• Step 5: Optimize

– Select optimization goals
• Based on cost per pound of nitrogen reduction

• Based on cost per pound of phosphorus reduction

• Based on cost per pound of sediment reduction

• Based on a nitrogen and phosphorus weighting

– 50/50 would equally weight optimization based on cost per pound of 
N AND cost per pound of P

– Results will show pertinent information
• Pounds reduced, if less than goals

• Estimated cost

• Number of acres requiring treatment for each practice to achieve 
total reductions



Clean Water Optimization Tool
Demonstration – Community Information



Clean Water Optimization Tool
Demonstration - BMPs



Clean Water Optimization Tool
Demonstration - BMPs



Clean Water Optimization Tool
Demonstration - Costs



Clean Water Optimization Tool
Demonstration - Optimization



Clean Water Optimization Tool
Demonstration - Results



Clean Water Optimization Tool
We Need Your Help



Clean Water Optimization Tool
Application in New York State

• Very Little of New York State is 

in the Chesapeake Bay 

Watershed.

• Other applications include:

– Other TMDL Watersheds

– Local pollution reduction goals

– Capture targets in CSO 

watersheds

– Others?



Clean Water Optimization Tool
Applications in New York State

• Unit costs adjusted with NY Data

• Target loads tied to goals in New York State

• Possibly add new parameters (e.g., bacteria/ 

runoff reduction)

• Other changes?

Changes Needed to Apply in New York



Center for Watershed Protection

Questions/Comments

Deb Caraco, P.E.
dsc@cwp.org

607-242-9941


