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1 Introduction 
Infrastructure investment decisions are now increasingly more complex because the tradeoffs among 

alternatives are no long evaluated from a single-focused financial basis, but one that accounts for 

stakeholders’ interests in environmental and community impacts.  Moreover, even though the 

availability of data to support project evaluation grows, this growth also exposes uncertainties and data 

gaps which can undermine the confidence in making the right decision.  Key areas of uncertainty include 

emerging technology performance, demand forecasts, and social and environmental outcomes.  

The City of Springfield (the ‘City’) is currently considering a number of Integrated Planning Opportunities 

that differ considerably among themselves.  These opportunities represent different technology options 

that address different types of water quality issues and can be implemented in a variety of places and 

scales of implementation around the City.  These project types and alternatives include a number of 

stormwater and wastewater treatment and management strategies.  Each of these opportunities 

certainly entails significant differences in lifecycle costs and water quality improvements, as well as 

other environmental and social outcomes.  Due to the inherent uncertainties and a desire to maintain 

long-term flexibility, a robust evaluation framework is necessary to understand the major factors that 

influence the best option.  

The City has retained HDR to pilot its Sustainable Return on Investment (SROI) process to evaluate the 

Integrated Planning Opportunities.  SROI is part of HDR’s Sustainability Value Analysis services which 

accounts for several different economic analysis methods for analyzing triple bottom-line (i.e. economic, 

social and environmental) outcomes of investments and policies.  SROI applies peer-reviewed evidence 

to account for and communicate triple bottom-line outcomes in both monetary and non-monetary 

terms.  SROI has been a proven tool to support clients’ decisions that amount now to over $15 billion in 

capital costs.  Several of these projects are related to wastewater investments and biosolids 

management in cities around the U.S.   

This pilot SROI analysis was performed on two (four total) stormwater and wastewater opportunities, 

some of which include multiple alternatives.  The purpose of this pilot study was to evaluate the use of 

the SROI process for comparing dissimilar opportunities that result in differing cost and benefit 

categories.  The pilot study considered the following opportunities:  

• Stormwater Detention Basin Retrofits;  

• Polycyclic Aromatic Hydrocarbon (PAH) Reduction Measures;  

• Enhanced Nutrient Removal at Southwest Wastewater Treatment Plant (SWTP); and  

• Sanitary Sewer Overflow (SSO) Controls.  

This document outlines the key methods and data for performing the SROI analysis for a selected 

sample of integrated planning opportunities.  For each project the total lifecycle cost is estimated based 

on capital construction, operations and maintenance (O&M), increased material hauling (for some 

options), and administrative impacts.  Social and environmental outcomes of the investments stem from 

improved management of stormwater flows that change water quality and indirectly affect energy use 

and other factors.   
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Detailed information regarding the Integrated Planning Opportunities is included within individual 

opportunity reports.  Other project opportunities will be considered after the City and its partner 

agencies prioritize pollution sources and identify potential solutions.  As additional SROI analyses are 

performed for other opportunities, these evaluations will be summarized in additional opportunity 

reports to provide a comprehensive document of analyses and results.     
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2 Background on Integrated Planning 
Like many others across the nation, the City of Springfield is addressing the challenge of increasingly 

stringent environmental regulations from every front.  From stormwater and wastewater to air quality 

and drinking water; as regulations continue to evolve, the Springfield community is required to devote 

more money and resources to comply.  The money and resources needed to fund each of these 

regulatory initiatives comes from the same source.  Whether in the form of utility bills, taxes, or fees; it 

is the citizens of the community that pay the cost of compliance.  As more funding is needed to meet 

ever-increasing regulations, there is a very real chance that the community will find itself struggling to 

comply.  Without looking at the big picture, there is also a risk that the City will have devoted significant 

resources to certain regulatory drivers only to find that the community’s most pressing environmental 

issues were not addressed.  

The U.S. Environmental Protection Agency (USEPA) realizes the complexities that these evolving 

regulatory drivers place on communities and in June of 2012, released its “Integrated Municipal 

Stormwater and Wastewater Planning Approach Framework.”  This framework emphasized a 

commitment to work with states and communities to implement an integrated planning approach to 

address environmental objectives.  The goal of the integrated planning process is to identify better ways 

to meet the regulatory requirements in a financially sustainable way.  The intention of this process is 

presented well on USEPA’s website:   

“An integrated planning process has the potential to identify a prioritized critical path to 

achieving the water quality objectives of the CWA [Clean Water Act] by identifying efficiencies in 

implementing competing requirements that arise from separate wastewater and stormwater 

projects, including capital investments and operation and maintenance requirements. This 

approach can also lead to more sustainable and comprehensive solutions, such as green 

infrastructure, that improves water quality as well as supports other quality of life attributes that 

enhance the vitality of communities. The CWA and implementing regulations, policy and 

guidance provide the necessary flexibility to implement an integrated planning process. …it is 

intended to be an option provided to help municipalities meet their CWA obligations by 

optimizing the benefits of their infrastructure improvement investments through the appropriate 

sequencing of work.”   

 According to this framework integrated plans should include the following six elements:   

 Element 1:    A description of the water quality, human health and regulatory issues to be addressed.  

 Element 2:   A description of existing wastewater and stormwater systems under consideration and 

summary information describing the systems’ current performance.  

 Element 3:   A process which opens and maintains channels of communication with relevant 

community stakeholders in order to give full consideration of the views of others in the 

planning process and during implementation of the plan.  
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 Element 4:    A process for identifying, evaluating, and selecting alternatives and proposing 

implementation schedules.  

 Element 5:    A process for evaluating the performance of projects identified in a plan.  

 Element 6:    An adaptive management process for making improvements to the plan. 

In response to this opportunity, leaders from the City of Springfield, Greene County and City Utilities 

developed a local approach to integrated planning titled, “A Citizen Focused Approach.”  At the heart of 

this proposal are six guiding principles:  

• Affordability – Ensure that the plan is affordable to the community’s citizens.  

• Effectiveness – Ensure that the plan addresses environmental issues in a manner whereby 

citizens receive the “biggest bang for their buck.”  Recognize that every community is unique 

and ensure each community gets an opportunity to address the environmental needs that are 

greatest in their community.  

• Fairness – Ensure that the plan results in all communities being treated equally and fairly.  

• Attainability – Ensure that the plan outlines actions that can reasonably be accomplished within 

the “community affordability” limit.  

• Measurability – Ensure that the plan includes performance measures that track progress over 

time and indicate which projects are “best practices” that can/should be adopted or adapted by 

other communities, if applicable.  

• Adaptability – Learning must be a part of the process moving forward.  For the plan to be 

effective we must be able to adjust and improve our plan based upon our experiences and 

results.  

Furthermore, this approach proposes to develop local solutions using local expertise and community 

values to determine how the City can best improve our environment while still making the solution 

affordable to the citizens.  What makes the Springfield-Greene County approach unique is that it 

proposes to include not only stormwater and wastewater as the EPA guidance suggests, but also 

resources related to solid waste, drinking water, and air quality.   

The Integrated Plan will take a holistic look at each of the environmental needs and prioritize 

investments based on the most effective solutions to address the most pressing problem that matter 

most to the community.  By looking at the big picture of environmental compliance the City will provide 

the greatest environmental benefit in a manner that is affordable to its citizens.   

The SROI is a decision analysis tool that can evaluate the holistic benefits and costs of implementing 

solutions in order to find the most effective solutions.  The SROI tool addresses EPA’s integrated 

planning framework Element 4:  a process for identifying, evaluating, and selecting alternatives.  The 

SROI tool also is a useful communication tool that allows stakeholders to provide input and a 

transparent process for identifying, evaluating, and selecting alternatives which are major elements of 

EPA’s integrated planning framework, Element 3.  
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3 Overview of SROI Process 
The SROI process draws from standard economic benefit-cost analysis (BCA) methods and the best 

available data to systematically calculate and compare the benefits and costs of project options.  The 

process addresses sustainability goals and outcomes from a triple bottom-line perspective – i.e. the full 

range of environmental, social, and economic impacts.  Economic impacts account for the capital, 

operating and maintenance costs of the project.  In this case, environmental and social benefits include 

the value of water quality improvements as well as changes in air pollution, greenhouse gas (GHG) 

emissions, land value, and other factors.  The process includes:  

• Comprehensive identification of impacts,  

• Formulation of data into a draft model,  

• Workshop-based discussion of evidence, and  

• Accounting for risk and uncertainty in key drivers of outcomes. 

3.1 Key Characteristics of SROI Process 

Issues related to sustainability, sustainable communities, and sustainable development is being actively 

discussed across a broad sector of our society.  Sustainable development is typically defined as the 

pattern of development that “meets the needs of the present without compromising the ability of 

future generations to meet their own needs” (World Commission on Environment and Development, 

Brundtland Commission, 1987).  Sustainable development combines the financial considerations of 

development with broader socio-economic concerns including environmental stewardship, human 

health and equity issues, social well-being, and the social implications of decisions.  

While the importance of these issues is widely recognized, organizations are challenged when they try to 

integrate sustainability considerations into their investment and operating decisions.  Traditional 

financial evaluation tools used to assess an investment project, such as Business Case Analysis or Life-

Cycle Cost Analysis (LCCA), rely exclusively on financial impacts.  These traditional tools have two 

primary drawbacks: 

1. An inability to accurately quantify the non-cash benefits and costs accruing to both the 

organization in question and to society as a whole resulting from a specific investment 

(sustainable benefits and costs). 

2. A failure to adequately incorporate the element of risk and uncertainty. 

The SROI process is both analogous to and an improvement upon multi-criteria decision analysis (MCDA) 

methods that are more commonly used to support decisions in the water and wastewater sectors.  SROI 

and MCDA both account for the financial, environmental, and social outcomes; however, SROI adopts 

principles of economic analysis to evaluate these outcomes (e.g., BCA).  The important difference here is 

that MCDA is a more ad hoc method that permits consideration of a wide range of scoring criteria, even 

potentially overlapping drivers (e.g., energy costs and pollution emissions).  Overlapping criteria can lead 

to over-estimated benefits.  A second difference is that while MCDA applies subjective weights to 
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decision criteria so that scores for each criterion can be totaled, SROI’s benefit categories are measured 

in monetary terms using the best available objective data.  This feature of SROI enables benefits to be 

based on objective research and generate results that are directly comparable to costs in metrics such as 

a Net Present Value or Benefit-Cost Ratio.  Finally, SROI directly accounts for data gaps using simulation 

and probabilistic modeling of uncertainty – a process that generates results for decision makers which 

indicate the likelihood that benefits exceed costs, for all categories of triple bottom-line benefits.   

In the SROI evaluation process, costs and benefits are measured relative to a baseline.  Typically a 

baseline represents the status quo economic, environmental and social conditions, also known as “the 

do nothing alternative.”  Best-practices in economic analysis would also dictate that the costs and 

benefits should be presented in a way to maximize their consistency or comparability.  A monetized 

estimate is one that either occurs naturally in dollars (e.g., increased costs by a business to purchase 

equipment needed to comply with a regulation) or has been converted into dollars using a specified 

methodology (e.g., the number of avoided environmental impacts multiplied by individuals' estimated 

willingness-to-pay to avoid them).  Presentation of monetized benefits and costs is preferred where 

acceptable estimates are possible.  The key analytical principles employed in developing the SROI 

analysis are listed as follows: 

• Assessing benefits, including economic, social and environmental categories, using appropriate 

metrics that are directly relevant and measurable; 

• Accounting for any potential double-counting of benefits; 

• Accounting for life-cycle costs associated with building, operating and maintaining the facilities; 

• Converting benefits to equivalent monetary values following best-practices. 

 

 

 

Figure 1: SROI Concept 
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3.2 Key Tasks in Performing SROI Analysis 

HDR’s SROI analysis is always adapted to each client’s need and project context.  At the same time, the 

SROI process tends to follow a series of four distinct steps to ensure that the results are based on a 

comprehensive understanding of the evidence and data gaps, the methods are sound, and the client and 

external stakeholders have a clear understanding of the process.  These steps are outlined below. 

3.2.1 Task 1: Assess project impacts and measurement methods 

This step involves meetings with the client and external stakeholders to comprehensively map out the 

economic, social and environmental impacts of baseline conditions and changes brought about by the 

project.  After the meetings HDR conducts preliminary research to identify options for measuring and 

computing changes between baseline and build conditions.  The computation methods and data are 

then formed into a “structure and logic” (S&L) diagram that is largely a graphical representation of an 

equation.  S&L diagrams are developed to help clearly communicate data needs and calculation 

methods.  They depict the variables and cause and effect relationships that underpin the estimation of 

outcomes.   

An example S&L diagram is shown in Figure 2 which identifies benefits related to water quality changes 

and benefits from planting trees.  Water quality benefits depend on the change in a water quality index 

value, the numbers of users and non-users and the monetary value of a change in index values per user 

and non-user, respectively.  These costs include capital, O&M, administrative costs for handling changes 

in customer services, and finally, any residual value of the investment at the end of the planning 

horizon.  A discount rate is applied to future annual values to bring all costs and benefits to the present. 

3.2.2 Task 2: Conduct Research to Assess Monetary Metrics 

In this task, research continues and aims to identify various suitable sources of data and related 

analytical methods for estimating each project impact.  A key element of this work involves identifying 

potential monetary values for potential impacts (e.g., $/ton of GHG) and characterizing variability in 

values as a range and a probability distributions if possible.  Defining the lower and upper bounds, along 

with the overall best estimate, are the first steps in conducting a risk analysis of project impacts.   

A distinguishing feature of SROI is the use of risk methods with Monte Carlo simulation to identify a 

range of possible outcomes which provides more information about project options than a single 

expected value or a more simplistic sensitivity analysis.  A risk-based approach allows all inputs to be 

varied simultaneously within their distributions avoiding the problems inherent in conventional 

sensitivity analysis.1 Risk analysis also recognizes interrelationships between variables and their 

associated probability distributions.  Risk analysis and Monte Carlo simulation techniques can be used to 

account for uncertainty in both the input values and model parameters.  Specifying uncertainty ranges 

for key parameters entering the decision calculus allows the SROI framework to evaluate the full array of 

                                                           

1 Problems in conventional sensitivity analysis include: (a) analysis of only extreme conditions, by using all parameter 
values from either the low and high ends of their respective ranges which are probabilistically extremely unlikely, and 
(b) a failure to account for interactive effects, especially in cases when parameters have correlated effects such as 
the relationship between water rates and water demand. Furthermore, the most basic form of a sensitivity analysis, 
when only one parameter value is changed at a time, generates unrealistic results.   
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social, economic and environmental costs and benefits of a project while illustrating the range of 

possible outcomes to inform decision-makers.  Figure 3 illustrates a highly simplified schematic of the 

Monte Carlo simulation process in which a randomly selected set of values from each distribution is 

used to solve a model and generate an estimate.  Monte Carlo simulation in practice involves thousands 

of independent samples from each distribution and storing the results, which in turn can be formulated 

as a distribution itself. 
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Environmental Benefits

Net Value

Costs

Discount 
Rate

%

Residual Value

$

Capital Costs

$ / Year

O&M Costs: 
Non-Utility 

$ / Year

Water Quality 

Improvements

$ / Year

Users Impacted
#  / Year

Non-Users 
Impacted

# / Year

WQI Change
Points / Year

WTP/User/WQI
$ / User/WQI

WTP/User/WQI
$ / User/WQI

Detention Basin 

Vegetation 

Amenity Impacts 
$ / Year

Sinkhole Repair 

Costs
$

Trees Planted in /
around Detention 

Basins
$ / Year

Tree Benefits (Energy 

Savings; GHG/CAC Reductions; 
Stormwater Runoff; Aesthetics 

(Property Values)

$ / Tree

Increase in Public 
Outreach Costs

$ / Year

Increase in Time 
Spent Dealing 
With Customer 

Complaints
Hours / Year

Hourly Wage of a 
CSR

$ / Hour

 Public & 

Stakeholder 

Relations Costs
$ / Year

 

Figure 2: Sample S&L Diagram for tree planting within existing grass detention ponds and the associated water quality improvements 
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- 

F = f (A, B, C, D, ..)

WQI 
Improvement
(Score/Site)

O&M Cost per 
Site

($/year/site)

Annual Value 
of WQI Score 

per User
($/Score/site)

Value of 
Investment 

($/yr)

Simultaneously 
Sampled 

Probability 
Distributions

Capital Cost per 
Site

($/Site)

 
Figure 3: Simplified Example of Monte Carlo Simulation Process 
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3.2.3 Task 3: Convene Workshop to Discuss Evidence and Methods 

Critical to the success of an SROI analysis is a workshop that is convened with the project owner, 

experts, and outside stakeholders, if desired.  The purpose of the workshop is to review the research 

and methods and reach consensus on the use of data and methods.  HDR typically facilitates the 

workshops after presenting the major findings from the research.  Examples of typical workshop session 

participants include: 

Client HDR Outside Experts 

Project PM 

Technical specialists 

 

Facilitator 

Economists 

Technical specialists 

Public agencies and officials 

Business groups 

Community groups 

 

The goal of the meeting is to elicit risk and probability beliefs from participants about: 

• The structure of the estimating framework 

• Uncertainty attached to each input variable and forecasting coefficient in the framework 

Experts are invited to add variables and hypothesized causal relationships that may be material yet 

missing from the model.  Central estimates and ranges that are generated from the research and that 

are provided to panelists prior to the session are modified as needed and if consensus is reached.  

3.2.4 Task 4: Generate Results 

The results of the Monte Carlo simulation analysis provide a comprehensive perspective on potential 

outcomes of an investment.  Each potential estimate of a net present value (NPV), a benefit-cost ratio 

(BCR), or another economic worth indicator would be known with some probability that it could occur.  

For example, in Figure 4, the range of NPV results is shown as ‘cumulative probabilities.’2  Presenting the 

possible NPV results in this form can be interpreted in the following ways:  

• Financial value (the blue, leftmost curve) can be compared to a NPV of 0 to indicate the 

breakeven point from a cost-only perspective.  In this case, the financial NPV range crosses at 

the 35th percentile which means that there is a 35% chance that benefits could be less than 

costs and a corresponding 65% chance that benefits could exceed costs.  The results indicate 

that there is almost a 2 to 1 chance (the ratio: 65% to 35%) that benefits would exceed costs 

rather than the other way around. 

• The two other curves on this chart represent the additional monetary estimates of social and 

environmental outcomes of the project.  These curves, together with the financial value, 

represent the total triple bottom-line value and are shown as the green, rightmost line.  This 

total value can be compared to the financial value.  In this case, at the 50th percentile or most 

likely NPV, the total value is about $2 million more than the financial value.  

                                                           

2 Problems in conventional sensitivity analysis include: (a) analysis of only extreme conditions, by using all parameter 
values from either the low and high ends of their respective ranges which are probabilistically extremely unlikely, and 
(b) a failure to account for interactive effects, especially in cases when parameters have correlated effects such as 
the relationship between water rates and water demand. Furthermore, the most basic form of a sensitivity analysis, 
when only one parameter value is changed at a time, generates unrealistic results.   
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• Lastly, the low percentile values provide information for risk-averse perspectives.  In this case 

the 10th percentile shows a $1.1 million total NPV.  This means that there is a 10% chance the 

value could be lower than this level and have a 90% level of confidence that the NPV could be at 

least this high. 

 

Figure 4: “S-Curve” distribution of Net Present Value of a Project 

An alternative presentation of risk is through a “box and whisker chart” as shown in Figure 5.  The range 

of possible total value in this case is represented by the two-toned boxes; representing between 25% 

and 50%, and 50% and 75% of values respectively.  The ‘whisker lines’ that extend beyond the boxes 

take the range of values from the 10th to the 90th percentiles.  This sample chart shows that BCRs range 

from under 0.8 to about 1.55 with a 50% likelihood of occurring (between 75th and 25th percentiles).  

The breakeven point is where the BCR = 1 and this occurs at about the 35th percentile. 

 

Figure 5: Sample Box-Whisker Plot of Total Benefits   
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4 Description of Benefit and Cost Categories 
The level of impact of a strategy differs across benefit categories and depends on the design of the 

project alternative, site conditions where the project is implemented, and characteristics in the 

community.  Estimation of economic benefits from a project depends on the degree to which linkages 

can be quantified between strategy and a benefit category, and then available economic literature to 

value this change.  Economic research has shown that stormwater management strategies, for instance, 

can generate a range of economic, environmental and social benefits for the community.  As will be 

discussed below, the benefits to the community are separately estimated and additive for “users” (i.e., 

people who are directly interacting with the water, e.g., swimming, boating, or visiting riparian parks) 

and “non-users” (i.e., people who do not visit or directly use the water, but still desire higher quality 

water). 

This section provides a brief description of the benefit and cost categories.  A more detailed discussion 

of data and analytical methods is included in the next chapter.  

4.1 Environmental Benefits 

Environmental benefits include impacts that are valued based on the project’s change in natural 

resource quality or quantity.  Key elements in computing these benefits include: 

• Water Quality Improvement:  Project alternatives are designed to improve water quality in 

nearby surface waters by reducing pollutant loadings.  In this case water quality improvements 

translate into more opportunities for people (i.e. “users”) to enjoy visiting and interacting with 

nearby surface water bodies, as well as others (i.e. “non-users”) who intrinsically desire 

improvements in water quality.  This benefit category relies on engineering assessments that 

link pollutant reductions by type (e.g. phosphorus, nitrogen) with a change in a water quality 

index score.  This change in water quality is then monetized using results from economic 

studies. 

• Greenhouse Gas (GHG) Emissions:  Scientific studies, U.S. and international governmental 

agencies have widely concluded that GHG emissions are closely linked with climate change, a 

condition that has been determined to lead to future economic impacts from more extreme 

weather events and damaging conditions on coasts.  Projects that change the rate of emissions 

from wastewater treatment plants, truck usage, or chemical use, would incrementally impact 

climate change and can in turn be monetized with standard economic valuation metrics 

prepared by the U.S. government.  

• Tree Impacts:  Trees provide a variety of positive environmental and social outcomes for people 

and local species.  Increasing the numbers of trees in a community can generate a variety of 

positive outcomes, including:  energy savings, carbon sequestration, air quality benefits, 

stormwater runoff reductions, and aesthetics.  Projects that involve tree planting can lead to 

increases in such benefits.  A composite value of benefits of trees has been is derived from a 

U.S. Forest Service valuation tool called “STREETS.” 
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4.2 Social Benefits 

Social benefits relate to impacts on people and property.  Direct human health impacts from exposure 

to water or land pollutants were not estimated for this pilot study due to the challenges and uncertainty 

with estimating these impacts.  Including direct human health impacts could result in increases in social 

benefits attributed to certain Integrated Planning Opportunities.  Key elements in computing these 

benefits include: 

• Criteria Air Contaminants (CACs):  Reductions in air pollution (as measured by criteria air 

contaminants such as particulate matter) are directly linked to health effects of people near 

sources of pollution.  Similar to GHG estimation methods, changes in energy use at facilities with 

truck hauling would cause changes in CAC emissions, such as particulate matter.  The monetary 

benefit of reduced health risk exposure in reduced electricity consumption is estimated from the 

U.S. Environmental Protection Agency (USEPA) COBRA model.  The value of reduced truck 

emissions is based on guidelines from U.S. Department of Transportation (USDOT).  

• Trucking Externalities:  Changes in truck use due to additional hauling of materials to and from 

facilities can also lead to impacts on the road.  These impacts include changes in frequency of 

accidents, congestion, noise pollution, and pavement wear costs.  The value of reduced truck 

emissions is based on guidelines from U.S. Department of Transportation (USDOT).   

• Private Property Flooding Cost Impacts:  This benefit category is associated with a reduction in 

flooding risk.  The incremental reduction in flooding is based on the decreased number of flood 

events to a private owner.  Flooding impacts to private property includes both surface water 

sources and backups in the sanitary sewer system. 

4.3 Cost Categories 

Project implementation typically involves a combination of one-time capital costs and long-term 

operations and maintenance costs.  While these costs are usually incurred by the City, in some cases the 

costs may be directly borne by citizens.  Ultimately all costs are covered by residents and businesses, 

specifically in relation to their level of use of water and wastewater services.  Information related to cost 

categories is provided in more detail within documentation of specific Integrated Planning 

Opportunities.  Key elements of these cost categories include: 

• Capital Costs:  Construction of any project alternatives will entail additional costs over and 

above the costs of existing infrastructure and its maintenance.  These incremental capital costs 

account for only the first-time costs of construction.  

• Operations and Maintenance (O&M) Costs:  O&M costs are incurred after construction to 

ensure that the project delivers water quality improvements as designed.  The actual type of 

O&M can vary considerably depending on the project.  In some cases the City would directly 

incur costs (e.g. treatment cost reductions at wastewater treatment plants due to lower flows, 

truck hauling costs increase due to higher volumes of biosolids production, as well as other 

administrative costs).  In other cases, residents and businesses would directly incur costs (e.g. 

use of alternative sealants on parking lots).  In all cases however, these costs can be seen as 

public costs since the costs are ultimately incurred by water and wastewater service users.  
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5 Methods of Benefit and Cost Analysis 
This section presents the methods and data involved in computing benefits associated with each benefit 

category that is relevant to the project alternative.  In some cases, detailed data used in calculations are 

described with tables of values contained in one or more appendices to this document.  Sources for 

methods and data are provided and, where necessary, the reliance on expert judgment beyond data 

values is noted.  The information in this chapter is organized around each benefit category and grouped 

by type of benefit: 

• Environmental Impacts:  Water quality improvements, GHG emissions, and tree impacts; 

• Social Impacts:  CAC emissions, truck hauling-related impacts (for biosolids and chemicals), and 

flooding impacts.  

5.1 Water Quality Improvements 

The approach used to estimate the value of water quality improvements draws from a U.S. EPA-

sanctioned method that is based on a Water Quality Index (WQI) (Van Houtven et al., 2007).  The WQI 

characterizes water quality on a 10-point scale that accounts for differing levels and types of water 

pollution.  The economic value of a change in water quality is drawn from research on individual’s 

“willingness-to-pay” (WTP) to improve water quality through some type of policy or investment.  The 

overall magnitude of benefits of water quality improvements is obtained by determining how many 

people would benefit.  Altogether there are three main elements in estimating the value of water 

quality improvements: 

• quantification of water quality change;  

• number of people who benefit; and  

• value of water quality changes per person.  

The two subsections below provide an overview of the WQI method including the criteria and weights, 

and the data sources for computing each of the elements above.  Direct economic benefits to individuals 

and businesses that generate income from recreational activities are not included in this valuation 

technique as benefits would be double counted if added to the cumulative “willingness-to-pay.” 

5.1.1 Water Quality Criteria and Scoring System 

The WQI is a hierarchical index that is adapted to Missouri’s water quality beneficial use attainability 

criteria and based on inputs from local citizens and experts (Figure 6).  The overall WQI score is 

developed from two sets of weighted values.  The overall WQI score is computed from: 

Equation 1: WQI Score     

WQI = ∑ ��� � ���
�
�	
  

where "W" is a weighted value and "U" is the use condition score.  The use condition score "U" is 

calculated from a subset of measurable water quality conditions for each water body and defined as: 
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Equation 2: Use Condition Score 

U = ∑ ��� � ���
�
�	
  

where "w" is the weighted value and "C" is the criteria score ranging between 0 to 1 (note that small "w"  

is used to denote the use criteria weight as opposed to "W" which denotes the beneficial use weight).  

Criteria are specific to each use and are indicative of use attainment. 

 

Figure 6: Water Quality Index System 

A list of beneficial uses was developed and then assigned a weighted value from 0 to 10 based on results 

of a Springfield citizen survey, the Springfield Environmental Priorities Task Force, consultation with the 

City, and best professional judgment (Table 1).  The weights are established separately for each of the 

receiving waters around the City.  Larger weights for some beneficial uses indicate that the use is more 

highly valued.  Note that some beneficial uses were given a weight of zero which means that such uses 

did not contribute to water quality value. 

Table 1: Weight Assigned to Beneficial Uses 

Beneficial Use 

Receiving Water 

Springfield 

Urban 

Streams 

Wilson’s 

Creek 

below 

SWCWP 

James River 

below 

Wilson’s 

Creek 

Lake 

Springfield 

Table 

Rock 

Lake 

Aesthetics 2.8 2.0 0.5 2.0 2.5 

Secondary Contact Recreation 1.5 1.5 2.0 2.0 1.0 

Whole Body Contact Recreation 1.0 1.0 2.0 1.5 3.0 

Aquatic Life Protection – Habitat 0.5 0.5 0.5 0.5 0.5 

Aquatic Life Protection – Water Quality 2.5 2.5 3.0 2.0 2.0 

Livestock & Wildlife Watering 1.0 1.0 1.5 0.0 0.0 

Industrial Water Supply 0.0 0.0 0.0 0.75 0.0 

Hydrologic Cycle Maintenance 0.0 0.0 0.0 0.0 0.0 

Human Health- Fish Consumption 0.5 0.5 0.5 1.25 0.5 

Irrigation 0.0 0.0 0.0 0.0 0.0 

Drinking Water Supply 0.2 1.0 0.0 0.0 0.5 

Total 10 10 10 10 10 

WQI

• Composite of 11 weighted use condition 
scores

• Greater weight is applied to uses more 
highly  valued by the public

Use 
Condition

• Composite of weighted criteria scores

• Criteria weight was determined in 
consultation with the City and by best 
professional judgment

Criteria

• Criteria are specific to each 
use

• Criteria are indicative of 
use attainment
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As a second step, measurable criteria are established for each of the beneficial uses to determine actual 

water quality conditions.  The criteria and criteria weights in Table 2 were determined in consultation 

with the City and by best professional judgment.  Use condition scores for beneficial uses not presented 

in Table 2 were estimated based on best professional judgment. 

Table 2: Weight Assigned to Beneficial Use Criteria 

Beneficial Use 
Criteria 

ID 
Criteria 

Weight 

(w) 

Aesthetics 

A1 
% of stream miles that are generally considered attractive to 

the public 
0.2 

A2 
Aesthetic condition of selected “highly visible” areas within the 

watershed 
0.4 

A3 Nutrient impacts to aesthetics 0.1 

A4 
Economical value of aesthetic improvements as % of 

economical improvements available 
0.3 

Whole Body Contact 

Recreation 
W1 

Bacteria (% of days greater than the Statistical Threshold 

Values) 
1 

Secondary Contact 

Recreation 
S1 

Bacteria (% of days greater than the Statistical Threshold 

Values) 
1 

Aquatic Life 

Protection – Water 

Quality 

W1 Total suspended solids or sediment 0.2 

W2 Total phosphorus 0.15 

W3 Total nitrogen 0.1 

W4 Dissolved oxygen 0.2 

W5 
Toxics – metals, organics, Polycyclic Aromatic Hydrocarbons 

(PAHs)  
0.35 

Human Health – Fish 

Consumption 

H1 Mercury, Polychlorinated biphenyls (PCBs) 0.67 

H2 PAHs 0.33 

Drinking Water 

Supply 

D1 Nitrate 0.2 

D2 Taste and Odor 0.2 

D3 Bacteria/Pathogens 0.3 

D4 Carcinogens 0.3 

Note:  The sum of all weights for each beneficial use category must equal 1. 

Criteria are scored based on a variety of metrics and best professional judgment.  For purposes of the 

study, the value of water quality improvement opportunities is based on changes to the initial condition 

scores rather than the actual score itself.  Therefore, raw scores as presented in this report do not 

necessarily reflect existing conditions at all points within the water body.  Greater emphasis is placed on 

establishing the framework for scoring criteria and quantifying anticipated changes.  Less emphasis is 

placed on accurately determining conditions for criteria and waters if there is little perceived benefit 

from the water quality improvement opportunity.  

Methods used to derive the criteria scores are discussed below by use designation.  Current or baseline 

condition scores are presented in an appendix at the end of this report.  Estimated changes to criteria 

scores and subsequent impacts to the WQI are discussed in the respective opportunity reports. 
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5.1.1.1 Aesthetics 

Aesthetics were scored based on the following four criteria: 

• Percent of stream miles that are generally considered attractive to the public. 

• Aesthetic condition of selected “highly visible” areas within the watershed (selected by number 

of “views”). 

• Nutrient impacts to aesthetics. 

• Economic value of aesthetic improvements as a percent of the economic improvements 

available. 

With the exception of nutrient impacts to aesthetics, aesthetic criteria were generally determined by 

best professional judgment in consultation with the City.  Nutrient impacts were determined as a 

weighted average of the total phosphorus (60%) and total nitrogen (40%) score for the streams and 

creeks (see discussion of nutrient criteria below). 

5.1.1.2 Whole Body and Secondary Contact Recreation 

Whole body and secondary contact recreation uses were scored based on bacteria criteria.  Bacteria 

data were scored from 0 to 1 based on the percent of days that E. coli levels exceeded the statistical 

threshold value (STV).  The STV is based off of the USEPA’s recommendations for a short-term indicator 

criterion and approximates the 90th percentile of the water quality distribution about the E. coli 

criterion.  The STV was calculated as follows: 

  STV = [E. coli criterion]*10(Confidence Level Factor * σ) 

where the confidence level factor (i.e., the inverse of the cumulative standardized normal distribution) is 

1.28 and σ (i.e., standard deviation of the logarithm of indicator densities) is 0.4.   

The STV for Missouri’s three recreational use categories were calculated as follows: 

• Whole body contact recreation – Category A: (126 cfu/100 mL)*3.25 = 410 cfu/100 mL 

• Whole body contact recreation – Category B: (206 cfu/100 mL)*3.25 = 670 cfu/100 mL 

• Secondary contact recreation: (1,134 cfu/100 mL)*3.25 = 3,690 cfu/100 mL 

 

Bacteria data used to assess bacteria criteria scores were obtained from the following sources identified 

below by water body: 

• Springfield urban stream – Based on the City’s municipal separate storm sewer system (MS4) 

data weighted as follows – baseflow (80%) and stormwater (20%). 

• Wilson’s Creek below SWTP – Based on data from USGS station 7052152 (Wilson’s Creek near 

Brookline). 

• James River (below Wilson’s) – Based on data from USGS station 07052250 (James River near 

Boaz). 
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Table Rock Lake and Lake Springfield – No data were assessed.  The impact of water quality 

improvement opportunities on bacteria levels in these waters was assumed minimal for purposes of the 

SROI study. 

5.1.1.3 Aquatic Life Protection Water Quality 

Aquatic life protection – water quality was scored based on the following five criteria: 

• Total suspended solids or sediment 

• Total phosphorus 

• Total nitrogen 

• Dissolved oxygen 

• Toxics – metals, organics (PAH) 

Criteria scores for total suspended solids or sediment and dissolved oxygen were set based on best 

professional judgment.  For purposes of this SROI study, toxics criteria scores were set based on PAH 

levels.  Criteria scores for total phosphorus, total nitrogen, and PAH are discussed below. 

Total Phosphorus 

Metrics for scoring total phosphorus (TP) data were developed for aquatic life protection – water quality 

factors.  TP river data were scored on a scale of 0 to 1 based on USEPA’s nutrient ecoregion reference 

concentrations for Ecoregion 39 (USEPA, 2000a):   

• 25th percentile value = 6.6 ug/L (Score = 1) 

• 75th percentile value = 63 ug/L (Score = 0.5) 

• 3x 75th percentile = 189 ug/L (Score = 0.1) 

TP lake data were scored on a scale of 0 to 1 based on the Missouri Department of Natural Resources 

(MDNR) site-specific criteria for Table Rock Lake and USEPA’s nutrient ecoregion reference 

concentrations for Ecoregion 39 (USEPA, 2000b): 

• MDNR site-specific criteria for Table Rock Lake = 9 ug/L (Score = 1) 

• 75th percentile value = 86 ug/L (Score = 0.5) 

• 3x 75th percentile = 258 ug/L (Score = 0.1) 

Scores above or below reference values were linearly interpolated as shown in Figure 7 and Figure 8. 
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Figure 7:  Total Phosphorus River Criteria Scoring Metric 

 

 
Figure 8: Total Phosphorus Lake Criteria Scoring Metric 

Phosphorus data used to assess TP criteria scores were obtained from the following sources identified 

below by water body:  

• Springfield urban stream – Based on the City’s municipal separate storm sewer system (MS4) 

data weighted as follows – baseflow (80%) and stormwater (20%). 

• Wilson’s Creek below SWTP – Based on data from USGS station 7052152 (Wilson’s Creek near 

Brookline). 

• James River (below Wilson’s) – Based on data from USGS station 07052500 (James River at 

Galena). 

• Table Rock Lake – Based on the Missouri Department of Natural Resources 303d dataset. 

Lake Springfield – No data were assessed.  The impact of water quality improvement opportunities on 

TP levels in these waters was assumed minimal for purposes of the SROI study. 
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Total Nitrogen 

Metrics for scoring total nitrogen (TN) data were developed for aquatic life protection – water quality 

factors.  TN river data were scored on a scale of 0 to 1 based on USEPA’s nutrient ecoregion reference 

concentrations for Ecoregion 39 (USEPA, 2000a): 

• 25th percentile value in USEPA Ecoregion 39 (TN = 0.38 mg/L) – Score = 1 

• 75th percentile value in USEPA Ecoregion 39 (TN = 1.6 mg/L) – Score = 0.5 

• 3x 75th percentile USEPA ecoregional value (TN = 4.8 mg/L) – Score = 0.1 

TN lake data were scored on a scale of 0 to 1 based on the Missouri Department of Natural Resources 

(MDNR) site-specific criteria for Table Rock Lake and USEPA’s nutrient ecoregion reference 

concentrations for Ecoregion 39 (USEPA, 2000b): 

• MDNR site-specific criteria (TN = 0.253 mg/L) – Score = 1 

• 75th percentile value in USEPA Ecoregion 39 (TN = 1.2 mg/L) – Score = 0.5 

• 3x 75th percentile USEPA ecoregional value (TN = 3.6 mg/L) – Score = 0.1 

Scores above or below reference values were linearly interpolated as shown in Figure 9 and Figure 10. 

 
Figure 9: Total Nitrogen River Criteria Scoring Metric 

 
Figure 10: Total Nitrogen Lake Criteria Scoring Metric 
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Nitrogen data used to assess TN criteria scores were obtained from the same sources as described for 

TP. 

Polycyclic Aromatic Hydrocarbons 

Metrics for scoring PAH data were developed for aquatic life protection – water quality factors and 

human health – fish consumption.  PAH levels were scored on a scale of 0 to 1 based on the following 

reference levels identified in MacDonald et al. (2000):   

• Probable effect concentration (PEC) = 22,800 ug/kg (as PAH16) (Score = 0.5) 

• Severe effect level (SEL) = 100,000 ug/kg (as PAH16) (Score = 0) 

Scores for total PAH16 levels above or below the PEC and SEL were linearly interpolated as shown in 

Figure 11.  

 
Figure 11:  PAH Criteria Scoring Metric 

PAH data used to assess initial conditions were obtained from a recent study by the Ozarks 

Environmental and Water Resources Institute (OEWRI) (Pavlowski, 2012).  The PAH data collected within 

the City were averaged and weighted by stream mile to determine an overall urban stream score based 

on the PAH scoring metric (Figure 11).    PAH scores for Lake Springfield were estimated based on data 

collected from the Galloway Creek arm of the lake.   

5.1.1.4 Human Health – Fish Consumption 

Some fish have mercury, polychlorinated biphenyls (PCBs), PAHs and other chemicals that may be 

unsafe for human consumption.  Mercury and PCBs are particularly pervasive throughout reservoirs in 

the lower 48 states including Missouri.  Based on this prevalence and toxicity concerns, mercury and 

PCBs were weighted relatively high (0.67) in Table 2 and were assigned a collective score of 0.5 for 

current conditions.  However, opportunities evaluated as part of this SROI do not specifically target 

mercury or PCBs, which are largely outside the control of the City.  Therefore, the conservative 

assumption applied to this SROI was that the opportunities under evaluation provided no change to the 

criteria score for mercury and PCBs.  PAHs were scored according to the methods described in 5.1.1.3.  
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5.1.1.5 Drinking Water Supply 

Drinking water supply was scored based on the following four criteria: 

• Nitrate 

• Taste and Odor 

• Bacteria/Pathogens 

• Carcinogens 

Criteria scores for taste and odor and carcinogens were set based on best professional judgment.  

Criteria scores for nitrate were based off of MDNR’s drinking water nitrate criterion of 10 mg/L.  For 

purposes of this SROI study, the nitrate criterion was compared to TN data assessed for aquatic life 

protections.  The nitrate criterion was assigned a score of 0 if TN exceeded 10 mg/L and a score of 1 if 

not.  Bacteria scores were based on the STV for whole body contact recreation – Category A as 

previously described. 

5.1.2 Overview of WQI Calculation 

The anticipated change in the WQI was estimated for each water quality improvement opportunity and 

the associated receiving waters.  The analysis of impacts is then reflected in the baseline conditions and 

potential improvements separately for each of the following receiving waters:  

• Springfield urban streams  

• Wilson’s Creek below the SWTP 

• James River below Wilson’s Creek 

• Lake Springfield 

• Table Rock Lake  

The next step in computing a value of WQI improvements involves estimating the number of people 

who could benefit.  These beneficiaries are classified as either “users” – people whose value is derived 

from some type of direct recreational use the waters, or “non-users” – whose value may arise from their 

desire for higher environmental quality or from their desire for future water use.  The number of users is 

calculated in general accordance with the 1983 Economic and Environmental Principles and Guidelines 

for Water and Related Land Resources Implementation Studies developed by the U.S. Water Resources 

Council.  This method considers the type of water based uses the facilities provide and then estimates 

the percentage of the population that would participate in these activities within the market area 

radius.   

The market area radius for this study was limited to the Springfield City limits for Urban Streams and to 

within 15 miles of the James River.  The participation rates and type of water based recreation is based 

on the Missouri Statewide Comprehensive Outdoor Recreation Plan 2013-2017 (SCORP) completed by 

the Missouri Department of Conservation (MDC).  In completing the SCORP, three statewide surveys of 

residents and outdoor recreation professionals were conducted by MDC.  The data from those primary 

research studies were compared to national studies and trends for a broad-based perspective.  Figure 12 

summarizes the household participation rates determined by MDC.  The SCORP also found that 



 

 

24 

 

participation rates are likely increasing in the future (Figure 13); however, this study assumed the 

participation rates would be constant over the planning duration which is a conservative assumption.   

 

Figure 12: Missouri 2013-2017 Statewide Outdoor Recreation Plan survey findings for frequency of 

participation by activity. 
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Figure 13: Missouri 2013-2017 Statewide Outdoor Recreation Plan 5-year activity increase projections. 

The SCORP determined there are a large number of trail users and the anticipated participation rate is 

expected to increase.  Springfield-Greene County Park Board, the Wilson’s Creek National Battlefield, 

and the MDC were contacted about participation rates on area greenway trails.  Greenway trails are 

built in close proximity to streams and will frequently cross the stream on either low water crossings 

or will connect to a roadway bridge that crosses the stream.  In addition, EPA investigated data on 

water resources users, as well as non-recreational users, of the region’s water resources.  The EPA 

Springfield, Missouri Integrated Planning Support: Task 1 Data Summary Report draft report dated 

May 2015 was further used to reinforce the SCORP and local data.   

 

 

 

 

 

Table 3 summarizes the estimated number of annual trail counts.  For the non-federal and state 

operated trails, the trail counts were last performed in 2010.  The trail counts represent the number of 

people that use the trail in a given year; however, the same user could access the trail multiple times in 

a year so the trail counts would tend to over estimate users.  Actual data is not available for the 

frequency of use and it was assumed to be 10 trips per year. 
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Table 3: Estimated Number of Annual Trail Counts 

Greenway Trail Estimated Trail Count (annual) 

Galloway Creek 67,200 

South Creek 53,760 

Sac River 8,064 

Sac River Truman 5,376 

Ward Branch 13,440 

Jordan Creek 18,816 

Wilson Creek 8,064 

Valley Water Mill 5,376 

Lake Springfield 53,327 

Fassnight Creek 2,688 

Nathanial Greene Park (South Creek) 500,000 

Springfield Nature Center (Galloway Creek) 210,236 

Wilson’s Creek Battlefield (Wilson’s Creek) 35,685 

 

Table 4: Number of Users and Non-Users in Springfield Area Waters 

Receiving Water Users Non-Users 

Springfield Urban Streams 93,666 45,651 

Wilson’s Creek below SWCWP 3,569 1,739 

James River below Wilson’s 18,740 181,762 

Lake Springfield 10,000 4,874 

Table Rock Lake 1,069,500 315,391 

 

The final input into the economic analysis of WQI changes involves estimation of a value of per unit 

change in water quality.  The value of a WQI change has been derived from results of a national meta-

analysis of a wide range of studies that estimated WTP values for water quality improvements in the 

U.S. (Van Houtven, et al., 2007).  This meta-analysis extracted 131 willingness to pay (WTP) results for 

water quality improvements that were estimated in 18 separate research studies.  The results included 

WTP estimates for use (i.e. recreation opportunities) and non-use (i.e. habitat and ecological services) 
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values of water quality changes.  The studies used by the authors employed survey techniques to elicit 

responses from people on their WTP for improved water quality.  Survey responses on WTP are an 

indirect method of determining environmental value and can be used to differentiate WTPs of 

respondents who may be classified as either users or non-users, depending on their activities with 

water.3 

Many studies differed in methods and data for evaluating water quality changes.  In this study water 

quality characteristics are adjusted to a common 10-point scale, called the water quality index, WQI.  

This index is built off the water quality ladder (WQL) as a way of conveying water quality to the public, 

particularly survey respondents.  This approach to defining water quality combines features of ‘‘class-

based’’ and ‘‘use-based’’ methods used by the USEPA to establish water quality standards.  A typical 

class-based description of water quality maps a set of pollutants and their concentrations to a linear 

scale used to define general water quality according to several quality levels.  This approach is simple, 

but the mapping of pollutants to quality levels is nonspecific.  A use-based description of water quality 

addresses this issue by mapping specific pollutants to specific uses.  By combining the two approaches 

the WQI merges the simplicity of the class-based approach with its use-specific quality steps and it 

provides a basis for linking in-stream chemical, physical, and biological characteristics to human-based 

economic value estimates. 

Using a log-linear benefit transfer function in the full model from this meta-regression, the authors 

generate a predicted mean annual WTP for a 1-point change (out of 10) in the WQI of $32 for users and 

$11 for non-users (2003 dollars).  This value must be adjusted for inflation and also median household 

incomes in the region.  Given inflation factors from Bureau of Labor Statistics and median household 

income ratio of Missouri to the U.S., the WTP value for a 1-point change in the WQI becomes $40.16 for 

users and $13.81 for non-users.  The total value of a water quality change includes impacts for users and 

non-users. 

The concept of a non-user benefit is well-founded in economic literature and represents the interests of 

a wider group of people.  The non-use value is significantly smaller on a per-person basis, but represents 

the interests of people who do not use the water for recreational purposes, but desire water quality 

improvements for environmental purposes, or perhaps for future uses.  Adding non-users’ value into a 

total benefits calculation represents the wider interests for environmental quality in a community.  The 

total numbers of users and non-users for each receiving water are summarized above in Table 4.  

Detailed computations are contained in an appendix at the end of this report.   

                                                           

3 Note that in any given study, the estimation of WTP using surveys entails obtaining responses from a stratified and 
representative random sample of people affected by a project. Some respondents are likely to include avid fishermen. 
They may set a high WTP for cleaner water because of their time spent, expenses incurred, and frequency trips. 
Other respondents could include those people whose livelihoods depend on others’ use of the water (e.g. boat rental 
operators). Their WTP responses could be influenced by their dependence on others’ water use, but not strictly 
derived from profits or income. Finally, non-users’ WTP is usually smaller in magnitude than users’ WTP because 
their level of interaction with water is lower and their value may be limited to a more intangible desire for natural 
systems to function better, perhaps for their own future use, or as a bequest to future generations. 
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5.2 Greenhouse Gas Emissions 

The changes in GHG emissions come from several sources and reasons for changes include energy use.  

For example, projects that enhanced nutrient removal at a wastewater treatment facility would increase 

energy use at the plant and also increase truck hauling because of the increase in volume of biosolids 

required for removal.  In addition, it is also reasonable to account for the change in lifecycle GHG 

emissions that are embodied in a change in chemical use for treatment processes.  The associated 

increase in GHG emissions reduces environmental value and is considered a “negative benefit.”  Other 

types of improvements that reduce GHGs would of course generate positive benefits.  

The analytical process for determining a change in GHGs involves several steps including: 

• Estimate the annual changes in energy use by type of fuel (in units of kWh of electricity, gallons 

of gas, or others).  This value is determined from City records and project design data and 

computed as the difference between baseline and project conditions.  

• Estimate quantity of GHG emissions per unit of energy use.  Data compiled by EPA establishes 

on GHG emissions rates from electricity use in Missouri, based its energy generation capacity in 

the state (USEPA, eGrid).  The U.S. EPA model “MOVES” provides information on GHG emissions 

rates for vehicles including specific types of trucks.  See Table 5. 

• In addition, for projects that entail increases in the use of chemicals for water treatment, it is 

also possible to account for lifecycle greenhouse gas emissions.  Both Alum and Ferric Chloride 

have published emissions factors corresponding to volumes produced.  See Table 6. 

• The Value of changes in GHG emissions comes from the Federal Interagency Working Group on 

Social Cost of Carbon.  All values are in 2014 U.S. dollars per ton.  A range of values is drawn 

from these results for use in this analysis.  The social cost of carbon represents the present value 

(discounted to the year shown) of marginal future climate damage.  The Federal interagency 

Social Cost of Carbon (SCC) guidance states that the value of carbon dioxide emissions changes 

over time and should be discounted at the lower discount rates of 2.5%, 3%, or 5%.  See Table 7. 

Table 5: Emissions Rates  

Source Value Source 

GHG Tons / 

kWh 
0.92 

USEPA - eGRID 2014 (2010 Data).  Specific emissions factors for all 

electricity generation plants operating in MO. 

GHG 

Tons/Mile 
0.002 USEPA Motor Vehicle Emission Simulator (MOVES) Model 

 

Table 6: Chemical Emissions Rates 

Constituent Metrics Median Source 

Alum  lbs. CO2e per lb. Alum 0.28 www.ncsafewater.org 

 Ferric Chloride  lbs. CO2e per lb. FeCl3 0.48 

 
 



 

 

29 

 

Table 7: GHG Social Costs 

Greenhouse 

Gases 
Low Middle High Source 

Value ($/Ton) $12.66 $46.09 $56.65 IWGSCC (2013) 

5.3 Tree Impacts 

Tree benefits are a category exclusive to projects that plant trees.  The economic value of trees has been 

studied at length.  One widely used resource is a valuation tool called STREETS created by the U.S. Forest 

Service.  This tool monetizes varied impacts related to a tree, such as energy savings, carbon dioxide 

reductions, air quality benefits, stormwater runoff reductions, and aesthetics.  For this analysis, a 

generic tree benefit valuation was selected as representative of a variety of trees that would be planted.  

The benefit monetization for project trees relied primarily on the paper ‘Municipal Forest Benefits and 

Costs in Five U.S. Cities’ (McPherson et al., 2005).  This paper, published in the Journal of Forestry 

leverages an urban forest management tool, developed by the U.S. Forestry Service titled ‘STRATUM.’  

The STRATUM model is the successor of the aforementioned ‘STREETS’ model.  The generic value of a 

tree is multiplied by the planting density (number of trees) identified in the hypothetical build cases for 

this analysis. 

Table 8: Tree Valuation 

Category Metric Median Low High Comment 

Value of a Generic Tree  2014$/Tree $22 $19 $25 
McPherson, et al.:  Journal of 

Forestry; Dec 2005  

5.4 Criteria Air Contaminants 

The valuation of CAC emissions is similar to that of GHG emissions in terms of integrating energy use, 

emissions rates, and valuation per unit.  The analytical process for determining a change in GHG involves 

several steps including: 

• Estimate the annual changes in energy use by type of fuel (in units of kWh of electricity, gallons 

of gas, or others).  This value is determined from City records and project design data and 

computed as the difference between baseline and project conditions.  

• Estimate quantity of GHG emissions per unit of energy use.  Data compiled by EPA establishes 

on CAC emissions rates from electricity use in Missouri, based its energy generation capacity in 

the state (USEPA, eGrid).  See Table 9. 

Table 9: CAC Emissions Rates - Electricity  

Pollutant Units Values Source 

NOx  Tons/MWh 0.0007 U.S. Environmental Protection Agency - eGRID 

2014 (2010 Data).  Specific emissions factors for 

all electricity generation plants operating in MO. 
SO2  Tons/MWh 0.003 

PM2.5 Tons/MWh 0.00007 

VOC Tons/MWh 0.00002 
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US EPA COBRA model is EPA's screening model and is a free tool that helps state and local governments:  

(a) estimate and map the air quality, human health, and related economic benefits (excluding energy 

cost savings) of clean energy policies or programs; and (b) approximate the outcomes of clean energy 

policies that change emissions of particulate matter (PM2.5), sulfur dioxide (S02), nitrogen oxides (NOX), 

ammonia (NH3), and volatile organic compounds (VOCs) at the county, state, regional, or national level.  

The annual social values per MWH of electricity are shown in  

Table 10. 

For truck use, the per unit social values for each emission type are then applied to the change in 

emissions following US DOT guidelines to monetize these benefits.  See data in Table 11 and Table 12. 

Table 10: CAC Social Costs - Electricity 

Greenhouse Gases Low High Source 

Value ($/MWH) $6.9 $15.7 EPA Cobra Model  

 

Table 11: CAC Emissions Rates - Truck Miles 

Pollutant Units Values Source 

NOx  Tons/Mile 0.00001 EPA Motor Vehicle Emission Simulator 

(MOVES) Model SO2  Tons/Mile 0.0000004 

PM2.5 Tons/Mile 0.00000002 

VOC Tons/Mile 0.0000004 

 

Table 12: CAC Social Costs – Truck Use  

Pollutant Units Values Source 

Emission Costs, SO2 - Urban $/ton $33,177.62 US DOT /NHSTA (2010), Muller et al. 

(2007), ECDG AEA Technology (2005) Emission Costs, PM - Urban $/ton $260,200.44 

Emission Costs, VOC - Urban $/ton $1,492 

Emission Costs, NOx - Urban $/ton $6,465 

Emission Costs, SO2 - Rural $/ton $2,135.55 

Emission Costs, PM - Rural $/ton $4,361.07 

Emission Costs, VOC - Rural $/ton $796 

Emission Costs, NOx - Rural $/ton $1,277 

5.5 Trucking Impacts of Road Use 

The increase in truck miles from hauling biosolids from the SWCWP in the nutrient removal alternative 

has additional costs associated with it from a societal perspective, including reduced accidents, 

congestion, noise pollution, and pavement wear costs.  The USDOT has published extensive research on 
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these costs to society, and as such HDR uses these recommendations frequently in cost-benefit 

modeling.  The values used in this study are shown below: 

Table 13: Transportation Impact Factors 

Category Units Median Low High Comment 

Congestion cost per mile of 

travel 
$/VMT $0.119 $0.031 $0.349 

Federal Highway Cost 

Allocation Study, U.S. 

Dept. of Transportation, 

FHWA May 2000. 

Updated to 2014 $; 

combination truck. 

Accident cost per mile of travel $/VMT $0.024 $0.011 $0.076 

Noise cost per mile of travel $/VMT $0.022 $0.006 $0.057 

Highway pavement cost per 

mile of travel 
$/VMT $0.245 $0.122 $0.367 
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6 Summary of Results  
The SROI process has been implemented to evaluate a range of Integrated Planning Opportunities.  This 

report highlights the results of several types of project opportunities – each of which includes one or 

more design and implementation alternatives.  These opportunities and alternatives include 

consideration of:  

• Stormwater Detention Basin Retrofits:  This opportunity includes two separate evaluations of 

detention basin retrofit alternatives – simple outlet modification to improve stormwater 

treatment, and enhanced vegetation within the basins for hydrologic and water quality benefits.  

• Polycyclic Aromatic Hydrocarbon (PAH) Reduction Measures:  The evaluation of this 

opportunity includes two alternatives – as a coal tar sealant reduction policy and physical 

excavation of accumulated PAHs within the stormwater drainage system. 

• Enhanced Nutrient Removal at Southwest Wastewater Plant (SWTP):  This opportunity is based 

upon providing enhanced nutrient removal with target effluent quality of 0.1 mg/l TP and 3 mg/l 

TN at the SWTP. 

• Sanitary Sewer Overflow (SSO) Controls:  This opportunity includes evaluation of four different 

SSO control levels of service (LOS).  

Overall, nine total alternatives among four types of projects.  This preliminary assessment of project 

options and corresponding SROI analysis will be used to refine further the list of Integrated Planning 

Opportunities that the City will consider for further analysis and future implementation. 

Analysis of project impacts requires an analysis of baseline conditions, and changed conditions because 

of the project, across each of the benefit categories.  Data on these changed conditions are generated 

by engineering data and expert judgment.  A multi-disciplined team of engineers, key City staff, local 

stakeholders, and economists have been involved to produce data and review analytical methods.  

Some of the key technical engineering inputs include:  capital cost and annual operations and 

maintenance estimates, flow and pollutant loading estimates, water quality modeling, recreational users 

counts, and energy impact modeling, among others.  

6.1 Benefits and Costs by Opportunity Alternative  

Opportunity alternatives accrue different combinations of environmental and social benefits depending 

on their characteristics.  Table 14 indicates (with a shaded cell) how benefit categories apply differently 

to project alternatives.  All of the projects generate environmental water quality benefits.  Some 

projects generate changes in GHG emissions from energy use in hauling biosolids or treatment facility 

electricity use.  Note that CAC emissions are included as a social impact because the basis for estimating 

impacts comes from changes in human health conditions.  Other social impacts, as discussed above, 

relate to impacts of trucks on the road and a variety of impacts on private property. 
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Table 14: Matrix of Benefit Categories by Project Alternative  
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Environmental                   

Water Quality Impacts          

GHG Emissions Impacts - Increased Electricity Use at SWTP          

GHG Emissions Impacts - Chemical Use at SWTP          

GHG Emissions Impacts - Reduced Electricity - SSO Reduction          

GHG Emissions Impacts from Trucking (Chemicals/Biosolids)          

Tree Impacts Around Detention Basins          

Social          

CAC Emissions Impacts - Increased Electricity Use at SWTP          

CAC Emissions Impacts - Reduced Electricity - SSO Reduction          

CAC Emissions Impacts from Trucking (Chemicals/Biosolids)          

Accident Impacts - Trucking (Chemicals/Biosolids)          

Pavement Damage Impacts - Trucking (Chemicals/Biosolids)          

Congestion Impacts - Trucking (Chemicals/Biosolids)          

Noise Impacts - Trucking (Chemicals/Biosolids)          

Private Property Impacts -  Reduced Flooding, SSO Reduction          

Capital Costs          

Capital Expenditure Impacts (Including Replacement Costs)          

Residual Value of Capital Costs (Including Replacement Costs)          

Operating and Maintenance (O&M) Costs          

O&M Impacts          

Sinkhole Repair Expenditure Impacts          

O&M  Cost Impacts at SWTP/NWTP from SSO Reduction          

Vehicle Operating Cost Impacts - Increased Biosolids Hauling          

Public and Stakeholder Relations Impacts          

Sealant Cost Impacts to Private Property           

TMDL Impairment Cost Impacts (Administrative/Legal Only)          

Avoided Permit Violation Costs (Regulatory Compliance Costs)          
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6.2 Summary of Results 

The analysis of projects can be viewed from a variety of perspectives including cost-only and total value, 

in which water quality improvement and other outcomes are incorporated.  In all cases, the measures of 

comparison in this SROI analysis are in monetary units the analytical methods for estimating monetary 

value of benefits is discussed in the previous chapter.  A cost-only perspective would rank projects based 

on the total lifecycle cost, irrespective of the type and degree of water quality improvements.   

The results in Table 15 provide the estimates of present value costs and benefits for each of the project 

opportunities.  The results indicate that there is a wide variety of results within the four opportunities 

and nine alternatives.  Each investment generates net social & environmental benefits with varying 

magnitudes.  In some cases, the monetized value of water quality improvements are not enough to 

offset the implementation costs, the value of these improvements are still significant. These results 

clearly demonstrate the usefulness of the SROI process for evaluation of dissimilar stormwater and 

wastewater alternatives that carry significantly different costs and benefits. 

A summary of the financial lifecycle costs: 

• There are varying degrees of magnitudes of net lifecycle impacts to each alternative. 

• A lower cost option entails $7.7M in detention basin retrofits 

• SSO options including alternative designs for LOS 1, 2, and 5 years all exceed $200M.  While 

there are operational cost savings, these savings do not offset the construction costs. 

From a triple bottom-line perspective, the 16 categories of impacts are each valued based on methods 

described above and generated the following results: 

• Each project produces positive net social/environmental benefits over the study period. 

• The magnitudes of the impacts vary greatly – from $57.6M for nutrient removal at the 

wastewater treatment plant to $9.8M for detention basin retrofits.   

• The predominant driver of benefits in each case is the value of improved water quality.  The 

benefits range from $59.8M for enhanced nutrient removal and $9.8M for detention basin 

retrofits. 

• The sanitary sewer alternatives show diminishing returns to the LOS – each subsequent LOS 

shows increasing benefits; however, costs are increasing at a greater rate, reducing the BCR at 

each subsequent level.  SSO with I/I control has the highest BCR, while SSO with 5 year LOS has 

the lowest among the SSO projects. 
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Table 15:  Summary of Results  

SROI Analysis Results:  

Present Value 27-Year Study Results from 2014-2040 (2014 

Base Year, 2015 Capital Investment, 2016 Ongoing Cash 

flows) 
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Environmental Benefits                   

Water Quality Impacts $9.8  $10.0  $15.5  $18.8  $59.8  $16.4  $17.6  $18.1  $18.3  

GHG Emissions Impacts - Increased Electricity Use at SWTP $0.0 $0.0 $0.0 $0.0 ($1.1) $0.0 $0.0 $0.0 $0.0 

GHG Emissions Impacts - Chemical Use at SWTP $0.0 $0.0 $0.0 $0.0 ($0.2) $0.0 $0.0 $0.0 $0.0 

GHG Emissions Impacts - Reduced Electricity - SSO Reduction $0.0 $0.0 $0.0 $0.0 $0.0 $1.1 $1.1 $1.1 $1.1 

GHG Emissions Impacts from Trucking (Chemicals/Biosolids) $0.0 $0.0 $0.0 $0.0 ($0.1) $0.0 $0.0 $0.0 $0.0 

Tree Impacts Around Detention Basins $0.0 $0.1 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 

Social Benefits          

CAC Emissions Impacts - Increased Electricity Use at SWTP $0.0 $0.0 $0.0 $0.0 ($0.3) $0.0 $0.0 $0.0 $0.0 

CAC Emissions Impacts - Reduced Electricity - SSO Reduction $0.0 $0.0 $0.0 $0.0 $0.0 $0.3 $0.3 $0.3 $0.3 

CAC Emissions Impacts from Trucking (Chemicals/Biosolids) $0.0 $0.0 $0.0 $0.0 ($0.1) $0.0 $0.0 $0.0 $0.0 

Accident Impacts - Trucking (Chemicals/Biosolids) $0.0 $0.0 $0.0 $0.0 ($0.0) $0.0 $0.0 $0.0 $0.0 

Pavement Damage Impacts - Trucking (Chemicals/Biosolids) $0.0 $0.0 $0.0 $0.0 ($0.3) $0.0 $0.0 $0.0 $0.0 

Congestion Impacts - Trucking (Chemicals/Biosolids) $0.0 $0.0 $0.0 $0.0 ($0.2) $0.0 $0.0 $0.0 $0.0 

Noise Impacts - Trucking (Chemicals/Biosolids) $0.0 $0.0 $0.0 $0.0 ($0.0) $0.0 $0.0 $0.0 $0.0 

Private Property Impacts -  Reduced Flooding, SSO Reduction $0.0  $0.0  $0.0  $0.0  $0.0  $0.3  $0.8  $0.9  $0.9  
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SROI Analysis Results:  

Present Value 27-Year Study Results from 2014-2040 (2014 

Base Year, 2015 Capital Investment, 2016 Ongoing Cash 

flows) 
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Capital Costs                   

Capital Expenditure Impacts (Including Replacement Costs) ($2.0) ($14.4)  ($9.3) ($34.5) ($40.5) ($359.3) ($416.7) ($495.1) 

Residual Value of Capital Costs (Including Replacement Costs) $0.2  $1.1   
 

$12.8  $11.3  $105.2  $121.9  $144.1  

Operating and Maintenance Costs                   

O&M Impacts ($5.6) ($25.9) $0.0  $0.0  ($48.5) $0.0  $0.0  $0.0  $0.0  

Sinkhole Repair Expenditure Impacts ($0.1) ($0.2) $0.0  $0.0  $0.0  $0.0  $0.0  $0.0  $0.0  

O&M  Cost Impacts at SWTP/NWTP from SSO Reduction $0.0  $0.0  $0.0  $0.0  $0.0  $6.4  $6.4  $6.4  $6.4  

Vehicle Operating Cost Impacts - Increased Biosolids Hauling $0.0  $0.0  $0.0  $0.0  ($1.0) $0.0  $0.0  $0.0  $0.0  

Public and Stakeholder Relations Impacts ($0.2) ($0.2) ($0.1) ($0.1) $0.0  $0.4  $1.0  $1.2  $1.3  

Sealant Cost Impacts to Private Property  $0.0  $0.0  ($14.7) ($14.7) $0.0  $0.0  $0.0  $0.0  $0.0  

TMDL Impairment Cost Impacts (Administrative/Legal Only) $0.0  $0.0  $1.0  $1.0  $0.2  $1.0  $1.0  $1.0  $1.0  

Avoided Permit Violation Costs (Regulatory Compliance Costs) $0.0  $0.0  $0.0  $0.0  $0.0  $1.7  $4.6  $5.3  $5.6  

 Summary Results                    

Financial Lifecycle Cost ($7.7) ($39.5) ($13.7) ($23.1) ($71.0) ($19.7) ($240.9) ($280.9) ($337.0) 

Total Social, Environmental Benefits $9.8  $10.2  $15.5  $18.8  $57.6  $18.0  $19.6  $20.2  $20.5  

Total Value - All Costs and Benefits $2.1  ($29.3) $1.8  ($4.3) ($13.4) ($1.7) ($221.3) ($260.7) ($316.5) 

Benefit-Cost Ratio 1.28 0.26 1.13 0.81 0.81 0.91 0.08 0.07 0.06 
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The SROI results also include risk-based outputs using Monte Carlo simulation techniques to capture the 

likelihood of generating positive benefits compared to costs.  Box plots of the BCRs for each opportunity 

and alternative is displayed as Figure 14.  These plots illustrate the differences in the potential that 

benefits could outweigh costs (BCR > 1) with some probability, after accounting for a wide range of 

uncertainties in cost and benefit drivers. The analysis suggests that Alt. 1 - Extended Detention, Alt. 3 - 

PAH Reduction - Policy, and Alt. 6 - SSO Reduction: I/I Control provide the highest potential for yielding 

positive triple bottom line outcomes. Other options indicate that costs are highly likely to outweigh 

benefits.  These comparisons provide valuable insights into prioritization of projects and programs 

through the Integrated Planning process. 

 

 

Figure 14: BCR Values with Uncertainty 
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8 Appendices 
 

Appendix A:  Glossary of Terms 

Appendix B:  Water Quality Index Scores 

Appendix C:  Computations for Estimating Numbers of Users and Non-users 
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Appendix A: Glossary of Terms 

Discounted Value:  The discounted value is the present value of a future cash amount.  The present 

value is determined by reducing its future value by the appropriate discount rate (interest rate 

used in determining the present value of future cash flows) for each unit of time between the 

times when the cash flow is to be valued to the time of the cash flow.  To calculate the present 

value of a single cash flow, it is divided by one plus the interest rate (discount rate) for each 

period of time that will pass.  This is expressed mathematically as raising the divisor to the 

power of the number of units of time. 

Net Present Value (NPV):  The net value that an investment or project adds to the value of the 

organization, calculated as the sum of the present value of future cash flows less the present 

value of the project’s costs. 

Discounted Payback Period (DPP):  The period of time required for the return on an investment to 

recover the sum of the original investment on a discounted cash flow basis. 

Internal rate of return (IRR):  The discount rate at which the net present value of a project would be 

zero; represents the annualized effective compounded return rate which can be earned on the 

invested capital, and is compared relative to the cost of capital. 

Benefit To Cost Ratio (BCR):  The overall “value for money” of a project, expressed as the ratio of the 

benefits of a project relative to its costs, with both expressed in present-value monetary terms. 

Sustainable Return on Investment (SROI):  SROI is an enhanced form of Cost-Benefit Analysis (CBA) - it 

provides a triple bottom-line view of a project’s economic results and goes even further by 

incorporating state-of-the-art risk analysis.  SROI monetizes when possible the relevant social 

and environmental impacts of a given project, and compares these impacts with costs.   

Greenhouse Gases:  A greenhouse gas (GHG) is a gas in an atmosphere that absorbs and emits radiation 

within the thermal infrared range.  This process is the fundamental cause of the greenhouse 

effect.  The primary greenhouse gases in the Earth's atmosphere are water vapor, carbon 

dioxide, methane, nitrous oxide, and ozone.  SROI monetizes carbon dioxide, methane, and 

nitrous oxide. 

Criteria Air Contaminants:  Criteria air contaminants (CAC) are a set of air pollutants that cause smog, 

acid rain and other health hazards.  CACs are typically emitted from many sources in industry, 

mining, transportation, electricity generation, and agriculture.  In most cases they are the 

products of the combustion of fossil fuels or industrial processes.  The basis for monetizing the 

social impacts of criteria air contaminants was to primarily use the results from three reputable 

studies by the U.S. Department of Transportation, the European Commission, and Yale 

University.  The main criteria air contaminants analyzed were Nitrogen Oxide (NOx), Volatile 

Organic Compounds (VOCs), Particulate Matter (PM), and Sulfur Dioxide (SO2).  The latter two 

were further split and categorized into Rural, Urban, and Dense Urban. 
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Carbon Dioxide (C02):  Carbon dioxide is a heavy colorless gas that does not support combustion and is 

absorbed from the air by plants in photosynthesis.  Industrial carbon dioxide is produced mainly 

from the following processes:  directly from natural carbon dioxide springs, where it is produced 

by the action of acidified water on limestone or dolomite; as a by-product of hydrogen 

production plants, where methane is converted to CO2; from combustion of fossil fuels and 

wood; as a by-product of fermentation of sugar in the brewing of beer, whisky and other 

alcoholic beverages; and  from thermal decomposition of limestone, CaCO3, in the manufacture 

of lime, CaO. 

Nitrogen Oxides (NOx):  Nitrogen oxides include a number of gases that are composed of oxygen and 

nitrogen.  In the presence of sunlight these substances can transform into acidic air pollutants 

such as nitrate particles.  The nitrogen oxides family of gases can be transported long distances 

in our atmosphere.  Nitrogen oxides play a key role in the formation of smog (ground-level 

ozone).  At elevated levels, NOx can impair lung function, irritate the respiratory system and, at 

very high levels, make breathing difficult, especially for people who already suffer form asthma 

or bronchitis. 

Particulate Matter (PM):   Particulate matter refers to tiny particles of solid or liquid suspended in a gas.  

Sources of particulate matter can be man made or natural.  Some particulates occur naturally, 

originating from volcanoes, dust storms, forest and grassland fires, living vegetation, and sea 

spray.  Human activities, such as the burning of fossil fuels in vehicles, power plants and various 

industrial processes also generate significant amounts of aerosols.  

Volatile Organic Compound (VOC):  Volatile organic compounds (VOCs) are a large and diverse family of 

chemicals that contain carbon and hydrogen.  They can be emitted into indoor air from a variety 

of sources including cigarette smoke, household products like air fresheners, furnishings, vehicle 

exhaust and building materials such as paint, varnish and glues.  Examples of VOCs are 

aldehydes, ketones, and hydrocarbons. 
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Appendix B: Water Quality Index Scores 
 

Current WQI Scores 

Beneficial Use 

Springfield Urban 

Stream 

Wilson’s Creek 

below SWTP 

James River (below 

Wilson’s) Lake Springfield Table Rock Lake 

W U W*U W U WQI W U WQI W U WQI W U WQI 

Aesthetics 2.8 0.44 1.225 2.0 0.63 1.260 0.5 0.68 0.338 2.00 0.90 1.800 2.5 0.90 2.250 

Secondary Contact Recreation 1.5 0.96 1.434 1.5 0.99 1.490 2.0 1.00 1.998 2.00 1.00 2.000 1.0 1.00 1.000 

Whole Body Contact Recreation 1.0 0.87 0.867 1.0 0.92 0.917 2.0 0.96 1.926 1.50 1.00 1.500 3.0 1.00 3.000 

Aquatic Life Protection – 

Habitat 

0.5 0.25 0.125 0.5 0.25 0.125 0.5 0.30 0.150 0.50 1.00 0.500 0.5 1.00 0.500 

Aquatic Life Protection – Water 

Quality 

2.5 0.60 1.486 2.5 0.61 1.513 3.0 0.82 2.462 2.00 0.79 1.588 2.0 0.99 1.988 

Livestock & Wildlife Watering 1.0 1.00 1.000 1.0 1.00 1.000 1.5 1.00 1.500 0.00 0.00 0.000 0.0 0.00 0.000 

Industrial Water Supply 0.0 0.00 0.000 0.0 0.00 0.000 0.0 0.00 0.000 0.75 0.00 0.000 0.0 0.00 0.000 

Hydrologic Cycle Maintenance 0.0 0.25 0.000 0.0 0.25 0.000 0.0 0.00 0.000 0.00 0.00 0.000 0.0 0.00 0.000 

Human Health – Fish 

Consumption 

0.5 0.54 0.269 0.5 0.63 0.316 0.5 0.65 0.324 1.25 0.62 0.769 0.5 0.67 0.333 

Irrigation 0.0 0.00 0.000 0.0 0.00 0.000 0.0 0.00 0.000 0.00 0.00 0.000 0.0 0.00 0.000 

Drinking Water Supply 0.2 0.96 0.192 1.0 0.78 0.775 0.0 0.99 0.000 0.00 1.00 0.000 0.5 1.00 0.500 

WQI    6.599    7.395    8.698    8.157    9.570 
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Current Use Scores – Aesthetics 

Criteria 

Springfield Urban 

Stream 

Wilson’s Creek 

below SWTP 

James River 

(below Wilson’s) Lake Springfield Table Rock Lake 

w C w*C w C w*C w C w*C w C w*C w C w*C 

% of stream miles that are 

generally considered 

attractive to the public 

0.2 0.500 0.100 0.5 0.800 0.400 0.5 0.70 0.350 0.1 0.90 0.090 0.4 0.90 0.360 

Aesthetic condition of 

selected "highly visible" areas 

within the watershed 

(selected by number of 

"views") 

0.4 0.500 0.200 0.2 0.800 0.160 0.2 0.70 0.140 0.4 0.90 0.360 0 0.90 0.000 

Nutrient impacts to aesthetics 0.1 0.476 0.048 0.2 0.100 0.020 0.2 0.58 0.116 0.3 0.90 0.270 0.3 0.90 0.270 

Economic value of aesthetic 

improvements (as a % of 

economic improvements 

available) 

0.3 0.300 0.090 0.1 0.500 0.050 0.1 0.70 0.070 0.2 0.90 0.180 0.3 0.90 0.270 

Use Condition   0.438   0.630   0.676   0.900   0.900 

 

 

Current Use Scores – Whole Body Contact 

Criteria 

Springfield Urban 

Stream 

Wilson’s Creek 

below SWTP 

James River (below 

Wilson’s) Lake Springfield Table Rock Lake 

w C w*C w C w*C w C w*C w C w*C w C w*C 

Bacteria (% of days greater 

than STV) 

1 0.867 0.867 1 0.917 0.917 1 0.963 0.963 1 1 1.000 1 1 1.000 

Use Condition   0.867   0.917   0.963   1.000   1.000 
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Current Use Scores – Secondary Contact Recreation 

Criteria 

Springfield Urban 

Stream 

Wilson’s Creek 

below SWTP 

James River (below 

Wilson’s) Lake Springfield Table Rock Lake 

w C w*C w C w*C w C w*C w C w*C w C w*C 

Bacteria (% of days greater 

than STV) 

1 0.956 0.956 1 0.993 0.993 1 0.999 0.999 1 1 1.000 1 1 1.000 

Use Condition   0.956   0.993   0.999   1.000   1.000 

 

Current Use Scores – Aquatic Life Protection 

Criteria 

Springfield Urban 

Stream 

Wilson’s Creek 

below SWTP 

James River (below 

Wilson’s) Lake Springfield Table Rock Lake 

w C w*C w C w*C w C w*C w C w*C w C w*C 

Total Suspended Solids or 

Sediment 

0.2 0.500 0.100 0.2 0.600 0.120 0.2 0.800 0.160 0.35 1.000 0.350 0.2 1.000 0.200 

Total Phosphorus 0.15 0.527 0.079 0.15 0.100 0.015 0.15 0.704 0.106 0.08 0.000 0.000 0.15 1.000 0.150 

Total Nitrogen 0.1 0.400 0.040 0.1 0.100 0.010 0.1 0.400 0.040 0.08 0.000 0.000 0.1 0.939 0.094 

Dissolved Oxygen 0.2 0.800 0.160 0.2 0.900 0.180 0.2 1.000 0.200 0.14 1.000 0.140 0.2 1.000 0.200 

Toxics - Metals, Organics 

(PAH) 

0.35 0.616 0.223 0.35 0.800 0.280 0.35 0.900 0.315 0.35 0.868 0.304 0.35 1.000 0.350 

Use Condition   0.594   0.605   0.821   0.794   0.994 

 

Current Use Scores – Human Health – Fish Consumption 

Criteria 

Springfield Urban 

Stream 

Wilson’s Creek 

below SWTP 

James River (below 

Wilson’s) Lake Springfield Table Rock Lake 

w C w*C w C w*C w C w*C w C w*C w C w*C 

Mercury, PCB 0.67 0.50 0.335 0.67 0.5 0.335 0.67 0.5 0.335 0.67 0.5 0.335 0.67 0.5 0.335 

PAH 0.33 0.62 0.215 0.33 0.90 0.297 0.33 0.95 0.314 0.33 0.85 0.280 0.33 1.00 0.330 

Use Condition    0.594    0.632    0.649    0.615    0.665 
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Current Use Scores – Drinking Water Supply 

Criteria 

Springfield Urban 

Stream 

Wilson’s Creek 

below SWTP 

James River (below 

Wilson’s) Lake Springfield Table Rock Lake 

w C w*C w C w*C w C w*C w C w*C w C w*C 

Nitrate 0.2 1.000 0.200 0.2 0.000 0.000 0.2 1.000 0.200 0.2 1.000 0.200 0.2 1.000 0.200 

Odor and Taste 0.2 1.000 0.200 0.2 1.000 0.200 0.2 1.000 0.200 0.2 1.000 0.200 0.2 1.000 0.200 

Bacteria/Pathogens 0.3 0.867 0.260 0.3 0.917 0.275 0.3 0.963 0.289 0.3 1.000 0.300 0.3 1.000 0.300 

Carcinogens 0.3 1.000 0.300 0.3 1.000 0.300 0.3 1.000 0.300 0.3 1.000 0.300 0.3 1.000 0.300 

Use Condition    0.960    0.775    0.989    1.000    1.000 
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Appendix C: Computations for Estimating Numbers of 

Users and Non-users 

Users and Non-Users 

The number of users and nonusers is a component considered in the valuation of the water quality.  

Users represent active recreational users of water resources.  Nonusers derive benefits without making 

direct use of water, such as ecological value, preservation benefits, and option or bequest values.  The 

estimated number of users and nonusers are described below for each of the five water resources 

considered as part of this SROI.  Where applicable, user counts were informed by information provided 

in USEPA’s Task 1 Data Summary Report (USEPA, 2015). 

Springfield Urban Streams 

Users of Springfield urban streams were based off of estimated trail counts and number of visitors to the 

Springfield Conservation Nature Center.  Assuming 10 trips per year per individual, the total number of 

uses for Springfield urban streams was estimated at 93,666 as follows: 

2010 Trail Counts less Lake Springfield (assuming 2% growth for 3 years) 226,422 

South Creek Annual User Trips 500,000 

Springfield Nature Center Trail Counts 210,236 

Total Annual Trips 936,658 

Number of Trips per Year per User 10 

Number of Users (Total Annual Count/Number of Trips per Year) 93,666 

 

Nonusers were derived as follows: 

Total Number of Users for Springfield urban streams, Wilson’s Creek below the 

SWTP, and Lake Springfield 
107,234 

User Weight (Number of Users/Total Number of Users) 0.873 

Springfield Population (2010 census) 159,498 

Number of Non-Users ([Springfield Pop]*[User Weight] – [Number of Users])  45,651 

 



 

 

48 

 

Wilson’s Creek below the SWTP 

Users of Wilson’s Creek below the SWTP were estimated at 3,569 based on total annual visits to the 

Wilson Creek National Battlefield. 

Number of trips to Wilson Creek National Battlefield per year 35,685 

Percent of Visitors that Use Creek 10% 

Number of Users 3,569 

Nonusers were derived as follows:  

Total Number of Users for Springfield urban streams, Wilson’s Creek below the 

SWTP, and Lake Springfield  
107,234 

User Weight (Number of Users/Total Number of Users) 0.033 

Springfield Population (2010 census) 159,498 

Number of Non-Users ([Springfield Pop]*[User Weight] – [Number of Users])  1,739 

 

James River below Wilson’s Creek 

Users of the James River were estimated at 18,740 based on watercraft rental information provided by 

USEPA (2015) assuming 2 per people canoe and 1 person per kayak. 

James R. Outfitters LLC  10,896 

Camp Harlow LLC 1,344 

Hootentown Canoe Rental and Campground 6,500 

Number of Users  18,740 

 
Nonusers were derived as follows:  

Total Population w/in 15 mile Radius of lower James River (GIS and 2010 census 

data) 
360,000 

Number of Users 18,740 

Springfield Population (2010 census) 159,498 

Number of Non-Users ([Pop w/in 15-mi Radius] – [Number of Users] – [Springfield 

Pop]) 

181,762 
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Lake Springfield 

Users of the Lake Springfield were estimated at 10,000 based on the upper estimate of total watercraft 

use provided by USEPA (2015). 

Estimated annual total watercraft use in Lake Springfield (USEPA, 2015)   6,000-10,000 

Number of Users  10,000 

 
The number of non-users was estimated at 4,874 as follows: 

Total Number of Users for Springfield urban streams, Wilson Creek below the SWTP, 

and Lake Springfield  
107,234 

User Weight (Number of Users/Total Number of Users) 0.093 

Springfield Population (2010 census) 159,498 

Number of Non-Users ([Springfield Pop]*[User Weight] – [Number of Users])  4,874 

 
 

Table Rock Lake 

Users of the Table Rock Lake were estimated at 1,069,500 as follows: 

Annual Number of Visits (Kasul et al. 2010) 2,139,000 

Number of Visits per User 2 

Number of Users 1,069,500 

 
 

The number of non-users was estimated at 315,391 as follows: 

Local Users 66% 

Population within 60 Mile Radium of Table Rock (GIS and 2010 census data)  1,180,759 

Springfield Population (2010 census) 159,498 

Number of Non-Users ([Pop w/in 60-mi Radius]-[% Local Users]*[Number of Users]-

[Springfield Pop]) 
315,391 
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The total number of users and non-users for each receiving water is summarized below: 

Receiving Water Users Non-Users 

Springfield Urban Streams 93,666 45,651 

Wilson’s Creek below SWTP 3,569 1,739 

James River below Wilson’s 18,740 181,762 

Lake Springfield 10,000 4,874 

Table Rock Lake 1,069,500 315,391 

 


