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Abstract

The Kansas City, Missouri Smart Sewer Program has successfully implemented an adaptive
management approach to cost-effectively reduce sewer overflows. This approach was implemented
under the guidance of the third Consent Decree modification, which mandates the level of sewer
overflow reduction. This approach includes iterative decision-making, continuous monitoring and
flexible strategies to optimize environmental outcomes while managing costs. The adaptive man-
agement framework integrates system performance and past project data into an iterative planning,
implementation, monitoring and analysis cycle. This process enables cost-effective decision-making
aligned with Consent Decree compliance by managing the uncertainties in sewer system data and
the interdependency of proposed project outcomes. The Smart Sewer Program adopted this
approach in response to financial challenges and environmental requirements, resulting in key
modifications to its original Overflow Control Plan projects. The adaptive management approach,
enabled by the third Consent Decree modification, has proven pivotal in optimizing project
performance, reducing costs and protecting vulnerable populations. By leveraging the adaptive
management approach, Kansas City has reduced program expenses by hundreds of millions of
dollars while aligning with Environmental Protection Agency (n.d.) environmental justice goals.
Key project modification examples from the program presented in this article illustrate the
effectiveness of adaptive management in achieving better outcomes. The first example showcases
a project substitution. In this example, green infrastructure replaced a proposed relief sewer project,
resulting in a more cost-effective solution with enhanced overflow reduction and environmental
justice benefits. The second example involves project augmentation with creek separation, resolving
double-counted sewer overflows, and significantly reducing annual overflow volume at minimal
cost. A third example demonstrates project modification for a City project that was not a part of the
Smart Sewer Program, where alternative gate configurations increased overflow capture without
additional costs, potentially eliminating the need for a costly deep tunnel project. This article
demonstrates the potential of an adaptive management approach for urban wastewater manage-
ment programs, offering a replicable model for other municipalities. The Kansas City Smart Sewer
Program example demonstrates how adaptive management can drive cost savings, enhance
environmental outcomes and ensure regulatory compliance for a Consent Decree.

Impact statement

This article highlights the transformative impact of the adaptive management approach in Kansas
City’s Smart Sewer Program, offering a replicable model for wastewater utilities nationwide. By
integrating iterative learning and real-time data evaluation, Kansas City continues optimizing
Overflow Control Plan projects, reducing sewer overflows cost-effectively while maintaining
compliance with the Environmental Protection Agency’s Consent Decree. The case studies pre-
sented demonstrate how adaptive decision-making led to more efficient infrastructure investments,
eliminating costly projects and enhancing environmental outcomes. Notably, this approach has
delivered significant financial and social benefits. For example, the adoption of green infrastructure
solutions not only provided greater overflow reduction at a lower cost per gallon captured but also
aligned with environmental justice goals by benefiting historically underserved communities. In
addition, modifications to external projects and augmentations of control measures further
enhanced cost efficiency without delaying compliance timelines. By embracing adaptive manage-
ment, Kansas City has saved hundreds of millions of dollars, while improving water quality in the
receiving streams and protecting public health. This article underscores the value of flexible, data-
driven governance in large-scale infrastructure projects and provides a compelling case for broader
adoption of adaptive strategies in urban water management. The findings contribute to the field of
environmental engineering by demonstrating that iterative, evidence-based adjustments can lead to
more sustainable, equitable and cost-effective water management solutions.
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Introduction

The US Environmental Protection Agency (EPA) and state agencies
enforce Combined or Sanitary Sewer Overflow elimination and
reduction through a Consent Decree, an agreement specifying the
required steps and timeline for managing sewer overflows. A Con-
sent Decree outlines the implementation of an Overflow Control
Plan, which must be defined before finalizing the decree. However, as
the first step in the Consent Decree process, the Overflow Control
Plan is often developed with limited information on overflow per-
formance, control measures’ efficacy and mitigation strategies’ inter-
dependence. At the same time, implementing an Overflow Control
Plan can cost utilities billions (10°) of dollars. An adaptive man-
agement approach offers a framework to mitigate uncertainties in
system data, enhancing program success while potentially saving
utility millions. Through its use, utilities can respond to new
circumstances that could not have been predicted when the ori-
ginal response plans were developed.

Adaptive management approach

The adaptive management approach is a decision-making framework
designed to manage information uncertainty through an iterative
system monitoring and structured decision-making (Rist et al. 2012;
Tomic et al. 2023). This approach optimizes each successive phase by
leveraging past system performance data, as shown in Figure 1. With
adaptive management, Consent Decree compliance can be achieved
on schedule at a lower cost than the original Overflow Control Plan.

The adaptive management iterative steps for sewer overflow
reduction are as follows:

(1) Plan — Use available data to develop the next phase of over-
flow reduction solutions,
(2) Design — Select solutions and the pre- and post-construction

monitoring plan,

Figure 1. Adaptive management approach process.
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(3) Implement — Execute the selected overflow reduction solutions,

(4) Monitor — Assess the effectiveness of the implemented over-
flow reduction measures,

(5) Analyze — Use the hydraulic model to evaluate the perform-
ance of implemented solutions and

(6) Optimize — Refine systemwide overflow reduction based on
newly gathered information.

For an adaptive management approach to be effective, the over-
flow reduction program must meet specific criteria. First, pro-
gram implementation must be phased, allowing flexibility to
modify solutions as new information emerges. Second, continu-
ous monitoring is required to evaluate performance and support
informed decision-making. Third, a predictive model is essential
for assessing the proposed solutions and forecasting their impacts
and codependency. Predictive models, enhanced with the new
knowledge obtained through monitoring, are periodically used to
reevaluate the proposed solutions and identify cost-effective alter-
natives. Finally, compliance must be evaluated based on actual or
model-predicted system performance.

The Kansas City Consent Decree Modification 3 (Smart Sewer
Program n.d.a) established a framework for using the adaptive
management approach. The modification allows for the revision,
removal, or replacement of relief control measures in the Consent
Decree with EPA approval. Any revised or alternative control
measures must:

(1)  Adhere to sound engineering practices,

(2) Provide an equal or greater level of overflow control than the
original measure and

(3) Follow a timeline that meets or precedes the original target
date for full operation.

Smart sewer program

Kansas City, Missouri, is the largest city in Missouri, with a popu-
lation of 500,000. KC Water, the City water and wastewater utility,
has implemented the Smart Sewer Program, a 30-year, multibillion-
dollar (10°) effort to reduce the volume of overflows, protect the
environment and comply with the EPA Consent Decree (Smart
Sewer Program n.d.b). KC Water developed an Overflow Control
Plan in 2009 to capture 85% of the typical year combined sewer
overflow volume, as shown in Figure 2. The Smart Sewer Program
implemented 33 projects worth more than $750 million (about
€700 M) in the first program decade. Kansas City submitted a
request to modify the Consent Decree in 2017 due to the Great
Recession’s impact on the City residents and the fatigue with the
fast-rising sewer rates. This modification, approved in 2021,
includes the adaptive management approach provision that gives
the Smart Sewer Program the flexibility to reevaluate Overflow
Control Plan control measures as they come for implementation
and optimize systemwide, cost-effective overflow reduction (Smart
Sewer Program n.d.a). Today, other utilities, such as the Hampton
Roads Sanitation District and the City of Baltimore, use the adap-
tive management approach to better invest public funds and
increase the environmental benefits of Consent Decree programs.

Kansas City adaptive management approach examples

This article presents examples of how the Smart Sewer Program
employs an adaptive management approach to improve overflow
reduction outcomes by replacing initially proposed control measures
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EXTENDED TIMELINE & CAPTURE CRITERIA
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Figure 2. Kansas city consent decree timeline.

based on information collected from completed projects. The Smart
Sewer Program updates the entire system’s hydrology and hydraulic
model annually and reevaluates each project as it comes to design
using the adaptive management approach codified in the Third
Consent Decree modification (Smart Sewer Program n.d.a). Alter-
native projects are selected after EPA approval if they are demon-
strated to be more cost-effective than the original project but provide
the same or more significant environmental benefits. The flexibility
provided by the adaptive management approach allows the Smart
Sewer Program to respond to new circumstances that could not have
been predicted in 2005 when the Overflow Control Plan was developed.
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The examples demonstrate control measure replacement, control
measure augmentation and external project modification. Figure 3
gives a map of project locations within the KC Water combined
sewer system.

37th & Norton Green Infrastructure — Control measure
replacement example

Green infrastructure is a sustainable approach to wastewater and
stormwater management that uses natural or engineered systems,
such as infiltration basins, permeable pavements, green roofs and
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rain gardens, to reduce sewer overflows, improve water quality and
enhance urban resilience. The 37th & Norton Green Infrastructure
project is located in the Lower Blue River Basin of the KC Water
system south of the Missouri River and west of the Blue River (see
Figure 3). 37th & Norton Green Infrastructure project includes
detention basins for peak flow reduction and runoff purification.
The Lower Blue River basin contributes to the flow of the Blue River
Interceptor Sewer and the Blue River Wastewater Treatment Plant.
An interceptor relief control measure was proposed to manage
overflows in the 2009 Overflow Control Plan. The overflow control
measures, including the interceptor relief project, were selected
based on the localized, basin-wide control plan that assumed that
the downstream interceptor could receive increased flows. Since
2009, the Smart Sewer Program has significantly improved the
system hydraulic models and integrated them into a systemwide
model. The updated systemwide model has shown that the receiv-
ing interceptor sewer has limited capacity and that the proposed
relief would not provide the predicted overflow reduction system-
wide. Instead, the Smart Sewer Program used an adaptive manage-
ment approach to search for a cost-effective alternative. A green
infrastructure solution was identified to replace the relief sewer
control measure with a significantly more significant overflow
reduction and a lower cost per gallon overflow removed.

Sasa Tomic

The original control measure

The original control measure was to install approximately 3,400
linear feet (about 1 km) of 48-in. (about 1.2 m) relief sewer between
the diversion structure and the downstream interceptor (see Figure 4).
The control measure was model-predicted to reduce the typical
year overflow at the diversion structure by 18 million gallons
(MG) (about 68,000 m®), from 28 MG (about 106,000 m’) to
10 MG (about 38,000 m®), assuming the downstream interceptor
could receive the excess flows. However, the updated systemwide
model has demonstrated that this was not the case, reiterating the
importance of holistic systemwide project evaluation.

The proposed relief sewer would increase the capacity of the
existing system to convey additional wet-weather flow from the
diversion to the interceptor, thereby reducing the overflow volume.
The relief sewer increases the peak flow and volume in the down-
stream interceptor. Therefore, added flows would increase the
annual overflow volume at several locations along the interceptor.
Upon reevaluating the original control measure with the updated
systemwide hydraulic model, it was determined that the system-
wide overflow capture was significantly reduced due to increased
overflow along the downstream interceptor. The model predicted
that the systemwide annual overflow volume reduction with the
proposed relief sewer would be less than 1 MG (about 3,800 m>).

Figure 4. 37th and Norton diversion structure outfall.
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Alternative control measure

An alternate control measure was proposed to separate combined
sewers in approximately 195 acres (about 80 ha) and provide green
infrastructure to reduce stormwater runoff and manage water
quality (see Smart Sewer Program n.d.c and Figure 5). The dis-
charge from the separated stormwater collection system and green
infrastructure to Vineyard Creek would be downstream of the
diversion structure and would not impact the combined system
overflows. Simulations of the alternate control measure show a
significant reduction in annual systemwide overflows compared
to the original relief sewer control measure, as the alternative
control measure would reduce overflows at the diversion structure
and along the downstream interceptor.

The proposed alternate control measure has a preliminary
estimated construction cost of $17 million (about €15.5 million),
about twice the relief sewer cost. However, from a cost-effective
standpoint, the cost of the green infrastructure is much lower than
that of the relief sewer based on the cost per gallon overflow
captured. Based on a 50-year life-cycle cost comparison, the green
infrastructure costs $1.0 per gallon of annual overflow captured

DRAINAGE = = = = =
IMPROVEMENT AREA

(about €0.25 per liter), compared to $8.6 per gallon (€2.0 per liter)
for the relief sewer.

In addition, the green infrastructure provides environmental,
water quality and social justice benefits that are not accounted for in
the comparison. Based on the EPA’s Environmental Justice Screen-
ing and Mapping Tool, the alternative project area is in the 95-100%
range for the Demographic Index, servicing minority and low-
income populations (EPA nd). The EPA has approved the alter-
native control measures, and the project is being designed.

Unnamed creek separation — Control measure augmentation
example

This control measure augmentation is proposed for the Town Fork
Creek basin, which is upstream from the Blue River Interceptor
Sewer (see Figure 3). The eponymous Town Fork Creek is buried
and conveyed by the KC Water combined sewer system in the
upper portion of the Town Fork Creek basin. The creek daylights
upstream from Daniel Morgan Boone Park, making the park a
prime candidate for green infrastructure (see Figure 6).
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Figure 5. 37th & Norton Green Infrastructure schematic.
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Figure 6. Town Fork Creek diversion structure outfall.

The Smart Sewer Program added the creek separation project to
the Daniel Morgan Boone Green Infrastructure control measure
during the adaptive management approach reevaluation of the
original control measure. The Daniel Morgan Boone Park project
is a proposed sewer separation and green infrastructure designed to
reduce combined sewer overflow and improve stormwater man-
agement upstream. The project is located at the diversion struc-
ture at the end of the channelized section of Town Fork Creek.
The upstream overflow pipe comprises a double-barrel, 84-in.
(2.13 m) box culvert. This double-barrel pipe conveys overflows
from upstream diversion structures and has no sanitary sewer
connections. The outfall at the end of the double-barrel pipe
produces 134 MG (about 0.5 million m’) of model-predicted
annual overflow.

About 500 ft (about 150 m) upstream from the Town Fork Creek
overflow, an unnamed surface creek flows into the double-barrel
overflow pipe (see Figure 7). This creek conveys discharge from six
(6) upstream sewer overflows, adding approximately 11 MG (about
41,600 m>) to the annual Town Fork Creek overflow volume. The
situation with a surface creek entering a combined sewer system
leads to the double-counting of the sewer overflows in the unnamed
creek as they are discharged in the park. In addition to the double-
counted overflows, the model predicts that a similar amount of

stormwater enters the system annually through this unnamed creek
and is counted as a sewer overflow downstream.

The Smart Sewer Program used an adaptive management
approach to augment the Daniel Morgan Boone control measure
and resolve this problem. The modified control measure includes
reconfiguring the outflow in Daniel Morgan Boone Park to elim-
inate about 20 MG (about 75,000 m®) of annual sewer overflows.
One of the two barrels was used to convey the unnamed creek and
other stormwater to the outfall while the other barrel continued to
serve the combined system. An emergency connection is provided
on the upstream end of the separation to allow flow sharing
between the barrels during extreme events. This reduction is about
15% of the total overflow at this location. Furthermore, local storm-
water systems connected to the double-barrel pipe between the
current and proposed overflow structure could also be separated.
This control measure augmentation would have an exceptionally
low cost per gallon overflow captured, approximately $0.10 per
gallon of annual overflow captured (less than €0.03 per liter),
compared to $1.7 per gallon (€0.41 per liter) for the Daniel Morgan
Boone control measure. Since the control measure augmentation
did not affect the schedule and it did improve the control measure
performance, EPA approval was not necessary. At present, the
project is in the design stage.
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Figure 7. Unnamed creek separation schematic.

OK creek gate reconfiguration — External project change
example

Turkey Creek basin is a combined sewer system basin situated
south of the Missouri River and east of the Kansas River. It follows
the path of OK Creek, which is fully channelized and confined
within the combined sewer system. The primary sewer overflow for
the basin and the confluence of OK Creek and the Kansas River is
located near the Turkey Creek Pump Station, which delivers the
sewer flow to the Westside Wastewater Treatment Plant. The
hydraulic model predicts 2,660 MG (about 10 million m?®) of annual
sewer overflow at this location. According to the Overflow Control
Plan, the Smart Sewer Program needs to reduce Turkey Creek Basin
overflows by about 1,500 MG (about 5.7 million m?). This reduc-
tion will be achieved through increased pumping capacity, a series
of inline storages in the interceptor and a deep tunnel with a pump
station for wet weather flow storage.

KC Water is implementing a separate project outside the Smart
Sewer Program to better protect the interceptor from potential
intrusion by the Kansas River during high river stages. The project
evaluated various gate types downstream from the Turkey Creek

INFRASTRUCTURE [}
STORAGE [l

by

Pump Station to prevent river backflow and allow the interceptor to
release wet weather flow during rainfall. At the pump station, the
interceptor consists of a double-box culvert, 17-ft (5.18-m) wide and
18-ft (5.49-m) high. The culvert boxes are connected upstream of a
small weir that diverts dry weather flow to the pump station. Down-
stream from the weir, each culvert box has a gate that can be
modulated to hold back the wet weather flow and release it when
the water level in the culverts becomes too high. These gates are
closed when the Kansas River stage is high to prevent river water
from entering the pump station. During rainfall events coinciding
with a high river stage, the gates can be opened with a positive head
differential of 1 ft (about 0.3 m) to release the stored water. Two roller
gates were initially proposed for this project, one in each culvert.
The Smart Sewer Program team has been asked to use the
hydraulic model to evaluate the emergency level of service at the
interceptor with the proposed roller gates. During the evaluation,
the team used the adaptive management approach to suggest
modifications to the project and improve the sewer overflow cap-
ture without increasing the project costs. The alternative design
included replacing one of the roller gates with a tilting weir,
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Figure 8. OK creek gate reconfiguration.

providing additional storage capacity upstream of the pump
station, thereby increasing the pump suction head and the wet
well storage (see Figure 8). This adjustment would provide over
10 MG (approximately 38,000 m’) of additional inline storage,
sufficient to eliminate overflows during smaller rainfall events
(events with less than a month return interval). The roller gate
in the second culvert would be closed during regular operation,
opening only to evacuate extreme rainfall events. An existing
downstream gate would be used for river intrusion protection in
the culvert with a tilting weir.

The proposed tilting weir alternative increases annual overflow
capture by 117 MG (about 440,000 m?). With an estimated cost of
about $2.2 million (about €2 million), the alternative capture cost is
about $0.02 per gallon of the annual overflow captured (less than
€0.01 per liter). Since the roller gate was more expensive than the
tilting weir, this modification came at no additional cost to the City.
This project’s improved overflow capture performance also opened
up the possibility of eliminating the deep tunnel component, esti-
mated to cost $750 million (approximately €700 million). This
project was not a Consent Decree control measure, so it did not
require EPA approval. This project is currently under construction.

Sasa Tomic
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Conclusions

In 2009, KC Water developed an Overflow Control Plan to capture
85% of the typical year combined sewer overflow volume, as the EPA
Consent Decree required. To achieve this goal, Kansas City imple-
mented the Smart Sewer Program, a 30-year, multibillion-dollar
(10%) initiative focused on reducing sewer overflows, protecting
the environment and complying with the Consent Decree. During
its first decade, the Smart Sewer Program implemented 33 projects
worth over $750 million (about €700 M). In 2017, Kansas City
requested a modification to the Consent Decree to better manage
program costs and schedules, which was approved in 2021. This
modification included the provision of an adaptive management
approach, allowing the Smart Sewer Program the flexibility to
reevaluate Overflow Control Plan control measures and optimize
systemwide and cost-effective overflow reduction.

The adaptive management approach has proven pivotal in the
Smart Sewer Program’s efforts to manage sewer overflow through
the Smart Sewer Program. By leveraging flexibility and iterative
learning, the Smart Sewer Program has optimized control measures
to reduce sewer overflows cost-effectively. The examples detailed in
this article underscore the effectiveness of adaptive management in
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overcoming initial project limitations, incorporating real-time data
and adapting to changing conditions without increasing costs.

Through this approach, the Smart Sewer Program replaced
initially proposed control measures with more efficient alterna-
tives, augmented projects with cost-effective solutions and modi-
fied external projects to capture additional overflow. These efforts
have directly contributed to improved environmental outcomes
and public health protection, especially in communities with high-
risk populations, aligning with the EPA’s environmental justice goals.
Despite its successes, implementing the adaptive management
approach has not been without challenges. One of the primary
barriers was the Consent Decree schedule, which mandates when
specific projects need to be executed. The Smart Sewer Program
implemented the Hydraulic Model Update Plan to align the model
updates with the project design schedule. This plan ensures that the
hydraulic model will be ready to reevaluate current decree projects as
they come for execution. This challenge was addressed through
continuous flow monitoring and iterative improvements to the
hydraulic models, leading to more precise decision-making. In add-
ition, to ensure that non-monetary benefits of green infrastructure
are included in the evaluation of alternative projects, the Consent
Decree has mandated the minimum number of green acres the Smart
Sewer Program needs to implement. This article presents three
examples demonstrating the benefits of the adaptive management
approach. In the first example, while the green infrastructure pro-
ject’s cost is about double that of the original proposal, the cost-
effectiveness — measured as the cost per gallon of annual overflow
captured — is significantly higher, providing better long-term value.
Moreover, this project directly protects high-risk populations’ public
health and environment, aligning with the EPA’s commitment to
environmental justice.

Other examples include modifying a Consent Decree project to
incorporate highly cost-effective solutions, as illustrated by the
creek separation extension. The final example details modifying
an external project that achieved additional overflow capture with-
out incurring extra costs for the City. This enhanced overflow
capture performance even created the opportunity to eliminate a
costly deep tunnel project.

Kansas City remains committed to utilizing the adaptive man-
agement approach to generate cost savings for its ratepayers while
delivering additional environmental and social benefits. The flexi-
bility provided by the third Consent Decree modification has
enabled the Smart Sewer Program to reduce program costs by

hundreds of millions of dollars (€100 s million) and potentially
avoid some of the most expensive underground storage projects.
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